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Parameter mm.000

Parameter mm.000 (mm.000) is one parameter that can be accessed from every drive menu so that the user can initiate various actions by setting a
value in this parameter and then performing a drive reset. If the action is completed successfully parameter mm.000 is cleared when the action is
complete. If the action is not started because the value does not correspond to an action, or because the action is not allowed (i.e. an attempt is made
to load defaults and the drive is enabled), parameter mm.000 is not cleared. If the action is started and then fails a trip is produced and parameter
mm.000 is not cleared.

There could be some conflict between the actions of Parameter mm.000 (mm.000) and Parameter Cloning (11.042) when the drive is reset. If
Parameter Cloning (11.042) has a value of 1 or 2 and a valid action is required from the value of parameter mm.000 then only the action required by
parameter mm.000 is performed, but on successful completion of the action both parameters are cleared. If Parameter Cloning (11.042) has any other
value it is not affected.

The table below shows the possible actions that can be initiated with Parameter mm.000 (mm.000).
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Parameter]|

mm.000 . . .
(mm.000) Action Possible failures
value
No action if the drive is in the under voltage state (i.e.
Save drive user save parameters to non-volatile memory. Power- Under Voltage Active (10.016)), or
1000 down save parameters are saved when the drive enters the under Low Under Voltage Threshold Select (06.067) =1 or
voltage state. Backup Supply Mode Enable (06.068) = 1 or User Supply Select
(06.072).
Save drive parameters to non-volatile memory. It should be noted that
1001 power-down save parameters are also saved which will result in one
background task scan being extended to 100ms.
1070 Reset all option modules
1233 Load 50Hz defaults No action if the drive is enabled
Load 50Hz defaults to all menus except option module menus (i.e 15 - Lo
1234 to 20 and 24 to 28) No action if the drive is enabled
1244 Load 60Hz defaults No action if the drive is enabled
Load 60Hz defaults to all menus except option module menus (i.e 15 L L
1245 to 20 and 24 to 28) No action if the drive is enabled
1253 Change drive mode and load 50Hz defaults No action if the drive is enabled
1254 Change drive mode and load 60Hz defaults No action if the drive is enabled

Change drive mode and load 50Hz defaults except for menus 15 to L -

1255 20 and 24 to 28 No action if the drive is enabled
Change drive mode and load 60Hz defaults except for menus 15 to Lo .
1256 20 and 24 to 28 No action if the drive is enabled
1299 Reset Stored HF trip.

Create a boot file on a non-volatile media card based on the present ’ . ’
2001 drive parameters including all Menu 20 parameters Non-volatile media card trips
4xxx NV media card: Transfer the drive parameters to parameter file xxx Non-volatile media card trips

NV media card: Transfer the onboard user program to onboard user ) . .
5xxx program file xxx Non-volatile media card trips
6 NV media card: Load the drive parameters from parameter file xxx or |No action if the drive is enabled

XXX f . . ;

the onboard user program from onboard user program file xxx Non-volatile media card trips
TXXX NV media card: Erase file xxx Non-volatile media card trips
8xxx NV Media card: Compare the data in the drive with file xxx Non-volatile media card trips
9555 NV media card: Clear the warning suppression flag Non-volatile media card trips
9666 NV media card: Set the warning suppression flag Non-volatile media card trips
9777 NV media card: Clear the read-only flag Non-volatile media card trips
9888 NV media card: Set the read-only flag Non-volatile media card trips
9999 NV media card: Erase and format the NV media card Non-volatile media card trips

If a drive interface is selected (i.e. S = 0):

o If a suitable feedback device is not available then
parameter zero will remain at the value set and no action
will be taken.

o |If the device does not respond, or there is a comms error or
the CRC of the nameplate data is incorrect then a trip is

Transfer electronic nameplate data from an encoder into drive initated.

parameters.

1108l | is the interface: 1=P1 position feedback interface, 2=P2 position If an option module interface is selected (i.e. S=1, 2, 3 or 4):
feedback interface.

S is the source: 0=drive, 1=Option Slot 1, ... 4=Option Slot 4. e If the selected option module is not present or does not
support the electronic nameplate function then the system
will time out and initiate a trip.

e If the device does not respond, or there is a comms error or
the CRC of the nameplate data is incorrect then a trip is
initated.

See Name Plate for more details on the trips.
12000 Only display parameters that are different from their default value.
This action does not require a drive reset.
12001 Only display parameters that are used to set-up destinations (i.e. DE

format bit is 1). This action does not require a drive reset.

Deletes an onboard user program if a program is present. No action if the drive is enabled.

59999 No action if there is no program present.

Note: Any parameter changes that have not been saved will be lost No action if the user program is enabled (i.e.

during this action. Onboard User Program: Enable (11.047) = 1)

If xxx is between 001 and 999 the system is cloned on to an SD card

if fitted. L L

- . . o . No action if the drive is enabled.

This system has been partially implemented, so initiating this process . e : .

A40xxx creates the back-up structure on the SD card but does not copy any th? oirlr\:q%mlll ;%%g;?g Sregﬁgitgg etzzetlIdelLJJEir?att?):”?gggszXISts oran
drive or option module data. Future development is required to P P Y 9 P '

complete this function.
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Lf xx(;( is between 001 and 999 the system is cloned from an SD card if
itted.
B60xxX This system has not been implemented, but parameter mm.000 is No action if the drive is enabled.
reset if a value between 60001 and 60999 is entered and the drive is
reset. Future development is required to complete this function.
Parameter mm.000 (mm.000) values from 1 to 14 are equivalent to other values as shown in the table below to allow easy access to some commonly
used functions. For 0 and each of these values the keypad provides a string as shown.
Value |String Equivalent value |Action
0 [No Action] 0
1 [Save parameters] |1001 Save drive parameters to non-volatile memory
2 [Load file 1] 6001 Load the data from file 1 on a non-volatile media card into the drive provided it is a parameter file
3 [Save to file 1] 4001 Store the drive parameters in file 1 on a non-volatile media card
4 [Load file 2] 6002 Load the data from file 2 on a non-volatile media card into the drive provided it is a parameter file
5 [Save to file 2] 4002 Store the drive parameters in file 2 on a non-volatile media card
6 [Load file 3] 6003 Load the data from file 3 on a non-volatile media card into the drive provided it is a parameter file
7 [Save to file 3] 4003 Store the drive parameters in file 3 on a non-volatile media card
8 [Show non-default] 12000 Only display parameters that are different from their default value
9 [Destinations] 12001 Only display parameters that are used to set-up destinations
10 [Reset 50Hz defs] [1233 Load 50Hz defaults
11 [Reset 60Hz defs] [1244 Load 60Hz defaults
12 [Reset modules] 1070 Reset all option modules
13 [Read Enc. NP P1] |11001 Encoder electronic nameplate transfer from the encoder connected to drive P1 interface to the drive.
14 [Read Enc. NP P2] 11051 Encoder electronic nameplate transfer from the encoder connected to drive P2 interface to the drive.

Saving drive parameters
User-save and power-down save drive parameters are stored in non-volatile memory within the drive. Any values that have changed are copied to this
memory under the following conditions.

Parameter type

Conditions for copy to non-volatile memory

User-save parameter
not visible in menu 0

OR
A drive reset with 1001 in Parameter mm.000 (mm.000).

OR
After parameters are transferred from a non-volatile media card.

OR
After the drive mode is changed.

OR
After default parameters are loaded.

OR
After parameters are transferred from an electronic nameplate.

Drive reset with 1000 in Parameter mm.000 (mm.000) if the drive is not in the under voltage state and the standard under
voltage threshold is being used (i.e. Low Under Voltage Threshold Select (06.067) = 0).

Under the conditions given above for user save parameters not visible in Menu 0.

User save parameter
visible in menu 0

OR
If the keypad is in edit mode for a user-save parameter in Menu 0, the parameter is saved when the keypad mode is
changed from edit mode.

Power-down save
parameter

A drive reset with 1000 in Parameter mm.000 (mm.000) if the drive is not in the under voltage state and the standard under
voltage threshold is being used (i.e. Low Under Voltage Threshold Select (06.067) = 0).

OR
A drive reset with 1001 in Parameter mm.000 (mm.000).

OR
On the transition into the under voltage state when the standard under voltage threshold is being used (i.e.
Low Under Voltage Threshold Select (06.067) is zero).

OR
After the drive mode is changed.

OR

After parameters are transferred from a non-volatile media card which results in the drive mode changing.

It can take some time for parameter data to be copied to non-volatile memory, especially if there are a large number of differences between the
parameter values in the drive and the values stored in the memory. Saving Power-down save parameters takes a maximum of 300ms, but saving user-
save parameters can take several seconds. If the drive is powered from a 24V control supply, or from a low voltage supply, the power down time of the
control system can be very short and there is a risk that either the stored values of the power-down save or user-save parameters could be corrupted.
This would result in an EEPROM Fail trip at the next power-up. To reduce this risk, the power-down save and user-save parameters are each stored in
two banks. The banks are alternated each time a save is performed and the bank pointer is only updated once the save is complete. If the new bank is
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corrupted a User Save or Power Down Save is initiated at the next power-up indicating an error in the user-save or power-down save data respectively,
and the data from the old bank is used. The following points should be noted:

1. If a User Save or Power Down Save trip occur at power-up then parameter changes made before power down will be lost. To clear these trips a
parameter save must be performed. If both the user-save and power-down save data is corrupted then a Power Down Save trip is produced.

2. When a Menu 0 parameter is changed its value is saved immediately to the active bank and the bank pointer is not changed. Therefore
changes made via Menu 0 are not lost if a User Save trip occurs at power-up.

3. When the drive mode changes all the data in both banks in the non-volatile memory is cleared and the default parameters are saved in both
banks. Therefore there is an extended parameter saving period immediately after a drive mode change.

4. Two banks are not provided in non-volatile media cards therefore the card could be corrupted if the power is removed when the drive is writing
data to the card.

Loading defaults
A drive reset with 1233 in Parameter mm.000 (mm.000) loads the defaults defined for each parameter. If defaults are loaded with 1244 in Parameter

mm.000 (mm.000) then the parameters in the table below have different defaults that are intended for the 60Hz regions.

Parameter Default [Drive modes Drive voltage rating_
Maximum reference clamp (01.006) 60.0Hz |Open-loop All
Maximum reference clamp (01.006) 1800rpm |RFC-A All
Standard Ramp Voltage (02.008) 775V Open-loop, RFC-A, RFC-S 400V
Rated Frequency (05.006) 60.0Hz  |Open-loop, RFC-A All
Rated Load rpom (05.008) 1800rpm |Open-loop All
Rated Load rpm (05.008) 1770rpm |RFC-A All
Rated Voltage (05.009) 460V Open-loop, RFC-A, RFC-S 400V
M2 Maximum Reference Clamp (21.001) 60.0Hz  |Open-loop All
M2 Maximum Reference Clamp (21.001) 1800rpm |RFC-A All
M2 Rated Frequency (21.006) 60.0Hz |Open-loop, RFC-A All
M2 Rated Load rpm (21.008) 1800rpm |Open-loop All
M2 Rated Load rpm (21.008) 1770rpm |RFC-A All
M2 Rated Voltage (21.009) 460V Open-loop, RFC-A, RFC-S All

Non-volatile media card data transfer
Details of the data that can be stored on a non-volatile media card and the methods to transfer/access this data are given in Menu 11.

Stored HF trips

When the drive is subsequently powered up a Stored HF trip is initiated where the sub-trip number is the number of the HF trip that last occurred. This
trip will occur at every power-up until it is reset. The trip can only be reset by first entering 1299 into Parameter mm.000 (mm.000). If the drive is
powered up and a Stored HF trip occurs, Onboard User Program: Enable (Pr 11.047) is reset to zero to prevent the on-board user program from
running. This ensures that the user program can be changed or erased in case it causes an HF trip at every power-up. Once the Stored HF is cleared, it
is necessary to power cycle the drive or to re-download the user program to allow the program to restart.

Electronic nameplate
The electronic nameplate is stored in an encoder as a table of bytes as shown in the example below which contains 7 parameter objects.

N1 [NO CRC3|CRC2|CRC1|CRCO|FLG1|FLGO|OxFF |OxFF |OxFF |OxFF JOxFF JOxFF JOxFF |OxFF

M P [Vv3 [v2 V1 VO M P V3 [v2 V1 VO [M P V3 V2
V1 V0o M P v3 [v2 [v1 VO [M P v3 [v2 Jv1 VO [M P
V3 V2 V1 VO M P V3 Jv2 |v1 |VO

N1(MS byte) and NO(LS byte) gives the number of parameter objects stored in the nameplate. In this example N1=0x00 and NO=0x07.

CRC3 (MS byte) to CRCO (LS byte) is a 32 bit CRC applied to all bytes in the nameplate except for the number of parameter objects and the CRC. The
CRC is generated with a reverse polynomial 0XEDB88320.

FLG1 (MS byte) and FLGO (LS byte) are assigned for bit flags. At present none of these flags are used, and so these bytes are always zero.

Each parameter object consists of 6 bytes:

M is the menu number between 1 and 41.

P is the parameter number between 0 and 255.

V3 (MS byte) to VO (LS byte) give a signed 32 bit parameter value. This is equivalent to the largest parameter size used by the drive, and so it can be
used to hold the maximum or minimum value of any parameter.

The total size of the nameplate in bytes is the 16 header bytes plus 6 x number of parameter objects.

In an EnDat encoder the namplate begins at the start of MRS area 0xAB and finishes at the end of MRS area 0xAD. Although not guaranteed, these
areas normally both consist of 256 words giving a total size of 1024 bytes. Therefore a nameplate can hold up to (1024 - 16 (header)) / 6 = 168
parameter objects. The time to read the nameplate is approximately 60ms per parameter object when P71 Device Type (03.038) is SC.EnDat, and
120ms per parameter when P1 Device Type (03.038) is EnDat.

In a Hiperface encoder the nameplate can be stored in up to 8 datafields starting at the begining of datafield 0. The size of datafields can be between 16
and 128 bytes. It is recommended that 128 byte datafields are used, and so the maximum size of the nameplate is 1024 bytes. Therefore a nameplate
can hold up to (1024 - 16 (header)) / 6 = 168 parameter objects. The time to read the nameplate is approximately 100ms per parameter object.

The nameplate can hold any parameters stored in drive menus (i.e. 0 to 41). If the menu and parameter number correspond to a parameter that does
not exist or is read-only then the parameter is simply not written and no trip is initiated. If the value of the parameter is out of range for the parameter
then the parameter is not written and a no trip is initiated.
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Current Ratings

The tables below give the maximum output current ratings, peak current ratings and power ratings for all drive sizes and voltage ratings.

200V Rated Drives

Heavy Duty Normal Duty
Peak
Model c%?,::ﬂt Motor Shaft Power oCu?llnt Cur;?lathFC C'?:::Z‘:‘t Motor Shaft Power Czt:llknt Ke
pen Loop

A kW hp A A A kw hp A A
03200050 5 0.75 1 7.5 10 6.6 1.1 1.5 7.26 11.111
03200066 6.6 1.1 1.5 9.9 13.2 8 1.5 2 8.8 14.667
03200080 8 1.5 2 12 16 11 2.2 3 12.1 17.778
03200106 10.6 2.2 3 15.9 21.2 12.7 3 3 13.97 23.556
04200137 13.7 3 3 20.55 27.4 18 5 19.8 30.444
04200185 18.5 4 5 27.75 37 25 5.5 7.5 27.5 41.111
05200250 25 5.5 7.5 37.5 50 30 7.5 10 33 55.556
06200330 33 7.5 10 49.5 66 50 11 15 55 73.333
06200440 44 11 15 66 88 58 15 20 63.8 97.778
07200610 61 15 20 91.5 122 75 18.5 25 82.5 135.556
07200750 75 18.5 25 112.5 150 94 22 30 103.4 166.667
07200830 83 22 30 124.5 166 117 30 40 128.7 184.444
08201160 116 30 40 174 232 149 37 50 163.9 257.778
08201320 132 37 50 198 264 180 45 60 198 293.333
09201760 176 45 60 264 308 216 55 75 237.6 342.222
09202190 219 55 75 328.5 383.25 266 75 100 292.6 425.833
10202830 283 75 100 4245 495.25 325 90 125 357.5 550.278
10203000 300 90 125 450 525 360 110 150 396 583.333

400V Rated Drives
Heavy Duty Normal Duty
Model ct?,:iﬂt Motor Shaft Power ocszemt Cu nl::;lathFC CITJarf'i?'nt Motor Shaft Power szllknt Ke
pen Loop

A kw hp A A A kw hp A A
03400025 2.5 0.75 1 3.75 5 3.4 1.1 1.5 3.74 5.556
03400031 3.1 1.1 1.5 4.65 6.2 4.5 1.5 2 4.95 6.889
03400045 4.5 1.5 2 6.75 9 6.2 2.2 3 6.82 10
03400062 6.2 2.2 3 9.3 12.4 7.7 3 5 8.47 13.778
03400078 7.8 3 5 11.7 15.6 10.4 4 5 11.44 17.333
03400100 10 4 5 15 20 12.3 5.5 7.5 13.53 22.222
04400150 15 5.5 10 22.5 30 18.5 7.5 10 20.35 33.333
04400172 17.2 7.5 10 25.8 34.4 24 11 15 26.4 38.222
05400270 27 11 20 40.5 54 30 15 20 33 60
05400300 30 15 20 45 60 31 15 20 34.1 66.667
06400350 35 15 25 52.5 70 38 18.5 25 41.8 77.778
06400420 42 18.5 30 63 84 48 22 30 52.8 93.333
06400470 47 22 30 70.5 94 63 30 40 69.3 104.444
07400660 66 30 50 99 132 79 37 50 86.9 146.667
07400770 77 37 60 115.5 154 94 45 60 103.4 171.111
07401000 100 45 75 150 200 112 55 75 123.2 222.222
08401340 134 55 100 201 268 155 75 100 170.5 297.778
08401570 157 75 125 235.5 314 184 90 125 202.4 348.889
09402000 200 90 150 300 350 221 110 150 2431 388.889
09402240 224 110 150 336 392 266 132 200 292.6 435.556
10402700 270 132 200 405 472.5 320 160 250 352 525
10403200 320 160 250 480 560 361 200 300 397.1 622.222
11403770 377 185 300 565.5 659.75 437 225 350 480.7 733.056
11404170 417 200 350 625.5 729.75 487 250 400 535.7 810.833
11404640 464 250 400 696 812 507 315 450 557.7 902.222

575V Rated Drives
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Heavy Duty Normal Duty
Rated Peak Peak Rated Peak Ke
Model Current Motor Shaft Power oCurrent current REC| current Motor Shaft Power Current
pen Loop
A kW hp A A A kW hp A A
05500030 3 1.5 2 4.5 6 3.9 2.2 3 4.29 6.667
05500040 4 2.2 3 6 8 6.1 4 5 6.71 8.889
05500069 6.9 4 5 10.35 13.8 10 5.5 7.5 11 15.333
06500100 10 5.5 7.5 15 20 12 7.5 10 13.2 22.222
06500150 15 7.5 10 22.5 30 17 11 15 18.7 33.333
06500190 19 11 15 28.5 38 22 15 20 24.2 42.222
06500230 23 15 20 34.5 46 27 18.5 25 29.7 51.111
06500290 29 18.5 25 43.5 58 34 22 30 37.4 64.444
06500350 35 22 30 52.5 70 43 30 40 47.3 77.778
07500440 44 30 40 66 88 53 45 50 58.3 97.778
07500550 55 37 50 82.5 110 73 55 60 80.3 122.222
08500630 63 45 60 94.5 126 86 75 75 94.6 140
08500860 86 55 75 129 172 108 90 100 118.8 191.111
09501040 104 75 100 156 182 125 110 125 137.5 202.222
09501310 131 90 125 196.5 229.25 150 110 150 165 254.722
10501520 152 110 150 228 266 200 130 200 220 295.556
10501900 190 132 200 285 332.5 200 150 200 220 369.444
11502000 200 150 200 300 350 248 175 250 272.8 388.889
11502540 254 185 250 381 4445 288 225 300 316.8 493.889
11502850 285 225 300 427.5 498.75 315 250 350 346.5 554.167
690V Rated Drives
Heavy Duty Normal Duty
Model Czi:zgt Motor Shaft Power ocszemt Cu rzaenathFC CITJar:i?\t Motor Shaft Power Czsllknt Ke
pen Loop
A kW hp A A A kw hp A A
07600190 19 15 20 28.5 38 23 18.5 25 25.3 42.222
07600240 24 18.5 25 36 48 30 22 30 33 53.333
07600290 29 22 30 43.5 58 36 30 40 39.6 64.444
07600380 38 30 40 57 76 46 37 50 50.6 84.444
07600440 44 37 50 66 88 52 45 60 57.2 97.778
07600540 54 45 60 81 108 73 55 75 80.3 120
08600630 63 55 75 94.5 126 86 75 100 94.6 140
08600860 86 75 100 129 172 108 90 125 118.8 191.111
09601040 104 90 125 156 182 125 110 150 137.5 202.222
09601310 131 110 150 196.5 229.25 155 132 175 170.5 254.722
10601500 150 132 175 225 262.5 172 160 200 189.2 291.667
10601780 178 160 200 267 311.5 197 185 250 216.7 346.111
11602100 210 185 250 315 367.5 225 200 250 247.5 408.333
11602380 238 200 250 357 416.5 275 250 300 302.5 462.778
11602630 263 250 300 394.5 460.25 305 315 400 335.5 511.389
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Variable Minimum / Maximum Pairs

The descriptions below define the variable minimum/maximum pairs that can be used with parameters when the VM format bit is set. The variable
minimum and maximum themselves can be dependent on other parameters, or the drive rating or other conditions as defined. The variable minimum
and the variable maximum have a limited range and this is defined for each minimum/maximum pair.

Identifier VM_AC_VOLTAGE
Description Range applied to parameters showing a.c. voltage
Units \

Range of [MIN] 0
Range of [MAX] 0 to 930

VM_AC_VOLTAGE[MAX] in drive voltage rating dependent. See the table below.

Voltage level 200V Jao0ov [575v  [esov
VM_AC_VOLTAGE[MAX] 325 |650 780  [930

VM_AC_VOLTAGE[MIN] =0

Identifier VM_AC_VOLTAGE_SET
Description Range applied to a.c. voltage set-up parameters
Units \
Range of [MIN] 0
Range of [MAX] 0 to 765

VM_AC_VOLTAGE_SET[MAX] is drive voltage rating dependent. See the table below.

Voltage level 200v [aoov [575v [e90ov
VM_AC_VOLTAGE_SET[MAX] 265 |530 635 |765

VM_AC_VOLTAGE_SET[MIN] = 0

Identifier VM_ACCEL_RATE
Description Maximum applied to the ramp rate parameters
Units s/100Hz, s/1000rpm, s/1000mm/s

Open-loop: 0.0
Range of [MIN] RFOA. RFC-S: 0.000
Open-loop: 0.0 to 3200.0
Range of [MAX] RFC-A, RFC-S: 0.000 to 3200.000

A maximum needs to be applied to the ramp rate parameters because the units are a time for a change of speed from zero to a defined level or to
maximum speed. The defined level is 100Hz for Open-loop mode and 1000rpm or 1000mm/s for RFC-A and RFC-S modes. If the change of speed is to
the maximum speed then changing the maximum speed changes the actual ramp rate for a given ramp rate parameter value. The variable maximum
calculation ensures that longest ramp rate (parameter at its maximum value) is not slower than the rate with the defined level, i.e. 3200.00 s / Hz for
Open-loop mode, and 3200.000 s / 1000rpm or 3200.000 s / 1000mm/s for RFC-A and RFC-S modes.

The maximum frequency/speed is taken from Maximum Reference Clamp (01.006) if Select Motor 2 Parameters (11.045) = 0, or M2 Maximum
Reference Clamp (21.001) if Select Motor 2 Parameters (11.045) = 1.

Open-loop mode
VM_ACCEL_RATE[MIN] = 0.0

If Ramp Rate Units (02.039) = 0:

VM_ACCEL_RATE[MAX] = 3200.0

Otherwise:

VM_ACCEL_RATE[MAX] = 3200.0 x Maximum frequency / 100.0

RFC-A, RFC-S modes
VM_ACCEL_RATE[MIN] = 0.000

If Ramp Rate Units (02.039) = 0:

VM_ACCEL_RATE[MAX] = 3200.000

Otherwise:

VM_ACCEL_RATE[MAX] = 3200.000 x Maximum speed / 1000.0

Identifier VM_AMC_JERK_UNIPOLAR
Description Range applied to the parameters showing the AMC jerk
Units User units / ms / ms / ms
Range of [MIN] 0
Range of [MAX] 107374.1823

VM_AMC_JERK_UNIPOLAR[MAX] = 107374.1823 / AMC Auto Resolution Scaling (31.016)
VM_AMC_JERK_UNIPOLAR[MIN] = 0
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Identifier VM_AMC_POSITION
Description Range applied to the parameters showing the AMC position
Units User units
Range of [MIN] -2147483648
Range of [MAX] 2147483647

VM_AMC_POSITION is modified by AMC Auto Resolution Scaling (31.016) and AMC Roll Over Limit (31.010). See the table below.

AMC Roll Over Limit (31.010)| =0 >0
2147483647 | AMC Auto Resolution Scaling] AMC Roll Over Limit

VM_AMC_POSITION[MAX] (31.016) (31.010) - 1
-2147483648 /| AMC Auto Resolution

VM_AMC_POSITION[MIN] Scaling (31.016) 0

Identifier VM_AMC_POSITION_CAM

Description Range applied to the parameters showing the AMC cam position

Units User units

Range of [MIN] -1073741824

Range of [MAX] 1073741823

VM_AMC_POSITION_CAM is modified by AMC Auto Resolution Scaling (31.016) and AMC Roll Over Limit (31.010). See the table below.

AMC Roll Over Limit (31.010) =0 >0
1073741823 /| AMC Auto Resolution AMC Roll Over Limit
VM_AMC_POSITION_CAM[MAX] Scaling (31.016) (31.010) - 1
-1073741824 | AMC Auto Resolution -AMC Roll Over Limit
VM_AMC_POSITION_CAM[MIN] Scaling (31.016) (31.010) + 1
Identifier VM_AMC_POSITION_CAM_UNIPOLAR
Description Unipolar version of VM_AMC_POSITION_CAM
Units User units
Range of [MIN] 0
Range of [MAX] 1073741823

VM_AMC_POSITION_CAM_UNIPOLAR is modified by AMC Auto Resolution Scaling (31.016) and AMC Roll Over Limit (31.010). See the table below.

AMC Roll Over Limit (31.010) =0 >0
1073741823 / AMC Auto AMC Roll Over Limit

VM_AMC_POSITION_CAM_UNIPOLARIMAXI| oo o 1ution Scaling (31.016) (31.010) - 1
VM_AMC_POSITION_CAM_UNIPOLAR[MIN] | 0 0

Identifier VM_AMC_POSITION_REF
Description Range applied to the AMC position reference
Units User units
Range of [MIN] -2147483648
Range of [MAX] 2147483647

VM_AMC_POSITION_REF is modified by AMC Auto Resolution Scaling (31.016), AMC Roll Over Limit (31.010) and AMC Rotary Mode (34.005). See
the table below.

AMC Roll Over Limit (31.010) [=0 >0 >0
AMC Rotary Mode (34.005) Not active <4 =4
2147483647 | AMC Auto Resolution AMC Roll Over Limit 1073741823 / AMC Auto Resolution Scaling
VM_AMC_POSITION_REFIMAXI 2 ing (31.016) (31.010) - 1 (31.016)
-2147483648 | AMC Auto Resolution -1073741824 | AMC Auto Resolution
VM_AMC_POSITION_REFIMIN] | 55 (31.016) 0 Scaling (31.016)
Identifier VM_AMC_POSITION_UNIPOLAR
Description Unipolar version of VM_AMC_POSITION
Units User units
Range of [MIN] 0
Range of [MAX] 2147483647
VM_AMC_POSITION_UNIPOLAR is modified by AMC Auto Resolution Scaling (31.016) and AMC Roll Over Limit (31.010). See the table below.
AMC Roll Over Limit (31.010) =0 >0
2147483647 | AMC Auto Resolution | AMC Roll Over Limit
VM_AMC_POSITION_UNIPOLAR[MAX] Scaling (31.016) (31.010) - 1
VM_AMC_POSITION_UNIPOLAR[MIN] | O 0
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Identifier VM_AMC_RATE
Description Range applied to the parameters showing the AMC acceleration
Units User units / ms / ms
Range of [MIN] 1073742.824
Range of [MAX] 1073741.823

VM_AMC_RATE_UNIPOLAR[MAX] = 1073741.823 / AMC Auto Resolution Scaling (31.016)

VM_AMC_RATE_UNIPOLAR[MIN] =-1073741.824 / AMC Auto Resolution Scaling (31.016)

Identifier VM_AMC_RATE_UNIPOLAR
Description Unipolar version of VM_AMC_RATE
Units User units / ms / ms
Range of [MIN] 0
Range of [MAX] 1073741.823

VM_AMC_RATE_UNIPOLAR[MAX] = 1073741.823 / AMC Auto Resolution Scaling (31.016)
VM_AMC_RATE_UNIPOLAR[MIN] = 0

Identifier VM_AMC_ROLLOVER
Description Maximum applied to the AMC Rollover parameter
Units User units
Range of [MIN] 0
Range of [MAX] 1073741823

VM_AMC_ROLLOVER[MAX] = 1073741823 / AMC Auto Resolution Scaling (31.016)
VM_AMC_ROLLOVER[MIN] = 0

Identifier VM_AMC_SPEED
Description Range applied to the parameters showing the AMC speed
Units User units / ms
Range of [MIN] -21474836.48
Range of [MAX] 21474836.47

VM_AMC_SPEED[MAX]

= 21474836.47 | AMC Auto Resolution Scaling (31.016)

VM_AMC_SPEED[MIN] = -21474836.48 / AMC Auto Resolution Scaling (31.016)

Identifier VM_AMC_SPEED_UNIPOLAR
Description Unipolar version of VM_AMC_SPEED
Units User units / ms
Range of [MIN] 0
Range of [MAX] 21474836.47

VM_SPEED_UNIPOLAR[MAX] = 21474836.47 /| AMC Auto Resolution Scaling (31.016)
VM_SPEED_UNIPOLAR[MIN] = 0

Identifier VM_DC_VOLTAGE
Description Range applied to d.c. voltage reference parameters
Units \

Range of [MIN] 0
Range of [MAX] 0to 1190

VM_DC_VOLTAGE[MAX] is the full scale d.c. link voltage feedback (over voltage trip level) for the drive. This level is drive voltage rating dependent.

See the table below.

Voltage level

200V [400V  |575V  |690V

VM_DC_VOLTAGE[MAX]

415 830 990 1190

VM_DC_VOLTAGE[MIN] =

0
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Identifier VM_DC_VOLTAGE_SET
Description Range applied to d.c. voltage reference parameters
Units \
Range of [MIN] 0
Range of [MAX] 0.0 to 1150.0
VM_DC_VOLTAGE_SET[MAX] is drive voltage rating dependent. All values are shown in the table below.
Voltage level 200V j400V [575V |690V
VM_DC_VOLTAGE_SET[MAX] 400 800 955 1150

VM_DC_VOLTAGE_SET[MIN] = 0

Identifier VM_DRIVE_CURRENT
Description Range applied to parameters showing current in A
Units A
Range of [MIN] -99999.999 to 0.000
Range of [MAX] 0.000 to 99999.999

VM_DRIVE_CURRENT[MAX] is equivalent to the full scale (over current trip level) for the drive and is given by Full Scale Current Kc (11.061).

VM_DRIVE_CURRENT[MIN] = - VM_DRIVE_CURRENT[MAX]

Identifier VM_DRIVE_CURRENT_UNIPOLAR
Description Unipolar version of VM_DRIVE_CURRENT
Units A
Range of [MIN] 0.000
Range of [MAX] 0.000 to 99999.999

VM_DRIVE_CURRENT_UNIPOLAR[MAX] = VM_DRIVE_CURRENT[MAX]
VM_DRIVE_CURRENT_UNIPOLAR[MIN] = 0.000

Identifier VM_HIGH_DC_VOLTAGE
Description Range applied to the parameters showing high d.c. voltage
Units V
Range of [MIN] 0
Range of [MAX] 0 to 1500

VM_HIGH_DC_VOLTAGE[MAX] = 1500. This is the full scale d.c. link voltage feedback for the high d.c. link voltage measurement which can measure
the voltage if it goes above the normal full scale value.

VM_HIGH_DC_VOLTAGE[MIN] = 0

Identifier VM_LOW_UNDER_VOLTS
Description Range applied to the low under voltage threshold
Units \%
Range of [MIN] 24
Range of [MAX] 24 to 1150

If Back-up Mode Enable (06.068) = 0
VM_LOW_UNDER_VOLTS[MAX] = VM_STD_UNDER_VOLTS[MIN]

Otherwise
VM_LOW_UNDER_VOLTS[MAX] = VM_STD_UNDER_VOLTS[MIN]/ 1.1.

VM_LOW_UNDER_VOLTS[MIN] = 0.

Identifier VM_MIN_SWITCHING_FREQUENCY
Description Range applied to the minimum switching frequency parameter
Units User units
Range of [MIN] 0
Range of [MAX] 0to 6

VM_MIN_SWITCHING_FREQUENCY[MAX] = Maximum Switching Frequency (05.018)
VM_MIN_SWITCHING_FREQUENCY[MIN] = 0 for motor control modes, or 1 for Regen mode (subject to the maximum)
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Identifier VM_MOTOR1_CURRENT_LIMIT
Description Range applied to current limit parameters (motor 1)
Units %
Range of [MIN] 0.0
Range of [MAX] 0.0 to 1000.0

VM_MOTOR1_CURRENT_LIMIT[MAX] is dependent on the drive rating and motor set-up parameters.
VM_MOTOR1_CURRENT_LIMIT[MIN] = 0.00

Identifier VM_MOTOR2_CURRENT_LIMIT
Description Range applied to current limit parameters (motor 2)
Units %
Range of [MIN] 0.0
Range of [MAX] 0.0 to 1000.0

VM_MOTOR2_CURRENT_LIMIT[MAX] is dependent on the drive rating and motor set-up parameters.
VM_MOTOR2_CURRENT_LIMIT[MIN] = 0.0

Identifier VM_NEGATIVE_REF_CLAMP1
Description Limits applied to the negative frequency or speed clamp (motor 1)
: Open-loop: Hz
Units RFC-A, RFC-S: rpm or mm/s
Open-loop: -599.0 to 0.0
RFC-A, RFC-S: -550 x 60 / Motor pole pairs to 0.0

Open-loop: 0.0 to 599.0
RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

Range of [MIN]

Range of [MAX]

This variable maximum/minimum defines the range of the negative frequency or speed clamp associated with motor map 1 (Minimum Reference Clamp
(01.007)). The minimum and maximum are affected by the settings of the Negative Reference Clamp Enable (01.008), Bipolar Reference Enable
(01.010) and Maximum Reference Clamp (01.006) as shown in the table below.

Negative Bipolar
Reference Reference
Clamp Enable |Enable VM_NEGATIVE_REF_CLAMP1[MIN]|VM_NEGATIVE_REF_CLAMP1[MAX]
(01.008) (01.010)
0 0 0.0 Pr 01.006
0 1 0.0 0.0
1 X -VM_POSITIVE_REF _CLAMP[MAX] [0.0
Identifier VM_NEGATIVE_REF_CLAMP2
Description Limits applied to the negative frequency or speed clamp (motor 2)
. Open-loop: Hz
Units RFC-A, RFC-S: rpm or mm/s
Open-loop: -599.0 to 0.0
Range of [MIN] RFC-A, RFC-S: -550 x 60 / Motor pole pairs to 0.0
Open-loop: 0.0 to 599.0
Range of [MAX] RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

This variable maximum/minimum defines the range of the negative frequency or speed clamp associated with motor map 2 (M2 Minimum Reference
Clamp (21.002)). It is defined in the same way as VM_NEGATIVE_REF_CLAMP1 except that the M2 Maximum Reference Clamp (21.001) is used
instead of Maximum Reference Clamp (01.006).

Identifier VM_POSITIVE_REF_CLAMP1
Description Limits applied to the positive frequency or speed reference clamp
: Open-loop: Hz
Units RFC-A, RFC-S: rpm or mm/s
Range of MINI_ [REERECS: 0.0
Open-loop: 0.0 to 599.0
Range of [MAX] RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

VM_POSITIVE_REF_CLAMP1[MAX] defines the range of the positive reference clamp, Maximum Reference Clamp (01.006), which in turn limit the
references. In RFC-A and RFC-S modes an additional limit is applied so that the position feedback does not exceed the speed where the drive can no
longer interpret the feedback signal correctly as given in the table below. The limit is based on the position feedback device selected with Motor Control
Feedback Select (03.026). It is possible to disable this additional limit if the RFC Feedback Mode (03.024) = 1, so that the motor can be operated at a
speed above the level where the drive can interpret the feedback in sensorless mode. It should be noted that the position feedback device itself may
have a maximum speed limit that is lower than those given in the table. Care should be taken not to exceed a speed that would cause damage to the
position feedback device.
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Feedback device VM_POSITIVE_REF_CLAMP1[MAX]
(500kHz x 60 / rotary lines per revolution) rpm

AB, AB Servo (500kHz x linear line pitch in mm) mm/s
(500kHz x 60 / rotary lines per revolution)/2 rpm
FD, FR, FD Servo, FR Servo (500kHz x linear line pitch in mm)/2 mm/s

(500kHz x 60 / sine waves per revolution) rpm
(500kHz x linear line pitch in mm) mm/s

30000 rpm*
Resolver (250Hz x pole pitch in mm) mm/s

Any other device 50000.0 rpm or mm/s*

SC, SC Hiper, SC EnDat, SC SSI, SC Servo

*Note that even though these are shown as fixed values they are subject to the maximum of 550 x 60 / Motor Pole

Pairs, as are all the other values in this table.
The limit ensures that the frequency of incremental digital or sine wave signals from the encoder do not exceed 500kHz and the modulation frequency
for a resolver does not exceed 1kHz, neglecting any speed controller overshoot. The position feedback resolution remains fixed over the whole

frequency for digital signals, but reduces with increased frequency or reduced voltage with sine wave signals. The position resolution with sine wave
signals is given by the equations below.

Position resolution for a rotary device = K x sine waves per revolution
Position resolution for a linear device = K x sine waves per pole pitch

The value of K varies with the frequency and magnitude of the sine wave signals. The nominal value of K is 1024, and the drive interface provides at
least this resolution with 1.0Vp-p sine waves up to a frequency of 50kHz. The table below shows the variation of K with sine wave peak to peak voltage

and frequency.

1kHz 5kHz 50kHz 100kHz 200kHz 500kHz
1.2Vp-p 2048 2048 1024 1024 512 512
1.0Vp-p 2048 2048 1024 512 512 128
0.8Vp-p 1024 1024 1024 512 256 128
0.6Vp-p 1024 1024 512 512 256 128
0.4Vp-p 512 512 512 256 128 64

VM_POSITIVE_REF_CLAMP1[MIN] = 0.0

VM_POSITIVE_REF_CLAMP2[MAX] defines the range of the positive reference clamp, M2 Maximum Reference Clamp (21.001), which in turn limit the
references. See VM_POSITIVE_REF_CLAMP1 for more details.

Identifier VM_POWER
Description Range applied to parameters that either set or display power
Units kW
Range of [MIN] -99999.999 to 0.000
Range of [MAX] 0.000 to 99999.999

VM_POWER[MAX] is rating dependent and is chosen to allow for the maximum power that can be output by the drive with maximum a.c. output
voltage, at maximum controlled current and unity power factor.

VM_POWER[MAX] = V3 x VM_AC_VOLTAGE[MAX] x VM_DRIVE_CURRENT[MAX] / 1000
VM_POWER[MIN] = -VM_POWER[MAX]

Identifier VM_RATED_CURRENT
Description Range applied to rated current parameters
Units A
Range of [MIN] 0.000
Range of [MAX] 0.000 to 99999.999

VM_RATED_CURRENT [MAX] = Maximum Rated Current (11.060) and is dependent on the drive rating.
VM_RATED_CURRENT [MIN] = 0.000

Identifier VM_REGEN_REACTIVE
Description Range applied to the reactive current reference in Regen mode
Units %

Range of [MIN] -1000.0 to 0.0
Range of [MAX] 0.0 to 1000.0

VM_REGEN_REACTIVE[MAX] applies a limit to the reactive current reference in Regen mode so that the total current reference does not exceed its
maximum allowed level.

VM_REGEN_REACTIVE[MIN] = - VM_REGEN_REACTIVE[MAX]

14 Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)



Identifier VM_SPEED
Description Range applied to parameters showing speed
Units Open-loop, RFC-A, RFC-S: rpm or mm/s
Range of [MIN] Open-loop, RFC-A, RFC-S: -50000.0 to 0.0
Range of [MAX] Open-loop, RFC-A, RFC-S: 0.0 to 50000.0

This variable minimum/maximum defines the range of speed monitoring parameters. To allow headroom for overshoot the range is set to twice the

range of the speed references.

VM_SPEED[MIN] = 2 x VM_SPEED_FREQ_REF[MIN]

VM_SPEED[MAX] =

2 x VM_SPEED_FREQ_REF[MAX]

Identifier

VM_SPEED_FREQ_KEYPAD_REF

Description

Range applied to the keypad reference

Units

Open-loop: Hz
RFC-A, RFC-S: rpm or mm/s

Range of [MIN]

Open-loop: -599.0 to 599.0
RFC-A, RFC-S: -550 x 60 / Motor pole pairs to 550 x 60 / Motor pole pairs

Range of [MAX]

Open-loop: 0.0 to 5990.0
RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

This variable maximum is applied to Keypad Control Mode Reference (01.017). The maximum applied to these parameters is the same as other

frequency reference

parameters.

VM_SPEED_FREQ_USER_REFS [MAX] = VM_SPEED_FREQ_REF[MAX]

However the minimum is dependent on Negative Reference Clamp Enable (01.008) and Bipolar Reference Enable (01.010).

Negative Reference |Bipolar
Clamp Enable Reference VM_SPEED_FREQ_USER_REFS[MIN]
(01.008) Enable (01.010)
0 0 If Select Motor 2 Parameters (11.045) = 0 Minimum Reference
Clamp (01.007), otherwise M2 Minimum Reference Clamp (21.002)
0 1 -VM_SPEED_FREQ_REF[MAX]
1 0 0.0
1 -VM_SPEED_FREQ_REF[MAX]
Identifier VM_SPEED_FREQ_REF
Description Range applied to the frequency or speed reference parameters
. Open-loop: Hz
Units RFC-A, RFC-S: rpm or mm/s
Open-loop: -599.0 to 0.0
Range of [MIN] RFC-A, RFC-S: -550 x 60 / Motor pole pairs to 0.0
Open-loop: 0.0 to 599.0
Range of [MAX] RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

Negative
Reference Clamp
Enable (01.008)

VM_SPEED_FREQ_REF[MAX] if Select |VM_SPEED_FREQ_REF[MAX] if Select
Motor 2 Parameters (11.045) = 0 Motor 2 Parameters (11.045) =1

0

Maximum Reference Clamp (01.006) M2 Maximum Reference Clamp (21.001)

1

Maximum Reference Clamp (01.006) or M2 Maximum Reference Clamp (21.001) or

|[Minimum Reference Clamp (01.007)| IM2 Minimum Reference Clamp (21.002)|
whichever the larger whichever the larger

VM_SPEED_FREQ_|

REF[MIN] = -VM_SPEED_FREQ_REF[MAX].

Range of [MIN]

Identifier VM_SPEED_FREQ_REF_UNIPOLAR
Description Unipolar version of VM_SPEED_FREQ_REF
: Open-loop: Hz
Units RFC-A, RFC-S: rpm or mm/s
Open-loop: 0.0

RFC-A, RFC-S: 0.0

Range of [MAX]

Open-loop: 0.0 to 599.0
RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

VM_SPEED_FREQ_REF_UNIPOLAR[MAX] = VM_SPEED_FREQ_REF[MAX]

VM_SPEED_FREQ_REF_UNIPOLAR[MIN] = 0.0

This variable minimum/maximum is applied throughout the frequency and speed reference system so that the references can vary in the range from the
minimum to maximum clamps.
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Identifier

VM_SPEED_FREQ_USER_REFS

Description

Range applied to analogue reference parameters

Units

Open-loop: Hz

RFC-A, RFC-S: rpm or mm/s

Range of [MIN]

Open-loop: -599.00 to 599.00
RFC-A, RFC-S: -550 x 60 / Motor pole pairs to 550 x 60 / Motor pole pairs

Range of [MAX]

Open-loop: 0.0 to 599.00
RFC-A, RFC-S: 0.0 to 550 x 60 / Motor pole pairs

This variable maximum is applied to Analogue Reference 1 (01.036) and Analogue Reference 2 (01.037). It should be noted that in Open-loop mode the
analogue reference parameters have two decimal places.

The maximum applied to these parameters is the same as other frequency reference parameters.

VM_SPEED_FREQ_USER_REFS [MAX] = VM_SPEED_FREQ_REF[MAX]

However the minimum is dependent on Negative Reference Clamp Enable (01.008) and Bipolar Reference Enable (01.010).

Negative Reference |Bipolar
Clamp Enable Reference VM_SPEED_FREQ_USER_REFS[MIN]
(01.008) Enable (01.010)
0 0 If Select Motor 2 Parameters (11 .'04_15) = 0 Minimum Reference
Clamp (01.007), otherwise M2 Minimum Reference Clamp (21.002)
0 1 -VM_SPEED_FREQ_REF[MAX]
1 0 0.0
1 1 -VM_SPEED_FREQ_REF[MAX]
Identifier VM_STD_UNDER_VOLTS
Description Range applied to the standard under voltage threshold
Units V
Range of [MIN] 0 to 1150
Range of [MAX] 0 to 1150

VM_STD_UNDER_VOLTS[MAX] = VM_DC_VOLTAGE_SET / 1.1

VM_STD_UNDER_VOLTS[MIN] is voltage rating dependent. See the table below.

Voltage level

200V 400V |575V 690V

VM_STD_UNDER_VOLTS[MIN]

175 ]330 J435 |435

Identifier VM_SUPPLY_LOSS_LEVEL
Description Range applied to the supply loss threshold
Units \
Range of [MIN] 0to 1150
Range of [MAX] 0 to 1150

VM_SUPPLY_LOSS_LEVEL[MAX] = VM_DC_VOLTAGE_SET[MAX]

VM_SUPPLY_LOSS_LEVEL[MIN] is drive voltage rating dependent. See the table below.

Voltage level

200V 400V 575V |690V

VM_SUPPLY_LOSS_LEVEL[MIN]

205 410 ]540 |540

Identifier VM_SWITCHING_FREQUENCY
Description Range applied to the maximum switching frequency parameters
Units User units
Range of [MIN] 0
Range of [MAX] 0to 6

VM_SWITCHING_FREQUENCY[MAX] = Power stage dependent

VM_SWITCHING_FREQUENCY[MIN] = 0 for motor control modes, or 1 for Regen mode (subject to the maximum)

16

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)



Identifier

VM_TORQUE_CURRENT

Description

Range applied to torque and torque producing current parameters. (Where this is used in Regen
mode it refers to the active current.)

Units

%

Range of
[MIN]

-1000.0t0 0.0

Range of

[MAXI

0.0 to 1000.0

(11.045)

Select Motor 2 Parameters VM_TORQUE_CURRENT[MAX]

0

VM_MOTOR1 CURRENT_LIMIT[MAX]

1

VM_MOTOR2_CURRENT_LIMIT[MAX]

VM_TORQUE_CURRENT[MIN] = -VM_TORQUE_CURRENT[MAX]

Identifier VM_TORQUE_CURRENT_UNIPOLAR
Description Unipolar version of VM_TORQUE_CURRENT
Units %
Range of [MIN] 0.0
Range of [MAX] 0.0 to 1000.0

VM_TORQUE_CURRENT_UNIPOLAR[MAX] = VM_TORQUE_CURRENT[MAX]

VM_TORQUE_CURRENT_UNIPOLAR[MIN] =0.0

Identifier VM_USER_CURRENT

Description

Range applied to torque reference and percentage load parameters with one decimal place

Units

%

Range of [MIN] |-1000.0 to 0.0

Range of [MAX] ]0.0 to 1000.0

VM_USER_CURRENT[MAX] = User Current Maximum Scaling (04.024)

VM_USER_CURRENT[MIN] = -VM_USER_CURRENT[MAX]

Identifier VM_USER_CURRENT_HIGH_RES

Description

Range applied to torque reference and percentage load parameters with two decimal places

Units

%

Range of [MIN] |{-1000.00 to 0.00

Range of [MAX] ]0.00 to 1000.00

VM_USER_CURRENT_HIGH_RES[MAX] = User Current Maximum Scaling (04.024) with an additional decimal place

VM_USER_CURRENT_HIGH_RES[MIN] = -VM_USER_CURRENT_HIGH_RES[MAX]
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Menu 1 Single Line Descriptions — Speed References

Mode: RFC-S
Parameter Range Default Type
01.001 JReference Selected +VM_SPEED_FREQ_REF RO [Num | ND | NC | PT
01.002 |Pre-skip Filter Reference +VM_SPEED FREQ_REF RO |Num | ND | NC | PT
01.003 |Pre-ramp Reference +VM_SPEED_FREQ_REF RO |Num | ND | NC | PT
01.004 |Reference Offset +VM_SPEED FREQ_REF 0.0 RW | Num uUs
01.005 |Jog Reference 0.0 to 4000.0 0.0 RW | Num us
01.006 [Maximum Reference Clamp +VM_POSITIVE_REF_CLAMP1 3000.0 RW | Num uUs
01.007 |Minimum Reference Clamp +VM_NEGATIVE_REF_CLAMP1 0.0 RW | Num us
01.008 |[Negative Reference Clamp Enable Off (0) or On (1) Off (0) RW | Bit uUs
01.009 |Reference Offset Select Off (0) or On (1) Off (0) RW | Bit us
01.010|Bipolar Reference Enable Off (0) or On (1) Off (0) RW | Bit uUs
01.011 |Reference On Off (0) or On (1) RO | Bit [ND | NC | PT
01.012|Reverse Select Off (0) or On (1) RO | Bit [ND | NC | PT
01.013|Jog Select Off (0) or On (1) RO | Bit [ ND|NC| PT
A1 A2 (0), A1 Preset (1), A2 Preset (2),
01.014 |Reference Selector Preset (3), Keypad (4), Precision (5), A1 A2 (0) RW | Txt us
Keypad Ref (6)
01.015|Preset Selector 0to9 0 RW | Num us
01.016 |Preset Selector Timer 0.0t0 400.0 s 10.0 s RW | Num uUs
01.017 |Keypad Control Mode Reference +VM_SPEED_FREQ_KEYPAD_REF 0.0 RO | Num NC | PT | PS
01.018 |Precision Reference Coarse +VM_SPEED_FREQ_REF 0.0 RW | Num uUs
01.019|Precision Reference Fine 0.000 to 0.099 0.000 RW | Num UsS
01.020 |Precision Reference Update Disable Off (0) or On (1) Off (0) RW | Bit NC
01.021 |Preset Reference 1 +VM_SPEED_FREQ_REF 0.0 RW | Num us
01.022 |Preset Reference 2 +VM_SPEED_FREQ_REF 0.0 RW | Num us
01.023 |Preset Reference 3 +VM_SPEED_FREQ_REF 0.0 RW | Num uUsS
01.024 |Preset Reference 4 +VM_SPEED_FREQ_REF 0.0 RW | Num us
01.025 |Preset Reference 5 +VM_SPEED_FREQ_REF 0.0 RW | Num uUsS
01.026 |Preset Reference 6 +VM_SPEED_FREQ_REF 0.0 RW | Num UsS
01.027 |Preset Reference 7 +VM_SPEED_FREQ_REF 0.0 RW | Num uUsS
01.028 |Preset Reference 8 +VM_SPEED_FREQ_REF 0.0 RW | Num UsS
01.029 |Skip Reference 1 0 to 33000 0 RW | Num uUs
01.030 |Skip Reference Band 1 0 to 250 0 RW | Num us
01.031 |Skip Reference 2 0 to 33000 0 RW | Num uUs
01.032 |Skip Reference Band 2 0 to 250 0 RW | Num us
01.033 |Skip Reference 3 0 to 33000 0 RW | Num uUs
01.034 |Skip Reference Band 3 0 to 250 0 RW | Num us
01.035|Reference In Rejection Zone Off (0) or On (1) RO | Bit [ND | NC | PT
01.036 JAnalog Reference 1 +VM_SPEED_FREQ_USER_REFS 0.0 RO | Num NC
01.037 JAnalog Reference 2 +VM_SPEED_FREQ_USER_REFS 0.0 RO | Num NC
01.038 |Percentage Trim +100.00 % 0.00 % RW | Num NC
01.039 |Speed Feed-forwards +VM_SPEED_FREQ_REF RO |Num | ND | NC | PT
01.040 |Speed Feed-forwards Select Off (0) or On (1) RO | Bit [ND | NC| PT
01.041 |Reference Select Flag 1 Off (0) or On (1) Off (0) RW | Bit NC
01.042 |Reference Select Flag 2 Off (0) or On (1) Off (0) RW | Bit NC
01.043 |Reference Select Flag 3 Off (0) or On (1) Off (0) RW | Bit NC
01.044 |Reference Select Flag 4 Off (0) or On (1) Off (0) RW | Bit NC
01.045 |Preset Select Flag 1 Off (0) or On (1) Off (0) RW | Bit NC
01.046 |Preset Select Flag 2 Off (0) or On (1) Off (0) RW | Bit NC
01.047 |Preset Select Flag 3 Off (0) or On (1) Off (0) RW | Bit NC
01.048 |Preset Selector Timer Reset Off (0) or On (1) Off (0) RW | Bit NC
01.049 |Reference Selected Indicator 1t06 RO |[Num | ND | NC | PT
01.050 |Preset Selected Indicator 1t08 RO |Num | ND | NC | PT
01.051 |Power-up Keypad Control Mode Reference Reset (0), Last (1), Preset (2) Reset (0) RW | Txt us
01.052 |Hand/Off/Auto Operating Mode Oto3 0 RW | Num uUs
01.053 |Fire Mode Reference +VM_SPEED_FREQ_REF 0.0 RW | Num uUs
01.054 |Fire Mode Activate Off (0) or On (1) Off (0) RO | Bit NC
01.055|Linear Speed Select Off (0) or On (1) Off (0) RW | Bit us
01.056 |Linear Speed Selected Off (0) or On (1) RO | Bit [ND | NC | PT
01.057 |Force Reference Direction None (0), Forward (1), Reverse (2) None (0) RW | Txt
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RW [Read / Write RO |Read-only Bit |Bit parameter | Txt |Text string Date |Date parameter |Time|Time parameter
Chr |Character parameter | Bin [Binary parameter | IP |IP address Mac |[MAC address Ver |Version number | SMP |Slot, menu, parameter
N No ;
Num{Number parameter | DE |Destination ND default value RA JRating dependent | NC |Non-copyable PT |Protected
. Power-
Fl [Filtered US |User save PS down save
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Menu 1 - Speed References

Mode: RFC-S
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100.00

01.049 01.050
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Jog Rovarse Spead Feed- Rafarance
Salect Salect forwards Select (8]
Rafarance 01.040
Selected _
MMairmuim —
| | Rafarance | P’;::ﬁ:'ﬁ Filter
rence
I Clamp . 0
I (01.008) * Forca
¥ h Reference
Direction
Bipolar Reference (01.057)
Enabile (01.010) >
Minimum Refarence
Clamp (01.007) ** Negative Reference o
— . Cilamp Enabis (01.008) 1
[ Ne limit applied |
-Maximum Reference 0 |
Clamp (01.006)" _u‘_
Jog Reference o 1
L
(01.005) Minimum Reference o
Carmg (01.007)
Speed Feed-
farwards * If Salect Motor 2 Paramatars (11.043) = 1 then M2 Maximum
Reforance Clamp (21.001) and M2 Minimum Refarence Clamp
(21.002) are used instead.
01,039 - ** The minimum reference clamp is limited to a minimum value of 0 at
this paoint.
*** zed by the mechanical brake controller (see Menu 12)
Pre-filter Reference Select
Fire Mode
Active
Fira Mode Referance (01.053) is non-zera
[ Fire Mode Activate (01.054) T
- |
Pre-filter Skip bands :
Refsrence Skip Refersnce 1 (01.029) | Fre-ramp
Skip Band 1 {01.030) o 1 Reference
Skip Reference 2 (01.031)
Skip Band 2 (01.032) Fira Mode 1
—
Reference (01.053
Skip Raferance 3 (01.033) t )
Skip Band 3 (01.034)
Raefarance In
Rajection Zone
Pre-ramp Reference Select
Parameter 01.001 Reference Selected
Short description Displays the basic reference selected from the available sources
Mode RFC-S
Minimum -VM_SPEED FREQ_REF Maximum VM_SPEED FREQ_REF
Default Units
Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1
Coding RO, VM, ND, NC, PT

Reference Selected (01.001) is the basic reference selected from the available sources including the effect of the reference offset.
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Parameter 01.002 Pre-skip Filter Reference

Short description Displays the level of the reference after the reference clamps

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED FREQ_REF
Default Units

Type 32 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding

RO, VM, ND, NC, PT

Pre-skip Filter Reference (01.002) is the level of the reference after the reference clamps but before the skip filters.

Parameter 01.003 Pre-ramp Reference

Short description Displays the final output from the Menu 1 reference system

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default Units

Type 32 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding

RO, VM, ND, NC, PT

The Pre-ramp Reference (01.003) is the final output from the Menu 1 reference system that is fed into the Menu 2 ramp system.

Parameter 01.004 Reference Offset

Short description Defines the the offset applied to the reference

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

If Reference Offset Select (01.009) = 0 then Reference Selected (01.001) is the selected reference multiplied by [1 + (Percentage Trim (01.038) / 100.00)].

If Reference Offset Select (01.009) = 1 then the Reference Offset (01.004) is added to the selected reference to give Reference Selected (01.001).

Parameter 01.005 Jog Reference

Short description Defines the reference when jog is enabled

Mode RFC-S

Minimum 0.0 Maximum 4000.0
Default 0.0 Units

Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 1

Coding RW, BU

The Jog Reference (01.005) is selected when Jog Select (01.013) = 1. Jog Select (01.013) is controlled by the drive sequencer (see Menu 6).

Parameter 01.006 Maximum Reference Clamp

Short description Defines the maximum value for the reference

Mode RFC-S

Minimum -VM_POSITIVE_REF_CLAMP1 Maximum VM_POSITIVE_REF_CLAMP1
Default 3000.0 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, VM

Maximum Reference Clamp (01.006) provides a limit on the maximum frequency or speed. (If Select Motor 2 Parameters (11.045) = 1 then

M2 Maximum Reference Clamp (21.001) is used instead.)

Parameter 01.007 Minimum Reference Clamp

Short description Defines the minimum value for the reference

Mode RFC-S

Minimum -VM_NEGATIVE_REF CLAMP1 Maximum VM_NEGATIVE_REF_CLAMP1
Default 0.0 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, VM

If Negative Reference Clamp Enable (01.008) = 1 then Minimum Reference Clamp (01.007) is forced to be a negative value and is applied to the final
reference as the negative limit. If Negative Reference Clamp Enable (01.008) = 0 then -Maximum Reference Clamp (01.006) is applied to the final
reference as the negative limit. (If Select Motor 2 Parameters (11.045) = 1 then M2 Minimum Reference Clamp (21.002) is used instead.)

The minimum reference clamp is also used to provide the minimum speed limit for uni-polar mode (i.e. Bipolar Reference Enable (01.010) = 0) after

the Reference Selected (01.001).
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Parameter 01.008 Nes_]ative Reference Clamp Enable

Short description Set to 1 to allow the minimum reference clamp value to be negative

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Minimum Reference Clamp (01.007).

Parameter 01.009 Reference Offset Select

Short description Enables the use of the reference offset

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

See Reference Offset (01.004).

Parameter 01.010 Bipolar Reference Enable

Short description Enables the minimum value of the reference to be negative

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

See Minimum Reference Clamp (01.007).

Parameter 01.011 Reference On

Short description Indicates that the reference from the reference system is active

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 2ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

Reference On (01.011), which is controlled by the drive sequencer (see Menu 6) indicates that the reference from the reference system is active. Note that

Reference On (01.011) is also used in RFC-A and RFC-S modes to enable and disable the Hard Speed Reference (03.022).

Parameter 01.012 Reverse Select

Short description Indicates when the reverse function is active

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 2ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

5)61‘/86356) Select (01.012), which is controlled by the drive sequencer (see Menu 6), is used to invert Reference Selected (01.001) or the Jog Reference
Parameter 01.013 Jog Select

Short description Indicates when the jog function is active

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 2ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

Jog Select (01.013), which is controlled by the drive sequencer (see Menu 6), is used to select the Jog Reference (01.005).
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Parameter 01.014 Reference Selector

Short description Defines the source for the references

Mode RFC-S

Minimum 0 Maximum 6
Default 0 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 A1 A2

1 A1 Preset

2 A2 Preset

3 Preset

4 Keypad

5 Precision

6 Keypad Ref

Reference Selector (01.014) defines how Reference Selected Indicator (01.049) is derived. If Reference Selector (01.014) is not 0 then
Reference Selected Indicator (01.049) is equal to Reference Selector (01.014). If Reference Selector (01.014) = 0 then Reference Selected Indicator
(01.049) is controlled by the reference select flags as shown below. The higher numbered flags have priority over the lower numbered flags.

Reference Selected Indicator
(01.049)

All reference select flags equal to 0 |1
Reference Select Flag 1 (01.041) =

Reference select flag states

1 2
Reference Select Flag 2 (01.042) = 3
1
Reference Select Flag 3 (01.043) = 4
1
Reference Select Flag 4 (01.044) = 5

1

Preset Selector (01.015) defines how Preset Selected Indicator (01.050) is derived as shown below.

Preset Selector
(01.015)

0

Preset Selected Indicator (01.050)

Controlled by the preset select flags (
01.045 to 01.047)

1

Controlled by the preset reference selector timer
(see Preset Selector Timer (01.016))

© |oN|ojald|lwIN]-
oINfojoalbfwiN

When Preset Selector (01.015) = 0 then Preset Selected Indicator (01.050) is defined by the preset select flags as shown below.

Preset Select Flag 3|Preset Select Flag 2|Preset Select Flag 1|Preset Selected Indicator)
(01.047) (01.046) (01.045) (01.050)

0 0 0 1

0 0 1

0 1 0 3

0 1 1 4

1 0 0 5

1 0 1 6

1 1 0 7

1 1 1 8

Reference Selected Indicator (01.049) and Preset Selected Indicator (01.050) then define the reference to be used as shown below.
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Reference Selected Indicator|Preset Selected Indicator|

(01.049) (01.050) Reference
1 1 Analog Reference 1 (01.036)
1 >1 Preset reference defined by the value of

Preset Selected Indicator (01.050)
1 Analog Reference 2 (01.037)
Preset reference defined by the value of

2 >1 Preset Selected Indicator (01.050)

3 M Preset reference defined by the value of
Preset Selected Indicator (01.050)

4 X Keypad Control Mode Reference (01.017)

5 X Precision Reference Coarse (01.018) and
Precision Reference Fine (01.019)

6 X Keypad Control Mode Reference (01.017)

If Reference Selected Indicator (01.049) = 4 the Keypad Control Mode Reference (01.017) is used and the sequencer operates in keypad mode where the
start, stop and optionally the reverse selection functions are provided from the drive keypad. Jog Select (01.013) and Speed Feed-forwards Select
(01.040) are always 0 when keypad mode is active.

If Reference Selected Indicator (01.049) = 6 the Keypad Control Mode Reference (01.017) is used, but keypad control mode is not active.

Parameter 01.015 Preset Selector

Short description Defines which preset is used for the reference

Mode RFC-S

Minimum 0 Maximum 9

Default 0 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

See Reference Selector (01.014).

Parameter 01.016 Preset Selector Timer

Short description Defines the time between changes of preset selector

Mode RFC-S

Minimum 0.0 Maximum 400.0

Default 10.0 Units s

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

If Preset Selector (01.015) = 9 then Preset Selected Indicator (01.050) is incremented by one at intervals defined by Preset Selector Timer (01.016). When
Preset Selected Indicator (01.050) has a value of 8 and is incremented it rolls over to 1. If Preset Selector Timer Reset (01.048) = 1 and Preset Selector
(01.015) = 9, then Preset Selected Indicator (01.050) is held at 1.

Parameter 01.017 Keypad Control Mode Reference

Short description Defines the value of the keypad reference

Mode RFC-S

Minimum -VM_SPEED FREQ KEYPAD REF [Maximum VM_SPEED_FREQ_KEYPAD_REF
Default 0.0 Units

Type 32 Bit Power Down Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RO, VM, NC, PT

Keypad control mode is active if the Reference Selected Indicator (01.049) is 4 or 6. The value of this parameter is controlled by the reference selector
system and whether Hand/Off/Auto mode is selected (see Hand/Off/Auto Operating Mode (01.052)). If keypad control is selected the frequency/speed
reference is defined by Keypad Control Mode Reference (01.017) which is a read-only parameter. The parameter can only be adjusted by pressing the Up
or Down keys when the keypad is in Status Mode and only when keypad control mode is active. Holding the Up or down keys auto-increments or
decrements Keypad Control Mode Reference (01.017), and the rate of adjustment increases the longer the key is held. Keypad Control Mode Reference
(01.017) can be adjusted whether the drive is enabled or not, and can be retained at power-down if required (see Power-

up Keypad Control Mode Reference (01.051)).

If the Reference Selected Indicator (01.049) is 6 then the normal drive sequencer is used and the run commands are derived from the sequencer control bit
parameters. If Reference Selected Indicator (01.049) is 4 then the keypad control sequencer is used and the drive run commands are derived using keys
on the keypad. If the keypad control sequencer is active the Stop and Run keys automatically become active and the Auxilliary key may be optionally
enabled as the reverse key with Enable Auxiliary Key (06.013).
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Parameter 01.018 Precision Reference Coarse

Short description Defines the value of the coarse precision reference

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

The Precision Reference Coarse (01.018) and Precision Reference Fine (01.019) can be combined to provide a reference with a precision of 3 decimal
places. The precision reference value is given by Precision Reference Coarse (01.018) + Precision Reference Fine (01.019), therefore
Precision Reference Fine (01.019) increases positive values of Precision Reference Coarse (01.018) away from zero, and negative values of

Precision Reference Coarse (01.018) towards zero.

If Precision Reference Update Disable (01.020) = 0 then any changes to Precision Reference Coarse (01.018) or Precision Reference Fine (01.019) have

an effect immediately. When Precision Reference Update Disable (01.020) is changed to 1 then Precision Reference Coarse (01.018) and

Precision Reference Fine (01.019) are stored in memory and used to provide the precision reference until Precision Reference Update Disable (01.020) is
changed back to 0. This allows the component values of the precision reference to be changed without giving an unwanted intermediate value due to data

skew.

Parameter 01.019 Precision Reference Fine

Short description Defines the value of the fine precision reference

Mode RFC-S

Minimum 0.000 Maximum 0.099
Default 0.000 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 3

Coding RW

See Precision Reference Coarse (01.018).

Parameter 01.020 Precision Reference Update Disable

Short description Set to 1 to prevent immediate update to the reference from the precision reference
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Precision Reference Coarse (01.018).

Parameter 01.021 Preset Reference 1

Short description Defines the value for preset reference 1

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.022 Preset Reference 2

Short description Defines the value for preset reference 2

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.023 Preset Reference 3

Short description Defines the value for preset reference 3

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM
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See Reference Selector (01.014).

Parameter 01.024 Preset Reference 4

Short description Defines the value for preset reference 4

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.025 Preset Reference 5

Short description Defines the value for preset reference 5

Mode RFC-S

Minimum -VM_SPEED FREQ_REF Maximum VM_SPEED FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.026 Preset Reference 6

Short description Defines the value for preset reference 6

Mode RFC-S

Minimum -VM_SPEED FREQ_REF Maximum VM_SPEED FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.027 Preset Reference 7

Short description Defines the value for preset reference 8

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.028 Preset Reference 8

Short description Defines the value for preset reference 8

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 1

Coding RW, VM

See Reference Selector (01.014).

Parameter 01.029 Skip Reference 1

Short description Defines the 1st reference point to skip

Mode RFC-S

Minimum 0 Maximum 33000

Default 0 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

The skip references functions are available to prevent continuous operation within a specified speed range (i.e. where mechanical resonance may occur).
When Skip Reference 1 (01.029) = 0 Filter 1 is disabled. Skip Reference Band 1 (01.030) defines the range either side of Skip Reference 1 (01.029) over
which references are rejected in either direction. The actual rejection band is therefore twice that defined by Skip Reference Band 1 (01.030) with

Skip Reference 1 (01.029) as the centre of the band. When the selected reference is within the rejection band the lower limit of the band is passed through

the filter so that reference is always less than demanded.
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Filter 2 (Skip Reference 2 (01.031), Skip Reference Band 2 (01.032)) and Filter 3 (Skip Reference 3 (01.033), Skip Reference Band 3 (01.034)) operate in

the same ways as Filter 1.

If any of the filters are active (i.e. the reference is within their rejection band) Reference In Rejection Zone (01.035) is set to 1, otherwise it is 0.

Parameter 01.030 Skip Reference Band 1

Short description Defines the range either side of skip reference 1 to be implemented

Mode RFC-S

Minimum 0 Maximum 250

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

See Skip Reference 1 (01.029).

Parameter 01.031 Skip Reference 2

Short description Defines the 2nd reference point to skip

Mode RFC-S

Minimum 0 Maximum 33000

Default 0 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

See Skip Reference 1 (01.029).

Parameter 01.032 Skip Reference Band 2

Short description Defines the range either side of skip reference 2 to be implemented

Mode RFC-S

Minimum 0 Maximum 250

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

See Skip Reference 1 (01.029).

Parameter 01.033 Skip Reference 3

Short description Defines the 3rdreference point to skip

Mode RFC-S

Minimum 0 Maximum 33000

Default 0 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

See Skip Reference 1 (01.029).

Parameter 01.034 Skip Reference Band 3

Short description Defines the range either side of skip reference 3 to be implemented

Mode RFC-S

Minimum 0 Maximum 250

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

See Skip Reference 1 (01.029).

Parameter 01.035 Reference In Rejection Zone

Short description Displays when the reference is in 1 of the pre-defined rejection zones
Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Skip Reference 1 (01.029).
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Parameter 01.036 Analog Reference 1

Short description %?gpeensc:ahe relationship between the final value from analog 1 input and the frequency or speed
Mode RFC-S

Minimum -VM_SPEED FREQ_USER_REFS Maximum VM_SPEED FREQ USER REFS
Default 0.0 Units

Type 32 Bit Volatile Update Rate 4ms read*

Display Format Standard Decimal Places 1

Coding RO, VM, NC

* A faster update rate of 250us is possible for the speed reference from an analog input. See Menu 7 for details. Note that this parameter has higher
resolution than other frequency parameters in Open-loop mode as this prevents loss of resolution when an analogue input is routed to this parameter with a

typical drive output frequel

ncy range.

Analog Reference 1 (01.036) or Analog Reference 2 (01.037) should be used as the destinations for drive analog inputs when these provide the frequency
or speed reference. The variable maximum/minimum applied to Analog Reference 1 (01.036) or Analog Reference 2 (01.037) gives the relationship shown
below between the final value from the analog input and the frequency or speed reference.

Frequency or v SPEED FREQ
speed refarance REI?[I'-.-'IAX] - -
Minimwum Referance
Clamp (01.007)
100% T00%
Final anzlog
input value

MNagative Minimum Referance Enable (01.008) =0
Bipolar Reference Enable (01.010) =0

FI'E.'l.'_||_|E.'|'||:‘,‘!I|I or 4 vM_SPEED_FREG_
REF[MAX
speed referance [MAX]
=100%, 0% »
Final analog
input value

MNegative Minimum Reference Enable (01.008) = 1
Bipolar Referance Enable (01.010) =0

VM_SPEED_FREQ_

Frequency or
spead reference REF[MAX]
100% 0% T
Firal anzlog
input value

M_SPEED_FREQ
REF[MAX]

Negative Minimum Refarence Enable (01.008)=0
Bipolar Referance Enable (01.010) =1

\VM_SPEED FREQ_

Frequency or REFTM
speed reference (MAX]
T00% 0%
Final analog
input value

M_SPEED_FREQ
REF[MAX]

MNegative Minimum Rafarence Enable (01.008) =1
Bipolar Referance Enable (01.010) =1

Reference from an analog input

Parameter 01.037 Analog Reference 2

Short description g?gpeensc:ehe relationship between the final value from analog input 2 and the frequency or speed
Mode RFC-S

Minimum -VM_SPEED_FREQ_USER_REFS Maximum VM_SPEED_FREQ_USER_REFS
Default 0.0 Units

Type 32 Bit Volatile Update Rate 4ms read*

Display Format Standard Decimal Places 1

Coding RO, VM, NC

* A faster update rate of 250us is possible for the speed reference from an analog input. See Menu 7 for details. Note that this parameter has higher
resolution than other frequency parameters in Open-loop mode as this prevents loss of resolution when an analogue input is routed to this parameter with a
typical drive output frequency range.

See Analog Reference 1 (01.036).
Parameter 01.038 Percentage Trim
Short description Defines the value of the reference trim as a percentage
Mode RFC-S
Minimum -100.00 Maximum 100.00
Default 0.00 Units %
Type 16 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 2
Coding RW, NC
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See Reference Offset Select (01.009).

Parameter 01.039 Speed Feed-forwards

Short description Displays the value of the speed feed-forwards used by the standard motion controller
Mode RFC-S

Minimum -VM_SPEED FREQ_REF Maximum VM_SPEED FREQ_REF
Default Units

Type 32 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding RO, VM, ND, NC, PT

Speed Feed-forwards (01.039) can be used by the Standard Motion Controller (Menu 13) to provide a speed feed-forwards term which uses the drive ramp
system (Menu 2) to provide a speed profile. The speed feed-forwards is enabled with Speed Feed-forwards Select (01.040), which is controlled directly by
the Standard Motion Controller.

Parameter 01.040 Speed Feed-forwards Select

Short description Indicates if the speed feed-forwards is being used by the standard motion controller
Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Speed Feed-forwards (01.039).

Parameter 01.041 Reference Select Flag 1

Short description Defines which reference is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).

Parameter 01.042 Reference Select Flag 2

Short description Defines which reference is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).

Parameter 01.043 Reference Select Flag 3

Short description Defines which reference is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).

Parameter 01.044 Reference Select Flag 4

Short description Defines which reference is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).
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Parameter

01.045 Preset Select Flag 1

Short description Defines which preset is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).

Parameter 01.046 Preset Select Flag 2

Short description Defines which preset is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).

Parameter 01.047 Preset Select Flag 3

Short description Defines which preset is selected by the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Reference Selector (01.014).

Parameter 01.048 Preset Selector Timer Reset

Short description Set to 1 to hold the preset selected indicator at 1

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, NC

See Preset Selector Timer (01.016).

Parameter 01.049 Reference Selected Indicator

Short description Displays which reference is currently selected

Mode RFC-S

Minimum 1 Maximum 6

Default Units

Type 8 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Reference Selector (01.014).

Parameter 01.050 Preset Selected Indicator

Short description Displays which preset is currently selected

Mode RFC-S

Minimum 1 Maximum 8

Default Units

Type 8 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Reference Selector (01.014).
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Parameter 01.051 Power-up Keypad Control Mode Reference

Short description Defines which value of keypad control mode reference is displayed at power-up
Mode RFC-S

Minimum 0 Maximum 2

Default 0 Units

Type 8 Bit User Save Update Rate Power-up read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Reset

1 Last

2 Preset

Power-up Keypad Control Mode Reference (01.051) defines the value written to Keypad Control Mode Reference (01.017) at power-up as given below.

Power-

up Keypad Control Mode Reference

Value written to Keypad Control Mode Reference (01.017) at

(01.051) power-up

0 0.0

1 The value in Keypad Control Mode Reference (01.017) at the
previous power-down

2 The value saved in Preset Reference 1 (01.021)

Parameter 01.052 Hand/Off/Auto Operating Mode

Short description Defines the hand/off/auto operating mode of the drive

Mode RFC-S

Minimum 0 Maximum 3

Default 0 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

Hand/Off/Auto Operating Mode (01.052) defines the operating mode for this system as given in below.

Hand/Off/Auto Operating Mode (01.052) Operating mode

0

Hand/Off/Auto system disabled

1

Hand/Off/Auto system enabled
Auto state at power-up

Hand/Off/Auto system enabled
Off state at power-up

Hand/Off/Auto system enabled

Off state at power-up if off or hand state at previous power-down
Auto state if auto state at previous power-down

Hand/Off/Auto mode is an additional state machine that directly controls Reference Selected Indicator (01.049) and Keypad Control Mode Reference
(01.017). When Hand/Off/Auto mode is active the drive state and keypad keys are defined as shown in the tables below.

Hand/Off/Auto state Equivalent normal state
Off Ready with Reference Selected Indicator
(01.049) = 4
Run with Reference Selected Indicator (01.049) =
Hand 4
Auto Reference Selected Indicator (01.049) defined by

the reference selector system

Hand/Off/Auto key

Equivalent normal key

Off Stop
Hand Run

Auxilliary (the reverse key does not function
Auto normally, and so the system behaves as though

Enable Auxiliary Key (06.013) = 0)

The state diagram below shows how the system moves between states when the keypad keys are pressed and Hand/Off/Auto Operating Mode (01.052) is

adjusted.

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)

33



Power-up:

Mode (01.052) = 0

I Hand/OffAuto Operafing

Hand/OfffAuto not active

Hand/OfffAuto Operating
Mode (01.052) =0

¥

A J

OHf State:

il
-

Mode (01.052)=0

Hand/Offuto Operafing y

Reference Selected Indicator
101.049) foreed fo 4

Power-up:

Hand/OfffAuto Operating Mode (01.052) = 2

|4y OR

Hand/Oif/Auto Operafing Mode (01.052) = 3 and
the system was in the Off State at power-down

A

A J

Hand prassed

Hand State:
Reference Selected Indicator

4
|

Mode (01.052)=0

Hand/OfAuto Operafing y

(01.049) forced to 4

L

fransition]

Hand pressed

[Kaypad Control Mods Referarnce
(01.017) made equal to Pra-ramp
Referance {01.003) on this

Auto pressed

Auto State

Mode (01.052) = 0

Off pressed and Hand not pressed
CR Drive disabled
OR Fire mode active

Hanad OfffALle Operating I

Prower-Up:

Hand/OfffAuto Operating Made (01.052) = 1

OR

Hand/OffiAuto Operating Made [01.052) = 3 and
the system was in the Aulo Stale at power-down

. Off key pressed and Auio key

ol pressed

Auto key pressad
[Keypad Control Mode Reference
(01.017} =et to zero on this transition]

Parameter 01.053 Fire Mode Reference

Short description Defines the reference value when fire mode is activated

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED _FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, VM

See Fire Mode Activate (01.054).

Parameter 01.054 Fire Mode Activate

Short description Route a digital input to this parameter to activate fire mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0

Coding RO, NC

Fire Mode Activate (01.054) cannot be written directly, but it can be controlled from a digital input. This prevents fire mode from being enabled from the

keypad, comms or an option module.
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Fire mode is intended for purging air from a ventilation system in the event of a fire. All trips are either disabled or are automatically reset after 1s. The use
of fire mode can result in damage to the drive, and so if fire mode is enabled and any trip is initiated an indication that cannot be reset by the user is stored
in Potential Drive Damage Conditions (10.106). For Open-loop, RFC-A or RFC-S modes fire mode is activated and if Fire Mode Reference (01.053) has a
non-zero value and Fire Mode Activate (01.054) = 1. When fire mode is activated normal drive operation is overridden as follows.

1. Pre-ramp Reference (01.003) is forced to the value in Fire Mode Reference (01.053).

2. The Final drive enable is forced to be active provided the safe torque off hardware input will allow the drive to be enabled. The Final drive run is
forced to be active.

3. Forward Limit Switch (06.035) and Reverse Limit Switch (06.036) are disabled.

4. Hard Speed Reference (03.022) is forced to 0 (RFC-A and RFC-S modes). The hard speed reference should not be used when fire mode can be
activated as this could cause an abrupt change in speed.

5. The hand/off/auto system is disabled. If this system is in the hand state when fire mode is activated it will be forced to the off state, so that hand
state is not active when fire mode is de-activated.

6. Keypad control mode is disabled.

7. All latched states in the sequencer (Menu 6) are reset.

For Regen mode fire mode is activated if Fire Mode Activate (01.054) = 1. When fire mode is activated the Final drive enable is forced to be active provided
the safe torque off hardware input will allow the drive to be enabled.

If the drive is in the tripped state when fire mode is activated the trip is reset and then only the trips listed in the table below can be initiated whilst fire mode
is active. If any of the trips shown as resettable occur, the drive will attempt to automatically reset the trip after 1s.

Trip number Trip Resettable

2 Over Volts Yes

3 Ol ac Yes

4 Ol Brake Yes

5 PSU Yes

9 PSU 24V Yes

21 OHt Inverter Yes

31 EEPROM Fail No

36 User Save No

37 Power Down Save No

109 Ol dc Yes

200 Slot1 HF No

205 Slot2 HF No

210 Slot3 HF No

217-249 No

250 Slot4 HF No

Parameter 01.055 Linear Speed Select

Short description Set to 1 to enable linear speed units

Mode RFC-S

Minimum 0 Maximum 1
Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW

Normally the units for speed parameters are rpm for both rotary and linear applications. For a linear application one revolution corresponds to one motor
pole. If the position feedback device that is selected for motor control with Motor Control Feedback Select (03.026) is a linear device then
if Linear Speed Select (01.055) = 1 the units for speed parameters are mm/s with the following exceptions:

1. All speed parameters are displayed in rpm if sensorless mode is active, i.e. Sensorless Mode Active (03.078) = 1.
2. Speed feedback parameters associated with each feedback interface, i.e. P71 Speed Feedback (03.027) for position feedback interface P1, etc., are
always displayed in rpm for a rotary device.

Linear Speed Selected (01.056) shows whether rotary of linear speed is being used. If Linear Speed Selected (01.056) = 0 then rotary speed is being used
otherwise if it is 1 then linear speed is being used.

To enable the use of linear speed units, P71 Linear Feedback Select (03.051) must also be set to 1 to allow Linear Speed Selected (01.056) to be set to 1.

Parameter 01.056 Linear Speed Selected

Short description Indicates if linear speed units are being used

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Linear Speed Select (01.055).

Unidrive M700 Parameter Reference Guide 35
Issue: 01.18.00 (Eth 01.07.00)



Parameter 01.057 Force Reference Direction

Short description Defines the direction of the reference

Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 None

1 Forward

2 Reverse

If Force Reference Direction (01.057) = 0 then it has no effect. If Force Reference Direction (01.057) is non-zero then the modulus of the reference is used
and the sign is defined by the value of Force Reference Direction (01.057). If Force Reference Direction (01.057) = 1 then Pre-skip Filter Reference
(01.002) is always positive, and if Force Reference Direction (01.057) = 2 then Pre-skip Filter Reference (01.002) is always zero or negative.
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Menu 2 Single Line Descriptions — Speed Ramps

Mode: RFC-S
Parameter Range Default Type
02.001 |Post Ramp Reference +VM_SPEED_FREQ_REF RO | Num | ND | NC | PT
02.002 [Ramp Enable Off (0) or On (1) On (1) RW | Bit us
02.003 JRamp Hold Off (0) or On (1) Off (0) RW | Bit uUs
02.004 |Ramp Mode Fast (0), Standard (1) Standard (1) RW | Txt us
02.005 |Disable Ramp Output Off (0) or On (1) Off (0) RW | Bit us
02.006 |S Ramp Enable Off (0) or On (1) Off (0) RW | Bit us
02.007 |Maximum Rate Of Change Of Acceleration 0.000 to 100.000 0.030 RW | Num uUs
200V drive: 375 V
400V drive 50Hz: 750 V
02.008 |Standard Ramp Voltage +VM_DC_VOLTAGE_SET V 400V drive 60Hz: 775 V RW | Num RA us
575V drive: 895 V
690V drive: 1075V
02.009 |Deceleration Fail Detection Disable Off (0) or On (1) Off (0) RW | Bit us
02.010 JAcceleration Rate Selector 0to9 0 RW | Num us
02.011 |Acceleration Rate 1 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.012 |Acceleration Rate 2 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.013|Acceleration Rate 3 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.014 |Acceleration Rate 4 +VM_ACCEL_RATE s 0.200 s RW | Num uUsS
02.015|Acceleration Rate 5 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.016 JAcceleration Rate 6 +VM_ACCEL_RATE s 0.200 s RW | Num UsS
02.017 |Acceleration Rate 7 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.018 |Acceleration Rate 8 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.019|Jog Acceleration Rate +VM_ACCEL_RATE s 0.000 s RW | Num us
02.020 |[Deceleration Rate Selector 0to9 0 RW | Num us
02.021 |Deceleration Rate 1 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.022 |Deceleration Rate 2 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.023 |Deceleration Rate 3 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.024 |Deceleration Rate 4 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.025 |Deceleration Rate 5 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.026 |Deceleration Rate 6 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.027 |Deceleration Rate 7 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.028 |Deceleration Rate 8 +VM_ACCEL_RATE s 0.200 s RW | Num us
02.029 |Jog Deceleration Rate +VM_ACCEL_RATE s 0.000 s RW | Num us
02.030 |Acceleration Rate Selected 0to8 RO |Num | ND | NC | PT
02.031 |Deceleration Rate Selected Oto8 RO |[Num | ND | NC | PT
02.032 |Acceleration Rate Select Bit 0 Off (0) or On (1) Off (0) RW | Bit NC
02.033 |Acceleration Rate Select Bit 1 Off (0) or On (1) Off (0) RW | Bit NC
02.034 |Acceleration Rate Select Bit 2 Off (0) or On (1) Off (0) RW | Bit NC
02.035 |Deceleration Rate Select Bit 0 Off (0) or On (1) Off (0) RW | Bit NC
02.036 |Deceleration Rate Select Bit 1 Off (0) or On (1) Off (0) RW | Bit NC
02.037 |Deceleration Rate Select Bit 2 Off (0) or On (1) Off (0) RW | Bit NC
02.038 |Inertia Compensation Torque +1000.0 % RO | Num | ND | NC | PT
02.039 |Ramp Rate Units Off (0) or On (1) Off (0) RW | Bit us
02.040|S Ramp Percentage 0.0 to 50.0 % 0.0 % RW | Num us
02.041|S Ramp Set-up Mode Slnglﬁ] é(c)a);; g’:égﬁ?té?e (1), Single (0) RW | Txt us
02.042 |Maximum Rate Of Change Of Acceleration 1 0.000 to 100.000 0.000 RW | Num us
02.043 |Maximum Rate Of Change Of Acceleration 2 0.000 to 100.000 0.000 RW | Num us
02.044 [Maximum Rate Of Change Of Acceleration 3 0.000 to 100.000 0.000 RW | Num us
02.045 |Maximum Rate Of Change Of Acceleration 4 0.000 to 100.000 0.000 RW | Num us
RW [Read / Write RO |Read-only Bit |Bit parameter | Txt |Text string Date |Date parameter |Time|Time parameter
Chr |Character parameter | Bin [Binary parameter | IP |IP address Mac |[MAC address Ver |Version number | SMP |Slot, menu, parameter
Num|{Number parameter | DE |Destination ND g:fault value RA JRating dependent | NC |Non-copyable PT |Protected
FI |Filtered Us [user save ps [fower

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)

37



Menu 2 - Speed Ramps

Mode: RFC-S

Acceleration Rate

Saloct 8it 0 (02.032) | ™
Acceleration Rate Select Bits
Accolaration Rate {02,032 — 02.034) define
Salact Bif 1({02.033) accealeration rate ]
Acceleration Rate Acceleration Rate 1 (02.011) - a
Select Bit 2 (02.034) —o
Acceleration Rate 2 (02.012) .
Acceleration Rate 3 (02.013) |—1T ©
4
Acceleration Rate 4 (02.014) —0
Acceleration Rate 5(02.015) |24
Accaleration Rate 6 (02.016) —l_ﬁo
Acceleration Rate T (02.017) 7
Prass! Selectod _I—O
Indicator Acceleration Rate 8 (02.018) — g
Praset Selected Indicator
{01.050) defines acceleration
rate
Deceleration Rate
Select Bit 0(02.035) [ ™
Deceleration Rate Select Bits
Daeceleration Rate {02.035 — 02.037) define
Select Bif 1(02.036) acceleration rate 1
Deceleration Rate Dscaleration Rate 1 (02.021) | 5
Select it 2 (02.037) [ ™ | o
Docalaration Rate ? (02.022)
3
Deceleration Rate 3 (02.023) T <
4
Dacaleration Rate 4 (02.024) —O
Dacslsration Rate 5 (02.025) | %~
Deceleration Rate 6 (02.026) —|_EO
Daceleration Rate 7 (02.027) T
Fraset Selected _l—O
Indicator Dacelerafion Rate 8 (02.028) _l g

¢

Frasef Selected Indicator
{01.050) defines decelaration
rate

Acceleration Rate Amsliﬁ::fam
Selector 02,010
0 |
i
I
| Jog
I Select
|
* ‘
oo
%._' Final
i acceleration
'S rate
Jog Accelaration
Rate (02.019)
q
1
Decoleration Rals DEE’ESI::Z?:E’REE
Salector 02.020
0 I
o |
I i
| Select
I
\ a
o
% Final
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rate
Jog IO
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Rate (02.029)
g
2

Acceleration and deceleration rate selection
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Final acceleration and
deceleration rates
Ramp System Ramp Enable Disable Rarmp
Pre-Ramp (02002 Cutput (02.005)
Reference Paramaters as shown for Opan-laap T Fost Ramp T
moede I Reference I
| |
¥ |
+ Ramg autput
to Menu 3
Inertia
»* Compansation
Torguea
Maotor And Load
didt Inartia (03.018)
' Motor Torgue Pear
Ay (05.032)
RFC-A and RFC-3 ramp system
Parameter 02.001 Post Ramp Reference
Short description Displays the output of the ramp system
Mode RFC-S
Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default Units
Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1
Coding RO, VM, ND, NC, PT

The Post Ramp Reference (02.001) can be combined with the Hard Speed Reference (03.022) to give the final speed reference at the input to the
speed controller (see Menu 3). If the Hard Speed Reference (03.022) is used alone to give the final speed reference, and the ramp output is not
required, then the ramp output can be disconnected by setting Disable Ramp Output (02.005) = 1. This ensures that the reference and ramp systems
do not affect the final speed reference.

It should be noted that the ramps are applied during starting and stopping (i.e. when Reference On (01.011) changes from 0 to 1 and vice versa) even
when the hard speed reference is being used. This is achieved on starting by making the ramp output equal to Speed Feedback (03.002) -

Hard Speed Reference (03.022). (See Catch A Spinning Motor (06.009) for more details.) For example, if the motor is stationary then the initial value of
the ramp output is equal to -Hard Speed Reference (03.022). On stopping the ramp output is made equal to Final Speed Reference (03.001) and the
setting of Disable Ramp Output (02.005) is ignored and so the ramp is always used, but just while the drive is in the deceleration state. If the hard speed
reference is being used alone and ramps are not required on starting the ramps should be disabled. If ramps are not required on stopping then stopping
without ramps should be used (i.e. Stop Mode (06.001) should be set for no ramp stop). The same feature is applied when stopping when the supply is
lost, so that if Supply Loss Mode (06.003) is set to select a ramped stop, the speed will be ramped to standstill even if the hard speed reference is being
used.

If the Advanced Motion Controller is being used, ramped stopping is selected and the run is deactivated (i.e. Reference On (01.011) changes from 1 to
0), but the drive enable ramains active, the AMC will be disabled and the speed will be ramped to zero using the ramp rate selected with Menu 2. If
ramped stop on supply loss is selected then on supply loss the AMC is disabled and the ramp selected via Menu 2 will be used to stop the motor. It
should be noted that orientation stop cannot be used when the run is deactivated if the AMC is selected (i.e. AMC Select (31.001) = 1).

Parameter 02.002 Ramp Enable

Short description Set to 1 to enable the ramp system

Mode RFC-S

Minimum 0 Maximum 1

Default 1 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, BU

If Ramp Enable (02.002) = 1 then the ramp system is present between the Pre-ramp Reference (01.003) and the Post Ramp Reference (02.001). If

Ramp Enable (02.002) = 0 then any changes in the Pre-ramp Reference (01.003) are reflected immediately in the Post Ramp Reference (02.001).
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Parameter 02.003 Ramp Hold

Short description Set to 1 to hold the ramp system at its present value

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 250us read
Display Format Standard Decimal Places 0

Coding RW

If Ramp Hold (02.003) = 0 the ramp system functions normally. If Ramp Hold (02.003) is set to 1 and S Ramp Enable (02.006) = 0 the ramp system
output is held at its current level. If Ramp Hold (02.003) is subsequently set to 0 the ramp system output is released and continues to operate normally.
If S Ramp Enable (02.006) = 1 when Ramp Hold (02.003) is set to 1 the acceleration will ramp towards zero and the frequency or speed will change in
an S curve towards a constant speed. If a drive stop is requested (i.e. Reference On (01.011) = 0) the ramp hold function is disabled.

Parameter 02.004 Ramp Mode

Short description Defines the mode used by the ramp system

Mode RFC-S

Minimum 0 Maximum 1
Default 1 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Fast

1 Standard

Acceleration is defined as a positive (forward) or negative (reverse) frequency or speed change away from zero, and deceleration is defined as a
change towards zero. Ramp Mode (02.004) defines the ramp mode used for deceleration. During acceleration the frequency or speed changes are
based on the final acceleration rate only.

0: Fast ramp
During deceleration the frequency or speed changes are based on the final deceleration rate.

1: Standard ramp

If the d.c. bus voltage rises to the level defined by Standard Ramp Voltage (02.008) the regenerative current limit is modified to prevent the voltage from
rising any higher. This form of control applies to speed or torque control and during supply loss. If the Standard Ramp Voltage (02.008) is set to a level
that is below the nominal d.c. bus voltage level the motor is likely to accelerate with a low level of torque. The waveforms below show the behaviour of
the system when the speed reference is set to zero and standard ramp control becomes active. In the first example the speed reference (ramp output)
reaches zero before the actual speed reaches zero because the deceleration is being controlled to limit the d.c. link voltage. Then when standard ramp
control becomes inactive the ramp output is set to the actual speed, so that the required ramp rate is used to decelerate to stop. In the second example
the reference is reapplied before the speed reaches zero. Because the speed reference has fallen faster than the actual speed, there is a recovery time
before the speed reference rises to meet the actual speed.
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Parameter 02.005 Disable Ramp Output

Short description Set to 1 to disable the ramp system

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW
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See Post Ramp Reference (02.001).

Parameter 02.006 S Ramp Enable

Short description Set to 1 to enable the use of S ramps

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

If S Ramp Enable (02.006) = 0 linear ramps are used, but if S Ramp Enable (02.006) = 1 an acceleration limit is applied to give S ramps. See
Maximum Rate Of Change Of Acceleration (02.007) for more details of S ramps.

Parameter 02.007 Maximum Rate Of Change Of Acceleration

Short description Defines the maximum rate of change of acceleration used by the ramp system
Mode RFC-S

Minimum 0.000 Maximum 100.000

Default 0.030 Units

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW

A rate of change of acceleration ramp (S ramp) can be applied by different methods depending on the value of S Ramp Set-up Mode (02.041). If
S Ramp Set-up Mode (02.041) = 0 then the maximum rate of change of acceleration in both directions, accelerating away from or towards zero, is
defined by Maximum Rate Of Change Of Acceleration (02.007).

The general equations are given below for a linear ramp and S ramp where

Aw is the required change of frequency or speed
apax is the maximum allowed acceleration in units of frequency/s or speed/s

Jmax IS the maximum rate of change of acceleration (i.e. jerk) in units of frequency/s? or speed/s?
The time for a linear ramp to give a change of frequency or speed Aw is
Tlinear = AW / apay

If an S ramp is used wg is the change of frequency or speed as the acceleration changes from zero to aMax, i.e. the S shaped part of the frequency or
speed change.

— 2
WB = apmax” / 2Jpax

If the required frequency or speed change is less than 2wB, i.e. Aw < 2wB, then the acceleration never reaches its limit and the ramp does not contain a
linear ramp section and the time for the ramp is given by

TsRamp1 = 2 V(AW / Jppax)
Otherwise
TsRamp2 = (AW / apay) + (@max / Imax)

The following is an example based on the default parameter values for Open-loop mode. The diagram below shows a change of frequency from OHz to
50Hz with the ramp rate set to 5.0s/100Hz and Maximum Rate Of Change Of Acceleration (02.007) set to its default value of 3.1s2/100Hz.
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Linegar ramp: Ramp rate = 5.0 sM1100Hz

Fraquancy

Acceleration

Frequancy

Acceleration

Linear and S ramps

The required change of frequency Aw = 50Hz. The acceleration and jerk are converted from the parameter values as follows:

apax = 100/ ramp rate = 20.0Hz/s

Jmax = 100 / Maximum Rate Of Change Of Acceleration (02.007) = 32.3Hz/s?

The linear ramp time T jnear = AW X @p5¢ = 50.0/20.0 = 2.5s

The frequency change for the acceleration to reach its limit wg = aMaX2 [ 2dpax = 20.02/ (2 x 32.3) = 6.19Hz

The required frequency change for Aw = 50Hz and this is greater than 2wpg, i.e. Aw > 2 x 6.19Hz. Therefore the time for the ramp

TsRamp2 = (AW / @yia) + (@max / Juax) = (50.0 / 20.0) + (20.0 / 32.3) = 2.5 + 0.62 = 3.12s

Note that the default value of Maximum Rate Of Change Of Acceleration (02.007) has been chosen so that when it is combined with the default

acceleration rate, each of the S sections of the ramp is 20% of the overall time for the frequency change, i.e. 0.62/3.12 x 100% = 20%. This is the same

as if S Ramp Set-up Mode (02.041) = 2 and S Ramp Percentage (02.040) = 20%.
If the required change of frequency had been 5.0Hz, i.e. less than 2 x wB, then the alternative equation should be used:

TsRampt = 2 V(AW / Jya) = 2 V(5.0 / 32.3) = 0.78s
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For RFC-A and RFC-S modes the general equations are used in the same way as for Open-loop mode. The required values are calculated as follows:
Aw = 1000 / ramp rate
apax = 1000 / ramp rate

Jmax = 1000 / Maximum Rate Of Change Of Acceleration (02.007)

Parameter 02.008 Standard Ramp Voltage

Short description Defines the standard ramp voltage used by the ramp system

Mode RFC-S

Minimum -VM_DC_VOLTAGE_SET Maximum VM_DC_VOLTAGE_SET
Default See exceptions below Units V

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, VM, RA

Voltage Region Default Value

200V All 375

400V 50Hz 750

400V 60Hz 775

575V All 895

690V All 1075

See Ramp Mode (02.004).

Parameter 02.009 Deceleration Fail Detection Disable

Short description Set to 1 to disable the deceleration fal detection function

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

In the following circumstances it is possible that the motor may not decelerated or even accelerate.

1. When standard ramp is selected with a high inductance supply it is possible for the d.c. bus voltage to rise as the motor speed approaches
zero, and so the motor will continue to rotate slowly and not stop.
2. An overhauling load can cause the motor to accelerate.

It can be a problem if the drive state is changed to the "Decelerating" state and the motor does not stop. If Deceleration Fail Detection Disable
(02.009) is at its default value of 0, the motor frequency or speed is monitored in the "Decelerating” state, and if this does not fall over a period of 10s
the ramp output is forced to zero and the drive state is changed to "Stop" or "Inhibit" as appropriate.

If Deceleration Fail Detection Disable (02.009) = 1 this feature is disabled. This can be used in the following circumstances to prevent the system state
from changing from the "Decelerating” state before the motor has stopped:

1. If S ramps are being used with long ramp rates, and the motor is still accelerating when the drive is changed to the "Decelerating” state
because the run command is removed, then the ramp output may increase further before falling again towards zero.
2. In RFC-A or RFC-S modes the speed may appear not to reduce when very long ramp rates are used.

Parameter 02.010 Acceleration Rate Selector

Short description Defines which acceleration rate is used by the ramp system

Mode RFC-S

Minimum 0 Maximum 9

Default 0 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

The Acceleration Rate Selector (02.010) is used to either select an acceleration rate directly or to define the method used to select an acceleration rate.
If 1 < Acceleration Rate Selector (02.010) < 8 the acceleration rate is selected directly, i.e. 1 selects Acceleration Rate 1 (02.011), 2 selects
Acceleration Rate 2 (02.012), etc. If Acceleration Rate Selector (02.010) = 0 the acceleration rate is selected with the acceleration rate select bits as
shown in the table below.
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(02.034)

Acceleration Rate Select Bit 2|Acceleration Rate Select Bit 1

(02.033)

Acceleration Rate Select Bit 0|Acceleration rate

(02.032)

selected

0

0

0

Acceleration Rate 1
(02.011)

0

0

1

Acceleration Rate 2
(02.012)

Acceleration Rate 3
(02.013)

Acceleration Rate 4
(02.014)

Acceleration Rate 5
(02.015)

Acceleration Rate 6
(02.016)

Acceleration Rate 7
(02.017)

Acceleration Rate 8
(02.018)

If Acceleration Rate Selector (02.010) = 9 the acceleration rate is selected based on the value of Preset Selected Indicator (01.050), i.e. 1

selects Acceleration Rate 1 (02.011), 2 selects Acceleration Rate 2 (02.012), etc.

Parameter 02.011 Acceleration Rate 1

Short description Defines the acceleration rate present in acceleration rate 1

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

Acceleration Rate 1 (02.011) to Acceleration Rate 8 (02.018) can be selected to define the linear ramp rate. The acceleration rate applies when the

frequency/speed is changing away from zero.

Selecting a ramp rate that has been set to zero in Open-loop mode disables the ramp system so that the Post Ramp Reference (02.001) follows thePre-
ramp Reference (01.003) without any delay for acceleration or deceleration. It should be noted that this also disables the standard ramp d.c. link voltage
controller and the frequency based current limits.

The units of Acceleration Rate 1 (02.011) to Acceleration Rate 8 (02.018) are s / Ramp rate frequency or s / Ramp rate speed. See Ramp Rate Units

(02.039) for the definition of Ramp rate frequency and Ramp rate speed.

Parameter 02.012 Acceleration Rate 2

Short description Defines the acceleration rate present in acceleration rate 2

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Acceleration Rate 1 (02.011).

Parameter 02.013 Acceleration Rate 3

Short description Defines the acceleration rate present in acceleration rate 3

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units S

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Acceleration Rate 1 (02.011).

Parameter 02.014 Acceleration Rate 4

Short description Defines the acceleration rate present in acceleration rate 4

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units S

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM
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See Acceleration Rate 1 (02.011).

Parameter 02.015 Acceleration Rate 5

Short description Defines the acceleration rate present in acceleration rate 5

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Acceleration Rate 1 (02.011).

Parameter 02.016 Acceleration Rate 6

Short description Defines the acceleration rate present in acceleration rate 6

Mode RFC-S

Minimum -VM_ACCEL RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Acceleration Rate 1 (02.011).

Parameter 02.017 Acceleration Rate 7

Short description Defines the acceleration rate present in acceleration rate 7

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Acceleration Rate 1 (02.011).

Parameter 02.018 Acceleration Rate 8

Short description Defines the acceleration rate present in acceleration rate 8

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Acceleration Rate 1 (02.011).

Parameter 02.019 Jog Acceleration Rate

Short description Defines the acceleration rate present when the jog function is selected

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.000 Units s

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, VM

The Jog Acceleration Rate (02.019) is selected when Jog Select (01.013) is active and when the frequency/speed is changing away from zero in either
direction. The units of Jog Acceleration Rate (02.019) are s / Ramp rate frequency or s / Ramp rate speed. See Ramp Rate Units (02.039) for the
definition of Ramp rate frequency and Ramp rate speed.

Parameter 02.020 Deceleration Rate Selector

Short description Defines which deceleration rate is used by the ramp system

Mode RFC-S

Minimum 0 Maximum 9

Default 0 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

The Deceleration Rate Selector (02.020) operates in the same way as the Acceleration Rate Selector (02.010). If Deceleration Rate Selector (02.020) =
0 the deceleration rate is selected with the deceleration rate select bits as shown in the table below.
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Deceleration Rate Select Bit 2|Deceleration Rate Select Bit 1|Deceleration Rate Select Bit 0|Deceleration rate

(02.037) (02.036) (02.035) selected
Deceleration Rate 1

0 0 0 (02.021)

0 0 1 Deceleration Rate 2
(02.022)

0 1 0 Deceleration Rate 3
(02.023)

0 1 1 Deceleration Rate 4
(02.024)

1 0 0 Deceleration Rate 5
(02.025)

1 0 1 Deceleration Rate 6
(02.026)

1 1 0 Deceleration Rate 7
(02.027)

1 1 1 Deceleration Rate 8
(02.028)

Parameter 02.021 Deceleration Rate 1

Short description Defines the deceleration rate present in deceleration rate 1

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE

Default 0.200 Units 5

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

Deceleration Rate 1 (02.021) to Deceleration Rate 8 (02.028) can be selected to define the linear ramp rate. The deceleration rate applies when the

frequency/speed is changing towards zero.

Selecting a ramp rate that has been set to zero in Open-loop mode disables the ramp system so that the Post Ramp Reference (02.001) follows thePre-
ramp Reference (01.003) without any delay for acceleration or deceleration. It should be noted that this also disables the standard ramp d.c. link voltage
controller and the frequency based current limits.

The units of Deceleration Rate 1 (02.021) to Deceleration Rate 8 (02.028) are s / Ramp rate frequency or s / Ramp rate speed. See Ramp Rate Units

(02.039) for the definition of Ramp rate frequency and Ramp rate speed.

Parameter 02.022 Deceleration Rate 2

Short description Defines the deceleration rate present in deceleration rate 2

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units S

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).

Parameter 02.023 Deceleration Rate 3

Short description Defines the deceleration rate present in deceleration rate 3

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).

Parameter 02.024 Deceleration Rate 4

Short description Defines the deceleration rate present in deceleration rate 4

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units S

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).
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Parameter 02.025 Deceleration Rate 5

Short description Defines the deceleration rate present in deceleration rate 5

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).

Parameter 02.026 Deceleration Rate 6

Short description Defines the deceleration rate present in deceleration rate 6

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).

Parameter 02.027 Deceleration Rate 7

Short description Defines the deceleration rate present in deceleration rate 7

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).

Parameter 02.028 Deceleration Rate 8

Short description Defines the deceleration rate present in deceleration rate 8

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.200 Units s

Type 32 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 3

Coding RW, VM

See Deceleration Rate 1 (02.021).

Parameter 02.029 Jog Deceleration Rate

Short description Defines the deceleration rate present when the jog function is selected

Mode RFC-S

Minimum -VM_ACCEL_RATE Maximum VM_ACCEL_RATE
Default 0.000 Units s

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, VM

The Jog Deceleration Rate (02.029) is selected when Jog Select (01.013) is active and when the frequency/speed is changing towards zero in either
direction. It should be noted that when jog is selected and the drive run is de-activated Jog Deceleration Rate (02.029) is used to decelerate the motor
to stop. The units of Jog Deceleration Rate (02.029) are s / Ramp rate frequency or s / Ramp rate speed. See Ramp Rate Units (02.039) for the

definition of Ramp rate fre

quency and Ramp rate speed.

Parameter 02.030 Acceleration Rate Selected

Short description Indicates which acceleration rate is selected

Mode RFC-S

Minimum 0 Maximum 8

Default Units

Type 8 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

Acceleration Rate Selected (02.030) shows a value between 1 and 8 that corresponds to parameters 02.011 to 02.018 indicating which of these
acceleration rates is actually being used.
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Parameter

02.031 Deceleration Rate Selected

Short description Indicates which deceleration rate is selected

Mode RFC-S

Minimum 0 Maximum 8

Default Units

Type 8 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

Deceleration Rate Selected (02.031) shows a value between 1 and 8 that corresponds to parameters 02.021 to 02.028 indicating which of these
deceleration rates is actually being used.

Parameter 02.032 Acceleration Rate Select Bit 0

Short description Defines which acceleration rate is used if acceleration rate selector = 0
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Acceleration Rate Selector (02.010).

Parameter 02.033 Acceleration Rate Select Bit 1

Short description Defines which acceleration rate is used if acceleration rate selector = 0
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Acceleration Rate Selector (02.010).

Parameter 02.034 Acceleration Rate Select Bit 2

Short description Defines which acceleration rate is used if acceleration rate selector = 0
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Acceleration Rate Selector (02.010).

Parameter 02.035 Deceleration Rate Select Bit 0

Short description Defines which deceleration rate is used if deceleration rate selector = 0
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Deceleration Rate Selector (02.020).

Parameter 02.036 Deceleration Rate Select Bit 1

Short description Defines which deceleration rate is used if deceleration rate selector = 0
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Deceleration Rate Selector (02.020).
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Parameter 02.037 Deceleration Rate Select Bit 2

Short description Defines which deceleration rate is used if deceleration rate selector = 0
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, NC

See Deceleration Rate Selector (02.020).

Parameter 02.038 Inertia Compensation Torque

Short description Displays the torque as a percentage of rated torque

Mode RFC-S

Minimum -1000.0 Maximum 1000.0
Default Units %

Type 16 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding RO, ND, NC, PT

The Motor And Load Inertia (03.018), Torque Per Amp (05.032) and the rate of change of the Post Ramp Reference (02.001) are used to produce a
torque feed-forwards value that should accelerate and decelerate the load at the required rate. This value can be used as a feed-forwards term that is
added to the speed controller output if Inertia Compensation Enable (04.022) = 1. Inertia Compensation Torque (02.038) gives the torque as a
percentage of rated torque.

Parameter 02.039 Ramp Rate Units

Short description Defines the units used by the ramp system

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

The ramp rate parameters (Acceleration Rate 1 (02.011) to Acceleration Rate 8 (02.018), Jog Acceleration Rate (02.019), Deceleration Rate 1
(02.021) to Deceleration Rate 8 (02.028) and Jog Deceleration Rate (02.029)) are specified in s / Ramp rate frequency for Open-loop mode and s /
Ramp rate speed for RFC-A and RFC-S modes. Ramp rate frequency and Ramp rate speed are selected with Ramp Rate Units (02.039) as defined in

the table below.

Ramp Rate Units (02.039) |Open-loop Ramp rate frequency

RFC-A and RFC-S mode Ramp rate speed

0

100Hz

1000rpm ot 1000mm/s

1

Maximum frequency

Maximum speed

Maximum frequency and Maximum speed are defined by Maximum Reference Clamp (01.006) if Select Motor 2 Parameters (11.045) = 0,

or M2 Maximum Reference Clamp (21.001) if Select Motor 2 Parameters (11.045) = 1.

Parameter 02.040 S Ramp Percentage

Short description Defines the profile of the S ramp system as a percentage

Mode RFC-S

Minimum 0.0 Maximum 50.0

Default 0.0 Units %

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

If S Ramp Set-up Mode (02.041) = 1 the percentage of the ramp to Maximum frequency or Maximum speed that includes half the S ramp profile can be
specified with S Ramp Percentage (02.040) as shown in the diagram below. If motor map one is active (i.e. Select Motor 2 Parameters (11.045) = 0),
the acceleration or deceleration times are defined by Acceleration Rate 1 (02.011) and Deceleration Rate 1 (02.021) respectively irrespective of which
ramps rates are selected. The maximum frequency/speed is defined by Maximum Reference Clamp (01.006). The time for the frequency/speed change
remains constant at the time defined by the acceleration or deceleration rate, and so as the percentage S ramp is changed the maximum acceleration is
modified automatically. If motor map 2 is selected then M2 Maximum Reference Clamp (21.001), M2 Acceleration Rate 1 (21.004) and

M2 Deceleration Rate 1 (21.005) are used to define the ramp profile.
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S Ramp Set-up Mode (02.041) defines the method used to set up the S ramp function.

0: Single maximum rate of change of acceleration
The maximum rate of change of acceleration in either direction, when the frequency/speed is changing away from or towards zero, is defined
by Maximum Rate Of Change Of Acceleration (02.007).

1: Percentage

Meximum frequency
or Maximum speed  — T T T T == I
I
I
| Frequency
| or spead
I
I
I
i |
! |
0 - } I
I I |
I I
| | :
| } | Acceleration
I I |
I I |
I I I
] ]
—_—»
LE
- >
Tz = Trare % 5 Ramp Parcentage (02.040)
S ramp set-up using percentage
Parameter 02.041 S Ramp Set-up Mode
Short description Defines the mode used by the S ramp system
Mode RFC-S
Minimum 0 Maximum 2
Default 0 Units
Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE
Value Text
0 Single
1 Percentage
2 Independent

A single maximum rate of change of acceleration is used in either direction, when the frequency/speed is changing away from or towards zero, but this

is specified as the percentage of the ramp from zero to Maximum frequency or Maximum speed which is covered by the S shaped profile.

See S Ramp Percentage (02.040).

2: Independent maximum rate of change of acceleration values

The maximum rate of change of acceleration can be specified as four independent values. See Maximum Rate Of Change Of Acceleration 1 (02.042).

Parameter 02.042 Maximum Rate Of Change Of Acceleration 1

Short description Defines the 1st maximum rate of change of acceleration used by the S ramp system
Mode RFC-S

Minimum 0.000 Maximum 100.000

Default 0.000 Units

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW

If S Ramp Set-up Mode (02.041) = 2 it is possible to set up four independent maximum rate of change of acceleration values as shown in the diagram
below. The values from 1 to 4 correspond to Maximum Rate Of Change Of Acceleration 1 (02.042) to Maximum Rate Of Change Of Acceleration 4

(02.045) respectively.
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S ramp set-up with four maximum rate of change of acceleration values
Parameter 02.043 Maximum Rate Of Change Of Acceleration 2
Short description Defines the 2nd maximum rate of change of acceleration used by the S ramp system
Mode RFC-S
Minimum 0.000 Maximum 100.000
Default 0.000 Units
Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3
Coding RW
See Maximum Rate Of Change Of Acceleration 1 (02.042).
Parameter 02.044 Maximum Rate Of Change Of Acceleration 3
Short description Defines the 3rd maximum rate of change of acceleration used by the S ramp system
Mode RFC-S
Minimum 0.000 Maximum 100.000
Default 0.000 Units
Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3
Coding RW
See Maximum Rate Of Change Of Acceleration 1 (02.042).
Parameter 02.045 Maximum Rate Of Change Of Acceleration 4
Short description Defines the 4th maximum rate of change of acceleration used by the S ramp system
Mode RFC-S
Minimum 0.000 Maximum 100.000
Default 0.000 Units
Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3
Coding RW
See Maximum Rate Of Change Of Acceleration 1 (02.042).
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Menu 3 Single Line Descriptions — Speed Conftrol and Position Feedback

Mode: RFC-S
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Parameter Range Default Type
03.001 |Final Speed Reference +VM_SPEED RO [Num|ND | NC | PT | FI
03.002 |Speed Feedback +VM_SPEED RO [Num | ND | NC | PT | FI
03.003 |Speed Error +VM_SPEED RO [Num|ND | NC | PT | FI
03.004 |Speed Controller Output +VM_TORQUE_CURRENT % RO [Num | ND | NC | PT | FI
03.005|Zero Speed Threshold 0 to 200 5 RW | Num us
03.006 |At Speed Lower Limit 0 to 33000 5 RW | Num us
03.007 |At Speed Upper Limit 0 to 33000 5 RW | Num us
03.008 JOver Speed Threshold 0 to 33000 0 RW | Num us
03.009 |Absolute At Speed Select Off (0) or On (1) Off (0) RW | Bit us
03.010|Speed Controller Proportional Gain Kp1 0.0000 to 200.0000 s/rad 0.0100 s/rad RW | Num us
03.011|Speed Controller Integral Gain Ki1 0.00 to 655.35 s?/rad 1.00 s?/rad RW | Num us
03.012|Speed Controller Differential Feedback Gain Kd1 0.00000 to 0.65535 1/rad 0.00000 1/rad RW | Num us
03.013|Speed Controller Proportional Gain Kp2 0.0000 to 200.0000 s/rad 0.0100 s/rad RW | Num us
03.014 |Speed Controller Integral Gain Ki2 0.00 to 655.35 s?/rad 1.00 s?/rad RW | Num uUsS
03.015|Speed Controller Differential Feedback Gain Kd2 0.00000 to 0.65535 1/rad 0.00000 1/rad RW | Num us
03.016 |Speed Controller Gain Select Off (0) or On (1) Off (0) RW | Bit us
Disabled (0), Bandwidth (1),
Comp Angle (2),
Kp Gain Times 16 (3),
03.017 |Speed Controller Set-up Method Low Performance (4), Disabled (0) RW | Txt us
Std Performance (5),
High Performance (6),
First Order (7)
03.018 [Motor And Load Inertia 0.00000 to 1000.00000 kgm? 0.00000 kgm? RW | Num Us
03.019|Compliance Angle 0.0 t0 360.0 ° 4.0° RW | Num UsS
03.020 |Bandwidth 1to 1000 Hz 10 Hz RW | Num Us
03.021 |Damping Factor 0.0 to 10.0 1.0 RW | Num us
03.022 |Hard Speed Reference +VM_SPEED_FREQ_REF 0.0 RW | Num us
03.023 |Hard Speed Reference Select Off (0) or On (1) Off (0) RW | Bit us
Feedback (0), Sensorless (1),
03.024 |RFC Feedback Mode Feedback NoMax (2), Feedback (0) RW | Txt us
Sensorless NoMax (3)
03.025 |Position Feedback Phase Angle 0.0 t0 359.9 ° RW {Num | ND uUsS
P1 Drive (0), P2 Drive (1),
P1 Slot1 (2), P2 Slot1 (3), .
03.026 |Motor Control Feedback Select P1 Slot2 (4). P2 Slot2 (5). P1 Drive (0) RW | Txt us
P1 Slot3 (6), P2 Slot3 (7)
03.027 |P1 Speed Feedback +VM_SPEED RO [Num| ND | NC | PT | FI
03.028 |P1 Revolution/Pole Pitch Counter 0 to 65535 RO [Num | ND | NC | PT | PS
03.029]P1 Position 0 to 65535 RO [Num| ND | NC | PT | PS
03.030|P1 Fine Position 0 to 65535 RO |[Num| ND | NC | PT
03.031|P1 Marker Mode 0000 to 1111 0100 RW | Bin us
03.032|P1 Marker Flag Off (0) or On (1) Off (0) RW | Bit NC
03.033|P1 Rotary Turns Bits 0to 16 16 RW | Num uUs
03.034 |P1 Rotary Lines Per Revolution 1 to 100000 4096 RW | Num us
03.035|P1 Comms Bits 0 to 48 0 RW | Num us
03.036 |P1 Supply Voltage 5V (0), 8V (1), 15V (2) 5V (0) RW | Txt Us
100k (0), 200k (1), 300k (2),
03.037 |P1 Comms Baud Rate 400k (3), 500k (4), 1M (5), 300k (2) Baud RW [ Txt us
1.5M (6), 2M (7), 4M (8) Baud
AB (0), FD (1), FR (2),
AB Servo (3), FD Servo (4),
FR Servo (5), SC (6),
SC Hiperface (7), EnDat (8),
SC EnDat (9), SSI (10),
SC SSI (11), SC Servo (12),
03.038|P1 Device Type BiSS (13), Resolver (14), AB Servo (3) RW | Txt us
SC SC (15),
Commutation Only (16),
SC BiSS (17), Option Slot 1 (18),
Option Slot 2 (19),
Option Slot 3 (20),
Option Slot 4 (21)
03.039|P1 Termination Select 0to2 1 RW | Num us
03.040|P1 Error Detection Level 00000000 to 11111111 00000001 RW | Bin us
03.041|P1 Auto-configuration Select Disabled (0), Enabled (1) Enabled (1) RW | Txt us
: Disabled (0), 1ms (1), 2ms (2), .
03.042|P1 Feedback Filter 4ms (3), 8ms (4), 16ms (5) Disabled (0) RW | Txt us
03.043|P1 Maximum Reference 0 to 33000 3000 RW | Num us
03.044 |P1 Reference Scaling 0.000 to 4.000 1.000 RW | Num us
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03.045|P1 Reference +100.0 % RO [Num| ND | NC | PT | FI
03.046 |P1 Reference destination 0.000 to 59.999 0.000 RW {Num | DE PT | US
03.047 |P1 SSI Incremental Mode Off (0) or On (1) Off (0) RW | Bit us
03.048|P1 SSI Binary Mode Off (0) or On (1) Off (0) RW | Bit uUs
03.049|P1 Additional Power-up Delay 0.0t025.0 s 0.0s RW | Num uUsS
03.050|P1 Feedback Lock Off (0) or On (1) Off (0) RW | Bit Us
03.051|P1 Linear Feedback Select Off (0) or On (1) Off (0) RW | Bit uUsS
03.052]P1 Linear Comms Pitch 0.001 to 100.000 0.001 RW | Num uUs
03.053|P1 Linear Line Pitch 0.001 to 100.000 0.001 RW | Num us
03.054 |P1 Linear Comms And Line Pitch Units millimetres (0), micrometres (1) millimetres (0) RW | Txt us
03.055|P1 Pole Pitch 0.01 to 1000.00 mm 10.00 mm RW | Num us
03.056 |P1 Feedback Reverse Off (0) or On (1) Off (0) RW | Bit us
03.057 |P1 Normalisation Turns 0to 16 16 RW | Num us
03.058 |P1 Normalised Position -2147483648 to 2147483647 RO |Num| ND | NC | PT
03.059|P1 Normalised Marker Position -2147483648 to 2147483647 RO [Num| ND | NC | PT
03.060|P1 Calculation Time 0 to 20 s 5 us RW | Num us
03.061 |P1 Recovery Time 4 to 100 ps 30 ps RW | Num us
03.062]P1 Line Delay Time 0 to 5000 ns RO [Num| ND | NC | PT | US
03.063|P1 Low Speed Update Rate Active Off (0) or On (1) RO | Bit | ND|NC | PT
None (0), Hiperface (1),
03.064 |P1 Encoder Protocol Detected EnDat2.1 (2), EnDat2.2 (3), RO | Txt | ND | NC | PT
BiSS (4)
03.065|P1 Resolver Poles 2 (1) to 20 (10) Poles 2 (1) Poles RW | Txt us
6kHz 3V (0), 8kHz 3V (1),
6kHz 2V (2), 8kHz 2V (3),
03.066 |P1 Resolver Excitation olilz 3V Fast Egg: 6kHz 3V Fast (4)  |Rw| Txt us
6kHz 2V Fast (6),
8kHz 2V Fast (7)
03.067 |P1 User Comms Enable Oto1 0 RW | Num NC | PT
03.068 |P1 User Comms Transmit Register 0 to 65535 0 RW | Num NC | PT
03.069|P1 User Comms Receive Register 0 to 65535 0 RW | Num NC | PT
03.070|P1 Position Feedback Signals 000000 to 111111 RO | Bin | ND | NC | PT
03.071|P1 Error Detected Off (0) or On (1) RO | Bit | ND | NC| PT
03.073|P1 Absolute Turns Recovery Enable Off (0) or On (1) Off (0) RW | Bit us
03.074 |P1 Additional Configuration 0to 511116116 0 RW | Num us
03.075|Initialise Position Feedback Off (0) or On (1) Off (0) RW | Bit NC
03.076 |Position Feedback Initialized 0000000000 to 1111111111 0000000000 RO | Bin NC | PT
03.078 |Sensorless Mode Active Off (0) or On (1) RO | Bit | ND|NC | PT
03.079|Sensorless Mode Filter 4(0.8 %12’(1%23)' 32(3), 64 (4) ms RwW | Txt us
03.080 |Sensorless Position -2147483648 to 2147483647 RO |[Num | ND | NC | PT
03.085 |Encoder Simulation Source 0.000 to 59.999 0.000 RW | Num PT | US
03.086 |Encoder Simulation Status none (0). ;&!S()z’) Ro| Txt |ND|NC|PT
03.087 |Encoder Simulation Sample Period 0.25(0), 1 (1), 4 (2), 16 (3) ms 0.25 (0) ms RW | Txt us
03.088 |Encoder Simulation Mode Hardwa{faﬁ)'(;)"r‘gssr&r)Re"(1)’ Hardware (0) RwW | Txt us
03.089 |Encoder Simulation Hardware Divider Oto7 0 RW | Num usS
03.090 |Encoder Simulation Hardware Marker Lock Off (0) or On (1) Off (0) RW | Bit us
03.091 |Encoder Simulation Incremental Mode Select Off (0) or On (1) Off (0) RW | Bit uUsS
03.092 |Encoder Simulation Output Lines Per Revolution 1to 16384 4096 RW | Num us
03.093 |Encoder Simulation Numerator 1 to 65536 65536 RW | Num us
03.094 |Encoder Simulation Denominator 1 to 65536 65536 RW | Num uUs
03.095 |Encoder Simulation Output Roll-over Limit 1 to 65535 65535 RW | Num us
03.096 |Encoder Simulation SSI Turns Bits 0to 16 16 RW | Num us
03.097 |[Encoder Simulation SSI Comms Bits 2 to0 48 33 RW | Num us
03.098 |Encoder Simulation Output Mode AB’G“"FVR(/(Qi’nFaEr;’E(‘g;aW“)’ AB/Gray (0) RwW | Txt us
~ Digital Input 4 (0),
03.100|F1 Freeze Trigger Source Dightal bt fé;‘)bTmmrr‘]‘z)(‘z)* Digital Input 4 0) | Rw | Txt Us
P1 Zero (5), P2 Zero (6)
03.101 |F1 Freeze Mode Ré?;?fgﬁ Egg: Eg”:ﬂg ;ﬁt(g))’ Rising 1st (0) RW | Txt us
03.102|F1 Freeze Position Source P1 (0), P2 (1), Time (2) P1 (0) RW | Txt us
03.103|F1 Normalised Freeze Position -2147483648 to 2147483647 RO [Num| ND | NC | PT
03.104 |F1 Freeze Flag Off (0) or On (1) RW|{ Bit [ ND|NC|PT
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Digital Input 4 (0),
Digital Input 5 (1), P1 Marker (2),

03.105|F2 Freeze Trigger Source P2 Marker (3), Common (4). Digital Input 4 (0) RW | Txt us
P1 Zero (5), P2 Zero (6)
03.106 |F2 Freeze Mode ngs;?r?gﬁ 8;: Eg”::g ;ﬁt(g))’ Rising 1st (0) RW | Txt us
03.107 |F2 Freeze Position Source P1 (0), P2 (1), Time (2) P1(0) RW | Txt uUs
03.108 |F2 Normalised Freeze Position -2147483648 to 2147483647 RO [Num| ND | NC | PT
03.109|F2 Freeze Flag Off (0) or On (1) RW | Bit [ ND|NC|PT
Digital Input 4 (0),

03.110|Common Freeze Source 1 Digital Input 5 (1), P1 Marker (2), Digital Input 4 (0) RW | Txt us

P2 Marker (3), Disabled (4)

Digital Input 4 (0),

03.111|Common Freeze Source 2 Digital Input 5 (1), P1 Marker (2), Digital Input 4 (0) RW | Txt us

P2 Marker (3), Disabled (4)
03.112|Common Freeze Mode 0000 to 1111 0000 RW | Bin us
03.113|Freeze Input States 00 to 11 RO | Bin | ND | NC | PT
03.118 |P1 Thermistor Type D(;%‘:;‘AO%)(’O%}] ggeﬁ“(g ) DIN44082 (0) RW | Txt Us
03.119|P1 Thermistor Feedback 0 to 5000 Q RO [Num| ND | NC | PT
03.120|P1 Thermistor Trip Threshold 0 to 5000 Q 3300 Q RW | Num us
03.121|P1 Thermistor Reset Threshold 0 to 5000 Q 1800 Q RW | Num us
03.122|P1 Thermistor Temperature -50 to 300 °C RO [Num | ND | NC | PT
03.123|P1 Thermistor Fault Detection None gr’gbzﬁrgﬁiﬁt(“{f O Temperature (1) |RW | Txt us
03.127 |P2 Speed Feedback +VM_SPEED RO [Num | ND | NC | PT | FI
03.128 |P2 Revolution/Pole Pitch Counter 0 to 65535 RO [Num | ND | NC | PT | PS
03.129]P2 Position 0 to 65535 RO [Num| ND | NC | PT | PS
03.130 P2 Fine Position 0 to 65535 RO |[Num| ND | NC | PT
03.131|P2 Marker Mode 0000 to 1111 0100 RW | Bin us
03.132|P2 Marker Flag Off (0) or On (1) Off (0) RW | Bit NC
03.133|P2 Rotary Turns Bits 0to 16 16 RW | Num us
03.134 |P2 Rotary Lines Per Revolution 0 to 100000 4096 RW | Num uUs
03.135|P2 Comms Bits 0 to 48 0 RW | Num us

100k (0), 200k (1), 300k (2),
03.137|P2 Comms Baud Rate 400k (3), 500k (4), 1M (5), 300k (2) Baud RW | Txt us

1.5M (6), 2M (7), 4M (8) Baud
03.138|P2 Device type N%“rfD(gt)'( SBS(Q((';I)D 1(32|)ss',: %3)' None (0) RW | Txt USs
03.140|P2 Error Detection Level 00000 to 11111 00001 RW | Bin us
03.141|P2 Auto-configuration Select Disabled (0), Enabled (1) Enabled (1) RW | Txt Us
03.142|P2 Feedback Filter Dfrizk(ag),(%)r'ny?f),(11)ér2n??5()2)’ Disabled (0) RW | Txt us
03.143|P2 Maximum Reference 0 to 33000 3000 RW | Num us
03.144 |P2 Reference Scaling 0.000 to 4.000 1.000 RW | Num us
03.145|P2 Reference +100.0 % RO [Num | ND | NC | PT | FI
03.146 |P2 Reference Destination 0.000 to 59.999 0.000 RW | Num | DE PT | US
03.147 |P2 SSI Incremental Mode Off (0) or On (1) Off (0) RW | Bit us
03.148|P2 SSI Binary Mode Off (0) or On (1) Off (0) RW | Bit us
03.149|P2 Additional Power-up Delay 0.0t025.0 s 0.0s RW | Num usS
03.150 P2 Feedback Lock Off (0) or On (1) Off (0) RW | Bit uUs
03.151|P2 Linear Feedback Select Off (0) or On (1) Off (0) RW | Bit uUsS
03.152 P2 Linear Comms Pitch 0.001 to 100.000 0.001 RW | Num uUs
03.153|P2 Linear Line Pitch 0.001 to 100.000 0.001 RW | Num uUsS
03.154 |P2 Linear Comms And Line Pitch Units millimetres (0), micrometres (1) millimetres (0) RW | Txt uUs
03.155]|P2 Pole Pitch 0.01 to 1000.00 mm 10.00 mm RW | Num us
03.156 |P2 Feedback Reverse Off (0) or On (1) Off (0) RW | Bit us
03.157 |P2 Normalisation Turns 0to 16 16 RW | Num us
03.158 |P2 Normalised Position -2147483648 to 2147483647 RO [Num| ND | NC | PT
03.159|P2 Normalised Marker Position -2147483648 to 2147483647 RO [Num| ND | NC | PT
03.160|P2 Calculation Time 0to 20 us 5 us RW | Num us
03.161|P2 Recovery Time 4 to 100 ps 30 us RW | Num us
03.162]P2 Line Delay Time 0 to 5000 ns RO [Num| ND | NC | PT | US
03.163|P2 Low Speed Update Rate Active Off (0) or On (1) RO | Bit | ND|NC | PT
None (0), Hiperface (1),
03.164 |P2 Encoder Protocol Detected EnDat2.1 (2), EnDat2.2 (3), RO | Txt [ND|NC | PT
BiSS (4)

03.167 |P2 User Comms Enable Oto1 0 RW | Num NC | PT
03.168 |P2 User Comms Transmit Register 0 to 65535 0 RW | Num NC | PT
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03.169|P2 User Comms Receive Register 0 to 65535 0 RW | Num NC | PT
03.171|P2 Error Detected Off (0) or On (1) RO | Bit |[ND|NC | PT
None (0), AB (1), FD (2), FR (3),
03.172|P2 Status Eréagta(t“g&ts(%,(g)s'lB/ﬁ?s(f)’ RO | Txt |ND |NC|PT
BiSS Alt (9)
03.173|P2 Absolute Turns Recovery Enable Off (0) or On (1) Off (0) RW | Bit uUsS
03.174 |P2 Additional Configuration 0t0 511116116 0 RW | Num us

RW |Read / Write RO |Read-only Bit |Bit parameter | Txt |Text string Date [Date parameter | Time |Time parameter
Chr [Character parameter | Bin |Binary parameter | IP [IP address Mac |[MAC address Ver |Version number | SMP |Slot, menu, parameter
Num{Number parameter | DE |Destination ND RA JRating dependent | NC |Non-copyable PT |Protected
default value
. Power-
Fl [Filtered US |User save PS down save
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Menu 3 - Speed Control and Position Feedback

Mode: RFC-S
Hard Spead Referance
Select (03 023) Reforence OO | e mode active
| |
oo oo {1
0 0
Hard Speed + _M_
Refarance (03.022) 1 1 o _13

Disable Ramp
Post Ramp | Cuput (02.005)

Referahcs

?

, Speed Confraller Proporfiona! Gain Kp1 (03.010)
Fgf;;f;zd Speed arror Spaed Controller Integral Gain Ki1 (03.011) Spee ; ;””;""”E"
WM_SPEED FREC_REF[MAX] Speed Contrafler Proportional Gain Kp2 (03.013) pu
Spead Contraller Integral Gain Ki2 (03.014)
b’" b"‘ Speed Controller Gain Select (03.016) 63,004
£ ﬂ Spesd Controffer Set-up Medhod (03.017) .
Mator and Load Inertia (03.018)
VM _SPEED_FREQ_REF[MIN] Compliance Angle (03.019)
Bandwidth (03.020)
Damping Factor (03.021)
Sansadags mode
P Speed aclive
eedback Motor Control Feedback
Salect (03.026) Feedback or sensorless selector fa o078
I RFC Mode Select (03.024) '
oo |
o [
1 | Spaad feedback
P2 Speed —i * oo
Feedback z dlcit 1 +
3
— , ,
Spead Controllar Diffarential
Feedback Gain Kd7 (03.012) ]
Option Slot 1 Sonsorlass Moda Speed Controller Differential
phian o i Feedhack Gain KdZ (03.015
P1 Sheed feedbact Filter (03.079) | ]

f

didt

f

Zaero Spaad Threshold (03.005)
Af Speed Lower Limit (03.006)

Option Slot 1 L) Af speed Upper Limit (03.007) -
P2 Speed Sensorless Position Over Speed Threshold (03.008)
Feedback {03.080) Absoiute At Speed Datact {03.009)

Faro Spesd (10,003)
Below Set Speed (10.005)

At Spesd (10.006)
Above Set Speed (10.007)

r

Mote that speed feedback is only
shown for option slot 1, but speed
feedback can be selected from
any oplion slot containing a
position feedback category option
module

Normally the units for speed parameters are rpm for both rotary and linear applications. For a linear application one revolution corresponds to one motor
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pole. If the position feedback device that is selected for motor control with Motor Control Feedback Select (03.026) is a linear device then if
Linear Speed Select (01.055) is set to 1 the units for speed parameters are mm/s with the following exceptions:

1. All speed parameters are displayed in rpm if sensorless mode is active, i.e. Sensorless Mode Active (03.078) = 1.
2. Speed feedback parameters associated with each feedback interface, i.e. P1 Speed Feedback (03.027) for position feedback interface P1, etc.,
are always displayed in rpm for a rotary device.
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Position feedback interfaces

Two position feedback interfaces with associated freeze system are provided. Access to both these interfaces and the encoder simulation output are
provided via one 15 way high density connector. There are limitations on the functions that can be provided simultaneously as shown in the table below

along with the connections required for each combination of functions.

Functions Connections

P1 Position P2 Position Encoder
feedback feedback Simulation 1/2 3/4 5/6 7/8 9/10 11/12 13/14 15
interface interface Output
AB Servo
FD Servo A1 B1 Z1 U1 V1 WA1 PS1 Th
FR Servo
SC Servo Cos1 Sin1 Z1 U1 V1 W1 PS1 Th
AB, FD, FR AB, FD, FR A1 B1 Z1 A2 B2 Z2 PS1 Th
AB, FD, FR EnDat, BiSS, SSI A1 B1 Z1 D2 Clk2 Z2 PS1 Th
AB, FD, FR Full A1 B1 Z1 AOut BOut ZOut PS1 Th
SC AB, FD, FR Cos1 Sin1 Z1 A2 B2 Z2 PS1 Th
SC EnDat, BiSS, SSI Cos1 Sin1 Z1 D2 Clk2 Z2 PS1 Th
SC Full Cos1 Sin1 Z1 AOQut BOut ZOut PS1 Th
Resolver AB, FD, FR Cos1 Sin1 Ref1 A2 B2 Z2 PS1 Th
Resolver EnDat, BiSS, SSI Cos1 Sin1 Ref1 D2 Clk2 Z2 PS1 Th
Resolver Full Cos1 Sin1 Ref1 AOut BOut ZOut PS1 Th
SC Hiperface AB, FD, FR Cos1 Sin1 D1 A2 B2 Z2 PS1 Th
SC Hiperface EnDat, BiSS, SSI Cos1 Sin1 D1 D2 Clk2 Z2 PS1 Th
SC Hiperface Full Cos1 Sin1 D1 AOQut BOut ZO0ut PS1 Th

AB, FD, FR
SC EnDat, SC - IN6'Z marker Cos1 Sin1 D1 A2 B2 Clk1 PS1 Th
SSI, SC BiSS

pulse
SC EnDat, SC . .
SSI, SC BiSS EnDat, BiSS, SSI Cos1 Sin1 D1 D2 Clk2 Clk1 PS1 Th
SC EnDat, SC No Z marker .
SSI, SC BiSS pulse Cos1 Sin1 D1 AOut BOut Clk1 PS1 Th
EnDat, BiSS, SSI|AB, FD, FR D1 Clk1 Z1 A2 B2 Z2 PS1 Th
EnDat, BiSS, SSI|EnDat, BiSS, SSI D1 Clk1 Z1 D2 Clk2 Z2 PS1 Th
EnDat, BiSS, SSI Full D1 Clk1 Z1 AOut BOut ZOut PS1 Th
EnDat, BiSS, SSI|EnDat, BiSS, SSI ;'13 Sze marker D1 Clk1 D2 AOut BOut Clk2 PS1 Th
SC SC Cos1 Sin1 Z1 SCs1 SSn1 Z2 PS1 Th
Commutation
Only U1 VA1 WA1 PS1 Th

The marker inputs can be used without their associated position feedback as freeze trigger inputs, therefore these are present where possible even if the

associated incremental or SINCOS position feedback is not possible. The table below gives the connection functions associated with the codes used.
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Connection
Function

Connection Definition

Position Interface inp

uts

A input for AB, or AB Servo encoders

A F input for FD, FD Servo, FR or FR Servo encoders
B input for AB, or AB Servo encoders
B D input for FD or FD Servo encoders
R input for FR or FR Servo encoders
7 Z input for AB, AB Servo, FD, FD Servo, FR, FR Servo, SC encoders
Freeze input
Uvw Commutation signals for AB Servo, FD Servo, FR Servo, SC Servo or Commutation Only
» encoders
c . Cosine and Sine inputs for SC, SC EnDat, SC Hiperface, SC SSI or SC Servo encoders
0s, Sin ) g
Cosine and Sine inputs for resolvers
Ref Reference output for resolvers
D Data input/output for SC EnDat, SC Hiperface, SC BiSS, EnDat or BiSS encoders
Data input for SC SSI, SSI encoders
Clk Clock output for SC EnDat, SC BiSS, SC SSI, EnDat, BiSS or SSI encoders
SCs, SSn Single turn Cosine and Sine signals used to determine the absolute position within one turn

Encoder Simulation Output

A output for AB or AB Lock modes

AOut F output for FD, FD Lock or FR modes
Data output for SSI Gray or SSI Binary modes
B output for AB or AB Lock modes
BOut D output for FD, FD Lock or FR modes
Clock input for SSI Gray or SSI Binary modes
Zout Z output for AB, AB Lock, FD, FD Lock or FR modes

Power Supply and Temperature Measurement

PS1

Power supply output (13 = Supply, 14 = 0V)

Th

Temperature measurement input
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Position and speed measurement timing

The position information is normally taken at a datum point at the start of each current controller task. The current controller sample period varies with
switching frequency (see Auto-tune (05.012)). At each of these datum points the position of the motor within one revolution is required. This information is
used for basic motor control. The speed controller sample period is 250us for 2, 3, 4, 6 and 12kHz switching and 125us for 8 and 16kHz switching. At the
datum corresponding to each of the speed controller tasks the full encoder position is required and all position feedback calculations and functions are
completed. The diagram below shows examples of the datum points for switching frequencies of 12kHz and 16kHz.

Sp . s
| | |

Switching frequancy = 12kHz
250us

w

& g2s5us s

125us
Switching frequency = 16kHz

- Current control task Speed control task

Speed and current control task timing

The datum points indicated with "I" are at the start of the current controller tasks and the datum points marked "S" correspond to speed controller tasks.
The internal "I" datum points are not visible outside the drive control system. The "S" datum points are used to synchronise with option modules.
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P1 Position feedback interface

| PT Feedback Lock (D3.050)

" | P1 Fesdback Reverse (03.056)

F1 Device Type (03.038)

F1 Termination Select (03,039)

P11 Error Datection Level (03.040)

P11 Additional Powar-up Delay (03.049)

P1 Rotary Turns Bits (03.033)

J’ P1 Rotary Lines Per Revolution (03.034)
v
1

C)—‘_> P17 Linoar Comms Pitch (03.052)
P1i Linear Ling Pitch (03.053)

F1 Poie Fitch (03.035)

P1 Comms Bits (03.035)
F1 Comms Baud Rate (03.037)

P1 55! Incremental Mode (D3.047)
P1 551 Binary Mode (03.048)
P1 Calculation Time {03.060)

# F1 Recovery Time (03.061)
F1 Lina Defay Time (03.062)
P1 Low Speed Update Rale Active

P17 User Comms Enable (003.067)

P Auto-configuration Enable (03.041)

P11 Encoder Protocol Detected (03.064)

P71 User Comms Transmit Register (03.0638)
F1 User Comms Receive Register (03.06%)

(03.063)

P1 Resolver Poles (03.065)

P1 Position
Feedback
Interface
P1 Supply Voliage (03.038)
¢ P1 Resolver Excifation (03,066)
< P1 Revolufion /
Pale Fitch Courder
P1 Linear Feedback
Select (03.051)

P1 Position

P71 Fine Posltion

€

MNormalised Posifion

P1 Marker Mode (03.031)
: P1 Marker Flag (03.032)

F1 Mormalisation Tumns
(03.057)

F1 Feedback Filter

il (03.042)

,1L

P11 Maximum Reference
(03.043)

P2 Position
Feedback
Interface

Paramatars as far P1 interface, but
offset by 100 except:

P1 Supply Voltage (03.036)

r

F1 Termination Sefect (03,039)
P11 Resolver Poles (03.065)
P1 Resolver Excitation (03.066)

P1 Referance

€

F1 Rafarence
Destination (03.046)

P1 Referance Scaling
(03.044)

=

Inifialise Position Feedback (03.073)
Fosition Feedback inftiased (03.076)

Position feedback interfaces
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P2 Position feedback interface

The P2 position feedback interface duplicates most of the parameter structure and functions of the P1 feedback interface. The P2 interface parameters
(03.127 to 03.169) have the same functions as the P1 interface parameters (03.027 to 03.069) except that parameters 03.136, 03.139, 03.162 and 03.163
are not included because the P2 interface does not have its own position feedback power supply, does not support resolvers, and the termination
resistors are not selectable and are always enabled. Also P2 Device type (03.138) has less possible settings because the P2 interface does not support
all the devices supported by the P1 interface.

Priority of the 15-way D-type is assigned in the following order from the highest priority to the lowest.

1. P1 position interface
2. Encoder simulation output
3. P2 position interface

The availability of the P2 position interface on the 15-way D-type on the drive is dependent on type of feedback device selected in P71 Device Type
(03.038) and the encoder simulation mode selected in Encoder Simulation Mode (03.088). P2 Status (03.172) shows the status of the P2 position
interface depending on the settings in P2 Device type (03.138), P1 Device Type (03.038), and Encoder Simulation Mode (03.088).
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Position feedback initialisation

Some position feedback devices need to be initialised before they can provide position feedback information. For details of the initialisation required for
each type of device see Position Feedback Initialized (03.076). The user can force all position feedback devices connected directly to the drive or to an
option module to be initialised (see Initialise Position Feedback (03.075)). The drive also automatically initialises all position feedback devices connected

to the drive position feedback interfaces immediately after power-up. An attempt is made to initialise any position feedback device that needs to be
initialised when a drive reset occurs. This would happen inherently if the drive is tripped and the drive is reset to clear the trip.

It should be noted that the initialised bit for any position feedback interface in Position Feedback Initialized (03.076) is set to zero and an Encoder 7 trip is
initiated if any of the parameters given below or the number of poles of the active motor are changed.

P1 Position feedback interface

P2 Position feedback interface

P1 Rotary Turns Bits (03.033)

P2 Rotary Turns Bits (03.133)

P1 Rotary Lines Per Revolution (03.034)

P2 Rotary Lines Per Revolution (03.134)

P1 Comms Bits (03.035)

P2 Comms Bits (03.135)

P1 Comms Baud Rate (03.037)

P2 Comms Baud Rate (03.137)

P1 Device Type (03.038)

P1 Auto-configuration Select (03.041)

P2 Auto-configuration Select (03.141)

P1 SSI Incremental Mode (03.047)

P2 SSI Incremental Mode (03.147)

P1 SSI Binary Mode (03.048)

P2 SSI Binary Mode (03.148)

P1 Linear Feedback Select (03.051)

P2 Linear Feedback Select (03.151)

P1 Linear Comms Pitch (03.052)

P2 Linear Comms Pitch (03.152)

P1 Linear Line Pitch (03.053)

P2 Linear Line Pitch (03.153)

P1 Linear Comms And Line Pitch Units (03.054)

P2 Linear Comms And Line Pitch Units (03.154)

P1 Pole Pitch (03.055)

P2 Pole Pitch (03.155)

P1 Feedback Reverse (03.056)

P2 Feedback Reverse (03.156)

P1 Calculation Time (03.060)

P2 Calculation Time (03.160)

P1 Recovery Time (03.061)

P2 Recovery Time (03.161)

P1 Resolver Poles (03.065)

P1 Resolver Excitation (03.066)
(Except changing bit 2 only)

P1 Additional Configuration (03.074)

P2 Additional Configuration (03.174)

P2 Status (03.172)

Motor pole pairs for the currently active motor

Motor pole pairs for the currently active motor
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Encoder Simulation Output

h

Encoder Simulafion
Hardware Marker Lock
(03.080)

Encoder Simulation
Cudput Linas Par
Revolufion (03.092)

Encoder
Simulafion
Maode
(03.088)

Encadar Simulation
Nurmsratar ((3,093)
Encodar Simulation
Denominator (03.094)

Encodar
Strudlation
Cuiput Roll-ovar
Lirmsit {03.095)

Encoder Simuwlation 551 Tumns Bits (03.096)
Encoder Simulation 551 Comms Bits (03.097)

T
0
|

Encoder
Encaoder Simulafion Simulation
Source (03.085) ’ Hardware
Dhvidear (03.089)
Encoder
Simulation
Encoder Incramental
Simulafion Meoda Select
Sample Period (03.091)
(03.087)
Encoder
Simulaticon
Status (13.086)
Encoder Simulation

Encoder Simulation Output Mode (03.088)

|— Encoder simulation cut
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Freeze System

The drive has two freeze functions that can capture the position from either the P1 or P2 position interface in the drive when a freeze trigger event occurs.

A common freeze logic system is also provided, so that the freeze trigger events can be combined either to trigger the freeze system in the drive or to

generate a freeze trigger for option modules. The freeze system is shown in the diagram below.

F1 Fraaze Posilion

Source 1 (03.110)

Digital 11O 4 |

Digital 1/O 5 —10

P1 Marker —20
F2 Marker —SD
Disablad —4(‘,:.

Source [03.102)
F1 Froeze Trigger F1 Fraaze Mode 0 I
Sovrce (03.100) (03.101) -
P1 Position
T I |
. [ I .
Digital 11D £ | | P2 Posgition =0
1
Digital IO5  —O L4
? 2 4\. F1 Momalised Freeze
P1Marker —O »— J 1 p| Position (03.103)
PO Marker 3 F1 Freeze Flag (03.104)
—0 4 Freeze Input States
Common Freeze —O
F2 Freaza Position
Source (03.107)
F2 Freeze Trigger F2 Freeze Mode 0 I
Source (03.105) (03.106) y !
F1 Position
0 I | 1
Digital 110 4 : : P2 Position  —0O
1
Digital /O & ¥
4 ;O‘\ F2 Mormalisad Freeze
P1 Marker =0 » J_ 1 | Position (03.108)
3 F2 Freeze Flag (0:3.109)
F2 Marker —
4
Commaon Freeze —0
o Freeze Commaon Option Module

Freaze ¢ I » Freeze Line

Common Freeze Mode (03.112) |

Cammon Freere
Sowrce 2 (03.111)
I
- 1 I
Digital 110 4 |
1
Digital 110 & —_—
2
P1Marker ——0O
P2 Marker —30
4

Disabled ————{

Freeze System
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Position feedback interface thermistor input

F1 Thermistor Short Circuit
Detact (03.123)
P1 Thermistor I
Feedback 0 L
{ThS.001} trip detect _ﬁk.—b {ThS.001}
0
{Th.001} trip detect
&—p| P71 Thermistor Type (03.118) - [Th.001}
P1 Thermiztor Trip Threshold (03, 120)
P Thermistor Reset Thrashold (03.121)
P1 Tharmistaor
Tempearature
Resistance to
——— temperature 03122
conversion
P1 Position feedback interface thermistor input
Parameter 03.001 Final Speed Reference
Short description Shows the reference at the input to the speed controller
Mode RFC-S
Minimum -VM_SPEED Maximum VM_SPEED
Default Units
Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1
Coding RO, FI, VM, ND, NC, PT

Final Speed Reference (03.001) shows the reference at the input to the speed controller, which is the sum of the Post Ramp Reference (02.001) if the
ramp output is not disabled and the hard speed reference (if enabled).

Parameter 03.002 Speed Feedback

Short description Displays the speed feedback from the selected feedback source

Mode RFC-S

Minimum -VM_SPEED Maximum VM_SPEED
Default Units

Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

The speed feedback can be selected with Motor Control Feedback Select (03.026) to be taken from either of the drive position feedback interfaces or from
a position feedback interface in a position feedback category option module. It is also possible to selected sensorless speed feedback
with RFC Feedback Mode (03.024). Speed Feedback (03.002) shows the level of the speed feedback selected for the speed controller.

The Fl attribute is set for this parameter, so display filtering is active when this parameter is viewed with one of the drive keypads. The value held in the
drive parameter (accessible via comms or an option module) does not include this filter, but is a value that is obtained over a sliding 16ms period to limit
the ripple. The speed feedback includes quantisation ripple given by the following equation in rpm:

Ripple in Speed Feedback (03.002) = 60 / 16ms / Position resolution

The ripple for a linear system is given by the following equation in mm/s:

Ripple in Speed Feedback (03.002) = Pole pitch in mm / 16ms / Position resolution

The position resolution for each type of feedback device is defined in the table below.

68

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)



Position feedback device Position resolution
AB, AB Servo 4 x lines per revolution or pole pitch

FD, FR, FD Servo, FR Servo 2 x lines per revolution or pole pitch

SC, SC Hiperface, SC EnDat, SC SSI, SC Servo|1024 x sine waves per revolution or pole pitch

EnDat, SSI, BiSS Commes bits per revolution or pole pitch

Resolver See P1 Resolver Excitation (03.066)

For example the ripple in Speed Feedback (03.002) when a 4096 line AB type encoder is used is 0.23rpm. It should be noted that no filtering is
applied to the speed feedback used by the speed controller or for the position feedback reference system unless the feedback filter for that
particular interface is activated by putting a non-zero value in the appropriate set up parameter (i.e. P71 Feedback Filter (03.042) for the P1 drive
position feedback interface). The diagram below shows the filtering applied to the speed feedback when this is taken from the P1 drive position
feedback interface.

Spead controller

Speed feedback Filter defined by P1

from P1 position | Speed Feedback

feadback Fitter (03,042)
P1 pasition feedback reference
(parameaters 03,043 — 03.046)
Speed Feedback (03.002) and

16ms fkar » p1 Speed Feedback (03.027)

Speead feedback filtering for P1 position feedback interface

The speed feedback ripple seen by the speed controller and the position feedback reference is given by the following equations when the filter set up
value P1 Feedback Filter (03.042) = 0.

Ripple for a rotary system in rpm = 60 / Speed controller sample time / Position resolution

Ripple for a linear system in mm/s = Pole pitch in mm / Speed controller sample time / Position resolution
The speed controller sample time is 250us. If the filter set up value is non-zero the ripple is given by:

Ripple for a rotary system in rpm = 60 / Filter time / Position resolution

Ripple for a linear system in mm/s = Pole pitch in mm / Filter time / Position resolution

The description so far covers the P1 drive position feedback interface. Similar filtering is provided with the P2 drive position feedback interface and with
position feedback interfaces in position feedback category option modules.

It is not advisable to use the speed feedback filter unless it is specifically required for high inertia applications with high controller gains, or if commutation
signals alone are used for feedback, because the filter has a non-linear transfer function. It is preferable to use the current demand filters

(Current Reference Filter 1 Time Constant (04.012) or Current Reference Filter 2 Time Constant (04.023)) as these are linear first order filters that provide
filtering on noise generated from both the speed reference and the speed feedback. It should be noted that any filtering included within the speed
controller feedback loop, either on the speed feedback or the current demand, introduces a delay and limits the maximum bandwidth of the controller for
stable operation.

The speed ripple seen by the speed controller can be quite high in some cases, for example with a 4096 line encoder the speed ripple is 14.6rpm with a
sample time of 250pus. This causes high frequency torque ripple and acoustic motor noise. These effects increase with the level of speed feedback ripple
and with the gains used in the speed controller. Therefore high speed feedback ripple usually limits the maximum possible gain settings for the speed
controller, and so a position feedback device with high position resolution is usually required for a system with high dynamic performance or stiffness. It
should be noted that the ripple caused by feedback quantisation and does not define speed feedback resolution. The speed controller
accumulates all pulses from the position feedback, and so the speed controller resolution is not limited by the feedback, but by the resolution
of the speed reference.

Parameter 03.003 Speed Error

Short description Displays the difference betweent the Final Speed Reference and the Speed Feedback
Mode RFC-S

Minimum -VM_SPEED Maximum VM_SPEED

Default Units

Type 32 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

The speed error is the difference between the final Final Speed Reference (03.001) and the Speed Feedback (03.002), and does not include the effect of
the differential term in the speed controller feedback branch.
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Parameter 03.004 Speed Controller Output

Short description Displays the output from the speed controller

Mode RFC-S

Minimum -VM_TORQUE_CURRENT Maximum VM_TORQUE_CURRENT
Default Units %

Type 16 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

The output of the speed regulator is a torque demand given as a percentage of rated motor torque. It should be noted that this will be modified to take into

account in the level of motor flux if field weakening is active before it is converted into the Final Current Reference (04.004).

Parameter 03.005 Zero Speed Threshold

Short description Set to the required zero speed threshold

Mode RFC-S

Minimum 0 Maximum 200

Default 5 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

I(ﬁ?gogﬁ;eeg Feedback (03.002) is at or below the level defined by this parameter in either direction Zero Speed (10.003) = 1, otherwise Zero Speed
Parameter 03.006 At Speed Lower Limit

Short description Set to the required minimum at speed threshold

Mode RFC-S

Minimum 0 Maximum 33000

Default 5 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

At Speed (10.006) is set if the Speed Feedback (03.002) is on the boundaries or within the at speed window. Above Set Speed (10.007) and
Below Set Speed (10.005) are set if the feedback is above or below the window respectively.

If Absolute At Speed Select (03.009) = 0 reference window mode is used.
The "at speed" condition is true if,

(|Pre-ramp Reference (01.003)| - At Speed Lower Limit (03.006)) < |Speed Feedback (03.002)| < (|Pre-ramp Reference (01.003)|
+ At Speed Upper Limit (03.007))

(If the lower limit is less than zero then zero is used as the lower limit.)

If Absolute At Speed Select (03.009) = 1 absolute window mode is used.
The "at speed" condition is true if,

At Speed Lower Limit (03.006) < |Speed Feedback (03.002)| < At Speed Upper Limit (03.007)

Parameter 03.007 At Speed Upper Limit

Short description Set to the required maximum at speed threshold

Mode RFC-S

Minimum 0 Maximum 33000

Default 5 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

See At Speed Lower Limit (03.006).

Parameter 03.008 Over Speed Threshold

Short description Set to the required over speed threshold

Mode RFC-S

Minimum 0 Maximum 33000

Default 0 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

If Over Speed Threshold (03.008) is set to a non-zero value it defines the over speed threshold. If the Speed Feedback (03.002) exceeds this threshold in
either direction an Over Speed trip is produced. If Over Speed Threshold (03.008) is set to 0.0 the threshold is based on the variable minimum/maximum
for the references and is equal to 1.2 x VM_SPEED_FREQ_REF[MAX]. As the over-speed trip provides the ultimate protection against against the motor
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operating beyond the maximum allowable speed, the trip function is time deterministic and will disable the drive within 4ms of the over-speed condition
being detected.

The motor speed and the motor voltage can be monitored to detect if the motor is accelerating in an uncontrolled way because position feedback is being
used and the Position Feedback Phase Angle (03.025) has not been set up correctly. If the Over Speed Threshold (03.008) = 0 then position feedback
phase angle error monitoring is enabled and a Phasing Error trip is initiated if a failure is detected. If the Over Speed Threshold (03.008) is not equal to 0
this feature is disabled, and the over-speed trip is the only protection against high motor speed due to an incorrect value of

Position Feedback Phase Angle (03.025). It should be noted that phase angle error monitoring is not possible with high saliency motors, and so if

Active Saliency Torque Mode (05.066) = 1 then phase angle error detection is suppressed and the over-speed trip must be used to provide protection.

If sensorless control is being used, a Phasing Error trip is also initiated if loss of control is detected. This trip is also suppressed if Over Speed Threshold
(03.008) is set to a non-zero value.

Parameter 03.009 Absolute At Speed Select

Short description Indicates when the motor is running at speed

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See At Speed Lower Limit (03.006).

Parameter 03.010 Speed Controller Proportional Gain Kp1

Short description Defines the proportional gain for the speed controller

Mode RFC-S

Minimum 0.0000 Maximum 200.0000
Default 0.0100 Units s/rad
Type 32 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 4

Coding RW

The diagram below shows a generalised representation of the speed controller. The controller includes a feed forward proportional gain (Kp), a feed
forward integral gain (Ki), and a differential feedback gain (Kd). The description here refers to the first set of gains for motor map 1

(Speed Controller Proportional Gain Kp1 (03.010), Speed Controller Integral Gain Ki1 (03.011) and Speed Controller Differential Feedback Gain Kd1
(03.012)). See Speed Controller Gain Select (03.016) on how to select a different set of gains.

Speed reference (wm+) Kp ] + - Torque reference (Te")
L
Kils
- Speed feadback (m)
kd x5
Speed controller

Proportional gain (Kp) - Speed Controller Proportional Gain Kp1 (03.010)

If Kp is non-zero and Ki is zero the controller will only have a proportional term, and there must be a speed error to produce a torque reference. Therefore,
as the motor load increases there will be a difference between the reference and actual speeds. This effect, called regulation, depends on the level of the
proportional gain, the higher the gain the smaller the speed error for a given load. If the proportional gain is too high either the acoustic noise produced
due to speed feedback quantisation becomes unacceptable, or the closed-loop stability limit is reached.

Integral gain (Ki) - Speed Controller Integral Gain Ki1 (03.011)

The integral gain is provided to prevent speed regulation. The error is accumulated over a period of time and used to produce the necessary torque
reference without any speed error. Increasing the integral gain reduces the time taken for the speed to reach the correct level and increases the stiffness
of the system, i.e. it reduces the positional displacement produced by applying a load torque to the motor. Unfortunately increasing the integral gain also
reduces the system damping giving overshoot after a transient. For a given integral gain the damping can be improved by increasing the proportional
gain. A compromise must be reached where the system response, stiffness and damping are all adequate for the application. The integral term is
implemented in the form of } (Ki x error), and so the integral gain can be changed when the controller is active without causing large transients on the
torque reference.

Differential gain (Kd) - Speed Controller Differential Feedback Gain Kd1 (03.012)

The differential gain is provided in the feedback of the speed controller to give additional damping. The differential term is implemented in a way that does
not introduce excessive noise normally associated with this type of function. Increasing the differential term reduces the overshoot produced by under-
damping, however for most applications the proportional and integral gains alone are sufficient. It should be noted that the differential term is limited
internally so that it is ineffective if speed in rpm x Kd x Ki is greater than 170.
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To analyse the performance of the speed controller it may be represented as an s-domain model as shown below.

w*(3) I
(rad/s)

r

Kt

Lis)

Speed controller (s domain)

FJS)
{radis)

Kc' is the conversion between the speed controller output and the torque producing current reference. A value of unity at the output of the speed controller
gives a torque producing current equal to Kc'. The drive automatically compensates the torque producing current reference for flux variations in field
weakening, and so Kc' can be assumed to have a constant value even in field weakening. Kc' = Full Scale Current Kc (11.061) x 0.45.

Kt is the torque constant of the motor (i.e. torque in Nm per amp of torque producing current). This value is normally available from the manufacturer for a
permanent magnet motor, however, for induction motors the value must be calculated from the motor parameters. In RFC-A mode this calculation is
performed by the drive and the result is stored in Torque Per Amp (05.032)

L(s) is the transfer function

of the load.

The speed controller calculations are provided for a rotary application. However, for a linear application it is possible to set Torque Per Amp (05.032) to
the force per amp and the Motor And Load Inertia (03.018) to the mass, and all the rotary system equations still apply.

It should be noted that the gain levels are compatible with those in Unidrive SP. The internal resolution of the intergral gain parameter is twice that of
Unidrive SP. In most applications this makes no difference to the performance, however, with Unidrive SP the internal value is zero (the integral term
disabled) if the user parameter is less than 0.05. In Unidrive M the internal integral gain would be zero if Speed Controller Integral Gain Ki1 (03.011) is
less than 0.03. However, if Speed Controller Integral Gain Ki1 (03.011) is non-zero and less than 0.03 (i.e. 0.01 or 0.02) the internal value is one, so that
the integral term remains active, unless the user deliberately disables this term by setting Speed Controller Integral Gain Ki1 (03.011) to zero.

Parameter 03.011 Speed Controller Integral Gain Ki1

Short description Defines the integral gain for the speed controller

Mode RFC-S

Minimum 0.00 Maximum 655.35
Default 1.00 Units s?/rad
Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 2

Coding RW, BU

See Speed Controller Proportional Gain Kp1 (03.010).

Parameter 03.012 Speed Controller Differential Feedback Gain Kd1

Short description Defines the differential gain for the speed controller

Mode RFC-S

Minimum 0.00000 Maximum 0.65535
Default 0.00000 Units 1/rad
Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 5

Coding RW, BU

See Speed Controller Proportional Gain Kp1 (03.010).

Parameter 03.013 Speed Controller Proportional Gain Kp2

Short description Defines a 2nd proportional gain for the speed controller

Mode RFC-S

Minimum 0.0000 Maximum 200.0000
Default 0.0100 Units s/rad
Type 32 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 4

Coding RW

See Speed Controller Prop

ortional Gain Kp1 (03.010).
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Parameter 03.014 Speed Controller Integral Gain Ki2

Short description Defines a 2nd integral gain for the speed controller

Mode RFC-S

Minimum 0.00 Maximum 655.35
Default 1.00 Units s?/rad
Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 2

Coding RW, BU

See Speed Controller Proportional Gain Kp1 (03.010).

Parameter 03.015 Speed Controller Differential Feedback Gain Kd2

Short description Defines a 2nd differential gain for the speed controller

Mode RFC-S

Minimum 0.00000 Maximum 0.65535
Default 0.00000 Units 1/rad
Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 5

Coding RW, BU

See Speed Controller Proportional Gain Kp1 (03.010).

Parameter 03.016 Speed Controller Gain Select

Short description Set to 1 to enable the 2nd set of speed controller proportional, integral and differential gains
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

If Speed Controller Gain Select (03.016) = 0 then Kp1, Ki1 and Kd1 are used as the speed controller gains. These gains are given by

Speed Controller Proportional Gain Kp1 (03.010), Speed Controller Integral Gain Ki1 (03.011) and Speed Controller Differential Feedback Gain Kd1
(03.012) if motor map 1 is selected (i.e. Select Motor 2 Parameters (11.045) = 0), or M2 Speed Controller Proportional Gain Kp1 (21.017),

M2 Speed Controller Integral Gain Ki1 (21.018) and M2 Speed Controller Differential Feedback Gain Kd1 (21.019) if motor map 2 is selected (i.e.

Select Motor 2 Parameters (11.045) = 1). If Speed Controller Gain Select (03.016) = 1 then Kp2, Ki2 and Kd2 are used as the speed controller gains.
These gains are given by Speed Controller Proportional Gain Kp2 (03.013), Speed Controller Integral Gain Ki2 (03.014) and

Speed Controller Differential Feedback Gain Kd2 (03.015). When Speed Controller Gain Select (03.016) is changed the gains are changed smoothly
between the old and new values over a period of 250ms. This allows the system gains to be switched between two different sets of values without causing
significant torque transients.

Parameter 03.017 Speed Controller Set-up Method

Short description Defines how the speed controller is set up

Mode RFC-S

Minimum 0 Maximum 7
Default 0 Units

Type 8 Bit User Save Update Rate 1s read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Disabled

1 Bandwidth

2 Comp Angle

3 Kp Gain Times 16

4 Low Performance

5 Std Performance

6 High Performance

7 First Order

0: Disabled

When Speed Controller Set-up Method (03.017) is at its default value of 0, its functions are disabled and it has no effect.

1: Bandwidth set-up

If the load is predominantly a constant inertia and constant torque, the drive can calculate the required speed loop gain values, provided

the Motor And Load Inertia (03.018) and the Torque Per Amp (05.032) are set-up correctly. If Speed Controller Set-up Method (03.017) = 1 the gain
values are calculated to give the required Bandwidth (03.020) and Damping Factor (03.021). The calculated values for Kp and Ki are written

to Speed Controller Proportional Gain Kp1 (03.010) and Speed Controller Integral Gain Ki1 (03.011) once per second.

The Speed Controller Differential Feedback Gain Kd1 (03.012) is not affected. The gains are calculated from a linear model assuming a pure inertia load,
not including unwanted delays in the speed and current controllers. The following equations are used by the drive to calculate the gains.

Ki=J/ (Kc' x Kt) x (211 x wbw / Kbw)?
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Kp =2 €[ (Kix J) / (Kc' x Kt) ]

where:

Kc' = Full Scale Current Kc (11.061) x 0.45
J = Motor And Load Inertia (03.018)

Kt = Torque Per Amp (05.032)

wbw = Bandwidth (03.020)

& = Damping Factor (03.021)

Kwb = V[ (262 + 1) +V( (282 + 1)2 + 1) ]

2: Compliance angle set-up

If Speed Controller Set-up Method (03.017) = 2 the speed controller gains are set up based on the required Compliance Angle (03.019) and
Damping Factor (03.021)

based on the following equations.

Ki =1/ acomp(rs™)

Kp =2 €[ (Ki x J) / (Kc' x Kt) ]

where:

Kc' = Full Scale Current Kc (11.061) x 0.45
J = Motor And Load Inertia (03.018)

Kt = Torque Per Amp (05.032)

acomp = Compliance Angle (03.019)

& = Damping Factor (03.021)

3: Kp gain times 16

If Speed Controller Set-up Method (03.017) = 3 the selected proportional gain used by the drive is multiplied by 16. This feature was provided in Unidrive
SP because the range of the proportional gain parameters was limited. The range has now been increased to allow higher gains to be selected, and so
this feature is no longer necessary, but is provided for compatibility with Unidrive SP. It should be noted that if this feature is used the value of gain used
by the speed controller (i.e. Speed Controller Proportional Gain Kp1 (03.010) x 16) is limited internally to the maximum for

Speed Controller Proportional Gain Kp1 (03.010).

4-6: Low, Standard or High performance

If Speed Controller Set-up Method (03.017) is set to a value from 4 to 6 the Speed Controller Proportional Gain Kp1 (03.010)

and Speed Controller Integral Gain Ki1 (03.011) are automatically set up to give the bandwidths given in the table below and a damping factor of unity.
These settings give low, standard or high performance.

Speed Controller Set-up Method (03.017) | Performance | Bandwidth

4 Low 5Hz
5 Standard 25Hz
6 High 100Hz

7: First order characteristic

If Speed Controller Set-up Method (03.017) = 7 then Speed Controller Proportional Gain Kp1 (03.010), Speed Controller Integral Gain Ki1 (03.011) and
Speed Controller Differential Feedback Gain Kd1 (03.012) are set up to give a closed-loop speed controller response that approximates to a first order
system with a transfer function of 1/ (st + 1), where 1 = 1/wy,, and wy,, = 211 x Bandwidth (03.020). In this case the damping factor is meaningless, and

Damping Factor (03.021) and Compliance Angle (03.019) have no effect. The following equations are used by the drive to calculate the gains.
Ki=J/ (Kc' x Kt) x (211 X wbw / 2)2
Kp=2+[(KixJ)/(Kc' x Kt)]
Kd = Kp / 4Ki

where:

Kc' = Full Scale Current Kc (11.061) x 0.45
J = Motor And Load Inertia (03.018)

Kt = Torque Per Amp (05.032)

wbw = Bandwidth (03.020)

Parameter 03.018 Motor And Load Inertia

Short description Defines the inertia of the motor and the load for use in calculating the speed controller gains
Mode RFC-S

Minimum 0.00000 Maximum 1000.00000

Default 0.00000 Units kgm?

Type 32 Bit User Save Update Rate 1s read

Display Format Standard Decimal Places 5

Coding RW

The Motor And Load Inertia (03.018) represents the total inertia driven by the motor. This is used to set the speed controller

gains (see Speed Controller Set-up Method (03.017)) and to provide torque feed forwards during acceleration when required (see Torque Mode Selector

(04.011)).
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It is possible to measure the inertia as part of the auto-tune process (see Auto-tune (05.012)).

Parameter 03.019 Compliance Angle

Short description Ec?ljiir\}(zlsetnhtet c;edqr?vi;egataendggﬁ: edri:placement when the drive delivers a torque producing current
Mode RFC-S

Minimum 0.0 Maximum 360.0

Default 4.0 Units °

Type 16 Bit User Save Update Rate 1s read

Display Format Standard Decimal Places 1

Coding RW

The Compliance Angle (03.019) is the required angular displacement when the drive delivers a torque producing current equivalent to Kc',
i.e. Full Scale Current Kc (11.061) x 0.45, with no field weakening. The value of this parameter is used to automatically determine the speed controller

gains if required. See Speed Controller Set-up Method (03.017).

Parameter 03.020 Bandwidth

Short description E:grﬁjévggpgysrgi;al 3dB point on the closed-loop gain characteristic of the speed controller as a
Mode RFC-S

Minimum 1 Maximum 1000

Default 10 Units Hz

Type 16 Bit User Save Update Rate 1s read

Display Format Standard Decimal Places 0

Coding RW

The Bandwidth (03.020) is defined as the theoretical 3dB point on the closed-loop gain characteristic of the speed controller as a second order system. At
this point the phase shift is approximately 60°. The value of Bandwidth (03.020) is used to automatically determine the speed controller gains if required.

See Speed Controller Set-up Method (03.017).

Parameter 03.021 Damping Factor

Short description Defines the factor for the response of the system to a torque transient
Mode RFC-S

Minimum 0.0 Maximum 10.0
Default 1.0 Units

Type 8 Bit User Save Update Rate 1s read
Display Format Standard Decimal Places 1
Coding RW

Damping Factor (03.021) defines this factor for the response of the system to a torque transient, and so if the Damping Factor (03.021) is unity, the

response to a load torque transient is critically damped. The closed-loop step response of the speed controller gives approximately 10% overshoot with

unity damping factor. Damping Factor (03.021) is used to automatically determine the speed controller gains if required. See Speed Controller Set-

up Method (03.017).

Parameter 03.022 Hard Speed Reference

Short description Defines a speed reference value which does not pass through the ramp system

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF Maximum VM_SPEED_FREQ_REF
Default 0.0 Units

Type 32 Bit User Save Update Rate 250us read

Display Format Standard Decimal Places 1

Coding RW, VM

The Hard Speed Reference (03.022) is a reference value which does not pass through the ramp system, but is added directly to

the Post Ramp Reference (02.001).The Hard Speed Reference (03.022) is only added when selected by the Hard Speed Reference Select (03.023) and

the Reference On (01.011) is active.

Parameter 03.023 Hard Speed Reference Select

Short description Set to 1 to enable the use of the hard speed reference

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

See Hard Speed Reference (03.022).
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Parameter 03.024 RFC Feedback Mode

Short description Defines the method of feedback used for the speed controller
Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Feedback

1 Sensorless

2 Feedback NoMax

3 Sensorless NoMax

RFC Feedback Mode (03.024), which can be changed even when the motor is running, selects the feedback method used to provide position feedback to
control the motor. The actual feedback method being used at any time is given by Sensorless Mode Active (03.078). When sensorless mode is used, a
filter with a 4ms time constant is automatically included in the speed feedback as this is required for this system to operate correctly. The possible speed
controller bandwidth will be reduced by a factor of approximately 10 compared with the bandwidth possible with a position feedback device. The maximum
and minimum for the speed references are limited by the VM_POSITIVE_REF_CLAMP variable minimum/maximum which prevents the speed from
exceeding the level where the position feedback cannot be interpreted correctly. This limit is disabled if RFC Feedback Mode (03.024) is 2 or 3, so that it
is possible to change between operation with or without position feedback if the speed range needs to be extended beyond the limit of the position
feedback device. Care should be taken not to exceed a speed that would damage the position feedback device.

0: Position feedback
RFC mode is active using the position feedback selected Motor Control Feedback Select (03.026) to control the motor.

1: Sensorless
RFC mode using a sensorless algorithm to provide position feedback, is used to control the motor.

2: Position feedback with no maximum speed limit
RFC mode with position feedback selected with Motor Control Feedback Select (03.026)) is used to control the motor. The maximum reference limit is
disabled.

3: Sensorless with no maximum speed limit
RFC mode using a sensorless algorithm to provide position feedback, is used to control the motor. The maximum reference limit is disabled.

It should be noted for sensorless mode to operate correctly using the injection method (RFC Low Speed Mode (05.064)) there is a mimum difference
required between Ld and Lq in the motor otherwise a trip is initated. See Inductance for details.

Parameter 03.025 Position Feedback Phase Angle

Short description E)?ftiﬁeesdtr?v%ggiiit?g?{ﬁebgg%?ncé??e;zt;r flux and the feedback position and must be set up correctly
Mode RFC-S

Minimum 0.0 Maximum 359.9

Default Units °

Type 16 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, ND

The phase angle between the rotor flux and the feedback position must be set up correctly for the drive to control the motor correctly. If the phase angle is
known it can be set in Position Feedback Phase Angle (03.025) by the user. Alternatively the drive can automatically measure the phase angle by
performing a phasing test (see Auto-tune (05.012)). When the test is complete the new value is automatically written to Position Feedback Phase Angle
(03.025). Position Feedback Phase Angle (03.025) can be modified at any time and becomes effective immediately. Position Feedback Phase Angle
(03.025) has a factory default value of 0.0, but is not affected when defaults are loaded by the user.

The alignment required for zero position feedback phase angle (i.e. Position Feedback Phase Angle (03.025) = 0.0) is given below for different feedback
devices. Forward rotation of the motor is produced when Vu leads Vv leads Vw. Although it is not essential, forward rotation of a motor is normally defined
as clockwise when looking at the motor shaft end. When the motor is rotating forwards the motor speed is shown as positive and the position increases.

AB Servo, FD Servo, FR Servo, SC Servo

The alignment required between the no-load motor voltages and the commutation signals for Position Feedback Phase Angle (03.025) = 0.0 is shown in

the diagram below. It should be noted that if the encoder is advanced (i.e. the UVW signals are moved to the right with respect to the voltages) the angle
in Position Feedback Phase Angle (03.025) is increased from zero. If the encoder is retarded the angle changes to 359.9 and then reduces towards zero.
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Encoder commutation
signals

L

Position feedback phase angle alignment with commutation signals

The encoder can be aligned statically by connecting the motor to a d.c. power supply as shown.

Static alignment test

The motor will move to one of a number of positions defined by the number of motor pole pairs (i.e. 3 positions for a six pole motor, etc.). The encoder
should be adjusted so that the U commutation signal is high, W is low and V is toggling in one of these positions.

Any other feedback device

The alignment required between the no-load motor voltages and the position feedback (i.e. P71 Position (03.029) for the drive P1 position feedback
interface) with Position Feedback Phase Angle (03.025) = 0.0 is shown in the diagram below for a 2 or 4 pole motor. For higher numbers of poles the zero
position should still be aligned as shown, but the one electrical cycle shown corresponds to 360° / (Number of poles / 2). It should be noted that if the
position feedback device is advanced (i.e. the zero position is moved to the right with respect to the voltages) Position Feedback Phase Angle (03.025) is
increased from zero. If the position feedback is retarded Position Feedback Phase Angle (03.025) changes to 359.9 and then reduces towards zero.
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The position feedback device can be aligned statically by connecting the motor to a d.c. power supply as already shown. The motor will move to one of a
number of positions defined by the number of motor poles (i.e. 3 positions for a six pole motor, etc.). The position feedback device should be adjusted so
that the position displayed by the drive is (n x 65536) / (Number of poles / 2), where n = 0, 1, etc..

Parameter 03.026 Motor Control Feedback Select

Short description Defines the source of position feedback

Mode RFC-S

Minimum 0 Maximum 7
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 P1 Drive

1 P2 Drive

2 P1 Slot1

3 P2 Slot1

4 P1 Slot2

5 P2 Slot2

6 P1 Slot3

7 P2 Slot3

Motor Control Feedback Select (03.026) should be used to select the position feedback interface for motor control. If the feedback interface does not exist
then the drive will produce an Encoder 9 trip if it is enabled. Note that if RFC Feedback Mode (03.024) is set to 1 or 3 to select sensorless control then this

trip is suppressed.

Parameter 03.027 P1 Speed Feedback

Short description Displays the speed feedback from device P1

Mode RFC-S

Minimum -VM_SPEED Maximum VM_SPEED
Default Units

Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

Provided the set-up parameters for the position feedback device connected to the drive P1 position interface are correct P71 Speed Feedback (03.027)
shows the speed derived from the feedback. The speed is given in mm/s if P1 Linear Feedback Select (03.051) = 1 and Linear Speed Select (01.055) = 1,
otherwise it is given in rpm. The value shown is measured over a 16ms sliding window period, and so the ripple in this value is as defined

for Speed Feedback (03.002).
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Parameter 03.028 P1 Revolution/Pole Pitch Counter

Short description Displays the revolution/pole pitch counter from device P1

Mode RFC-S

Minimum 0 Maximum 65535
Default Units

Type 16 Bit Power Down Save Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

P1 Revolution/Pole Pitch Counter (03.028), P1 Position (03.029) and P1 Fine Position (03.030) combined give the encoder position with a resolution of
1/232 of a revolution/pole pitch as a 48 bit number. If a rotary position feedback device is being used (P71 Linear Feedback Select (03.051) = 0) then these
quantities relate directly to the rotary position of the feedback device. If a linear feedback device is used then one revolution or pole pitch relates to the
distance given by P71 Pole Pitch (03.055).

47 32 3 16 15 0

Revolutions/Pale Pilches Position Fine Position

Provided the position feedback interface set-up parameters are correct, the position is always converted to units of 1/232 of a revolution/pole pitch, but
some parts of the value may not be relevant depending on the resolution of the feedback device. For example a 1024 line digital encoder produces 4096
counts per revolution, and so the position is represented by the bits in the shaded area only.

47 32 H 20 13 16 13 0

Revolutions/Pole Fitches Position | | Fine Position

When the position feedback moves by more than one revolution or pole pitch the P71 Revolution/Pole Pitch Counter (03.028) increments or decrements in
the form of a sixteen bit roll-over counter. If an absolute position feedback device (except AB Servo, FD Servo, FR Servo, SC Servo) is used the position
is initialised at power-up and each time the encoder is subsequently initialised with the absolute position including the revolution count if a multi-turn
absolute rotary encoder is used, or the pole pitch count if an absolute linear encoder is used. To avoid showing turns values that are outside the range of
the encoder any bits beyond the turns information are normally masked. For example, if the encoder provides 12 bits of turns information, then the most
significant 4 bits of the revolutions are always zero. If a single turn encoder is used all the bits of the revolutions are zero. To remove this masking

P1 Absolute Turns Recovery Enable (03.073) should be set to one. In addition to removing the mask, the extended turns value is retained on power-down
and will be recovered on power-up. See P1 Absolute Turns Recovery Enable (03.073) for more details.

The position interface parameter descriptions cover rotary and linear applications, but the revolutions or pole pitches are always referred to as turns.

Parameter 03.029 P1 Position

Short description Displays the position feedback from device P1

Mode RFC-S

Minimum 0 Maximum 65535
Default Units

Type 16 Bit Power Down Save Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

See P1 Revolution/Pole Pitch Counter (03.028).

Parameter 03.030 P1 Fine Position

Short description Displays the fine position feedback from device P1

Mode RFC-S

Minimum 0 Maximum 65535
Default Units

Type 16 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

See P1 Revolution/Pole Pitch Counter (03.028).

Parameter 03.031 P1 Marker Mode
Short description Defines the marker mode for device P1
Mode RFC-S
Minimum 0 . Maximum 15.
(Display: 0000) (Display: 1111)
Default ?Display: 0100) Units
Type 8 Bit User Save Update Rate Background read
Display Format Binary Decimal Places 0
Coding RW

P1 Device Type (03.038): AB, FD, FR, AB Servo, FD Servo, FR Servo
Each position feedback device produces incremental signals which are counted in hardware. If P1 Marker Mode (03.031) = 0 the following occurs when a
marker event is produced by the Z1 input:

1. P1 Position (03.029) and P1 Fine Position (03.030) are reset to zero.
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2. The bits in P1 Normalised Position (03.058) related to P71 Position (03.029) and P1 Fine Position (03.030) are reset to zero
3. P1 Marker Flag (03.032) is set to one.

The marker is a hardware function, and so the position appears as though it is reset at the marker event time even if this is between control system
sample points. It should be noted that the marker event occurs on the rising edge of the marker pulse if the position change over the last sample was
positive or on the falling edge if the position change over the last sample was negative. This ensures that the marker event occurs at the same physical
location for either direction of rotation.

The action taken when a marker event occurs can be modified by setting the bits of P71 Marker Mode (03.031) as described in the table below.

Bit |Effect of setting bit to one

0 No action is taken unless the marker flag is zero before the marker event occurs

P1 Revolution/Pole Pitch Counter (03.028) and the whole of P71 Normalised Position (03.058) are also set to
zero on a marker event

P1 Revolution/Pole Pitch Counter (03.028), P1 Position (03.029), P1 Fine Position (03.030) and the related
part of P1 Normalised Position (03.058) are not reset. (This overrides bit 1.) P1 Normalised Position
(03.058) is transferred to P1 Normalised Marker Position (03.059) and P1 Marker Flag (03.032) is set to
one.

If this bit is 0 the state of the marker is only undefined when the differential input is in the range from -200mV
to 200mV. The marker pulse is only guaranteed to be recognised if it is at least 500ns wide. This setting is
used for most encoders with standard level marker pulses.

3 If this bit is set to 1 the undefined state region is reduced to the range from -30mV to 30mV. The marker
pulse is only guaranteed to be recognised if it is at least 10us wide. The smaller undefined region is required
for position feedback devices that produce a small marker pulse, such as the Heidenhain ERN1387
encoder. Note that the reduced undefined region is only provided for position feedback interface P1 and that
this bit in P2 Marker Mode (03.131) has not effect.

The marker input can be used for a standard type marker function or alternatively it can be used as an additional freeze input for the P1 position feedback
interface.

P1 Device Type (03.038): SC, SC Servo, SC SC

The marker function operates in the same way as for the digital incremental encoders. The resolution of the marker actions is only as accurate as the zero
crossings of the sine waves. The marker is used with an SC SC type device to trim the absolute position derived from the single sine wave per turn
channels once after initialisation. Until this is done (i.e. the marker has been active once after initialisation) marker events will not be registered.

P1 Device Type (03.038): Any other device type
The marker function cannot be used and P1 Marker Mode (03.031) has no effect.

Parameter 03.032 P1 Marker Flag

Short description Indicates when a marker event occurs

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 0

Coding RW, NC

P1 Marker Flag (03.032) is set to one when a marker event occurs. The flag must be cleared by the user.

Parameter 03.033 P1 Rotary Turns Bits

Short description Defines the number of rotary turns bits for device P1

Mode RFC-S

Minimum 0 Maximum 16

Default 16 Units

Type 8 Bit User Save Update Rate \I?vz;?é(ground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

P1 Rotary Turns Bits (03.033) normally only has any effect if the position feedback interface is being used with a rotary device

(i.e. P1 Linear Feedback Select (03.051) = 0).

P1 Device Type (03.038): SC Hiperface, SC EnDat, SC SSI, EnDat, BISS, SSI, SC BiSS
P1 Rotary Turns Bits (03.033) is used to determine the number of bits within the comms messages from the position feedback device that represent turns.
For a single turn encoder P1 Rotary Turns Bits (03.033) must be set to zero. The most significant bits in P71 Revolution/Pole Pitch Counter (03.028) that
are not included in the turns information provided by the encoder comms are held at zero. If P1 Rotary Turns Bits (03.033) = 0 (single turn encoder) the
whole of P1 Revolution/Pole Pitch Counter (03.028) is held at zero. The number of bits of position information within one revolution for a rotary device are
calculated from P1 Rotary Turns Bits (03.033) and P1 Comms Bits (03.035). If the resulting value is greater than 32 it is limited to 32.

Some SSI encoders include leading zeros before the turns information and in this case the number of turns bits should include the leading zeros. Some
BiSS encoders include zero padding either before or after the turns information (see P71 Additional Configuration (03.074)). P1 Rotary Turns Bits
(03.033) should include the actual turns bits and the additional padding.
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P1 Device Type (03.038): Option Slot 1, Option Slot 2, Option Slot 3, Option Slot 4
Whatever the setting for P1 Linear Feedback Select (03.051) the number of rotary turns bits should be set up to indicate how many turns bits there are in
the position provided by an option module. See P71 Device Type (03.038) for more details.

P1 Device Type (03.038): Any other device type

It is sometimes desirable to mask off the most significant bits of P71 Revolution/Pole Pitch Counter (03.028), but this does not have to be done for the drive
to function correctly. If P71 Rotary Turns Bits (03.033) = 0 the whole of P1 Revolution/Pole Pitch Counter (03.028) is held at zero. If P71 Rotary Turns Bits
(03.033) has any other value it indicates the number of bits in P17 Revolution/Pole Pitch Counter (03.028) that are not held at zero. For example, if

P1 Rotary Turns Bits (03.033) = 5, then P1 Revolution/Pole Pitch Counter (03.028) counts up to 31 before being reset.

The description above is for normal operation when P1 Absolute Turns Recovery Enable (03.073) = 0. If P1 Absolute Turns Recovery Enable (03.073) = 1
no masking is applied to P71 Rotary Turns Bits (03.033), and so a 16 bit value is always shown.

Parameter 03.034 P1 Rotary Lines Per Revolution

Short description Defines the number of rotary lines per revolution for device P1

Mode RFC-S

Minimum 1 Maximum 100000

Default 4096 Units

Type 32 Bit User Save Update Rate \I?vﬁggground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

P1 Rotary Lines Per Revolution (03.034) only has any effect if the position feedback interface is being used with a rotary device (i.e.
P1 Linear Feedback Select (03.051) = 0).

P1 Device Type (03.038): AB, AB Servo
P1 Rotary Lines Per Revolution (03.034) should be set to the number of lines per revolution for the encoder connected to the P1 position feedback
interface.

P1 Device Type (03.038): FD, FR, FD Servo, FR Servo
P1 Rotary Lines Per Revolution (03.034) should be set to the number of lines per revolution for the encoder connected to the P1 position feedback
interface divided by 2.

P1 Device Type (03.038): SC, SC Servo, SC Hiperface, SC EnDat, SC SSI, SC SC, SC BiSS
P1 Rotary Lines Per Revolution (03.034) should be set to the number of sine waves per revolution for the encoder connected to the P1 position feedback
interface.

P1 Device Type (03.038): Any other device type
P1 Rotary Lines Per Revolution (03.034) has no effect.

Parameter 03.035 P1 Comms Bits

Short description Defl_nes the total number of bits of position information in the comms message from the encoder for
device P1

Mode RFC-S

Minimum 0 Maximum 48

Default 0 Units

Type 8 Bit User Save Update Rate \I’?,vz:i;::ground read, auto-configuration

Display Format Standard Decimal Places 0

Coding RW

P1 Device Type (03.038): SC Hiperface, EnDat, SC EnDat
Total number of bits of position information in the comms message from the encoder.

P1 Device Type (03.038): SSI, SC.SSI
Total number of bits of position information in the comms message from the encoder including any leading or trailing zeros and the power supply alarm bit
if present.

P1 Device Type (03.038): BiSS, SC BiSS
Total number of bits of position information in the comms message from the encoder excluding the warning and error bits. It is always assumed there is
one warning bit and one error bit. The length of the position information includes any zero padding that is included by the encoder.

Tums Pasition

Padding Tums Padding Position 1E M| CRC

d
-

L J

P1 Comms Bits (03.035)

P1 Device Type (03.038): Any other device type
P1 Comms Bits (03.035) has no effect.
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Parameter 03.036 P17 Supply Voltage

Short description Defines the supply voltage output for device P1

Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 5V

1 8V

2 15V

P1 Supply Voltage (03.036) sets the level for the supply voltage output. To ensure that the maximum voltage for the position feedback device is not
accidentally exceeded, the device should be disconnected from the drive when the level is being adjusted.

Parameter 03.037 P1 Comms Baud Rate

Short description Defines the baud rate used for encoder communications

Mode RFC-S

Minimum 0 Maximum 8
Default 2 Units Baud
Type 8 Bit User Save Update Rate \I?vﬂct:(la(ground read, Auto-configuration
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 100k

1 200k

2 300k

3 400k

4 500k

5 1™

6 1.5M

7 2M

8 4M

P1 Comms Baud Rate (03.037) defines the baud rate used for encoder communications. Restrictions are applied to the baud rate for different feedback
devices, and so the baud rate may be different to the parameter value.

P1 Device Type (03.038): SC.Hiperface
A fixed baud rate of 9600 baud is always used with this type of encoder so P1 Comms Baud Rate (03.037) has no effect.

P1 Device Type (03.038): SC.SSI, SC EnDat, SC BiSS

Any baud rate that is within the range specified for the encoder may be used. The data from the encoder is not used for time critical functions, and so it is
recommended that the default value of 300K baud is used unless this needs to be reduced because of a limitation imposed by the encoder.

P1 Device Type (03.038): EnDat, BiSS, SSI
Any baud rate that is within the range specified for the encoder may be used. The line delay is measured during initialisation, and used to compensate this
delay during communications with the encoder. Therefore there is no timing based restriction on the length of the cable between the position feedback
interface and the encoder. However, care should be taken to ensure that the wiring arrangement and the type of cable used are suitable for the selected
baud rate and the distance between the position interface and the encoder. See P71 Low Speed Update Rate Active (03.063) for more details on timing
restrictions related to the drive sample times.

P1 Device Type (03.038): Any other device
P1 Comms Baud Rate (03.037) has no effect.

Parameter 03.038 P1 Device Type

Short description Defines the device type connected to the drive P1 position feedback interface
Mode RFC-S

Minimum 0 Maximum 21

Default 3 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE
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Value Text

0 AB

1 FD

2 FR

3 AB Servo

4 FD Servo

5 FR Servo

6 SC

7 SC Hiperface
8 EnDat

9 SC EnDat
10 SSI

11 SC SSI

12 SC Servo

13 BiSS

14 Resolver

15 SC SC

16 Commutation Only
17 SC BiSS

18 Option Slot 1
19 Option Slot 2
20 Option Slot 3
21 Option Slot 4

P1 Device Type (03.038) should be set up to match the device connected to the drive P1 position feedback interface. The table below gives the position

feedback types supported by the P1 position feedback interface.

P1 Device Type

(03.038) Signals Position feedback type Communications
0: AB Quadrature Incremental None
1: FD Frequency and direction Incremental None
2:FR Forward and reverse Incremental None
. ) Absolute commutation signals with
3: AB Servo Quadrature and commutation incremental None
4: FD Servo Frequency and direction, and Absolute commutation signals with None
commutation incremental
. Forward and reverse, and Absolute commutation signals with
5:FR Servo commutation incremental None
6: SC SINCOS Incremental SINCOS None
7: SC Hiperface SINCOS and Hiperface comms g‘ltﬁglgg comms with incremental Hiperface
. EnDat 2.1
8: EnDat EnDat comms Absolute comms EnDat 2.2
9: SC EnDat SINCOS and EnDat comms Absolute comms with incremental EnDat 2.1
SINCOS
10: SSI SSI comms Absolute comms SSI
. Absolute comms with incremental
11: SC SSI SINCOS and SSI comms SINCOS SSI
. . Absolute commutation signals with
12: SC Servo SINCOS and commutation incremental None
13: BiSS BiSS comms Absolute comms BiSS
14: Resolver Resolver Resolver None
. SINCOS and single sine and cosine|SINCOS with absolute position from
15: 8C SC signals per revolution single sine and cosine signals None
16: Commutation Only JCommutation only Absolute commutation signals only None
. . . Absolute comms with incremental .
17: SC BiSS BiSS comms SINCOS BiSS
18: Option Slot 1 None Provided by option module None
19: Option Slot 2 None Provided by option module None
20: Option Slot 3 None Provided by option module None
21 Option Slot 4 None Provided by option module None

Position feedback type:

Incremental

Position devices that provide incremental feedback do not give absolute position feedback. The position is zero at power-up and accumulates the change

of position from that point on. These devices are suitable for motor control in RFC-A mode. They can also be used for RFC-S mode, but some form of

phasing auto-tune is required each time the position feedback is initialised.

Absolute commutation signals with incremental
Position devices with commutations signals are intended to provide absolute position feedback for motor control in RFC-S mode. If one of these devices is

used for RFC-A mode the commutation signals are ignored. The position information given in P71 Revolution/Pole Pitch Counter (03.028), P1 Position
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(03.029) and P1 Fine Position (03.030) appears as though the position feedback device is an incremental type in that it is initialised to zero at power-up
and then accumulates the change of position from that point on. The commutation signals are used directly by the motor control algorithms in RFC-S
mode to determine the motor position after position feedback initialisation. There must be one period of the commutation signals for each pole pair for a
rotary motor (i.e. 3 commutation signal periods per revolution for a 6 pole motor), or one period of the commutation signals must be equal to the motor
pole pitch for a linear motor. It should be noted that for a movement of up to 1/3 of the commutation signal period after position feedback initialisation the
maximum motor torque is limited to 0.866 of the maximum possible torque.

Absolute commutation signals only

Position devices with commutations signals are intended to provide absolute position feedback for motor control in RFC-S mode but can also be used to
provide position feedback for motor control in RFC-A mode. The position is derived from the commutation signals alone. A phase locked loop is used to
smooth the feedback, but this introduces a delay and there is significant ripple in the position and speed feedback at low speeds. If this method is used for
motor control then low speed loop gains should be used and P71 Feedback Filter (03.042) should be used to filter the feedback.

Incremental SINCOS

An incremental SINCOS encoder can be used in the same way as an AB incremental encoder, except that the position resolution is increased with
interpolation. These devices are suitable for motor control in RFC-A mode. They can also be used for RFC-S mode, but some form of phasing auto-tune
is required each time the position feedback is initialised. The increase in resolution due to interpolation depends on the magnitude and frequency of the
sine wave signals at the position feedback interface inputs on the drive. The sine wave inputs take balanced signals each with a nominal 1V peak to peak
level. (This means that the difference measured between the two signals for one sine wave input would be 2V peak to peak or 1V peak.) If interpolation
is not used the position feedback would have a resolution related to the number of sine waves per revolution (i.e. 512 sine waves per revolution would
give position feedback resolution equivalent to a 512 line incremental encoder, which gives 2048 discernible positions per revolution). With the nominal
signal level and an input frequency below 5kHz the interpolation using sine waves instead of digital incremental signals increases the resolution by a
factor of 1800. For a 512 sine wave encoder this would give a resolution of 512 x 4 x 1800 = 3686400 discernible positions per revolution. This

is equivalent to a digital incremental encoder with 921600 lines per revolution.The increased resolution due to interpolation is directly proportional to

the sine wave signal voltage levels, and also reduces with sine wave signal frequency. The resolution is given by

Resolution = P1 Rotary Lines Per Revolution (03.034) x 4 x 1800 x Vpeak to peak of the sine wave signals x Frequency Factor

where the frequency factor is given below.

1kHz 5kHz 50kHz 100kHz 200kHz 500kHz
1.00 1.00 0.86 0.66 0.39 0.14

Increasing the sine wave signal level above 1V peak to peak will increase the resolution, but the level should not be increased above 1.5V or else the
input will saturate and the sine waves will be distorted.

Absolute comms with incremental SINCOS

The absolute position is obtained after position feedback initialisation via the comms interface and then after that point by tracking the incremental change
from the sine wave signals. Interpolation is used to increase the position resolution. The comms interface can be used to check the position derived from
the sine waves. It can also be used for bi-direction transfer of data between the drive and encoder (except SSI comms). These devices can be used for
motor control in RFC-A or RFC-S modes.

Absolute comms
The absolute position is obtained at all times via the encoder comms. The comms interface can also be used for bi-directional transfer of data between
the drive and the encoder (except SSI mode). These devices can be used for motor control in RFC-A or RFC-S modes.

Resolver

A resolver can be used to provide absolute position feedback within the range covered by one electrical revolution of the resolver (i.e. 360° mechanical for
a 2 pole device, 180° mechanical for a 4 pole device, etc.). An angle of 0 degrees corresponds to the position where the cosine input is at its maximum
and in phase with the excitation and the sine input zero. A resolver can be used for motor control in RFC-A mode or RFC-S mode. In RFC-S mode a 2
pole resolver can be used with a motor with any number of motor poles, but with any other number of poles there must be an integer number of motor
poles for each resolver pole. In RFC-A mode this restriction does not apply. Standard or high speed sampling can be selected with P71 Resolver Excitation
(03.066). If standard sampling is selected and the position feedback used for motor control the maximum operating speed is limited before the control
peroformance starts to deteriorate. See P71 Resolver Excitation (03.066) for more details.

SINCOS with absolute position from sine and cosine signals

This type of device, which is not recommended for new applications, is intended to provide absolute position feedback for motor control in RFC-S mode. If
one of these devices is used for RFC-A mode the additional sine wave signals and the Z1 marker signal do not affect the motor control position feedback.
The position information given in P71 Position (03.029) and P1 Fine Position (03.030) is initialised to the position within one turn

and P1 Revolution/Pole Pitch Counter (03.028) is set to zero when the device is initialised based on the once per turn sine and cosine signals. This gives
a moderately accurate absolute position. When a marker event occurs it is used to give a more accurate absolute position. Care should be taken to
ensure that the position feedback device is connected correctly. For example a Heidenhain ERN1387 device should be connected as follows: 1/2=A+/A-
(Cosine), 3/4=B+/B-(Sine), 5/6=R+/R-(Marker), 7/8=C+/C-(Single turn cosine), 9/10=D+/D-(Single turn sine). It is assumed that the marker occurs at the
positive zero crossing of the single turn cosine signal when operating in the forwards direction (i.e. compatible with the ERN1387). To ensure the drive
can correctly detect the reference marker pulse with a Heidenhain ERN1387 encoder it is recommended that bit 3 of P71 Marker Mode (03.031) is set to 1.

Provided by Option Module

Position feedback information can be provided via the P1 interface from an option module. This is intended to be used by option modules that are not
position feedback category modules. If this type of device is selected, and the module in the selected slot supports this feature, the position provided by
the P1 interface will be written by the module and the interface will become initialised. If the option does not support this feature then the position will
remain at zero and the interface will not become initialised. It should be noted that the system allows 1.3s after power-up, or feedback interface re-
initialisation, for the option module to indicate that it is providing feedback before a Encoder 4 trip will be initiated. If the option module takes longer than
this to indicate that position feedback is available the power up delay should be extended with P71 Additional Power-up Delay (03.049).

The option module will provide the postion as a 32 bit value separated into turns and position within a turn as shown below.

[Turns | Position |

The number of turns bits should be set up in P71 Rotary Turns Bits (03.033) and the position value should be left justified. For example, if the information
being provided contains 8 turns bits and 16 position bits then P71 Rotary Turns Bits (03.033) should be set to 8 and the information should be written as
shown below.

|8 turns bits |16 position bits |8 Zeros |

For a linear device P71 Rotary Turns Bits (03.033) should be used in the same way to partition the data from the module where one turn corresponds to
one pole of the motor.
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To avoid discontinuities when the whole position rolls over the maximum number of turns boundary, the drive calculates the change of position between
the values provided by the option module at each sample and then accumulates the result. It is important that the change of position provide by the option
module between samples is less than half the range of the position value. For example, if 16 position bits are being used the change must be less than
32767. This only applies when the position feedback interface is in the initialised state. If it is not initialised then larger changes can be applied.

Communications:

Hiperface
Hiperface is an asynchronous bi-direction communications protocol that is only used with incremental sine waves. Therefore it can be used to check the
position derived from the sine waves or for bi-direction transfer of data between the drive and encoder. A checksum is provided for error checking.

EnDat 2.1

EnDat 2.1 is a synchronous bi-direction communications protocol that is intended to be used with incremental sine waves. Therefore it can be used to
check the position derived from the sine waves or for bi-direction transfer of data between the drive and encoder. It can be used as an absolute comms
only type position feedback interface, but the resolution of the position feedback using this method may be limited. If it is used in this way it is not possible
to use the position feedback via comms at the same time as communicating with the encoder for data transfer. A CRC is provided for error checking.

EnDat 2.2 and BiSS C Mode
EnDat 2.2 and BiSS are synchronous bi-direction communications protocols that are intended to be used alone. It is possible to obtain position feedback
at the same time as communicating with the encoder for data transfer. A CRC is provided for error checking.

Ssi

SSl is a uni-directional communications protocol that is intended to be used alone. It is only possible to obtain the position information from the encoder
and it is not possible to transfer data between the drive and the encoder. No error checking is provided by the SSI protocol, and so encoders based on
this interface are not recommended for new applications.

Parameter 03.039 P1 Termination Select

Short description Used to enable or disable the terminations on the position feedback interface inputs
Mode RFC-S

Minimum 0 Maximum 2

Default 1 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P1 Termination Select (03.039) is used to enable or disable the terminations on the position feedback interface inputs. The function of
P1 Termination Select (03.039) depends on the position feedback device type selected in P1 Device Type (03.038) as shown below.

Terminals 5/6 have selectable pull-apart resistors which follow the same state as the termination resistors for terminals 5/6, unless described differently
below.

P1 Device Type (03.038): AB, FD, FR, AB Servo, FD Servo, FR Servo

Terminal Input 03.039=0 03.039=1 03.039 =2
1/2 & 3/4 A1 & B1 Disabled Enabled Enabled
5/6 Z1 Disabled Disabled Enabled

U1, V1 & W1 terminations (terminals 7/8, 9/10 & 11/12) are always enabled for AB Servo, FD Servo and FR Servo encoders.

P1 Device Type (03.038): SC, SC Servo, SC SC

Terminal Input 03.039=0 03.039=1 03.039=2
1/2 & 3/4 Cos1 & Sin1 Disabled Enabled Enabled
5/6 Z1 Disabled Disabled Enabled

U1, V1 & W1 (terminals 7/8, 9/10 & 11/12) terminations are always enabled for SC Servo encoders. SCs1 and SSn1 (terminals 7/8 & 9/10)

terminations are always enabled for SC SC encoders.

P1 Device Type (03.038): SC Hiperface, SC EnDat, SC SSI, SC BiSS

Terminal Input 03.039=0 03.039 =1 03.039 =2
1/2 & 3/4 Cos1 & Sin1 Disabled Enabled Enabled
5/6 D1 Enabled Enabled Enabled

For SC EnDat and SC SSI encoder the pull-apart resistors on the D1 input/output (terminals 5/6) are always disabled, and for SC Hiperface encoders the
pull-apart resistors on the D1 input/output (terminals 5/6) are always enabled.

P1 Device Type (03.038): EnDat, BiSS, SSI

Terminal Input 03.039=0 03.039=1 03.039=2
1/2 & 3/4 D1/CLK1 Enabled Enabled Enabled
5/6 Z1 Disabled Disabled Enabled

If the P2 Device type (03.138) is set to EnDat, BiSS or SSI and the encoder simulation output is enabled, then the Z1 input becomes the data (D2) input
for the P2 position interface and termination resistors are always enabled and pull-apart resistors are always disabled.

P1 Device Type (03.038): Resolver
P1 Termination Select (03.039) has no effect as terminations are always disabled.

P1 Device Type (03.038): Commutation Only
P1 Termination Select (03.039) has no effect as terminations are always enabled.
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Parameter 03.040 P17 Error Detection Level
Short description Used to enable or disable position feedback trip functions
Mode RFC-S
- 0 . 255
Minimum (Display: 00000000) Maximum (Display: 11111111)
1 .
Default (Display: 00000001) Units
Type 8 Bit User Save Update Rate Background read
Display Format Binary Decimal Places 0
Coding RW, BU

This parameter can be used to enable or disable position feedback trip functions as follows:

monitor.

Bit|Function Trip(s) Comments

0 Enable wire break Encoder 2 Bits 5 and 6 have no effect if this bit is set to zero
detection. '
Enable phase error

1 detection. Encoder 3
Enable SSI power

2 [supply alarm bit Encoder 6

Disable indicated
trips.

Encoder 1 to Encoder 6

Trips related to bits 0, 1, 2, 5 and 6 do not ocur if this bit is set to one. See note below about
the position feedback device becoming uninitialised.

4 |Disable indicated trip.

Encoder 7.

Enable wire break
detection for sine
5 Jwave commutation
signals for SC SC
type encoders.

Encoder 2

Enable wire break
detection for the
marker with SC SC
type encoders with
Heidenhain ERN1387
type marker signals.

Encoder 2

Enable more
7 |sensitive resolver
wire break detection.

Encoder 2

The standard wire break detection is only likely to detect a break in the excitation signal, or
both the sine and cosine signals together. The more sensitive system will detect a break in
any signal provided the motor is rotating. If the motor is stationary, there are positions where
wire break will not be detected. The standard system uses 10% of the expected 1Vrms
feedback signals as the detection threshold, but the more sensitive system uses 80%. If the
resolver ratio is significantly less than 3:1 with 3V excitation, or 2:1 with 2V excitation, then

the more sensitive detection system should not be used.

Bits 3 and 4 do not prevent the device from becoming un-initialised. The trip is suppressed, but the device is still un-initialised and this is indicated by
the appropriate bit for the position feedback interface in Position Feedback Initialized (03.076).

Encoder trips

The following table shows trips that can be initiated that are related to the position feedback interface P1. The sub-trip number is 1 for the drive P1
position feedback interface.
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Drive trip Encoders Reason for error

Encoder 1 All Power supply short circuit
AB, FD, FR, AB Servo, [Hardware wire-break detect on A1, B1 and Z1 inputs '. (Note that there is no wire break detection on the U1, V1
FD Servo, FR Servo and W1 commutation inputs.)
SC, SC Servo,
Encoder 2 SC Hiperface, Software wire break detection on sine wave signals.
SC EnDat, SC SS|, Marker and single turn sine wave commutation signals for SC SC device®.
Resolver, SC SC, SC  |(Note that there is no wire break detection on the U1, V1 and W1 commutation inputs.)
BiSS

Encoder 3 SC Hiperface,

AB Servo, FD Servo, Ph 2
FR Servo, SC Servo ase error

SC EnDat, SC SSI, SC |Sine/cosine phase error 3
BiSS

Encoder 4

SC Hiperface,
SC EnDat, EnDat, BISS,
SC BiSS Comms timeout

Option Slot 1, Option
Slot 2, The option module in the selected option slot has not indicated that it is providing position feedback.
Option Slot 3, Option
Slot 4

Encoder 5 |sc BiSS

SC Hiperface,
SC EnDat, EnDat, BISS,|Checksum/CRC error

SC SSI, SSI Not ready at start of position transfer (i.e. data input not one)

Encoder 6 |sc BiSS

SC Hiperface,
SC EnDat, EnDat, BiSS, |The encoder has indicated an error

SSI, SC SSI Power supply alarm bit active

Encoder 7 All

A set-up parameter for the device or the number of pole pairs for the currently selected motor have been
changed.

Encoder 8 EnDat, SSI, BiSS

P1 Device Type (03.038), P1 Comms Bits (03.035), P1 Comms Baud Rate (03.037), P1 Calculation Time
(03.060), P1 Recovery Time (03.061), P1 Line Delay Time (03.062) and P1 User Comms Enable (03.067) are
used to determine the time taken for the communications exchange with the encoder. If this time exceeds 250us
an Encoder 8 trip is initiated.

Encoder 9 All

Speed feedback selected from an option slot that does not have a position feedback category option module

fitted
Phasing Error|All Incorrect encoder phasing 4
Encoder 12 |SC Hiperface, BiSS The encoder could not be identified during auto-configuration
SC Hiperface,
Encoder 13 gg EFSDSat, EnDat, BiSS, |Data read from the position feedback device during auto-configuration is out of range
Encoder 14 |BiSS, SC BiSS The turns or position padding values in parameter P1 Additional Configuration (03.074) are out of range.

1.

2.

If the terminations are not enabled on the A1, B1 or Z1 inputs the wire break system will not operate. (Note that as default the Z1 input
terminations are disabled to disable wire break detection on this input.)

Phase error detection for AB Servo, FD Servo, FR Servo or SC Servo encoders monitors the relationship between the position from the
incremental signals and the commutation signals to ensure that the incremental pulses have been counted correctly. The error is detected if the
incremental position moves outside the position range defined by the UVW commutation signals by 10°. The trip is initiated if the error is detected
for 10 consecutive samples. This system should not be used unless one encoder line (AB Servo), or two lines (FD Servo, FR Servo), are less
than 10° electrical or else spurious Encoder 3 trips will occur.

. Phase error detection for SINCOS encoders with comms monitors the relationship between the position derived from the sine waves with the

position derived via comms. The encoder is interrogated via comms and the comparison is made once per second. If the error is greater than 10°
electrical for 10 consecutive samples the trip is initiated. This system should not be used unless one sine wave is less than 10° electrical or else
spurious Encoder 3 trips will occur.

. Incorrect encoder phasing is detected if the motor reaches half of the speed defined by VM_SPEED_FREQ_REF[MAX] and the phasing error is

large enough for the motor to accelerate uncontrollably.

. Detection of wire break on the sine wave commutation signals or marker of an SC SC device may require the encoder to rotate by

several mechancial turns before the fault is detected, i.e. up to 2 turns for the sine wave commutation signals and up to 3 turns for the marker).

Wire-break detection
It may be important to detect a break in the connections between the drive and the position feedback device. This feature is provided for most position
feedback devices either directly or indirectly as listed below.
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Device

Detection method

Trip produced

AB, FD, FR, AB Servo,

may stay in one state or the other and cause a trip.

FD Servo, FR Servo Hardware detectors on the A1, B1 and Z1 signal detect a wire break. Encoder 2
The magnitudes of the sine wave signals are monitored as the magnitude of a vector which is calculated
as V(Sine2+Cosine?). If this is less than the value produced by two valid waveforms with a peak to peak
magnitude of 0.25V (i.e. 0.25 of the nominal level of 1V peak to peak) then a trip is initiated. This always
SC, SC Servo, detects wire break in the sine and cosine connections if the position feedback is changing. If the position
SC Hiperface, feedback is stationary this may not detect wire break until the position feedback moves, e.g. if the sine
SC EnData, connection is broken, but the cosine is at it's maximum then wirebreak will not be detected. Encoder 2
SC SSI, SC SC, SC
BiSS Additional monitoring is provided for SC SC encoders to give software wire break detection for the single
turn sine wave commutation signals and the marker. If the device is a Heidenhain ERN1387 the marker is
too small for hardware wire break detection, and so the additional software detection is required to detect
wire break on the marker.
The magnitudes of the sine and cosine input signals are monitored in a similar way to SINCOS signals
where the peak of the sine and cosine waveforms are used to calculate the vector magnitude. If the
Resolver caclulated value is less than the value produced by two valid waveforms with a differential peak to peak Encoder 2
magnitude of 0.4V then a trip is initiated. This detects wire break in the sine and cosine connections. If the
position feedback is stationary this may not detect wire break until the position feedback moves, e.g. if the
sine connection is broken, but the cosine is at it's maximum then wirebreak will not be detected.
SC Hiperface, Encoder 4
SC EnDat, EnDat, Wire break in the comms link is detected by a CRC or timeout error. Encoder 5’
BiSS, SC BiSS
Wire break detection in the comms is difficult with these devices. However, if power supply alarm bit
SS| SC SS| monitoring is enabled the drive will be looking for a one at the start of the message and a zero to indicate |Encoder 5,
’ that the power supply is okay. If the clock stops or the data line is disconnected the data input to the drive |Encoder 6

Position feedback power supply trips

The position feedback power supply from the drive can be switched off by the drive either because the power supply is overloaded (Encoder 1 trip) or
because the internal 24V supply within the drive is overloaded (PSU 24V trip). The internal 24V supply provides power for the position feedback power
supply, user 24V output, digital I/O, option modules etc. To ensure that an Encoder 1 trip is not initiated when the internal 24V is overloaded, and
subsequently switched off by the drive, there is a delay of 40ms in the detection of Encoder 1 trip. It is possible for other position feedback trips, such as
wire break detection (i.e. Encoder 2), to occur when the power supply is removed from the position feedback device. Therefore overloading the internal
24V supply or the position feedback supply could result in an immediate Encoder 2 trip. To ensure that the correct reason for the trip is given PSU 24V
and Encoder 1 trips override an existing Encoder 2 to Encoder 6 trip. This means that both the original trip (Encoder 2 to Encoder 6) and then the new trip
(PSU 24V or Encoder 1) are stored in the trip log.

Parameter 03.041 P1 Auto-configuration Select

Short description Set to 1 to enable interrogation of the encoder to determine the set up required
Mode RFC-S

Minimum 0 Maximum 1

Default 1 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Disabled

1 Enabled

P1 Device Type (03.038):

SC Hiperface, SC EnDat, EnDat, BiSS, SC BiSS

If auto-configuration has not been disabled (i.e. P17 Auto-configuration Select (03.041) is not 0) then during position feedback initialisation the encoder is
interrogated to determine whether the encoder is a rotary or linear encoder and P17 Linear Feedback Select (03.051) is set up appropriately. Then the
following parameters are set up based on information from the encoder:

Rotary

Linear

P1 Rotary Turns Bits (03.033)

P1 Linear Comms Pitch (03.052)

(03.034)

P1 Rotary Lines Per Revolution

P1 Linear Line Pitch (03.053)

P1 Commes Bits (03.035)

P1 Comms Bits (03.035)

(03.074)

P1 Additional Configuration

P1 Linear Comms And Line Pitch Units
(03.054)

The following actions are also taken to set up the timing for the encoder.
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Comms Protocol

Actions taken

EnDat 2.1

P1 Calculation Time (03.060) = From the encoder
P1 Recovery Time (03.061) = 30us
Line delay measured and result written to P17 Line Delay Time (03.062)

EnDat 2.2

P1 Calculation Time (03.060) = From the encoder

P1 Recovery Time (03.061) is set to 4us (and the encoder itself is set up to use its
short recovery time of 3.75us) if the P71 Comms Baud Rate (03.037) is 1M or more.
Line delay measured and result written to P71 Line Delay Time (03.062)

BiSS

P1 Absolute Turns Recovery Enable (03.073) = 5us
P1 Recovery Time (03.061) = 13ps

Line delay measured and result written to P17 Line Delay Time (03.062)

Once these parameters have been set up it should be possible for the drive to operate correctly with the encoder. Auto-configuration occurs as part of the

position interface initialisation if selected, and so if the auto-configuration fails (i.e. communications cannot be established) then initialisation will not be

completed. If initialisation has not been completed successfully the drive cannot be enabled (see Enable Conditions (06.010)). For SC Hiperface and BiSS

encoders the drive must identify the encoder model number to perform auto-configuration. If communications is established, but the drive cannot

recognise the encoder model, an Encoder 12 trip is produced immediately.

If auto-configuration is disabled ((i.e. P71 Auto-configuration Select (03.041) = 0) then none of the above actions are carried out except for the line delay

measurement.

P1 Device Type (03.038): All other device types
P1 Auto-configuration Select (03.041) has no effect.

P1 Feedback Filter (03.042) defines the time period for a sliding window filter that may be applied to the feedback taken from the drive P1 position
feedback interface. This is particularly useful in applications where the drive encoder is used to give speed feedback for the speed controller and where

Parameter 03.042 P1 Feedback Filter

Short description (Ej)r?\];len?; t;(e)stiitr;r:)?] ;;:;iggafglz ie:ﬂs;igiar::gewindow filter that may be applied to the feedback taken from the
Mode RFC-S

Minimum 0 Maximum 5

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Disabled

1 1ms

2 2ms

3 4ms

4 8ms

5 16ms

the load includes a high inertia, and so the speed controller gains are very high. Under these conditions, without a filter on the feedback, it is possible for

the speed loop output to change constantly from one current limit to the other and lock the integral term of the speed controller. In Unidrive SP this filter
was applied to the output of the sensorless speed feedback, however, a separate filter is now provided (see Sensorless Mode Filter (03.079)).

Parameter 03.043 P1 Maximum Reference

Short description Defines the maximum speed reference from device P1

Mode RFC-S

Minimum 0 Maximum 33000

Default 3000 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

The speed feedback from the drive P1 position feedback interface can be used as a source to control a parameter. The speed feedback is scaled to give

a value as a percentage of P17 Maximum Reference (03.043) in 0.1% units which is displayed in P1 Reference (03.045). The value is then scaled by

the P1 Reference Scaling (03.044) and then routed to the destination defined by P1 Reference destination (03.046).

Normally the destination is updated every 4ms, but if the destination is the Hard Speed Reference (03.022), P1 Maximum Reference (03.043) =
VM_SPEED_FREQ_REF[MAX] and P1 Reference Scaling (03.044) = 1.000 it is updated every 250us. Although the hard speed reference is updated

every 250ps internally a value in rpm or mm/s is written to Hard Speed Reference (03.022) every 4ms for indication only. It should be noted that if the fast
update method is used the resolution of the speed feedback devived from the position feedback device defines the resolution of the hard speed reference
and that any ripple on the feedback will be present on the hard speed reference (see Speed Feedback (03.002)).
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Parameter 03.044 P1 Reference Scaling

Short description Defines the scaling applied to P1 reference

Mode RFC-S

Minimum 0.000 Maximum 4.000

Default 1.000 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW

See P1 Maximum Reference (03.043).

Parameter

03.045 P1 Reference

Short description

Displays the value in P1 reference

Mode

RFC-S

Minimum -100.0 Maximum 100.0
Default Units %

Type 16 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding RO, FI,ND, NC, PT

See P1 Maximum Reference (03.043).

Parameter 03.046 P1 Reference destination

Short description Defines the destination parameter for P1 reference

Mode RFC-S

Minimum 0.000 Maximum 59.999
Default 0.000 Units

Type 16 Bit User Save Update Rate Drive reset read
Display Format Standard Decimal Places 3

Coding RW, DE, PT, BU

See P1 Maximum Reference (03.043).

Parameter 03.047 P1 SSI Incremental Mode

Short description Set to 1 to enable SSI incremental mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P1 Device Type (03.038): EnDat, BISS
P1 SSI Incremental Mode (03.047) has no effect and these comms modes can only operate in incremental mode, i.e. the absolute position is taken during
encoder initialisation and then incremental positions are accumulated from that point on, to determine the position. If there is an error in the position read
from the encoder this will be detected from the CRC check, and the position data will be ignored until correct data is available or the drive trips after a
number of consecutive errors. This prevents large spurious changes in position due to data errors, and so absolute mode is not required.

P1 Device Type (03.038): SSI
If P1 SSI Incremental Mode (03.047) = 0 the complete absolute position is read at each sample. Care should be taken when using this mode as some
unwanted effects can occur when the encoder passes through the boundary between its maximum position and zero. In this mode the encoder can be
used for motor control provided at least 6 bits of turns information are provided by the encoder otherwise an over speed trip will be produced as the
position passes over the maximum position to zero boundary. P71 Normalised Position (03.058) can be used for position control over this boundary
provided the normalised turns bits are set up so that the normalised positions do not contain turns information that is not available from the encoder. As
the SSI format does not include any error checking it is not possible to detect if the position data has been corrupted by noise. The benefit of using the
absolute position directly from an SSI encoder is that even if the encoder communications are disturbed by noise and position errors occur, the position
will always recover the correct position after the disturbance has ended.

If P1 SSI Incremental Mode (03.047) = 1 the absolute position is only taken from the encoder during initialisation. The change of position over each
sample is then accumulated to determine the position. This method always gives 16 bits of turns information that can always be used without jumps in
position whatever value is used as the turns bits for normalisation. If noise corrupts the data from an SSI encoder it is possible to have apparent large
change of position, and this can result in the turns information becoming and remaining corrupted until the encoder is re-initialised.

If an SSI encoder is used, but is not powered from the drive, and the encoder is powered up after the drive, it is possible that the first change of position
detected could be large enough to cause the problems described above. This can be avoided if the encoder interface is initialised

with Initialise Position Feedback (03.075) after the encoder has powered up. If the encoder includes a power supply alarm bit, the power supply monitor
should be enabled. This will ensure that the drive remains tripped until the encoder is powered up and the action of resetting the trip will reinitialise the

encoder interface.

P1 Device Type (03.038): All other device types
P1 SSI Incremental Mode (03.047) has no effect.
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Parameter 03.048 P1 SSI Binary Mode

Short description Set to 1 to enable SSI binary mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P1 Device Type (03.038): SC SSI, SSI
SSI encoders normally use Gray code data format. However, some encoders use binary format which may be selected by setting P71 SS/ Binary Mode
(03.048) to one.

P1 Device Type (03.038): All other device types
P1 SSI Binary Mode (03.048) has no effect.

Parameter 03.049 P1 Additional Power-up Delay

Short description Defines an additional delay for when any attempt is made to communicate to the device P1
Mode RFC-S

Minimum 0.0 Maximum 25.0

Default 0.0 Units S

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW, BU

When the position feedback is initialised, at power-up or at any other time, a delay is included before the information from the feedback device is used or
any attempt is made to communicate with the device. The minimum delays are shown in the table below. P71 Additional Power-up Delay (03.049) defines

an additional delay that is added to the minimum delay.

P1 Device Type (03.038) Minimum delay
AB, FD, FR

AB Servo, FD Servo, FR Servo
SC, SC Servo

Resolver, SC SC

SC Hiperface 150ms

EnDat, SC EnDat
SSI, SC SSI

BISS, SC BiSS 1.3s
Option Slot 1, Option Slot 2,
Option Slot 3, Option Slot 4

100ms

Parameter 03.050 P1 Feedback Lock

Short description Set to 1 to prevent the position feedback paramters for P1 being updated

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If P1 Feedback Lock (03.050) = 1 then P1 Revolution/Pole Pitch Counter (03.028), P1 Position (03.029) and P1 Fine Position (03.030) are not updated.

If P1 Feedback Lock (03.050) = 0 then these parameters are updated normally.

Parameter 03.051 P1 Linear Feedback Select

Short description Set to 1 to configure the P1 interface to operate with a linear position feedback device

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate \I/?,vz:i;:é(ground read, Auto-configuration
Display Format Standard Decimal Places 0

Coding RW

If P1 Linear Feedback Select (03.051) = 0 then the drive P1 position feedback interface is configured to operate with a rotary position feedback
device. P1 Rotary Turns Bits (03.033) and P71 Rotary Lines Per Revolution (03.034) should be used to set up the position feedback interface.

If P1 Linear Feedback Select (03.051) = 1 then the position feedback interface is configured to operate with a linear position feedback
device. P1 Linear Comms Pitch (03.052) and P1 Linear Line Pitch (03.053) should be used to set up the position feedback interface.
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Parameter 03.052 P1 Linear Comms Pitch
- Defines the distance covered by the least significant bit of the position information in a comms message
Short description from a linear encoder
Mode RFC-S
Minimum 0.001 Maximum 100.000
Default 0.001 Units
Type 32 Bit User Save Update Rate \I?vz:i;:é(ground read, auto-configuration
Display Format Standard Decimal Places 3
Coding RW

P1 Device Type (03.038): SC Hiperface, EnDat, SC EnDat, SSI, SC SSI, BiSS, SC BiSS
P1 Linear Comms Pitch (03.052) is used to define the distance covered by the least significant bit of the position information in a comms message from a
linear encoder. The units used by this parameter are defined by P71 Linear Comms And Line Pitch Units (03.054).

P1 Device Type (03.038): Any other device
P1 Linear Comms Pitch (03.052) has no effect.

Parameter 03.053 P1 Linear Line Pitch

Short description Defines the linear line pitch for device P1

Mode RFC-S

Minimum 0.001 Maximum 100.000

Default 0.001 Units

Type 32 Bit User Save Update Rate \3zr=1i<t:é<ground read, auto-configuration
Display Format Standard Decimal Places 3

Coding RW

P1 Linear Line Pitch (03.053) only has any effect if the position feedback interface is being used with a linear device (i.e. P1 Linear Feedback Select
(03.051) = 1) and should be used to define the distances listed below for each type of device. The units used by this parameter are defined
by P1 Linear Comms And Line Pitch Units (03.054).

P1 Device Type (03.038): AB, AB Servo
P1 Linear Line Pitch (03.053) should be set to the distance covered by one line period on the encoder.

P1 Device Type (03.038): FD, FR, FD Servo, FR Servo
P1 Linear Line Pitch (03.053) should be set to the distance covered by two line periods on the encoder.

P1 Device Type (03.038): SC, SC Hiperface, SC EnDat, SC SSI, SC Servo, SC SC, SC BiSS
P1 Linear Line Pitch (03.053) should be set to the distance covered by one sine wave period on the encoder.

P1 Device Type (03.038): Resolver
P1 Linear Line Pitch (03.053) should be set to the distance covered by one pole of the resolver divided by 214,

P1 Device Type (03.038): Any other device
P1 Linear Line Pitch (03.053) has no effect.

Parameter 03.054 P1 Linear Comms And Line Pitch Units

Short description Defines the linear units in either millimetres or micrometres

Mode RFC-S

Minimum 0 Maximum 1
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 millimetres

1 micrometres

P1 Linear Comms And Line Pitch Units (03.054) defines the units used by P71 Linear Comms Pitch (03.052) and P1 Linear Line Pitch (03.053) in either
millimetres or micrometres.

Parameter 03.055 P1 Pole Pitch

Short description Defines the distance equivalent to one pole for linear position feedback devices
Mode RFC-S

Minimum 0.01 Maximum 1000.00

Default 10.00 Units mm

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 2

Coding RW

P1 Pole Pitch (03.055) is used to define the distance equivalent to one pole for linear position feedback devices. If the linear position feedback device is
being used with a linear motor, then P71 Pole Pitch (03.055) should be set to the pole pitch of the motor.
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Parameter 03.056 P1 Feedback Reverse

Short description Set to 1 to reverse the direction of the position feedback

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If P1 Feedback Reverse (03.056) = 1 the position feedback is negated. This can be used to reverse the direction of the position feedback. It should be
noted that the position and the turns are negated, so for example if P71 Revolution/Pole Pitch Counter (03.028) = 0 and P71 Position (03.029) = 1000 with
P1 Feedback Reverse (03.056) = 0, then if P1 Feedback Reverse (03.056) is set to one then P71 Revolution/Pole Pitch Counter (03.028) = 65535 (-1) and
P1 Position (03.029) = 64536 (65536 - 1000). This will have an effect on the initial position for example, for a resolver which is a single turn absolute
device, where the initial P71 Revolution/Pole Pitch Counter (03.028) = 0 with P1 Feedback Reverse (03.056) = 0 or 65535 (-1) with P71 Feedback Reverse

(03.056) = 1.

Reversing the position feedback will not compensate for the following situations:

1. The direction of the incremental signals and the direction of the digital commutation signals are different for encoders which have digital

commutation signals (i.e. AB Servo)
2. The direction of the SINCOS signals are incorrect for a SINCOS encoder with comms.

Parameter 03.057 P1 Normalisation Turns

Short description Defines the number of turns bits included in the normalisation parameters

Mode RFC-S

Minimum 0 Maximum 16

Default 16 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

The combination of P1 Revolution/Pole Pitch Counter (03.028), P1 Position (03.029) and P71 Fine Position (03.030) give the position feedback as a 48 bit
value. This position cannot be read atomically without locking the position feedback (P71 Feedback Lock (03.050) = 1) and it cannot be used directly by the
Advanced Motion Controller (see Menu 31). It is useful to be able to create 32 bit position values that can be held by a single parameter as this value can
be accessed atomically and can be used directly by the Advanced Motion Controller. P1 Normalisation Turns (03.057) defines the number of turns bits
included in the following parameters.

P1 Normalised Position (03.058)

P1 Normalised Marker Position (03.059)

F1 Normalised Freeze Position (03.103) if P1 is the source position for freeze function F1
F2 Normalised Freeze Position (03.108) if P1 is the source position for freeze function F2

Parameter 03.058 P71 Normalised Position

Short description Displays the position taken from the position feedback device including the effect of the marker function
Mode RFC-S

Minimum -2147483648 Maximum 2147483647

Default Units

Type 32 Bit Volatile Update Rate 250us write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P1 Normalised Position (03.058) is the position taken from the position feedback device including the effect of the marker function.
See P1 Normalisation Turns (03.057) for details of the format.

Parameter 03.059 P71 Normalised Marker Position

Short description Displays the normalised position at the last marker event

Mode RFC-S

Minimum -2147483648 Maximum 2147483647
Default Units

Type 32 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P1 Normalised Marker Position (03.059) is the value P1 Normalised Position (03.058) at the last marker event provided bit 2 of P1 Marker Mode
(03.031) is set to 1. See P1 Marker Mode (03.031) for more details.
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Parameter 03.060 P17 Calculation Time
Short description Defines the time from the first edge of the clock signal from the position feedback interface until the
P encoder has calculated the position and is ready to return this information
Mode RFC-S
Minimum 0 Maximum 20
Default 5 Units us
Type 8 Bit User Save Update Rate \I?vz:i;:é(ground read, auto-configuration
Display Format Standard Decimal Places 0
Coding RW

P1 Device Type (03.038):

EnDat, BiSS

P1 Calculation Time (03.060) is the time from the first edge of the clock signal from the position feedback interface until the encoder has calculated the
position and is ready to return this information. This is used to calculate the overall time for a message interchange with the encoder.
See P1 Low Speed Update Rate Active (03.063) for more details.

P1 Device Type (03.038): Any other type of device

P1 Calculation Time (03.060) has no effect.

Parameter 03.061 P71 Recovery Time

Short description Defines the time that must be allowed after each message interchange before a new message begins
Mode RFC-S

Minimum 4 Maximum 100

Default 30 Units us

Type 8 Bit User Save Update Rate \I?v?ii;:ground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

P1 Device Type (03.038):

EnDat, SSI, BiSS

P1 Recovery Time (03.061) is the time that must be allowed after each message interchange before a new message begins.

P1 Device Type (03.038):
P1 Recovery Time (03.061

Any other type of device
) has no effect.

Parameter 03.062 P1 Line Delay Time
Short description aDésa;?rl]ays the transmission delay between the position feedback interface and the encoder and back
Mode RFC-S
Minimum 0 Maximum 5000
Default Units ns
. Background read, position feedback
Type 16 Bit User Save Update Rate initialisation write
Display Format Standard Decimal Places 0
Coding RO, ND, NC, PT

P1 Device Type (03.038):

EnDat, SC EnDat, BiSS, SC BiSS

During position feedback initialisation the transmission delay between the position feedback interface and the encoder and back again is measured and
stored in P1 Line Delay Time (03.062). This value is then used to compensate for this delay so that the clock/data skew does not prevent the data from
the encoder from being read. This means that longer line lengths can be used with these feedback devices provided the correct cable and connection
arrangements are used.

P1 Device Type (03.038): Any other type of device
P1 Line Delay Time (03.062) is always zero.

Parameter 03.063 P17 Low Speed Update Rate Active

Short description Indicates when the low speed update rate is active

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P1 Device Type (03.038): EnDat, SSI, BISS

There is a delay when the position information is obtained via a communications interface from an encoder. It is assumed that the position information is
taken from all types of encoder at a fixed datum point during each sample period. The drive initiates the comms transfer at a suitable point in advance of
the datum to ensure that the position information is available when required. A correction is then applied to the position information based on the change
of position over the previous sample and the advance time so that the position appears to have been sampled at the datum. If the communications
exchange, including allowing the encoder a recovery time (P71 Recovery Time (03.061)), is completed in 60us and the time required to obtain the full
position is completed in 40us then the position is sampled at each current controller task and P71 Low Speed Update Rate Active (03.063) = 0. Otherwise
if the communication exchange is completed in 230us the position is sampled every 250us and P71 Low Speed Update Rate Active (03.063) = 1. If the
complete exchange takes any longer an Encoder 8 trip is initiated. The following table shows the calculations used by the drive to determine the
necessary time to obtain the required data.
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Protocol Time for full position Time for complete data exchange
tgT + tp + 10T + 2T + NtT + 5T
where tcal < tgy + tp/2+ 10T

Endat 2.1 encoder Time for full position + t,
tgT + tp + toq + 2T + NtT + 5T
where tca| > tST + tD/Z + 10T
tgT +tp + 10T + 3T + NtT + 5T + tpyq
where tcal < tgy + tp/2+ 10T

EnDat 2.2 encoder Time for full position + t,
where tca| > tST + tD/Z + 10T

BiSS tp + teq + 2T + NtT + 2T + (CRCBits x T) Time for full position + t,,
tp + T+ NtT

SSli Time for full position + t,,
(tp cannot be measured, and so a value of 1.25ps is used)

where

Value Description Source

tsT EnDat start time For 100K baud = 5us, 200K baud = 2.5us, for all other baud rates = 2us

%) Transmission delay from the drive to the encoder and back P1 Line Delay Time (03.062)

T 1/ baud rate P1 Comms Baud Rate (03.037)

teal Position calculation time P1 Calculation Time (03.060)

Nt Total number of position information bits P1 Comms Bits (03.035)

tm Encoder recovery time P1 Recovery Time (03.061)

tadd Time for additional information tagqgr = 31T +tgy + 30T

CRCBits [The number of bits in the CRC applied to the position P1 Additional Configuration (03.074)

P1 Device Type (03.038): Option Slot 1, Option Slot 2, Option Slot 3, Option Slot 4

It is intended that position information is provided by an option module with an upate rate of 250us. It is assumed that the position that is provided is
sampled 230us before the position datum point. P1 Low Speed Update Rate Active (03.063) is always one to indicate that a sample rate of 250us is
being used.

P1 Device Type (03.038): Any other type of device
P1 Low Speed Update Rate Active (03.063) is always zero.

Parameter 03.064 P1 Encoder Protocol Detected

Short description Defines which protocol is used with the device P1

Mode RFC-S

Minimum 0 Maximum 4
Default Units

Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0
Coding RO, TE, ND, NC, PT

Value Text

0 None

1 Hiperface

2 EnDat2.1

3 EnDat2.2

4 BiSS

P1 Encoder Protocol Detected (03.064) shows the encoder comms protocol detected during position feedback initialisation. If P71 Device Type (03.038) is
set to SC Hiperface or BiSS then P1 Encoder Protocol Detected (03.064) is set to the appropriate value after successful communication with the encoder
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during initialisation. If P1 Device Type (03.038) is set to EnDat or SC EnDat then P1 Encoder Protocol Detected (03.064) is set to the appropriate EnDat
protocol after successful communication with the encoder during initialisation. If communications is not successful during initialisation then
P1 Encoder Protocol Detected (03.064) is set to 0.

Parameter 03.065 P1 Resolver Poles

Short description Defines the number of poles for the resolver connected to P1

Mode RFC-S

Minimum 1 Maximum 10

Default 1 Units PolePairs

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P1 Device Type (03.038): Resolver

P1 Resolver Poles (03.065) should be set to the number pole pairs for the resolver connected to the P1 position feedback interface. If the resolver is
being used for motor control then a 2 pole resolver can be used with any motor, but if the number of resolver poles is greater than 2, it can only be used
when motor poles / resolver poles is an integer (i.e. a 4 pole resolver can be used with an 8 pole motor). Note that this value is only used if

P1 Linear Feedback Select (03.051) = 0. If not then the position feedback must be set up using P71 Linear Line Pitch (03.053) and P1 Pole Pitch (03.055).

P1 Device Type (03.038): Any other type of device
P1 Resolver Poles (03.065) has no effect.

Parameter 03.066 P17 Resolver Excitation
Short description Defines the excitation of the resolver when connected to P1
Mode RFC-S
Minimum 0 Maximum 7
Default 4 Units
Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE
Value Text

6kHz 3V

8kHz 3V

6kHz 2V

8kHz 2V

6kHz 3V Fast
8kHz 3V Fast
6kHz 2V Fast
8kHz 2V Fast

Njojoalhlwldv—~]Oo

P1 Device Type (03.038): Resolver

P1 Resolver Excitation (03.066) defines the excitation voltage and frequency. A level of 3V r.m.s. should be used with 3:1 resolvers and 2V r.m.s. with 2:1
resolvers. These give a nominal level of 1V r.m.s. feedback into the position feedback interface. Other ratios can be used, but if the feedback is increased
above the expected levels the feedback seen by the drive will be distorted. The resolution of the position feedback will be reduced if the feedback is less
than 1V r.m.s. With a 2 pole resolver the nominal resolution is equivalent to 1600 line encoder. If the number of resolver poles are increased then the
resolution increases, for example a 4 pole resolver gives a resolution equivalent to a 3200 line encoder, etc. The position feedback system allows for a
delay from the excitation to the feedback from the resolver of up to 45° and will compensate for this lag during the position feedback initialisation

process. (It should be noted that the excitation voltage given is the nominal level, but this can slightly higher than the nominal level.)

The resolver interface offers two sampling rates: standard and fast. With standard sampling (P71 Resolver Excitation (03.066) < 4) any switching frequency
can be used with any resolver excitation frequency and the switching frequency can be changed when the position feedback is being used without any
transient effects. There is a 250us sampling delay with this system and if the resolver feedback is used for motor control the system can become unstable
at high speeds. It is recommended that the motor speed is limited to 9000rpm / Motor Pole Pairs. With fast sampling (P71 Resolver Excitation (03.066) = 4)
the sample delay is significantly reduced and resolver feedback can be used up to the maximum limit of 30000rpm, but the feedback is much noisier and
the acoustic noise produced by the motor is increased. It is possible to switch between standard and fast sampling while the drive is enabled and
controlling a motor, so for example standard sampling can be used at low speeds, and then fast sampling can be used at higher speeds. Normally

when P1 Resolver Excitation (03.066) is changed an Encoder 7 is initiated because the position feedback set-up has been changed and the position
feedback interface needs to be re-initialised. However, if the new value of P71 Resolver Excitation (03.066) is the old value plus or minus 4 (i.e. 0 to 4, or 5
to 1, etc.) then a trip is not initiated and the interface does not need to be initialised.

The following restrictions apply if fast sampling is selected:

1. 2, 4, 8 or 16kHz switching frequencies should be used with 8kHz excitation. 3, 6 or 12kHz switching frequencies should be used with 6kHz
excitation. If these conditions are not met the system will automatically operate with standard sampling.

2. If the switching frequency is changed by one step, i.e. from 2 to 3kHz, there will be a transient in the position feedback. To ensure that this does
not happen as the drive alters the switching frequency because it has become too hot Auto-switching Frequency Step Size (05.036) should be left
at its default value, so that all changes are made in steps of 2.

3. If the resolver feedback is not being used as the feedback for motor control then its sample rate is automatically reduced and the position
feedback will automatically operate with standard sampling.

4. If alinear mode is selected (i.e. P1 Linear Feedback Select (03.051) = 1) then the system will operate with standard sampling.

P1 Device Type (03.038): Any other type of device
P1 Resolver Excitation (03.066) has no effect
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Parameter 03.067 P1 User Comms Enable

Short description Enables the use of the user comms paramters to communicate to the encoder connected to P1
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 8 Bit Volatile Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, NC, PT

If P1 User Comms Enable (03.067) set to one it is possible to use P1 User Comms Transmit Register (03.068) and P1 User Comms Receive Register
(03.069) to communicate with an encoder that has a Hiperface, EnDat 2.1, EnDat2.2 or BiSS interface. A description of how to use these registers is

given below.

P1 Device Type (03.038): SC Hiperface, SC EnDat
Hiperface or EnDat 2.1 communications are used as appropriate if P71 User Comms Enable (03.067) is set to one.

P1 Device Type (03.038): EnDat
Communication is enabled when P1 User Comms Enable (03.067) is set to one. If the encoder supports EnDat 2.2 it is possible to enable user
communications at any time even if the drive is enabled. Otherwise if the encoder only supports EnDat 2.1 communication with the encoder is not

possible.

P1 Device Type (03.038): BISS, SC BiSS
If P1 User Comms Enable (03.067) is set to one it is possible to enable user communications at any time even if the drive is enabled.

Encoder communications
A communication channel is provided to allow the user to communicate with an encoder connected to one of the communications interfaces. It should be

noted that the communications channel is disabled under the following conditions:

1. If auto-configuration is active.

2. During the transfer of electronic nameplate data.

3. If the position feedback device is not initialised.

4. The channel is being used by an option module with safety functions.

To send a message to the encoder the required message must be written to the transmit register. To read the response from the encoder the data is read
from the receive register. The data is written one byte at a time and is stored in a 16 byte buffer before being sent to the encoder. The data should only be
written to the transmit register when it has been cleared to zero by the drive. Bits 13 to 15 are used to control the interface.

Bit|Function

This bit should be set to one each time data is written to the transmit register. This indicates that data has been written. This bit will be cleared when

15 the LS byte of the data has been transferred into the comms buffer.

This bit should be set when the last byte of the message is written to the transmit register. The data will be read and transferred to the comms buffer

14 and then the message will be sent to the encoder.

This bit should be set when the first byte of the message is written to the transmit register. Setting this bit will reset the pointer to the start of the

13 comms buffer.

Data can be read from the receive register at any time. If there is data in the buffer bit 15 will be set. Once the data has been read the register should be
cleared and the drive will transfer the next byte of data to the register.

t|Function

15 [Indicates that data from the last transfer can be read from the receive register.

14 |Indicates that the last byte from the receive message is in the register.

13 There is no data in the receive buffer and the LS byte of the receive register is the comms system status. If there was an error in the received
message one of the status error bits will also be set until the comms is used again by this system or by the drive.

The status flags are defined as follows:
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Bi

-

Meaning

0 |The number of bytes put into the transmit buffer is not consistent with the expected message length. (Hiperface only)

1 The number of bytes written to the transmit buffer, or the expected length of the store data transmit message, or the expected length of a read data
message have exceed the length of the buffer. (Hiperface only)

2 |The command code is not supported.

3 A valid response was not received from the encoder.

The following sequence should be followed when transmitting and receiving data to ensure that the received data is always read correctly.

1. Check that P1 User Comms Receive Register (03.069) is not zero.

. Check that P71 User Comms Transmit Register (03.068) is zero.

. Write each word of the transmit message to P1 User Comms Transmit Register (03.068) in turn, waiting each time for the drive to return
P1 User Comms Transmit Register (03.068) back to zero before writing the next word.

. Write zero to P1 User Comms Receive Register (03.069).

. Read P1 User Comms Receive Register (03.069) and when it is not zero the drive has updated it with a receive word.

. Read each receive word in turn writing zero to P71 User Comms Receive Register (03.069) after reading the word.

w N

oo b

If the above sequence is not followed correctly, it is possible that data from the transmit message will be seen in the first read of the receive message. It is
not essential that any or all of the receive message is read before sending a new transmit message, and so steps 4 to 6 can be omitted if required
provided step 1 is not ignored.

Hiperface

Up to 15 bytes of data can be written to the buffer. The first byte should be the encoder address. The checksum will be calculated by the drive and added
to the end of the message before the message is transmitted to the encoder. The drive checks the checksum of the received message. If successfully

received, the receive message can be read via the receive register including the address and the checksum received from the encoder. It should be noted
that the encoder must be set up for 9600 baud, 1 start bit, 1 stop bit and even parity (default set-up) for the encoder comms to operate with the drive. Also
the data block security should not be enabled in the encoder if the drive encoder nameplate system is to operate correctly. See Hiperface specification for
more details of the comms message format.

The following commands are supported:

Code Command

0x42 Read position

0x43 Set position

0x44 Read analog value

0x46 Read counter

0x47 Increment counter

0x49 Clear counter

Ox4a Read data (maximum of 10 bytes)

0x4b Store data (maximum of 9 bytes)

0x4c Data field status

0x4d Create a data field

Ox4e Available memory

0x50 Read encoder status

0x52 Read type

0x53 Reset encoder

SC EnDat

Up to 4 bytes can be written to the buffer in the following format.

Byte 0

Command Address Data (MSB) |Data (LSB)

The following commands are supported.

Code Command Address Data (MSB) Data (LSB)
0x07 Encoder to send position value Any Any Any
0x0E Selection of memory area MRS code Any Any
0x1C Encoder to receive parameter Address Data (MSB) Data (LSB)
0x23 Encoder to send parameter Address Any Any
0x2A Encoder to receive reset Any Any Any

The message from the encoder contains a CRC which is checked. If there are no errors in the message, then the message is put into the comms buffer.
The position is retrieved from the drive buffer most significant byte first (Byte 0) and least significant byte last (Byte 7). An example is shown below where
a 48 bit value has been read from the encoder which contains an error bit (Bit 0) and 47 bits of position data (Bits 1 to 47) where Bit 1 is the least
signficant bit of the position. If there are less position bits the position is right justified with leading zeros.
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Byte 0 Byte 7

0 0 Bits47-40 Bits 39-32 Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0

If any other command is sent the response is shown below. The response is available when the encoder has responded, but for "Encoder to recieve
parameter" and "Encoder to receive reset" commands there is an additional delay of 12ms and 20ms respectively to allow the encoder to be ready again.

Byte 0 Byte 2

Address Data (MSB) |Data (LSB)

EnDat

Up to 4 bytes can be written to the buffer in the same format as for EnDat 2.1. The following commands are supported.

Code|Command Address |Data (MSB)|Data (LSB)

0x09 Encoder to send position value with additional information and select MRS 0x00 Block
memory area code address
Encoder to send position value with additional information and receive

0x1B parameters Address |Data (MSB) |Data (LSB)
Encoder to send position value with additional information and send

0x24 parameters Address |Any Any

0x2D Encoder to send position value with additional information and receive Any Any Any
error reset

0x36 |Encoder to send position values and receive test command Any Any Any

The message from the encoder contains a CRC which is checked. If there are no errors in the message the message is put into the comms buffer.

Byte 0 Byte 2

Additional information 1 Byte 0
(B7) WRN

(B6) RM

(B5) Busy

(B4) 14 Additional Information 1 Byte 1
(B3) 13
(B2) 12
B1)N1
(BO) 10

Additional Information 1 Byte 2

It should be noted that the encoder is set up automatically so that it always returns Additional Information 1 with no data contents. An MRS is sent to the
encoder to select which data contents should be included in Additional Information 1. An MRS code can also be used to select Additional Information 1,
Additional Information 2 or no Additional Information to be sent from the encoder, but these commands must not be used. Although the contents of
Additional Information 1 can be changed the encoder should always be in the state where it transmits only Additional Information 1.

BiSS, SC BiSS

It is possible to read or write to 8 bit registers in a BiSS device. The addressing range is 0 to 127 giving access to 128 registers. Two bytes should be
written to the buffer for both read or write operations. Byte 0 contains the command in bit 7 (0 = read, 1= write) and the register address in bit 6 to bit 0.
For reading Byte 1 can contain any value, for writing it should contain the data to be written.

Byte 0 Byte 1
Command + Address Data

The response is always two bytes as shown below. Byte 0 is the same as Byte 0 in the request sent to the drive. For reading Byte 1 is the value read
from the register and for writing it is always zero.

Byte 0

Byte 1

Command + Address

Data

Parameter 03.068 P1 User Comms Transmit Register

Short description Defines the value present in the user comms transmit register

Mode RFC-S

Minimum 0 Maximum 65535

Default 0 Units

Type 16 Bit Volatile Update Rate Background read/write
Display Format Standard Decimal Places 0

Coding RW, NC, PT, BU

See P1 User Comms Enable (03.067).

Parameter 03.069 P71 User Comms Receive Register

Short description Defines the value present in the user c?)mms receive register

Mode RFC-S

Minimum 0 Maximum 65535

Default 0 Units

Type 16 Bit Volatile Update Rate Background read/write
Display Format Standard Decimal Places 0

Coding RW, NC, PT, BU
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See P1 User Comms Enable (03.067).

Parameter 03.070 P17 Position Feedback Signals
Short description Shows the state of the signals from the position feedback device
Mode RFC-S
Minimum 0 . Maximum 63.
(Display: 000000) (Display: 111111)
Default Units
Type 16 Bit Volatile Update Rate Background write
Display Format Binary Decimal Places 0
Coding RO, ND, NC, PT

P1 Position Feedback Signals (03.070) shows the state of the signals from the position feedback device as given in the table below where the signals are
relevant for the type of device. P1 Position Feedback Signals (03.070) is only intended as a debugging aid.

P1 Position Feedback Signals (03.070) bits Signals

A or F or Cos

B or D or R or Sin
z

U

\/

W

A EN Y B =)

For Cos and Sin signals the relevant bits of P1 Position Feedback Signals (03.070) will be set when the signals are positive and cleared when the signals
are negative.

Parameter 03.071 P1 Error Detected

Short description ilgéjeiﬁztcees if an error has been detected with the position feedback device connected to the P1 position
Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P1 Error Detected (03.071) is set if an error has been detected with the position feedback device connected to the P1 position interface. This parameter
is useful if encoder trips have been disabled by setting bit 3 of P71 Error Detection Level (03.040). It should be noted that this bit is not set if specific trips
are disabled with bits 0 to 2 of P1 Error Detection Level (03.040).

Parameter 03.073 P1 Absolute Turns Recovery Enable

Short description Set to 1 to allow turns information beyond the number of turns bits provided by the position feedback
device connected to P1 to be stored on power-down and recovered at next power-up

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background Read

Display Format Standard Decimal Places 0

Coding RW

P1 Absolute Turns Recovery Enable (03.073) can be used to remove the masking applied to P71 Revolution/Pole Pitch Counter (03.028) for any type of
position feedback device. If P71 Device Type (03.038) is set to EnDat, SC.EnDat, SC.Hiperface, SSI, SC.SSI, BiSS, Option Slot 1, Option Slot 2, Option
Slot 3 or Option Slot 4 then this parameter has an additional feature which allows turns bits beyond the number of turns bits provided by the position
feedback device to be stored on power-down and then recovered on the next power-up. P71 Revolution/Pole Pitch Counter (03.028) is saved as a power-
down save parameter. If P1 Absolute Turns Recovery Enable (03.073) = 0 the value saved at power-down is ignored on the next power-up and

P1 Revolution/Pole Pitch Counter (03.028) is set up based on the information provided by the position feedback device. For example a device with 12
turns bits can define the position with up to 4096 turns. If P71 Absolute Turns Recovery Enable (03.073) = 1 the turns beyond those provide by the position
feedback device are simulated from the saved value. This means that 65536 turns can be generated from a position feedback device with any number of
turns bits. The following should be noted:

1. If the position feedback device moves by more than +/-1/4 of the range of the most significant turns bit while powered down the turns at power-up
will not be correct. For example a device with 12 turns bits must not move by more than the range defined by 10 turns bits, or a device with no
turns bits must not move by more than 1/4 of a turn.

. This feature is not applicable to linear position feedback devices.

. If an SSI based device is being used then P71 SS/ Incremental Mode (03.047) must be set to one.

. The recovered turns bits are stored in P71 Revolution/Pole Pitch Counter (03.028). To reset the additional bits P71 Absolute Turns Recovery Enable
(03.073) should be set to zero to remove the recovered turns bits. A parameter save should then be initiated using a value of 1 or 1001 in
parameter mm.000 to save the contents of P1 Revolution/Pole Pitch Counter (03.028). Absolute turns recovery can then be selected again by
setting P71 Absolute Turns Recovery Enable (03.073) to one.

5. Absolute turns recovery is not possible when Low Under Voltage Threshold Select (06.067) = 1 or Backup Supply Mode Enable (06.068) = 1

or User Supply Select (06.072) = 1. If absolute turns recovery is required when one of these modes is enabled then a user save (Parameter
mm.000 (mm.000) = 1 or 1001) should be performed before the drive is powered down.
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Parameter 03.074 P1 Additional Configuration

Short description Eég\ﬁg%z?:rﬂieﬁg:gl configuration information for the position feedback device not included in the other
Mode RFC-S

Minimum 0 Maximum 511116116

Default 0 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

P1 Additional Configuration (03.074) provides configuration information, not covered by the other set-up parameters, for the position feedback device
connected to the P1 position feedback interface and is specific to the type of device being used.

P1 Device Type (03.038): BiSS, SC BiSS

This parameter is split into 3 fields as shown below.

Decimal
Digits 9-6 5-3 2-0
CRC Rotary Turns Rotary Position
polynomial Padding Padding
Default 0067 000 000

CRC polynomial

The CRC polynomial is a bit representation of the terms of a polynomial used to generate the CRC applied to the position and the additional data
transferred to/from the encoder via the BiSS communications channel. The standard value is 0067 which in hexadecimal is 0x0043, or in binary form is
0000 0000 0100 0011. The bits that are set to one show which terms exist in the polynomial. The standard value has bits 6, 1 and O set to one and gives
the polynomial normally used with BiSS encoders which is XB+X1+1. If the encoder uses a different polynomial then this can be selected with the four
digits (9-6). The maximum value is 511 (0x01FF), and so a polynomial up to degree 10 can be set up.

Rotary Turns Padding and Rotary Position Padding

The turns, and position within a turn, provided by a rotary encoder may not completely fill the number of bits provided. The unfilled bits will be padded with
zeros. The total number of bits provided for the turns including zero padding is given by P71 Rotary Turns Bits (03.033). The zero padding is given by
decimal digits 5 to 3 of P71 Additional Configuration (03.074). Digits 4 and 3 give the number of bits and digit 5 specifies whether the padding is on the left
(0) or on the right (1). For example a value of 104 would specify 4 padding bits on the right of the turns data. The default value of 000 specifies no
padding. If the padding value is outside the range +/-16 then an Encoder 14 is initiated. The total number of bits provided for position within a turn is given
by P1 Comms Bits (03.035) - P1 Rotary Turns Bits (03.033). The zero padding is given by decimal digits 2 to 0 of P71 Additional Configuration (03.074) in
the same manner as is used for the turns padding. It is not possible to specify zero padding for linear encoders.

P1 Device Type (03.038): Any other device type
This parameter has no effect.

Parameter 03.075 Initialise Position Feedback

Short description Set to 1 to re-initialise any position feedback device connected

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, NC

If Initialise Position Feedback (03.075) is set to one any position feedback devices connected to the drive position feedback interfaces or any position
feedback category option modules will be re-initialised.

Parameter 03.076 Position Feedback Initialized
Short description Indicates the initialisation state of position feedback devices connected
Mode RFC-S
- 0 . 1023
Minimum (Display: 0000000000) Maximum (Display: 1111111111)
0 .
Default (Display: 0000000000) Units
Type 16 Bit Volatile Update Rate Background write
Display Format Binary Decimal Places 0
Coding RO, NC, PT

Position Feedback Initialized (03.076) contains flags that represent the initialisation state of position feedback devices connected to the drive position
feedback interfaces or position feedback interfaces on position feedback category option modules. One indicates that the interface is initialised and zero
indicates that the interface is not initialised. The flags are assigned as shown below.
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Position feedback interface

P1 Drive

P2 Drive

P1 Option slot 1

P2 Option slot 1

P1 Option slot 2

P2 Option slot 2

P1 Option slot 3

P2 Option slot 3

P1 Option slot 4

G R IR EI N E =

P2 Option slot 4

If no option module, or an option module other than a position feedback category module, is fitted in an option slot then the relevant flag is always set to
one. If an attempt is made to enable the drive when any of the flags are zero the drive initiates an Encoder 7 trip. If a drive reset is initiated, the bits
in Position Feedback Initialized (03.076) are checked, and if any position feedback devices are not initialised an attempt is made to initialise them.

The table below shows the initialisation process for different position feedback devices that can be connected to the drive.

Encoder types|Initialisation process

QE;;?&FR None. Initialisation is immediate and is always successful. The position feedback is set to zero on initialisation.

AB Servo The absolute position used to control a motor can only be defined accurately after two different changes of state of the UVW

FD Servo commutation signals. Initialisation resets the system that ensures that the UVW signals alone will be used to define the motor position

FR Servo until the encoder has moved through two valid commutation signal state changes. Initialisation is immediate and is always successful.

SC Servo The position feedback is set to zero on initialisation.

sc The SINCOS interpolation system must be initialised. Initialisation is immediate and is always successful. The position feedback is set to
zero on initialisation.

SC Hiperface |Auto-configuration if required except SC SSI.

SC EnDat The absolute position must be obtained via comms. This may cause a large change in position feedback.

SC SSi The SINCOS interpolation system must be initialised. This may have a small effect on the position feedback.

E%IDSat Auto-configuration if required except SSI.

ss| The absolute position must be obtained via comms. This may cause a large change in position feedback.
The absolute position used to control a motor is obtained from the sine and cosine signals provided for one revolution until the marker
pulse occurs. The position obtained from the marker pulse is assumed to be a position of zero. Once a marker has occurred the

scsc incremental position is used and the single turn sine wave signals are ignored. When the position feedback device is initialised the single
turn sine wave signals are used again until another marker event occurs. No part of the initialisation process affects the position
feedback seen in parameters, except that the SINCOS interpolation system must be initialised which may have a small effect on the
position feedback. Initialisation is immediate and is always successful.

Parameter 03.078 Sensorless Mode Active

Short description Indicates that sensorless mode is active

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

If Sensorless Mode Active (03.078) = 0 it indicates that the position feedback selected with Motor Control Feedback Select (03.026) is being used for
motor control. If Sensorless Sensorless Mode Active (03.078) = 1 it indicates that the sensorless algorithm is being used instead.
See RFC Feedback Mode (03.024) for more information.

Parameter 03.079 Sensorless Mode Filter
Short description Defines the filter for the estimated motor speed when sensorless mode is active
Mode RFC-S
Minimum 0 Maximum 4
Default 4 Units ms
Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE
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Value Text
0 4

1 8

2 16

3 32

4 64

When sensorless mode is active the estimated motor speed can include some unwanted noise. Some motors have concentrated windings which results is
flux distortion when the motor is loaded, which in turn causes ripple in the motor currents and additional unwanted components in the calculated speed
feedback. This usually has a more significant effect if the motor is running at high speed when the voltage controller may be active to limit the motor
voltage. A filter is applied to the speed feedback with a time constant defined by Sensorless Mode Filter (03.079). The default value for this parameter
gives the maximum amount of filtering, so that motors which introduce unwanted feedback noise will operate correctly. If the motor does not introduce this
type of noise it is possible to reduce the filter time constant to give better dynamic performance when speed control is required.

Parameter 03.080 Sensorless Position

Short description Displays the motor position when sensorless mode is active

Mode RFC-S

Minimum -2147483648 Maximum 2147483647
Default Units

Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

When the drive is operating without position feedback Sensorless Position (03.080) gives the motor position where the least significant 16 bits represent a
movement equivalent to one pole of the motor. The most significant 16 bits represent turns where one turn is the movement associate with one pole. For
example in a rotary application with a 4 pole motor, the movement associated with one pole is a mechanical movement of 180°. In RFC-A mode
Sensorless Position (03.080) is aligned with the motor flux and voltages, but this has no fixed relationship to the mechanical position of the rotor.

Parameter 03.085 Encoder Simulation Source

Short description Defines the source parameter used for the encoder simulation

Mode RFC-S

Minimum 0.000 Maximum 59.999
Default 0.000 Units

Type 16 Bit User Save Update Rate Reset read
Display Format Standard Decimal Places 3

Coding RW, PT, BU

Encoder Simulation Source (03.085) is used to select a parameter as the input to the encoder simulation system. If Encoder Simulation Source (03.085) is
zero then no source is selected and the encoder simulation system is disabled. The encoder simulation output connections are shared with the P1 and P2
position feedback interfaces, and so encoder simulation may be disabled because the connections are not available. See Encoder Simulation Status
(03.086) for details.

Any parameter can be selected as the source, but it is assumed that the input is a 16 bit value with a range from 0 to 65535 or from -32768 to 32767. The
source parameter is treated differently depending on the value of Encoder Simulation Mode (03.088) as given in the table below.

Encoder Simulation Mode
(03.088)

Encoder Simulation Source (03.085) must be set to 3.029 for the output to be
Hardware (0) enabled and the position from the P1 position feedback interface is used
and P1 Position (03.029) is the source.

If Encoder Simulation Source (03.085) = 3.029 (i.e. P1 Position (03.029) is the
source) then P1 Position (03.029) and P1 Fine Position (03.030) are combined as a
16 bit value with 16 bit fractional part as the input to the encoder simulation system,
which gives additional output resolution if encoder simulation ratio is greater than
unity.

Lines Per Rev (1) or Ratio | The encoder simulation system is intended to be used with a 16 bit source
(2) parameter. If the source of the encoder simulation system is not a 16 bit parameter
then the drive uses the source parameter as follows.

o 1 bit parameter: Zero extended

o 8 bit parameter: Sign extended if BU attribute is zero (signed), otherwise
zero extended (unsigned)

o 32 bit parameter: Only the least significant word is used.

ssl (3) For SSI output mode the number of bits included in the output can be selected
(see Encoder Simulation Mode (03.088) for details).

Although Encoder Simulation Source (03.085) is not a standard source parameter in common with other sources the actual source is only changed on
drive reset.
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Parameter

03.086 Encoder Simulation Status

Short description

Displays the status of the encoder simulation

Mode RFC-S

Minimum 0 Maximum 2

Default Units

Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding

RO, TE, ND, NC, PT

Value Text

0 None

1 Full

2 No Marker Pulse

The availability of the encoder simulation output on the 15 way connector on the drive is dependent on the type of feedback device selected
with P71 Device Type (03.038). Priority is as follows from highest to lowest priority:

1. P1 position feedback interface
2. Encoder simulation output
3. P2 position feedback interface

Encoder Simulation Status (03.086) shows the status of the encoder simulation output.

0: None

The encoder simulation output is not enabled or is not available.

1: Full

Full encoder simulation with marker output is available.

2: No Marker

Encoder simulation without marker output is available.

Parameter

03.087 Encoder Simulation Sample Period

Short description

Defines the sample period of the encoder simulation

Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units ms
Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 0.25

1 1

2 4

3 16

The update rate of the encoder simulation system is nominally 250ps, i.e. default value of Encoder Simulation Sample Period (03.087), but if the update
rate of the source parameter is different, the encoder simulation output will consist of bursts of pulses at the update rate of the parameter. To prevent this
and to give a smooth output, the update rate can be adjusted with Encoder Simulation Sample Period (03.087). Encoder Simulation Sample Period
(03.087) has no effect if hardware mode is selected, i.e. Encoder Simulation Mode (03.088) = 0.

Parameter 03.088 Encoder Simulation Mode

Short description Defines the mode of the encoder simulation

Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Hardware

1 Lines Per Rev

2 Ratio

3 SSI

Encoder Simulation Mode (03.088) defines the encoder simulation output as incremental signals (AB, FD or FR) derived directly via hardware,
incremental signals generated via software or SS| data generated via software.

0: Hardware

The encoder simulation output is derived directly in hardware from the P1 position feedback interface in the drive and the output is derived from the input
with negligible delay. The ratio between the input at the P1 interface and the output is either unity or a limited number of binary divider ratios
(see Encoder Simulation Hardware Divider (03.089)). Hardware mode only produces an output with AB, FD, FR, SC, SC Hiperface, SC EnDat or SC SSI
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type devices. It should be noted that with a SINCOS source device the output is based on the zero crossings of the sine wave inputs and does not include
interpolation. If Encoder Simulation Hardware Marker Lock (03.090) = 0 the marker output is derived directly from the marker input. If

Encoder Simulation Hardware Marker Lock (03.090) = 1 the incremental output signals are adjusted on each marker event so that the A and B are high
with an AB type output, or F is high with an FD or FR type output. Marker locking is not recommended if the number of lines per revolution of the encoder
simulation source combined with the ratio does not give an encoder simulation output with a multiple of 4 counts per revolution (i.e. between each output
marker event) for AB signals, or a multiple of 2 counts for FD or FR signals, because this causes a count error in the system receiving these signals. The
input marker pulse width is not adjusted to take account of the divider ratio, but is simply routed from the input to the output. Therefore the output marker
pulse becomes shorter with respect to the output incremental signals as the divider ratio is increased.

1: Lines Per Rev

The encoder simulation output is derived via software from the selected source with a resolution defined

by Encoder Simulation Output Lines Per Revolution (03.092) with a minimum delay of 250us which may be extended

if Encoder Simulation Sample Period (03.087) is set up for a longer sample period. Note that the number of output lines per revolution apply to a
quadrature (AB) type device, and that if FD or FR mode are selected the number of lines per revolution are 2 x

Encoder Simulation Output Lines Per Revolution (03.092). The output is derived by applying a ratio and output counter roll-over limit defined by
Encoder Simulation Output Lines Per Revolution (03.092) as shown below. The output marker is produced when the output counter is zero.

Output position is counter

- Encoder Simulation .
Sﬁnsugg; pnsm;n - & _ Outout Lines Per R Z . -E_nh Drgll-n;gr E}a?fnad S{sf
(63336 counts per > »  Revolution (03.092) / 4 > B Encodsr Simulation [Cuiput
revolution) FEEE Lines Par Revolution

(03,092} / 4] - 1

Lines Per Rev Mode

If P1 Position (03.029) is selected as the source and Encoder Simulation Incremental Mode Select (03.091) = 0 then the input and output counters are
synchronised at power-up and when the P1 position feedback interface becomes initialised, so that the output marker is synchronised with zero position
for the P1 position feedback interface. For devices that support a marker, the effect of the marker on the position can be selected using P17 Marker Mode
(03.031). At power-up and on device initialisation there will be a step change in position from zero to the actual position from the device and the pulses
necessary to make this change are produced at the encoder simulation output. If a marker event occurs that causes a step change in position, again the
necessary pulses will be produced for this change of position. Where large sudden changes occur the maximum output frequency is limited to 500kHz,
and so it may take some time for the output position to reach the input position. This mode of operation gives an initial position change from zero position
and then follows all changes of position from that point onwards, and may be used to follow the absolute position of the device connected to the P1
position feedback interface.

If P1 Position (03.029) is selected as the source and Encoder Simulation Incremental Mode Select (03.091) = 1 then the encoder simulation output only
follows the changes of source position. At power-up, on device initialisation and a marker event no additional pulses are produced to give the absolute
position of the device related to zero position. The encoder simulation output markers is not synchronised to the source marker.

If a source other than P71 Position (03.029) is selected Encoder Simulation Incremental Mode Select (03.091) has no effect and the encoder simulation
system always operates in absolute mode.

2: Ratio
The encoder simulation is derived in the same way as described previously for Encoder Simulation Mode (03.088) = 1 (i.e. lines per rev mode), except
that different parameters are used to set up the system giving more flexibility as shown below.

Output position is counter

Source position Ezfggi;ﬂs:zggﬁgl with roll-over defined by
igfgi?l{fr nts per > & > Encoder Simulation > Z > gﬁfﬂ%ﬁﬂﬂ:ﬁrﬂnﬂ !
- Danominator (03.004) -

(03.095}

Ratio Mode

With the default settings (Encoder Simulation Numerator (03.093) = 65536, Encoder Simulation Denominator (03.094) = 65536

and Encoder Simulation Output Roll-over Limit (03.095) = 65535) the output produces a state change each time the source parameter changes by one.
The numerator and denominator can be changed to provide a different ratio between the source and the output. Output markers are produced each time
the output counter is zero and the counters are synchronised in the same way as for lines per rev mode. It is possible to control the roll-over limit of the
output counter and hence the rate at which output markers are produced using Encoder Simulation Output Roll-over Limit (03.095). For example if the
ratio is set to 1024/ 65536 and the roll-over limit is 1023 then one output marker is produced for every 1024 lines of output incremental signals. If the roll-
over limit is changed to 512, then two output markers are produced for every 1024 lines of output incremental signals.

3: 8SI

In this mode the B output becomes the clock input and the A output is the data output. If the source position is the P1 position feedback interface the data
from the position feedback interface is transferred to the SSI output register once per sample period defined by Encoder Simulation Sample Period
(03.087). An example is given below which shows how the data is aligned.
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P1 Revolufion / Pola - P1 Fina Position
Pitch Counter (03.028) F1 Position (03.029) (02.030)

I i LT

Fower supply alarm hit
8 16 2| "‘/

Encoder Simulation 551
Tumns Bits {03.006) = 8

Encoder Simulation 551
Comms Bifs (03.097) = 27

Example of 35| data set-up from P1 position feedback interface

The SSI output is then clocked out from the register as shown in another example below which includes 15 bits of data.

Clock from
master
Encocer 15 Y14 Y13 Y 12 Y 11 7 V6 4 Ya Y2
simulation data ]
—

MS hit
S hi m

53| encoder simulation output

It should be noted that the data is shifted out by a clock that is produced by the SSI master connected to the encoder simulation interface as the interface
is emulating an SSI encoder. However, unlike an SSI encoder the position data is not sampled on the first edge of the clock, but is updated by the drive at
the rate defined by Encoder Simulation Sample Period (03.087). If the P1 position interface is being used as the source the power supply alarm bit (PS) is
the inverse of the initialised flag in Position Feedback Initialized (03.076) related to this interface. The master can clock out as many bits of data as
required, but once the power supply alarm bit has been produced the output will remain low. The SSI interface reset time (tm) of 20us is required so that
the interface can detect the end of the transmission and reset itself so that the output data begins again at the most significant bit. During this period the
master should hold the clock line high. The master should not use a clock frequency of less than 50kHz or else spurious reset periods may be detected.

If any other parameter is used as the source the most significant M bits of the source parameter are used, where M

= Encoder Simulation SSI Comms Bits (03.097) - 1. If the source parameter has less than M bits then trailing zeros are added. The power supply alarm bit
is always zero in this mode.

Parameter 03.089 Encoder Simulation Hardware Divider

Short description (?l?tf;i)rcjﬁvreendri]vai?;v:/;?g%ilr)r?lﬁ\ll\;?iiﬁ trr:]iéj:\ilsicgs%%nnected to the P1 interface and the encoder simulation
Mode RFC-S

Minimum 0 Maximum 7

Default 0 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

If hardware mode is selected (i.e. Encoder Simulation Mode (03.088) = 0) then Encoder Simulation Hardware Divider (03.089) defines the divider ratio
between the device connected to the P1 position feedback interface and the output as 1/2Encoder Simulation Hardware Divider (03.089) The maximum allowed
input frequency is 500kHz, and so the maximum output frequency with the highest ratio of unity is 500kHz.

Parameter 03.090 Encoder Simulation Hardware Marker Lock

Short description Defines if the marker output is derived directly from the marker input

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).
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Parameter 03.091 Encoder Simulation Incremental Mode Select

Short description Set to 1 to select incremental mode for the encoder simulation

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).

Parameter 03.092 Encoder Simulation Output Lines Per Revolution

Short description Defines the required lines per revolution when using the encoder simulation mode of Lines Per Rev
Mode RFC-S

Minimum 1 Maximum 16384

Default 4096 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).

Parameter 03.093 Encoder Simulation Numerator

Short description Defines the numerator when using the encoder simulation mode of Ratio

Mode RFC-S

Minimum 1 Maximum 65536

Default 65536 Units

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).

Parameter 03.094 Encoder Simulation Denominator

Short description Defines the denominator when using the encoder simulation mode of Ratio

Mode RFC-S

Minimum 1 Maximum 65536

Default 65536 Units

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).

Parameter 03.095 Encoder Simulation Output Roll-over Limit

Short desaription produced whan using fhe encodar Smulation mode of Ratlo
Mode RFC-S

Minimum 1 Maximum 65535

Default 65535 Units

Type 16 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, BU

See Encoder Simulation Mode (03.088).

Parameter 03.096 Encoder Simulation SSI Turns Bits

Short description Defines the number of bits of the outputted SSI data that are used to represent turns information
Mode RFC-S

Minimum 0 Maximum 16

Default 16 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).
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Parameter 03.097 Encoder Simulation SSI Comms Bits

Short description Defines the total number of bits of SSI data to be outputted

Mode RFC-S

Minimum 2 Maximum 48

Default 33 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Encoder Simulation Mode (03.088).

Encoder Simulation Output Mode (03.098) is used to select the fo

Parameter 03.098 Encoder Simulation Output Mode

Short description Defines the format of the encoder simulation output

Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 AB/Gray

1 FD/Binary

2 FR/Binary

rmat of the encoder simulation output as given in the table below.

Encoder Simulation Mode|Encoder Simulation Output Mode Format

(03.088) (03.098)

Eg\r{d(v:z;rgé(t)i)c; I(_ér;es Per AB/Gray AB quadrature signals

E:\r/dgireRé%)é I(_ér;es Per FD/Binary Frequency and direction signals

Eg\r,d(vﬁrgé%)é I(_ér;es Per FR/Binary Forward and reverse signals
The position data is in Gray code format. This

SSI (3) AB/Gray does not include the “power supply” bit if
present.

SSI (3) FD/Binary, FR/Binary The position data is in binary format

Parameter 03.100 F1 Freeze Trigger Source

Short description Used to select the source that generates trigger events for the F1 system

Mode RFC-S

Minimum 0 Maximum 6

Default 0 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Digital Input 4

1 Digital Input 5

2 P1 Marker

3 P2 Marker

4 Common

5 P1 Zero

6 P2 Zero

F1 Freeze Trigger Source (03.100) is used to select the source that generates trigger events for the F1 system.

0, 1: Dig /O 4, Dig /0 5

Digital 1/0O 4 or Digital /0O 5 on the drive can be used as trigger sources. If the digital I/O is set up as an input, then trigger events will be produced on the
relevant edge of the input signal. If the digital I/O is set up as an output, then trigger events will be produced on the relevant edge of the output signal.

2,3:21,22

Z1 selects the P1 position feedback interface marker input as the trigger source and Z2 selects the P2 position feedback interface marker input as the
trigger source. No trigger events will be produced unless the selected maker input is available.

4: Common

The output of the common freeze line is selected. If the output of the drive common freeze system is enabled (Bit 3 of Common Freeze Mode (03.112) =
1) then the drive common freeze system provides the freeze event triggers. If the output of the drive common freeze system is disabled the option module
freeze line provides the freeze event triggers.
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5, 6: P1 Zero, P2 Zero

A freeze event is triggered when the turns for the respective position feedback interface change (i.e. the feedback position passes through zero in either
direction). The freeze position stored in F1 Normalised Freeze Position (03.103) or F2 Normalised Freeze Position (03.108) will include the turns
associated with the zero position whichever direction the position changes. For example if the turns change from 4 to 5 or 5 to 4 the turns value stored is
5. This mode can be used as a substitute for a physical marker, with a position device that does not have one, to trigger an event to occur at the zero
position of the feeback device. For example, it can be used with the AMC to start a CAM at the zero position of the feedback device. It should be noted
that if P1 Zero is selected as the trigger source then F1 Freeze Position Source (03.102) has no effect and P1 is always used as the freeze position
source. If P2 Zero is selected as the trigger source then F1 Freeze Position Source (03.102) has no effect and P2 is always used as the freeze position
source. This is because these freeze trigger sources are only intended to capture the zero position of the device being used to give the zero position

trigger event.

Parameter 03.101 F1 Freeze Mode

Short description Sets the mode used for the F1 freeze system

Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Rising 1st

1 Falling 1st

2 Rising all

3 Falling all

0: Rising 1st

Freeze events are produced on the rising edge of the freeze trigger source. If the F1 Freeze Flag (03.104) is 0 then the first suitable edge produced by the
trigger source causes the freeze position to be stored and the F1 Freeze Flag (03.104) to be set to 1. No further freeze events are possible until
the F1 Freeze Flag (03.104) has been cleared by the user.

1: Falling 1st
As for Rising 1st, but the falling edge is used to trigger freeze events.

2: Rising All
Freeze events are produced on the rising edge of the freeze trigger source. If the F1 Freeze Flag (03.104) is 0 then the first suitable edge produced by the
trigger source causes the freeze position to be stored and the F1 Freeze Flag (03.104) to be set to 1. If further suitable edges are produced by the trigger

source the freeze position is updated with the current position.

3: Falling All
As for Rising All, but the falling edge is used to trigger freeze events.

Parameter 03.102 F1 Freeze Position Source

Short description Defines the source position for the F1 freeze system

Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 P1

1 P2

2 Time

F1 Freeze Position Source (03.102) defines the source for the F1 freeze system as follows:

P1or P2
When a freeze event occurs, the position from the relevant position feedback interface within the drive (i.e. P1 or P2), including the effect of the marker

(see P1 Marker Mode (03.031)), is stored and can be accessed as a 32 bit normalised value in F1 Normalised Freeze Position (03.103). For a digital
incremental source (AB, FD, FR, AB Servo, FD Servo or FR Servo) the position is captured at the freeze event using a hardware system. For a resolver
the freeze position is the position at the last 250us sample point. For all other position feedback devices the time of the freeze event is captured with
hardware and then interpolation, based on the change of position during the previous nominal 250us period, is used to estimate the position at the freeze
event.

Time

The time of the freeze event is stored with respect to the last datum used by the position feedback system and option modules fitted to the drive. These
datum events occur at a nominal rate of 250us, but if the drive timing is being synchronised by the comms system in an option module then the actual
timing may vary slightly depending on the accuracy of the clock providing the sysnchronisation. The time stored in F1 Normalised Freeze Position
(03.103) is given as a proportion of the nominal 250us time period where 65536 corresponds to one nomial 250us time period. Note that the value may be
positive or negative. Positive values give the time of an event that occured after the last datum, but before the freeze information is processed. Negative
values give the time of an event that occurred before the datum, but after the previous time when the freeze information was processed. The time of the
freeze event could be used, for example, to determine the value of a virtual position being generated within an option module at the freeze event. The
calculated value would only be meaningful if the freeze information is used during the period between the position datum before and after the freeze
event, because the time is related to the datum before the freeze information is made available.
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Parameter 03.103 F1 Normalised Freeze Position

Short description Displays the normalised position from the F1 freeze system

Mode RFC-S

Minimum -2147483648 Maximum 2147483647
Default Units

Type 32 Bit Volatile Update Rate 250ps write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT
See F1 Freeze Position Source (03.102).

Parameter 03.104 F1 Freeze Flag

Short description Displays when a freeze event occurs from the F1 freeze system

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 0

Coding RW, ND, NC, PT

The freeze flag is set when a freeze event occurs. If 0 is written to F1 Freeze Flag (03.104) the freeze flag is cleared.
Parameter 03.105 F2 Freeze Trigger Source

Short description User to select the sour-ce that generates trigger events for the F2 freeze system
Mode RFC-S

Minimum 0 Maximum 6

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Digital Input 4

1 Digital Input 5

2 P1 Marker

3 P2 Marker

4 Common

5 P1 Zero

6 P2 Zero

F2 Freeze Trigger Source (03.105) is used to select the source that generates trigger events for the F2 freeze system.

0, 1: Dig I/0 4, Dig /0 5
Digital I/O 4 or Digital I/O 5 on the drive can be used as trigger sources. If the digital I/O is set up as an input, then trigger events will be produced on the
relevant edge of the input signal. If the digital I/O is set up as an output, then trigger events will be produced on the relevant edge of the output signal.

2,3:21,22
Z1 selects the P1 position feedback interface marker input as the trigger source and Z2 selects the P2 position feedback interface marker input as the
trigger source. No trigger events will be produced unless the selected maker input is available.

4: Common

The output of the common freeze line is selected. If the output of the drive common freeze system is enabled (Bit 3 of Common Freeze Mode (03.112) =
1) then the drive common freeze system provides the freeze event triggers. If the output of the drive common freeze system is disabled the option module
freeze line provides the freeze event triggers.

5, 6: P1 Zero, P2 Zero

A freeze event is triggered when the turns for the respective position feedback interface change (i.e. the feedback position passes through zero in either
direction). The freeze position stored in F1 Normalised Freeze Position (03.103) or F2 Normalised Freeze Position (03.108) will include the turns
associated with the zero position whichever direction the position changes. For example if the turns change from 4 to 5 or 5 to 4 the turns value stored is
5. This mode can be used as a substitute for a physical marker with a position device that does not have one to trigger an event to occur at the zero
position of the feeback device. For example, it can be used with the AMC to start a CAM at the zero position of the feedback device. It should be noted
that if P1 Zero is selected as the trigger source then F1 Freeze Position Source (03.102) has no effect and P1 is always used as the freeze position
source. If P2 Zero is selected as the trigger source then F1 Freeze Position Source (03.102) has no effect and P2 is always used as the freeze position
source. This is because these freeze trigger sources are only intended to capture the zero position of the device being used to give the zero position
trigger event.
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Parameter 03.106 F2 Freeze Mode

Short description Defines the mode for the F2 freeze system

Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Rising 1st

1 Falling 1st

2 Rising all

3 Falling all

0: Rising 1st

Freeze events are produced on the rising edge of the freeze trigger source. If the F2 Freeze Flag (03.109) is 0 then the first suitable edge produced by the
trigger source causes the freeze position to be stored and the F2 Freeze Flag (03.109) to be set to 1. No further freeze events are possible until
the F2 Freeze Flag (03.109) has been cleared by the user.

1: Falling 1st
As for Rising 1st, but the falling edge is used to trigger freeze events.

2: Rising All

Freeze events are produced on the rising edge of the freeze trigger source. If the F2 Freeze Flag (03.109) is 0 then the first suitable edge produced by the
trigger source causes the freeze position to be stored and the F2 Freeze Flag (03.109) to be set to 1. If further suitable edges are produced by the trigger
source the freeze position is updated with the current position.

3: Falling All
As for Rising All, but the falling edge is used to trigger freeze events.

Parameter 03.107 F2 Freeze Position Source

Short description Defines the source position for the F2 freeze system

Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 P1

1 P2

2 Time

F2 Freeze Position Source (03.107) defines the source for the F1 freeze system as follows:

P1or P2

When a freeze event occurs, the position from the relevant position feedback interface within the drive (i.e. P1 or P2), including the effect of the marker
(see P1 Marker Mode (03.031)), is stored and can be accessed as a 32 bit normalised value in F2 Normalised Freeze Position (03.108). For a digital
incremental source (AB, FD, FR, AB Servo, FD Servo or FR Servo) the position is captured at the freeze event using a hardware system. For a resolver
the freeze position is the position at the last 250us sample point. For all other position feedback devices the time of the freeze event is captured with
hardware and then interpolation, based on the change of position during the previous nominal 250us period, is used to estimate the position at the freeze
event.

Time

The time of the freeze event is stored with respect to the last datum used by the position feedback system and option modules fitted to the drive. These
datum events occur at a nominal rate of 250us, but if the drive timing is being synchronised by the comms system in an option module then the actual
timing may vary slightly depending on the accuracy of the clock providing the sysnchronisation. The time stored in F2 Normalised Freeze Position
(03.108) is given as a proportion of the nominal 250us time period where 65536 corresponds to one nomial 250us time period. Note that the value may be
positive or negative. Positive values give the time of an event that occured after the last datum, but before the freeze information is processed. Negative
values give the time of an event that occurred before the datum, but after the previous time when the freeze information was processed. The time of the
freeze event could be used, for example, to determine the value of a virtual position being generated within an option module at the freeze event. The
calculated value would only be meaningful if the freeze information is used during the period between the position datum before and after the freeze
event, because the time is related to the datum before the freeze information is made available.

Parameter 03.108 F2 Normalised Freeze Position

Short description Displays the normalised position from the F2 freeze system

Mode RFC-S

Minimum -2147483648 Maximum 2147483647
Default Units

Type 32 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See F2 Freeze Position Source (03.107).
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Parameter

03.109 F2 Freeze Flag

Short description Displays when a freeze event occurs from the F2 freeze system

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 0

Coding RW, ND, NC, PT

The freeze flag is set when a freeze event occurs. If 0 is written to F2 Freeze Flag (03.109) the freeze flag is cleared.

Parameter 03.110 Common Freeze Source 1

Short description Defines source 1 for the common freeze system

Mode RFC-S

Minimum 0 Maximum 4

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Digital Input 4

1 Digital Input 5

2 P1 Marker

3 P2 Marker

4 Disabled

See F1 Freeze Trigger Source (03.100) or F2 Freeze Trigger Source (03.105). It should be noted that if the Disabled option is selected then the input is
set to a one.

Parameter 03.111 Common Freeze Source 2

Short description Defines source 2 for the common freeze system

Mode RFC-S

Minimum 0 Maximum 4

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Digital Input 4

1 Digital Input 5

2 P1 Marker

3 P2 Marker

4 Disabled

See F1 Freeze Trigger Source (03.100) or F2 Freeze Trigger Source (03.105). It should be noted that if the Disabled option is selected then the input is
set to a one.

Parameter 03.112 Common Freeze Mode

Short description Defines the mode used for the common freeze system

Mode RFC-S

Minimum 0 . Maximum 15.

(Display: 0000) (Display: 1111)

Default ?Display: 0000) Units

Type 8 Bit User Save Update Rate Background read
Display Format Binary Decimal Places 0

Coding RW

The common freeze system can be used to logically combine two freeze trigger sources. The switches in the common freeze system are controlled by the
bits in Common Freeze Mode (03.112) as defined in the table below.

Bit Function

0 Source 1 input invert 1
1 Source 2 input invert
2 Output invert

3 Output enable

Therefore the value defined bits 2 to 0 can be used to generate various logic functions as given in the table below.
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Bits 2to 0 Function

0 Source1 AND Source2

1 NOT(Source1) AND Source?2

2 Source1 AND NOT(Source?2)

3 Source1 NOR Source2

4 Source1 NAND Source2

5 NOT(Source1) NAND Source?2

6 Source1 NAND NOT(Source2)

7 Source1 OR Source2

Parameter 03.113 Freeze Input States

Short description Displays the level of the selected freeze inputs

Mode RFC-S

Minimum 0 . Maximum 3 .
(Display: 00) (Display: 11)

Default Units

Type 8 Bit Volatile Update Rate 4ms write

Display Format Binary Decimal Places 0

Coding RO, ND, NC, PT

The bits in Freeze Input States (03.113) show the level of the selected freeze trigger inputs. Bit 0 corresponds to F1 freeze input and bit 1 corresponds to
F2 freeze input. It should be noted that if the trigger option is P1Zero or P2Zero there is no hardware trigger input, and so the relevant bit is always zero.

P1 Thermistor Type (03.118) defines the operating mode of the P1 thermistor input.

P1 Thermistor Type . .
(03.118) Compatible devices
. Three thermistors in series as specified in
0: DIN44082 DIN44082 standard
1: KTY84 KTY84 PTC thermistor
2: 0.8mA Any device
3: Encoder EnDat 2.2 encoder
All except 3(Encoder)

Parameter 03.118 P1 Thermistor Type

Short description Defines the thermistor type for the P1 interface

Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 DIN44082

1 KTY84

2 0.8mA

3 Encoder

If a device is connected between the pin 15 of the encoder interface and 0V a current source will pass 0.8mA through the device with a maximum voltage

of approximately 3.8V (i.e. maximum resistance of approximately 4750 Ohms). The resistance of the device is calculated and displayed in
P1 Thermistor Feedback (03.119). If P1 Thermistor Type (03.118) is set to select KTY84 the temperature is also calculated and written to
P1 Thermistor Temperature (03.122). Note that DIN44082 mode and 0.8mA mode operate in exactly the same way.

3 (Encoder)

If an EnDat 2.2 encoder which supports external temperature feedback is connected to the P1 position feedback interface then it is possible to obtain the

measured temperature from the encoder if P71 Thermistor Type (03.118) is set to 3. The temperature is displayed in P71 Thermistor Temperature

(03.122) and a resistance equivalent to that for a KTY84 device is displayed in P1 Thermistor Feedback (03.119). The drive does not check if an external

device is connected, but short circuit protection can be selected to detect if the device is not connected because the resistance will appear as zero.

Parameter 03.119 P1 Thermistor Feedback

Short description Displays the resistance of the thermistor on the P1 interface

Mode RFC-S

Minimum 0 Maximum 5000

Default Units Q

Type 16 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See P1 Thermistor Type (03.118).
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Parameter 03.120 P1 Thermistor Trip Threshold

Short description Defines the thermistor trip threshold for the P1 interface

Mode RFC-S

Minimum 0 Maximum 5000

Default 3300 Units Q

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See P1 Thermistor Fault Detection (03.123).

Parameter 03.121 P1 Thermistor Reset Threshold

Short description Defines the thermistor reset threshold for the P1 interface

Mode RFC-S

Minimum 0 Maximum 5000

Default 1800 Units Q

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See P1 Thermistor Fault Detection (03.123).

Parameter 03.122 P1 Thermistor Temperature

Short description Erisepgi?i)éztgsvtii:perature of the device based on the resistance to temperature characteristic for the
Mode RFC-S

Minimum -50 Maximum 300

Default Units °C

Type 16 Bit Volatile Update Rate Background write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See P1 Thermistor Type (03.118).

Parameter 03.123 P1 Thermistor Fault Detection

Short description Defines the fault detection for the P1 thermsitor input

Mode RFC-S

Minimum 0 Maximum 2

Default 1 Units

Type 8 Bit User Save Update Rate Background read

Defines the fault detection for the P1 thermsitor input:

(03.123)

P1 Thermistor Fault Detection

Fault detection

0: None

No detection active

1: Temperature

Over temperature detection

2: Temp and short

detection

Over temperature and short circuit

Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 None

1 Temperature

2 Temp or Short

If over temperature detection is enabled a Thermistor.001 trip is initiated if P71 Thermistor Feedback (03.119) is above the level defined by
P1 Thermistor Trip Threshold (03.120). The trip cannot be reset until P1 Thermistor Feedback (03.119) is below P1 Thermistor Reset Threshold (03.121).

If short circuit detection is enabled then a Th Short Circuit.001 is initiated if P17 Thermistor Feedback (03.119) is below 50 Ohms.

Parameter 03.127 P2 Speed Feedback

Short description Displays the speed feedback from the P2 interface

Mode RFC-S

Minimum -VM_SPEED Maximum VM_SPEED
Default Units

Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT
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Provided the set-up parameters for the position feedback device connected to the drive P2 position interface are correct P2 Speed Feedback (03.127)

shows the speed derived from the feedback. The speed is given in mm/s if P2 Linear Feedback Select (03.151) = 1 and Linear Speed Select (01.055) = 1,

otherwise it is given in rpm. The value shown is measured over a 16ms sliding window period, and so the ripple in this value is as defined

for Speed Feedback (03.002).

Parameter 03.128 P2 Revolution/Pole Pitch Counter

Short description Displays the revolution/pole pitch counter from the P2 interface

Mode RFC-S

Minimum 0 Maximum 65535
Default Units

Type 16 Bit Power Down Save Update Rate 4ms write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

P2 Revolution/Pole Pitch Counter (03.128), P2 Position (03.129) and P2 Fine Position (03.130) combined give the encoder position with a resolution of
1/232 of a revolution/pole pitch as a 48 bit number. If a rotary position feedback device is being used (P2 Linear Feedback Select (03.151) = 0) then these

quantities relate directly to the rotary position of the feedback device. If a linear feedback device is used then one revolution or pole pitch relates to the

distance given by P2 Pole Pitch (03.155).

See P1 Revolution/Pole Pitch Counter (03.028) for more information.

Parameter 03.129 P2 Position

Short description Displays the position feedback from the P2 interface

Mode RFC-S

Minimum 0 Maximum 65535

Default Units

Type 16 Bit Power Down Save Update Rate 4ms write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

See P2 Revolution/Pole Pitch Counter (03.128).

Parameter 03.130 P2 Fine Position

Short description Displays the fine position from the P2 interface

Mode RFC-S

Minimum 0 Maximum 65535

Default Units

Type 16 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

See P2 Revolution/Pole Pitch Counter (03.128).

Parameter 03.131 P2 Marker Mode

Short description Defines the marker mode for the P2 interface

Mode RFC-S

Minimum 0 . Maximum 15.
(Display: 0000) (Display: 1111)

Default ?Display: 0100) Units

Type 8 Bit User Save Update Rate Background read

Display Format Binary Decimal Places 0

Coding RW

P2 Device type (03.138): AB, FD, FR
Each position feedback device produces incremental signals which are counted in hardware. If P2 Marker Mode (03.131) = 0 the following occurs when a
marker event is produced by the Z1 input:

1. P2 Position (03.129) and P2 Fine Position (03.130) are reset to zero.

2. The bits in P2 Normalised Position (03.158) related to P2 Position (03.129) and P2 Fine Position (03.130) are reset to zero

3. P2 Marker Flag (03.132) is set to one.

The marker is a hardware function, and so the position appears as though it is reset at the marker event time even if this is between control system
sample points. It should be noted that the marker event occurs on the rising edge of the marker pulse if the position change over the last sample was

positive or on the falling edge if the position change over the last sample was negative. This ensures that the marker event occurs at the same physical
location for either direction of rotation.

The action taken when a marker event occurs can be modified by setting the bits of P2 Marker Mode (03.131) as described in the table below.
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Bit |Effect of setting bit to one

0 No action is taken unless the marker flag is zero before the marker event occurs

P2 Revolution/Pole Pitch Counter (03.128) and the whole of P2 Normalised Position (03.158) are also set to
zero on a marker event

P2 Revolution/Pole Pitch Counter (03.128), P2 Position (03.129), P2 Fine Position (03.130) and the related
part of P2 Normalised Position (03.158) are not reset. (This overrides bit 1.) P2 Normalised Position
(03.158) is transferred to P2 Normalised Marker Position (03.159) and P2 Marker Flag (03.132) is set to
one.

3 This bit in has not effect.

The marker input can be used for a standard type marker function or alternatively it can be used as an additional freeze input for the P1 position feedback
interface.

P2 Device type (03.138): Any other device type
The marker function cannot be used and P2 Marker Mode (03.131) has no effect.

Parameter 03.132 P2 Marker Flag

Short description Indicates when a marker event occurs

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 0

Coding RW, NC

P2 Marker Flag (03.132) is set to one when a marker event occurs. The flag must be cleared by the user.

Parameter 03.133 P2 Rotary Turns Bits

Short description Defines the number of rotary turns bit for the P2 interface

Mode RFC-S

Minimum 0 Maximum 16

Default 16 Units

Type 8 Bit User Save Update Rate \Iiﬂ(t::ground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

P2 Rotary Turns Bits (03.133) only has any effect if the position feedback interface is being used with a rotary device (i.e. P2 Linear Feedback Select
(03.151) = 0).

P2 Device type (03.138): EnDat, BISS, SSI

P2 Rotary Turns Bits (03.133) is used to determine the number of bits within the comms messages from the position feedback device that represent turns.
For a single turn encoder P2 Rotary Turns Bits (03.133) must be set to zero. It should be noted that some SSI encoders include leading zeros before the
turns information and in this case the number of turns bits should include the leading zeros. The most significant bits in P71 Revolution/Pole Pitch Counter
(03.028) that are not included in the turns information provided by the encoder comms are held at zero. If P2 Rotary Turns Bits (03.133) = 0 (single turn
encoder) the whole of P2 Revolution/Pole Pitch Counter (03.128) is held at zero.

P2 Device type (03.138): Any other device type

It is sometimes desirable to mask off the most significant bits of P2 Revolution/Pole Pitch Counter (03.128), but this does not have to be done for the drive
to function correctly. If P2 Rotary Turns Bits (03.133) = 0 the whole of P2 Revolution/Pole Pitch Counter (03.128) is held at zero. If P2 Rotary Turns Bits
(03.133) has any other value it indicates the number of bits in P2 Revolution/Pole Pitch Counter (03.128) that are not held at zero. For example, if

P2 Rotary Turns Bits (03.133) = 5, then P2 Revolution/Pole Pitch Counter (03.128) counts up to 31 before being reset.

Parameter 03.134 P2 Rotary Lines Per Revolution

Short description Defines the number of rotary lines per revolution for the P2 interface

Mode RFC-S

Minimum 0 Maximum 100000

Default 4096 Units

Type 32 Bit User Save Update Rate \I’?,vz:i;::ground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

P2 Rotary Lines Per Revolution (03.134) only has any effect if the position feedback interface is being used with a rotary device (i.e.
P2 Linear Feedback Select (03.151) = 0).

P2 Device type (03.138): AB
P2 Rotary Lines Per Revolution (03.134) should be set to the number of lines per revolution for the encoder connected to the P1 position feedback
interface.

P2 Device type (03.138): FD, FR
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P2 Rotary Lines Per Revolution (03.134) should be set to the number of lines per revolution for the encoder connected to the P1 position feedback

interface multiplied by 2.

P2 Device type (03.138): Any other device type
P2 Rotary Lines Per Revolution (03.134) has no effect.

Parameter 03.135 P2 Comms Bits

Short description Defjnes the total number of bits of position information in the comms message from the encoder on the
P2 interface

Mode RFC-S

Minimum 0 Maximum 48

Default 0 Units

Type 8 Bit User Save Update Rate \I?v?iizgground read, auto-configuration

Display Format Standard Decimal Places 0

Coding RW

P2 Device type (03.138): EnDat, SSI, BiSS
P2 Comms Bits (03.135) should be set to the total number of bits of position information in the comms message from the encoder. If SSI communications
is being used this should include any leading or trailing zeros and the power supply alarm bit if present.

P2 Device type (03.138): Any other device type
P2 Comms Bits (03.135) has no effect.

Parameter 03.137 P2 Comms Baud Rate

Short description Defines the baud rate used for encoder communications

Mode RFC-S

Minimum 0 Maximum 8
Default 2 Units Baud
Type 8 Bit User Save Update Rate \I?v?ii;:ground read, auto-configuration
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 100k

1 200k

2 300k

3 400k

4 500k

5 1™

6 1.5M

7 2M

8 4M

P2 Comms Baud Rate (03.137) defines the baud rate used for encoder communications. Restrictions are applied to the baud rate for different feedback
devices, and so the baud rate may be different to the parameter value.

P2 Device type (03.138): EnDat, BiSS, SSI
Any baud rate that is within the range specified for the encoder may be used. The line delay is measured during initialisation, and used to compensate this
delay during communications with the encoder. Therefore there is no timing based restriction on the length of the cable between the position feedback
interface and the encoder. However, care should be taken to ensure that the wiring arrangement and the type of cable used are suitable for the selected
baud rate and the distance between the position interface and the encoder. See P2 Low Speed Update Rate Active (03.163) for more details on timing
restrictions related to the drive sample times.

P2 Device type (03.138): Any other device
P2 Comms Baud Rate (03.137) has no effect.

Parameter 03.138 P2 Device type

Short description Set this to the feedback device type connected to the P2 position interface

Mode RFC-S

Minimum 0 Maximum 6

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE
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Value

Text

None

AB

FD

FR

EnDat

SSI

[« [ EY DY ) k=)

BiSS

If P2 Device type (03.138) = Disabled, the P2 position feedback interface is disabled and does not provide any position feedback.

See P1 Device Type (03.038) for more information on the different position feedback device types.

Parameter 03.140 P2 Error Detection Level
Short description Used to enable or disable position feedback trip functions
Mode RFC-S
Minimum 0 . Maximum 31.
(Display: 00000) (Display: 11111)
Default (1Display: 00001) Units
Type 8 Bit User Save Update Rate Background read
Display Format Binary Decimal Places 0
Coding RW

This parameter can be used to enable or disable position feedback trip functions as follows:

Bit|Function

0 [Not used with the P2 position interface.

1 |Not used with the P2 position interface.

Enable SSI power supply alarm bit monitor (indicated by trip
Encoder 6).

Disable trips Encoder 1 to Encoder 6.

Al N

Disable trip Encoder 7.

Bits 3 and 4 do not prevent the device from becoming un-initialised. The trip is suppressed, but the device is still un-initialised and this is indicated by
the appropriate bit for the position feedback interface in Position Feedback Initialized (03.076).

Encoder trips

The following table shows trips that can be initiated that are related to the position feedback interface P2. The sub-trip number is 2 for the drive P2
position feedback interface.

Drive trip Encoders Reason for error
Encoder 4 EnDat, BISS Comms timeout
EnDat, BISS Checksum/CRC error
Encoder 5 — - -
SSI Not ready at start of position transfer (i.e. data input not one)
EnDat, BiSS The encoder has indicated an error
Encoder 6 - -
SSI Power supply alarm bit active
Encoder 7 EnDat, BiSS, SSI An attempt has been made to enable the drive, but a position feedback device is not initialised
Maximum Switching Frequency (05.018), P2 Device type (03.138), P2 Comms Bits
(03.135), P2 Comms Baud Rate (03.137), P2 Calculation Time (03.160), P2 Recovery Time
Encoder 8 EnDat, SSI, BiSS (03.161), P2 Line Delay Time (03.162) and P2 User Comms Enable (03.167) are used to determine the time
taken for the communications exchange with the encoder. If this time exceeds 250us an Encoder 8 trip is
initiated.
Encoder 9 All ]?t?géad feedback selected from an option slot that does not have a position feedback category option module
Phasing Error|All Incorrect encoder phasing '
Encoder 12 |BiSS The encoder could not be identified during auto-configuration

1. Incorrect encoder phasing is detected if the motor reaches half of the speed defined by VM_SPEED_FREQ_REF[MAX] and the phasing error is

large enough for the motor to accelerate uncontrollably.

Wire-break detection

It may be important to detect a break in the connections between the drive and the position feedback device. This feature is provided for most position

feedback devices either directly or indirectly as listed below.
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Device Detection method Trip produced

AB, FD, FR There is no wire break detection of the A2, B2, and Z2 signals on the P2 position interface. None

EnDat, BiSS Wire break in the comms link is detected by a CRC or timeout error. Encoder 4,

) : Encoder 5

Wire break detection in the comms is difficult with these devices. However, if power supply alaram bit

ss| monitoring is enabled the drive will be looking for a one at the start of the message and a zero to indicate |Encoder 5,
that the power supply is okay. If the clock stops or the data line is disconnected the data input to the drive |Encoder 6
may stay in one state or the other and cause a trip.

Parameter 03.141 P2 Auto-configuration Select

Short description Set this parameter to enable auto-configuration of EnDat and BiSS feedback devices

Mode RFC-S

Minimum 0 Maximum 1

Default 1 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Disabled

1 Enabled

P2 Device type (03.138): EnDat, BiSS

If auto-configuration has not been disabled (i.e. P2 Auto-configuration Select (03.141) = 0) then during position feedback initialisation the encoder is
interrogated to determine whether the encoder is a rotary or linear encoder and P2 Linear Feedback Select (03.151) is set up appropriately. Then the
following parameters are set up based on information from the encoder:

Rotary Linear
P2 Rotary Turns Bits (03.133) P2 Linear Comms Pitch (03.152)
P2 Rotary Lines Per Revolution P2 Linear Line Pitch (03.153)

(03.134)

P2 Comms Bits (03.135) P2 Comms Bits (03.135)
P2 Linear Comms And Line Pitch Units
(03.154)

The following actions are also taken to set up the timing for the encoder.

Comms Protocol Actions taken

P2 Calculation Time (03.160) = From the encoder
EnDat 2.1 P2 Recovery Time (03.161) = 30us
Line delay measured and result written to P2 Line Delay Time (03.162)

P2 Calculation Time (03.160) = From the encoder
P2 Recovery Time (03.161) = 4us and the recovery time within the encoder is set

EnDat 2.2 up to the shortest value of 3.75us if the P2 Comms Baud Rate (03.137) is 1M or
more.Line delay measured and result written to P2 Line Delay Time (03.162)
BiSS P2 Recovery Time (03.161) = 12us
Line delay measured and result written to P2 Line Delay Time (03.162)
SSI Line delay measured and result written to P2 Line Delay Time (03.162)

If P2 Auto-configuration Select (03.141) = 1 then P2 Comms Baud Rate (03.137) is set to the minimum value that will give a total message transfer time of
less than 62us, so that the transfer will occur at the fast update rate with the minimum baud rate. It should be noted that the value
of P2 User Comms Enable (03.167) is taken into account as this may affect the message time.

Once these parameters have been set up it should be possible for the drive to operate correctly with the encoder. The drive repeatedly attempts to
initialise the encoder, including auto-configuration which is part of this process, until it is successful. Therefore if auto-configuration has not been
successful by the time the drive is enabled because the drive cannot establish communications an Encoder 7 trip occurs. For BiSS encoders the drive
must identify the encoder model number to perform auto-configuration. If communications is established, but the drive cannot recognise the encoder
model an Encoder 12 trip is produced immediately.

If auto-configuration is disabled (i.e. P2 Auto-configuration Select (03.141) = 1) then none of the above actions are carried out except for the line delay
measurement.

P2 Device type (03.138): All other device types
P2 Auto-configuration Select (03.141) has no effect.
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Parameter 03.142 P2 Feedback Filter

Short description aii’;\aeiethe time period for a sliding window filter that may be applied to the feedback taken from the P2
Mode RFC-S

Minimum 0 Maximum 5

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Disabled

1 1ms

2 2ms

3 4ms

4 8ms

5 16ms

P2 Feedback Filter (03.142) defines the time period for a sliding window filter that may be applied to the feedback taken from the drive P2 position
feedback interface. This is particularly useful in applications where the drive encoder is used to give speed feedback for the speed controller and where
the load includes a high inertia, and so the speed controller gains are very high. Under these conditions, without a filter on the feedback, it is possible for
the speed loop output to change constantly from one current limit to the other and lock the integral term of the speed controller.

Parameter 03.143 P2 Maximum Reference

Short description Defines the maximum speed reference from the P2 interface

Mode RFC-S

Minimum 0 Maximum 33000

Default 3000 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, BU

The speed feedback from the drive P1 position feedback interface can be used as a source to control a parameter. The speed feedback is scaled to give
a value as a percentage of P2 Maximum Reference (03.143) in 0.1% units which is displayed in P2 Reference (03.145). The value is then scaled by the

P2 Reference Scaling (03.144) and then routed to the destination defined by P2 Reference Destination (03.146).

Normally the destination is updated every 4ms, but if the destination is the Hard Speed Reference (03.022), P2 Maximum Reference (03.143) =
VM_SPEED_FREQ_REF[MAX] and P2 Reference Scaling (03.144) = 1.000 it is updated every 250us. Although the hard speed reference is updated
every 250ps internally a value in rpm or mm/s is written to Hard Speed Reference (03.022) every 4ms for indication only. It should be noted that if the fast
update method is used the resolution of the speed feedback devived from the position feedback device defines the resolution of the hard speed reference

and that any ripple on the feedback will be present on the hard speed reference (see Speed Feedback (03.002)).

Parameter 03.144 P2 Reference Scaling

Short description Defines the scaling applied to the P2 reference

Mode RFC-S

Minimum 0.000 Maximum 4.000

Default 1.000 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW

See P2 Maximum Reference (03.143).

Parameter 03.145 P2 Reference

Short description Displays the value in P2 reference

Mode RFC-S

Minimum -100.0 Maximum 100.0
Default Units %

Type 16 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding

RO, FI,ND, NC, PT

See P2 Maximum Reference (03.143).
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Parameter

03.146 P2 Reference Destination

Short description Defines the destination parameter for P2 reference

Mode RFC-S

Minimum 0.000 Maximum 59.999

Default 0.000 Units

Type 16 Bit User Save Update Rate Drive reset read
Display Format Standard Decimal Places 3

Coding RW, DE, PT, BU

See P2 Maximum Reference (03.143).

Parameter 03.147 P2 SSI Incremental Mode

Short description Set to 1 to enable SSI incremental mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P2 Device type (03.138): SSI

If P2 SSI Incremental Mode (03.147) = 0 the complete absolute position is read at each sample. Care should be taken when using this mode as some

unwanted effects can occur when the encoder passes through the boundary between its maximum position and zero. In this mode the encoder can be

used for motor control provided at least 6 bits of turns information are provided by the encoder otherwise an over speed trip will be produced as the
position passes over the maximum position to zero boundary. P2 Normalised Position (03.158) can be used for position control over this boundary

provided the normalised turns bits are set up so that the normalised positions do not contain turns information that is not available from the encoder. As
the SSI format does not include any error checking it is not possible to detect if the position data has been corrupted by noise. The benefit of using the

absolute position directly from an SSI encoder is that even if the encoder communications are disturbed by noise and position errors occur, the position
will always recover the correct position after the disturbance has ended.

If P2 SSI Incremental Mode (03.147) = 1 the absolute position is only taken from the encoder during initialisation. The change of position over each
sample is then accumulated to determine the position. This method always gives 16 bits of turns information that can always be used without jumps in
position whatever value is used as the turns bits for normalisation. If noise corrupts the data from an SSI encoder it is possible to have apparent large
change of position, and this can result in the turns information becoming and remaining corrupted until the encoder is re-initialised.

If an SSI encoder is used, but is not powered from the drive, and the encoder is powered up after the drive, it is possible that the first change of position

detected could be large enough to cause the problems described above. This can be avoided if the encoder interface is initialised with

Initialise Position Feedback (03.075) after the encoder has powered up. If the encoder includes a power supply alarm bit, the power supply monitor should
be enabled. This will ensure that the drive remains tripped until the encoder is powered up and the action of resetting the trip will reinitialise the encoder

interface.

P2 Device type (03.138): All other device types
P2 SSI Incremental Mode (03.147) has no effect.

Parameter 03.148 P2 SSI Binary Mode

Short description Set to 1 to enable SSI binary mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P2 Device type (03.138): SSI
SSI encoders normally use Gray code data format. However, some encoders use binary format which may be selected by setting P2 SS/ Binary Mode

(03.148) to one.

P2 Device type (03.138): All other device types

P2 SSI Binary Mode (03.148) has no effect.

Parameter 03.149 P2 Additional Power-up Delay

Short description Defines an additional delay for when any attempt is made to communicate to the device P2
Mode RFC-S

Minimum 0.0 Maximum 25.0

Default 0.0 Units S

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW, BU

When the position feedback is initialised, at power-up or at any other time, a delay is included before the information from the feedback device is used or
any attempt is made to communicate with the device. P2 Additional Power-up Delay (03.149) defines an additional delay that is added to the minimum

delay. See P1 Additional Power-up Delay (03.049) for the minimum delays for the different position feedback device types.
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Parameter 03.150 P2 Feedback Lock

Short description Set to 1 to prevent the position feedback paramters for P2 being updated

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If P2 Feedback Lock (03.150) = 1 then P2 Revolution/Pole Pitch Counter (03.128), P2 Position (03.129) and P2 Fine Position (03.130) are not updated.

If P2 Feedback Lock (03.150) = 0 then these parameters are updated normally.

Parameter 03.151 P2 Linear Feedback Select

Short description Set to 1 to configure the P2 interface to operate with a linear position feedback device

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate \I?vﬂf(la(ground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

If P2 Linear Feedback Select (03.151) = 0 then the drive P1 position feedback interface is configured to operate with a rotary position feedback device.
P2 Rotary Turns Bits (03.133) and P2 Rotary Lines Per Revolution (03.134) should be used to set up the position feedback interface.

If P2 Linear Feedback Select (03.151) = 1 then the position feedback interface is configured to operate with a linear position feedback device.

P2 Linear Comms Pitch (03.152) and P2 Linear Line Pitch (03.153) should be used to set up the position feedback interface.

Parameter 03.152 P2 Linear Comms Pitch
e Defines the distance covered by the least significant bit of the position information in a comms message
Short description from a linear encoder
Mode RFC-S
Minimum 0.001 Maximum 100.000
Default 0.001 Units
Type 32 Bit User Save Update Rate \I?v?iggground read, auto-configuration
Display Format Standard Decimal Places 3
Coding RW

P2 Device type (03.138):

P2 Linear Comms Pitch (03.152) is used to define the distance covered by the least significant bit of the position information in a comms message from a

EnDat, SSI, BiSS

linear encoder. The units used by this parameter are defined by P2 Linear Comms And Line Pitch Units (03.154).

P2 Device type (03.138):

Any other device

P2 Linear Comms Pitch (03.152) has no effect.

Parameter 03.153 P2 Linear Line Pitch

Short description Defines the linear line pitch for device P2

Mode RFC-S

Minimum 0.001 Maximum 100.000

Default 0.001 Units

Type 32 Bit User Save Update Rate \I?v?ii::ground read, auto-configuration
Display Format Standard Decimal Places 3

Coding RW

P2 Linear Line Pitch (03.153) only has any effect if the position feedback interface is being used with a linear device (i.e. P2 Linear Feedback Select
(03.151) = 1) and should be used to define the distances listed below for each type of device. The units used by this parameter are defined by

P2 Linear Comms And Line Pitch Units (03.154).

P2 Device type (03.138):

AB

P2 Linear Line Pitch (03.153) should be set to the distance covered by one line period on the encoder.

P2 Device type (03.138):

FD, FR

P2 Linear Line Pitch (03.153) should be set to the distance covered by two line periods on the encoder.

P2 Device type (03.138):

Any other device

P2 Linear Line Pitch (03.153) has no effect.
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Parameter

03.154 P2 Linear Comms And Line Pitch Units

1

micrometres

P2 Linear Comms And Line Pitch Units (03.154) defines the units used by P2 Linear Comms Pitch (03.152) and P2 Linear Line Pitch (03.153) in

millimetres or micrometres.

Short description Defines the linear units in either millimetres or micrometres

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 millimetres

Parameter 03.155 P2 Pole Pitch

Short description Defines the distance equivalent to one pole for linear position feedback devices
Mode RFC-S

Minimum 0.01 Maximum 1000.00

Default 10.00 Units mm

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 2

Coding RW

P2 Pole Pitch (03.155) is used to define the distance equivalent to one pole for linear position feedback devices. If the linear position feedback device is
being used with a linear motor, then P2 Pole Pitch (03.155) should be set to the pole pitch of the motor.

Parameter 03.156 P2 Feedback Reverse

Short description Set to 1 to reverse the direction of the position feedback

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If P2 Feedback Reverse (03.156) = 1 the position feedback is negated. This can be used to reverse the direction of the position feedback.

Parameter 03.157 P2 Normalisation Turns

Short description Defines the number of turns bits included in the normalisation parameters

Mode RFC-S

Minimum 0 Maximum 16

Default 16 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

P2 Normalisation Turns (03.157) defines the number of turns bits included in the following parameters. See P1 Normalisation Turns (03.057) for more

information.

P2 Normalised Position (03.158)
P2 Normalised Marker Position (03.159)

F1 Normalised Freeze Position (03.103) if P2 is the source position for freeze function F1
F2 Normalised Freeze Position (03.108) if P2 is the source position for freeze function F2

Parameter 03.158 P2 Normalised Position

Short description Displays the position taken from the position feedback device including the effect of the marker function
Mode RFC-S

Minimum -2147483648 Maximum 2147483647

Default Units

Type 32 Bit Volatile Update Rate 250us write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P2 Normalised Position (03.158) is the position taken from the position feedback device including the effect of the marker function.

See P2 Normalisation Turns (03.157) for details of the format.
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Parameter 03.159 P2 Normalised Marker Position

Short description Displays the normalised position at the last marker event

Mode RFC-S

Minimum -2147483648 Maximum 2147483647
Default Units

Type 32 Bit Volatile Update Rate 250ps write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P2 Normalised Marker Position (03.159) is the value P2 Normalised Position (03.158) at the last marker event provided bit 2 of P2 Marker Mode

(03.131) is set to 1. See P2 Marker Mode (03.131) for more details.

Parameter 03.160 P2 Calculation Time
Short description Defines the time from the first edge of the clock signal from the position feedback interface until the
P encoder has calculated the position and is ready to return this information
Mode RFC-S
Minimum 0 Maximum 20
Default 5 Units us
Type 8 Bit User Save Update Rate \ﬁfggmund read, auto-configuration
Display Format Standard Decimal Places 0
Coding RW

P2 Device type (03.138): EnDat

P2 Calculation Time (03.160) is the time from the first edge of the clock signal from the position feedback interface until the encoder has calculated the
position and is ready to return this information. This is used to calculate the overall time for a message interchange with the encoder. See

P2 Low Speed Update Rate Active (03.163) for more details.

P2 Device type (03.138): Any other type of device
P2 Calculation Time (03.160) has no effect.

Parameter 03.161 P2 Recovery Time

Short description Defines the time that must be allowed after each message interchange before a new message begins
Mode RFC-S

Minimum 4 Maximum 100

Default 30 Units us

Type 8 Bit User Save Update Rate ‘I’?’v?ifgground read, auto-configuration
Display Format Standard Decimal Places 0

Coding RW

P2 Device type (03.138): EnDat, SSI, BiSS
P2 Recovery Time (03.161) is the time that must be allowed after each message interchange before a new message begins.

P2 Device type (03.138): Any other type of device
P2 Recovery Time (03.161) has no effect.

Parameter 03.162 P2 Line Delay Time

- Displays the transmission delay between the position feedback interface and the encoder and back
Short description again
Mode RFC-S
Minimum 0 Maximum 5000
Default Units ns

. Background read, position feedback

Type 16 Bit User Save Update Rate initialisation write
Display Format Standard Decimal Places 0
Coding RO, ND, NC, PT

P2 Device type (03.138): EnDat, SSI, BiSS

During position feedback initialisation the transmission delay between the position feedback interface and the encoder and back again is measured and
stored in P2 Line Delay Time (03.162). This value is then used to compensate for this delay so that the clock/data skew does not prevent the data from
the encoder from being read. This means that longer line lengths can be used with these feedback devices provided the correct cable and connection
arrangements are used.

P2 Device type (03.138): Any other type of device
P2 Line Delay Time (03.162) is always zero.
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Parameter 03.163 P2 Low Speed Update Rate Active

Short description Indicates when the low speed update rate is active

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P2 Device type (03.138): EnDat, SSI, BISS
If the position can be sampled in 60us P2 Low Speed Update Rate Active (03.163) = 0, otherwise P2 Low Speed Update Rate Active (03.163) = 1.

The following parameters are used by the drive to determine the necessary time to obtain the required data from the position feedback device.

P2 Rotary Turns Bits (03.133)
P2 Comms Bits (03.135)

P2 Comms Baud Rate (03.137)
P2 Calculation Time (03.160)

P2 Recovery Time (03.161)

P2 Line Delay Time (03.162)

P2 User Comms Enable (03.167)

See P1 Low Speed Update Rate Active (03.063) for more information on how this time is calculated.

P2 Device type (03.138): Any other type of device
P2 Low Speed Update Rate Active (03.163) is always zero.

Parameter 03.164 P2 Encoder Protocol Detected

Short description Defines which protocol is used with the device P2

Mode RFC-S

Minimum 0 Maximum 4
Default Units

Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0
Coding RO, TE, ND, NC, PT

Value Text

0 None

1 Hiperface

2 EnDat2.1

3 EnDat2.2

4 BiSS

P2 Encoder Protocol Detected (03.164) shows the encoder comms protocol detected during position feedback initialisation. If P2 Device type (03.138) is
set to BiSS then P2 Encoder Protocol Detected (03.164) is set to the appropriate value after successful communication with the encoder during
initialisation. If P2 Device type (03.138) is set to EnDat then P2 Encoder Protocol Detected (03.164) is set to the appropriate EnDat protocol after
successful communication with the encoder during initialisation. If communications is not successful during initialisation then

P2 Encoder Protocol Detected (03.164) is set to 0 (None).

Parameter 03.167 P2 User Comms Enable

Short description Enables the use of the user comms paramters to communicate to the encoder connected to P2
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 8 Bit Volatile Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, NC, PT

If P2 User Comms Enable (03.167) set to a non-zero value it is possible to use P2 User Comms Transmit Register (03.168) and
P2 User Comms Receive Register (03.169) to communicate with an encoder that has a Hiperface, EnDat 2.1, EnDat2.2 or BiSS interface. See

P1 User Comms Enable (03.067) for a description of how to use these registers.

Parameter 03.168 P2 User Comms Transmit Register

Short description Defines the value present in the user comms transmit register

Mode RFC-S

Minimum 0 Maximum 65535

Default 0 Units

Type 16 Bit Volatile Update Rate Background read/write
Display Format Standard Decimal Places 0

Coding RW, NC, PT, BU

See P2 User Comms Enable (03.167).
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Parameter 03.169 P2 User Comms Receive Register

Short description Defines the value present in the user comms receive register

Mode RFC-S

Minimum 0 Maximum 65535

Default 0 Units

Type 16 Bit Volatile Update Rate Background read/write
Display Format Standard Decimal Places 0

Coding RW, NC, PT, BU

See P2 User Comms Enable (03.167).

Parameter 03.171 P2 Error Detected

Short description ilgt(jai?faats; if an error has been detected with the position feedback device connected to the P1 position
Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

P2 Error Detected (03.171) is set if an error has been detected with the position feedback device connected to the P2 position interface. This parameter
is useful if encoder trips have been disabled with P2 Error Detection Level (03.140).

Parameter 03.172 P2 Status

Short description Displays the status of the P2 position interface

Mode RFC-S

Minimum 0 Maximum 9

Default Units

Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding

RO, TE, ND, NC, PT

Value

Text

None

AB

FD

FR

EnDat

SSI

BiSS

EnDat Alt

SSI Alt

OjlofNjoju]ldlwNd|—~]O

BiSS Alt

Priority of the 15-way D-type is assigned in the following order from the highest priority to the lowest.

1. P1 position interface
2. Encoder simulation output
3. P2 position interface

The availability of the P2 position interface on the 15-way D-type on the drive is dependent on type of feedback device selected in P71 Device Type
(03.038) and the encoder simulation mode selected in Encoder Simulation Mode (03.088). P2 Status (03.172) shows the status of the P2 position
interface depending on the settings in P2 Device type (03.138), P1 Device Type (03.038), and Encoder Simulation Mode (03.088).

0: None

The P2 position interface is not available.

:AB
:FD
:FR

: EnDat
: SSI

: BiSS

ONBHBWN=

The P2 position interface is available. The connections for the P2 position interface are shown below.
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The P2 position interface is available but uses alternative connections as shown below as connection 7/8 and 9/10 are used by the encoder simulation

15-way D-type connections
P2 Status (03172) —=5"T 32 | &6 | 78 | 9110 | 1112
AB A2 B2 22
FD F2 D2 | z2
FR F2 R2 | 22
EnDat D2 | ckz | 22
SSI D2 | ck2 | z2
BiSS D2 | ck2 | z2
7: EnDat Alt
8: SSI Alt
9: BiSS Alt
output.

15-way D-type connections
P2 Status (03172) 5T 32 | &6 | 78 | 9110 | 1172
EnDat Alt D2 | Aout | BOut | Cik2
SSIAlt D2 | Aout | BOut | Cik2
BiSS Alt D2 | Aout | BOut | Cik2

See the introduction to this menu for more information on the position feedback interfaces.

Parameter 03.173 P2 Absolute Turns Recovery Enable

Short description Set_to 1 to allow turns information beyond the number of turns bits provided by the position feedback
device connected to P2 to be stored on power-down and recovered at next power-up

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background Read

Display Format Standard Decimal Places 0

Coding RW

See P1 Absolute Turns Recovery Enable (03.073).

Parameter 03.174 P2 Additional Configuration

Short description z’ég\:jgepsa?:rﬂietitoer;gl configuration information for the position feedback device not included in the other
Mode RFC-S

Minimum 0 Maximum 511116116

Default 0 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

See P1 Additional Configuration (03.074).
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Menu 4 Single Line Descriptions — Torque and current control

Mode: RFC-S
Parameter Range Default Type
04.001|Current Magnitude +VM_DRIVE_CURRENT_UNIPOLAR A RO |Num ND|NC|PT| FI
04.002]Iq +VM_DRIVE_CURRENT A RO [Num|ND|NC|PT| FI
04.003|Final Torque Reference +VM_TORQUE_CURRENT % RO INum|ND|NC|PT| FI
04.004|Final Current Reference +VM_TORQUE_CURRENT % RO [Num|ND|NC|PT| FI
04.005|Motoring Current Limit +VM_MOTOR1_CURRENT_LIMIT % 0.0 % RW ]INum RA UsS
04.006|Regenerating Current Limit +VM_MOTOR1_CURRENT_LIMIT % 0.0 % RW /] Num RA Us
04.007|Symmetrical Current Limit +VM_MOTOR1_CURRENT_LIMIT % 0.0 % RW ]INum RA US
04.008|Torque Reference +VM_USER CURRENT_HIGH_RES % 0.00 % RW [Num Us
04.009|Torque Offset +VM_USER_CURRENT % 0.0 % RW | Num US
04.010]Torque Offset Select Off (0) or On (1) Off (0) RW| Bit UsS
04.011|Torque Mode Selector O0to5 0 RW |[Num uUs
04.012|Current Reference Filter 1 Time Constant 0.0 to 25.0 ms 0.0 ms RW ] Num UsS
04.013|Current Controller Kp Gain 0 to 30000 150 RW [Num uUs
04.014|Current Controller Ki Gain 0 to 30000 2000 RW /] Num uUs
04.015|Motor Thermal Time Constant 1 1.0 to 3000.0 s 89.0 s RW | Num US
04.016|Thermal Protection Mode Drive Mr‘;}fg)”g é?g'l_'\i"rgitt"(r?";"rg'itsgg; od (4 | MotorTrip @) |Rw| Tx uUs
04.017]1d +VM_DRIVE_CURRENT A RO |Num|ND|NC|PT| FI
04.018|Final Current Limit +VM_TORQUE_CURRENT % RO |Num [ND|NC| PT
04.019|Motor Protection Accumulator 0.0 to 200.0 % RO [Num|ND|NC|PT|PS
04.020|Percentage Load +VM_USER_CURRENT % RO INum|ND|NC|PT| FI
04.021|Current Feedback Filter Disable Off (0) or On (1) Off (0) RW] Bit UsS
04.022]Inertia Compensation Enable Off (0) or On (1) Off (0) RW] Bit uUs
04.023|Current Reference Filter 2 Time Constant 0.0 t0 25.0 ms 0.0 ms RW /] Num UsS
04.024|User Current Maximum Scaling +VM_TORQUE_CURRENT_UNIPOLAR % 175.0 % RW [ Num RA US
04.025|Low Speed Thermal Protection Mode Oto1 0 RW | Num Us
04.026|Percentage Torque +VM_USER_CURRENT % RO INum|ND|NC|PT| FI
04.027|Low Load Detection Level 0.0 to 100.0 % 0.0 % RW | Num Us
04.028|Low Load Detection Speed/Frequency Threshold] +VM_SPEED_FREQ_REF_UNIPOLAR 0.0 RW [ Num US
04.029|Enable Trip On Low Load Off (0) or On (1) Off (0) RW| Bit uUs
04.030|Current Controller Mode Off (0) or On (1) Off (0) RW] Bit uUs
04.031|Notch Filter Centre Frequency 50 to 1200 Hz 100 Hz RW |[Num uUs
04.032]Notch Filter Bandwidth 0 to 500 Hz 0 Hz RW ]INum Us
04.033]Inertia Times 1000 Off (0) or On (1) Off (0) RW] Bit UsS
04.036|Motor Protection Accumulator Power-up Value Power down (0), Zero (1), Real time (2) Power down (0) |RW| Txt UsS
04.037|Motor Thermal Time Constant 2 1.0 t0 3000.0 s 89.0s RW /] Num Us
04.038|Motor Thermal Time Constant 2 Scaling 0 to 100 % 0 % RW /] Num UsS
04.039|Rated Iron Losses As Percentage Of Losses 0to 100 % 0 % RW]INum US
04.041|Rated Torque 0.00 to 50000.00 Nm 0.00 Nm RW | Num Us
04.042|Torque Estimation Minimum Frequency 0to 100 % 5% RW [ Num US
04.043|Torque Correction Time Constant 0.00 t0 10.00 s 0.00 s RW [Num uUsS
04.044|Torque Correction Maximum 0to 100 % 20 % RW [ Num US
04.045|No-load Core Loss 0.000 to 99999.999 kW 0.000 kW RW | Num Us
04.046|Rated Core Loss 0.000 to 99999.999 kW 0.000 kW RW ]Num Us
04.049|Magnetising Current Limit 0.0 to 100.0 % 100.0 % RW | Num Us
RW [Read / Write RO |Read-only Bit |Bit parameter | Txt |Text string Date |Date parameter |Time|Time parameter
Chr [Character parameter | Bin |Binary parameter | IP [IP address Mac |[MAC address Ver |Version number | SMP |Slot, menu, parameter
Num{Number parameter | DE |Destination ND zlgfault value RA |JRating dependent | NC |Non-copyable PT |Protected
Fl [Filtered US |User save PS gg\)’vvr?:ave
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Menu 4 - Torque and current control

Mode: RFC-S
RFC-A and RFC-S modes

The diagram below is common between RFC-A and RFC-S modes.

Motor Overload Protection
. Maotor Overfoad
Current Magnitude | wiotor Thermal Time Constant 1 (04.015) Alarm
Thermal Protection Mode (04.016)

Motor Protechion Accumalator (04,019)

D 001 Motor Protection Accumulator Power-up Value (04,038)
Low Speed Tharmal Proleciion Modea (04.025)

Motor Thermal Time Constant 2 (04.037)

Motor Thermal Time Constant 2 Scaling (04.038)
Rated Iron Losses As Percentage OF Losses (04.039)
Maximwum Heavy Duty Rating (11.032)

¥ Final Current

Torque Producing | gurent Limits Lirmit
Current /g
Motoring Current Limif (04.005)
- E-‘.‘t”e"u‘- Ferjdm“ Regen Current Limif (04.006) .08
ilter Disable ol ) o
(04.021) Symmetrcal Current Limif (04, 007)
Magnatising
Current Current /Id

measuremeant

Percanfage Load

Low Load Detector
04,020 Low Load Datection Lave! (04.027)
Low Load Detection SpeadiFrequency Thraeshold (04.028)
Enabia Trip On Low Load (04.029)

¥

Parcentage Torque

Rated Torgue (04.041)
| Mo-Load Core Lossas (04.045) 04.026
Rated Load Core Losses (04 046)

Liser Cummant Maximum Scaling (04,024)

Throughout this section Rated Current (05.007) and other parameters related to motor 1 are used. It should be noted that this applies if
Select Motor 2 Parameters (11.045) = 0. If Select Motor 2 Parameters (11.045) = 1 then M2 Rated Current (21.007) and other parameter associated with
motor 2 should be used instead.

The full scale current is the maximum current that the drive can measure and if the current exceeds this level the drive may produce an over current trip. Kc is
the current scaling for the drive and is used in determining the control performance of the drive. This is given in Full Scale Current Kc (11.061) and Kc is equal
the full scale current in r.m.s. Amps. (Note that this is a change from Unidrive SP which used the full scale current multiplied by 0.45 for Kc.)

The maximum current reference is the highest magnitude of the current reference vector in the drive under any circumstances. The area between the
maximum current reference and the full scale current provides headroom to allow for overshoot in the current controllers without tripping the drive. The current
limits can be adjusted so that the maximum current reference vector (IyaxRref) is €qual to 0.9 x Kc provided Rated Current (05.007) is set to the

Maximum Heavy Duty Rating (11.032) or less. If Rated Current (05.007) is set to a higher level then the current limits can be adjusted so that the maximum
current reference vector (lyaxref) is €qual to 1.1 x Maximum Rated Current (11.060) or 0.9 x Kc whichever is lower.

The drive can have a heavy duty rating intended for applications where high overload current may be required under transient conditions, or it can have a
normal duty rating where a lower level of overload current is required. The duty rating is selected automatically by the drive based on the setting of

Rated Current (05.007). The Maximum Heavy Duty Rating (11.032) and Maximum Rated Current (11.060) are fixed for each drive size and the table below
shows the possible duty ratings that can be selected depending on the levels of these parameters.
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Conditions

Possible duty ratings

Maximum Heavy Duty Rating (11.032) = 0.00

Normal duty operation only

Maximum Heavy Duty Rating (11.032) <
Maximum Rated Current (11.060)

Heavy duty operation if rated current > MAX, otherwise
normal duty operation

Maximum Heavy Duty Rating (11.032) =
Maximum Rated Current (11.060)

Heavy duty operation only

The different duty ratings modify the motor protection characteristic (see Motor Thermal Time Constant 1 (04.015)). The different duty ratings can also change

the level of ly1axref @S described previously.

In a drive that contains multiple power modules Full Scale Current Kc (11.061) is the full scale current of an individual module multiplied by the number of
modules. Maximum Heavy Duty Rating (11.032) and Maximum Rated Current (11.060) are the value for an individual module multiplied by the number of

modules.

REC-A mode
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Inertia Compensation Torque Corraction
Maxirmum {04044
Enable (04.022) Percentage Torgue ¢ )
Imartia T
Compensation [ ' Tormue Comection i
Torgue 0 Rated Torque (04.041) 04,026 ‘}.’ Time Constant
Torque Estimation Minimum (04.043) T
02,038 . Frequency (04,042)
No-oad core Loss (04.045)
Ratad Core Loss (04.046)
Speed Controler
Motor flux Final Current
¢ Referahos
Torgue Mods Torque o Final
Salector current 014004 current
(04.011) CONVarsion reference
Torque Offsef Final Current
Select (04.010) Limit
0 I
|
0 04,018
Torgua Offset !
(04,009 O
Torgue
Refarance
(04.008)
D.c. link voltage
Current reference filter Notch Filter controller aﬂlgs
Speed Controllar Galn Mofch Filter Centre I
Final Select (03.016) Frequency (04.031) Currant Confrofier
curent  —m Current Reference Filter [ Motch Eilfer Kp Gain (04.013) Torque Axis
referance Time Constant 1 (04.012) Bandwidth (04.032) Current Controfier H» Woltage
Current Referance Filter Ki Gain {04.014) Reference
Time Constant 2 (04.023) Currant Gordrofer
Mode (04.030)
Torgue FProducing
Current Current rel'ere_nce
from the d.c. link
voltage controller
04.002
Magnedising Current Limif
(04.043} Current Confrofler
Magnetising Kp Galn (04.013) .
current refarence ol Currant Controfler EE::‘:'S
Magnetising from flux = Ki Gain (04.014) Rafsrganc:&
Current controller Current Confroller
Mode (04.030)
04.017

The torque reference is normally provided by the speed controller, or from the torque reference, or as a combination of both depending on the value of

the Torque Mode Selector (04.011). During supply loss or when standard ramp mode is selected and the motor is regenerating it is possible that the torque
producing current reference may be provided by the d.c. bus voltage controller as shown above. The torque reference becomes the torque producing current
reference.

Variable Maximums applied to the current limits

The variable maximums applied to the current limit parameters are VM_MOTOR1_CURRENT_LIMIT for motor map 1 and VM_MOTOR2_CURRENT_LIMIT
for motor map 2. The calculations given below are used in each drive mode to define VM_MOTOR1_CURRENT_LIMIT. Similar calculations based on the
equivalent motor map 2 parameters are be used to define VM_MOTOR2_CURRENT_LIMIT.
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ITRatEd

©,

ITLimit

Kc

=Y

M

RFC-A mode current

=Y

ol

The diagram shows a motor operating with Rated Current (05.007) and at ly;,4rer- RFC-A mode uses rotor oriented flux control, and so the magnetising
current does not vary with load. The magnetising and torque producing motor currents are defined for rated conditions as follows.

With rotor flux oriented control there is a significant difference between the angle from the total current vector to the torque producing current (cos ¢4) and the

power factor. The diagram below shows the voltages and currents in the motor represented as vectors.
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I'~-'-"m|'l:'-'-|-siT

Rsir

RFC-A mode voltage and current vectors

Irated = Rated Current (05.007)

ITrated @Nd lyrateq @re the torque producing current and magnetising current under rated conditions. An initial approximation to these can be used in order to
calculate cos @4 which in turn will be used to provide a more accurate estimate of I 4164 @and Iyrated-

cos @ = Rated Power Factor (05.010)

Initial estimates for the rated magnetising and torque producing currents are:
IMrated’ = Rated X Sin @
Itrated” = IRated X COS @

cos @4 can then be calculated from the power factor (cos ¢) and ¢, as shown in the diagram above. It can be seen that under rated conditions:

P2 = Sin_1((Rs|MRated‘ - 2T FRrated OLs ltrated) / VRated )
where

Rg is the Stator Resistance (05.017)
FRated is the Rated Frequency (05.006)
ol is the Transient Inductance (05.024)
VRated is the Rated Voltage (05.009)
And

P1=0+ ¢

Note that in most cases ¢, is negative, and so ¢4 is smaller than ¢. ¢4 can then be used to give more accurate values of the current components in the rotor
flux reference frame.

IMrated = |Rated SIN @1
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Itrated = IRated COS @1

At the maximum current limit the torque producing current is given by:

- 01
ITiimit = IMaxRef X €OS(SIN™ (Imrated / IMaxRef))
The maximum required current limit setting is given by:

VM_MOTOR1_CURRENT_LIMIT = (Ijimit / Mrateq) X 100%

The above assumes that the user provides the Rated Power Factor (05.010). However, the user may provide the Stator Inductance (05.025) or this may be
obtained by auto-tuning. If this case a more accurate value for ¢, is calculated using Stator Inductance (05.025) as follows:

IMrated' = VRated/ 2T FRated Ls

The magnetising current would give Vg4 as the terminal voltage under no load conditions, however this should be Vg,eq Under rated conditions. Therefore

the rated magnetising current is adjusted assuming that the difference in terminal voltage between no load and rated load is dominated by the stator resistance
drop. An estimate of ¢4 is produced as ¢4"

V=i '
@1' = sin"(IyRated / IRated)

The magnetising currrent is then rescaled by a factor K so that Iy rateqd = K IMRated -
K= (VRated - Rs ITRated) / VRated

where ItRated" = IRated COS @1'

An accurate value for ¢4 can now be obtained from

= e
@1 = cos™ (IMRated / IRated)

@, can then be calculated in the same way as before and the result used with the calculated value of @4 to give the power factor which is written to the
Rated Power Factor (05.010) as an indication of the motor power factor.

RFC-S mode
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Inertia Compensation Torque Corraction
Maxirmum {04044
Enable (04.022) Percantage Torque ¢ )
Imartia T
Compansation oo <> Torque Correciion v
Torgue 0 Rated Torgue (04.041) 04,026 b“ Tirme Constant
Torque Estimation Minimum (04.043) f
. Frequency (04,042)
No-oad core Loss (04.045)
Ratad Core Loss (04.046)
Speed Confrofler )
Tﬁnaf Motor flux Final Currant
arque Refarahcs
Referance
Torque Mods Torgue to Final
Salector current 014004 current
(04.011) CONVarsion reference
Torque Offsef Final Current
Select (04.010) Limit
0 I
|
Rk
0 04.018
Torgua Offset !
(04,009 O
Torgue
Refarance
(04.008)
Doc. link voltage
Current reference filter Motch Filtar contraller active
Spead Controller Gain Mofch Fitter Centre T
Final Select (03.016) Frequency (04.031) Curent Cantraller
current  — Current Reference Filler  |—@ Motch Eilfer gﬁ rTG;::?C[.E??ﬂEDI?e}r Iq
reference Time Constanf 1 (0d,012) Bandwidth (04.032) wrrer : L
Currant Refarence Filler Ki Gain (04.014) Referancs
Time Constant 2 (04,023) Currant Gordrofer
Mode (04.030)
g Current reference
from the d.c. link
voltage controller
04.002
Id is modified if flux Current Contraller
weakening becomes active Kp Gain (04.013)
ol Currant Controfler Id
= Ki Gain (04.014) Feferance
id Current Controller
Moade (04.030)
04.017

The torque reference is normally provided by the speed controller, or from the torque reference, or as a combination of both depending on the value of the
Torque Mode Selector (04.011). During supply loss or when standard ramp mode is selected and the motor is regenerating it is possible that the torque
producing current reference may be provided by the d.c. bus voltage controller as shown above. The torque reference becomes the final current reference
after the current limits.Whether saliency torque is exploited or not (i.e. whatever the value of Saliency Torque Control Select (05.065)) a combination of d and q
axis current is applied to the motor where the magnitude of the resulting current vector is approximately proportional to the Final Current Reference

(04.004) when flux weakening is not active.

Variable Maximums applied to the current limits

The variable maximums applied to the current limit parameters are VM_MOTOR1_CURRENT_LIMIT for motor map 1 and VM_MOTOR2_CURRENT_LIMIT
for motor map 2. The calculations given below are used in each drive mode to define VM_MOTOR1_CURRENT_LIMIT. Similar calculations based on the
equivalent motor map 2 parameters are be used to define VM_MOTOR2_CURRENT_LIMIT.

VM_MOTOR1_CURRENT_LIMIT = (Iyaxref / Rated Current (05.007)) x 100%

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)

135



Parameter

04.001 Current Magnitude

Short description Shows the instantaneous drive output current

Mode RFC-S

Minimum -VM_DRIVE_CURRENT_UNIPOLAR [Maximum VM_DRIVE_CURRENT_UNIPOLAR
Default Units A

Type 32 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 3

Coding

RO, FI, VM, ND, NC, PT

Current Magnitude (04.001) is the instantaneous drive output current scaled so that it represents the r.m.s. phase current in Amps under steady state

conditions.

Parameter 04.002 Iq

Short description Shows the instantaneous level of g axis current

Mode RFC-S

Minimum -VM_DRIVE_CURRENT Maximum VM_DRIVE_CURRENT
Default Units A

Type 32 Bit Volatile Update Rate 250us Write

Display Format Standard Decimal Places 3

Coding

RO, FI, VM, ND, NC, PT

The current in the motor is separated into d and g axis current where d axis current is aligned with the flux from the magnets and the q axis current is aligned
with an axis at right angles to the flux. If motor saliency is not being exploited (i.e. Saliency Torque Control Select (05.065) = 0) then there will only be q axis
current, and no d axis current, if flux weakening is not active. If saliency torque is not being exploited then Iq, Torque Producing Current (04.002) is always
proprotional to the torque produced by the motor. If saliency torque is being exploited (i.e. Saliency Torque Control Select (05.065) is non-zero) then the torque
is produced by a combination of g axis current and negative d axis current. In this case Iq, Torque Producing Current (04.002) is not directly proportional to

torque. The sign of Iq, Torque Producing Current (04.002) is defined in the table below.

Sign of Iq, . ign of fr n Direction of motor

('I(';X:ggg)Producmg Current g rgs pg ed equency to r:ﬁtao of moto

+ Accelerating

- Decelerating

+ - Decelerating

- - Accelerating

Parameter 04.003 Final Torque Reference

Short description Shows the final torque reference

Mode RFC-S

Minimum -VM_TORQUE_CURRENT Maximum VM_TORQUE_CURRENT
Default Units %

Type 16 Bit Volatile Update Rate 250us write
Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

The Speed Controller Output (03.004) can include a feed forward torque that will provide the torque necessary to accelerate the load inertia. This can be
combined with the Torque Reference (04.008) and the Torque Offset (04.009) as defined by the Torque Mode Selector (04.011) to give
the Final Torque Reference (04.003) as a percentage of rated motor torque.

Parameter 04.004 Final Current Reference

Short description Shows the final current reference after the current limits

Mode RFC-S

Minimum -VM_TORQUE_CURRENT Maximum VM_TORQUE_CURRENT
Default Units %

Type 16 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

The Final Torque Reference (04.003) is converted into the Final Current Reference (04.004) using rotor temperature compensation if required (see
Rotor Temperature Coefficient (05.054)) and applying the current limits.

Parameter 04.005 Motoring Current Limit

Short description Defines the current limit used when the motor is being accelerated away from standstill

Mode RFC-S

Minimum -VM_MOTOR1_CURRENT_LIMIT Maximum VM_MOTOR1_CURRENT_LIMIT
Default 0.0 Units %

Type 16 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM, RA

The Motoring Current Limit (04.005) limits the current when the motor is being accelerated away from standstill. The Regenerating Current Limit (04.006) limits
the current when the motor is being decelerated towards standstill. If the Symmetrical Current Limit (04.007) is below the Motoring Current Limit (04.005) then
it is used instead of the Motoring Current Limit (04.005). If the Symmetrical Current Limit (04.007) is below the Regenerating Current Limit (04.006) then it is
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used instead of the Regenerating Current Limit (04.006).

The maximum possible current limit (VM_MOTOR1_CURRENT_LIMIT [MAX]) varies between drive sizes with default parameters loaded. For some drive

sizes the default value may be reduced below the value given by the parameter range limiting.

Parameter 04.006 Regenerating Current Limit

Short description Defines the current limit used when the motor is being decelerated towards standstill

Mode RFC-S

Minimum -VM_MOTOR1_CURRENT_LIMIT Maximum VM_MOTOR1_CURRENT_LIMIT
Default 0.0 Units %

Type 16 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM, RA

See Motoring Current Limit (04.005).

Parameter 04.007 Symmetrical Current Limit

Short description Defines the symmetrical current limit

Mode RFC-S

Minimum -VM_MOTOR1_CURRENT_LIMIT Maximum VM_MOTOR1_CURRENT_LIMIT
Default 0.0 Units %

Type 16 Bit User Save Update Rate 4ms read

Display Format Standard Decimal Places 1

Coding RW, VM, RA

See Motoring Current Limit (04.005).

Parameter 04.008 Torque Reference

Short description Defines the torque reference

Mode RFC-S

Minimum -VM_USER_CURRENT_HIGH_RES |Maximum VM_USER_CURRENT_HIGH_RES
Default 0.00 Units %

Type 32 Bit User Save Update Rate 250us read

Display Format Standard Decimal Places 2

Coding RW, VM

Gives the required torque

reference as a percentage of rated motor torque.

Parameter 04.009 Torque Offset

Short description Defines the torque offset to be added to the torque reference

Mode RFC-S

Minimum -VM_USER_CURRENT Maximum VM_USER_CURRENT
Default 0.0 Units %

Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 1

Coding RW, VM

The torque offset added to Torque Reference (04.008) if Torque Offset Select (04.010) = 1.
Parameter 04.010 Torque Offset Select

Short description Set to add the torque offset to the torque reference

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

See Torque Reference (04.008).

Parameter 04.011 Torque Mode Selector

Short description Defines the torque mode used by the drive

Mode RFC-S

Minimum 0 Maximum 5

Default 0 Units

Type 8 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

The value of the Torque Mode Selector (04.011) defines how the Final Torque Reference (04.003) is produced. The inputs to the torque mode selector system
are referred to below as the Speed control torque reference and the User torque reference. The Speed control torque reference is the Speed Controller Output
(03.004), combined with the Inertia Compensation Torque (02.038) if this is enabled. The User torque reference is the Torque Reference (04.008), combined

with the Torque Offset (04.009) if this is enabled. Each of the modes is described below.

Unidrive M700 Parameter

Reference Guide

Issue: 01.18.00 (Eth 01.07.00)

137



Mode 0 and Mode 4 use speed control with the combined output of the ramp system and the hard speed reference as the reference. The other modes are
torque control modes (although the speed controller may be active). In these modes the ramp system output is not used, but the output of the ramp

system (Post Ramp Reference (02.001)) is constantly preset with Speed Feedback (03.002) — Hard Speed Reference (03.022). This prevents a transient if the
mode is changed to 0 or 4 while the drive is active, or the drive run is removed and the motor is stopped under ramp control, i.e. Stop Mode (06.001) is 1 or 2.

0: Speed control mode
The Final Torque Reference (04.003) is the Speed controller torque reference.

1: Torque control
The Final Torque Reference (04.003) is the User torque reference. The speed is not limited by the drive but, the drive will trip at the over-speed threshold if
runaway occurs.

2: Torque control with speed override

The drive effectively operates in speed control and Final Torque Reference (04.003) is controlled by the Speed controller torque reference, however this

is limited between 0 and the User torque reference. The effect is to produce an operating area as shown below if the Speed controller torque reference and the
User torque reference are both positive. The speed controller will attempt to accelerate the motor to the Final Speed Reference (03.001) with a torque
equivalent to the User torque reference. However, the speed cannot be forced above the Final Speed Reference (03.001) by the drive because the required
torque would be negative, and so it would be clamped to zero.

Torgue

___________________________ User torque
- reference

Speed
Final Speed Reference
(03.001)

Torgue control with speed override
(Positive Final Speed Reference (03.001) and User torque reference)

Depending on the sign of the Final Speed Reference (03.001) and the User torque reference there are four possible areas of operation as shown below.

Peositive Final Speed Referencea (03.001) Megative Final Speed Refarenca (03.001)
Positive User torgue reference Positive User torque reference
A A
Torgue Torgue
| |
_________ —— ———— ———— | —— —
| I
| > | >
| Speed | Speed
Positive Final Speed Reference (03.001) Megative Final Speed Reference (3.001)
Megative Liser torque reference Megative User torgue reference
F'y A
Torque Torque
| Speed I Speed
| |
________ - — —_————— e ——————
| |
Torgue control with speed override
{Four possible areas of control)

3: Coiler/uncoiler mode
Positive Final Speed Reference (03.001): Positive User torque reference gives torque control with a positive speed limit defined by the Final Speed Reference
(03.001). A negative User torque reference gives torque control with a negative speed limit of -5rpm.

Negative Final Speed Reference (03.001): Negative User torque reference gives torque control with a negative speed limit defined by the
Final Speed Reference (03.001). A positive User torque reference gives torque control with a positive speed limit of +5rpm.

Example of coiler operation:

This is an example of a coiler operating in the positive direction. The Final Speed Reference (03.001) is set to a positive value just above the coiler reference
speed. If the User torque reference is positive the coiler operates with a limited speed, so that if the material breaks the speed does not exceed a level just
above the reference. It is also possible to decelerate the coiler with a negative User torque reference. The coiler will decelerate down to -5rpm until a stop is
applied. The operating area is shown below:
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Final Speed Referance
{03.001)

I
operating as a |
coiler I

L

-5

§pons

Area for Speed
decelerating

Coiler operation

Example of uncoiler operation:

This is an example for an uncoiler operating in the positive direction. The Final Speed Reference (03.001) should be set to a level just above the maximum
normal speed. When the User torque reference is negative the uncoiler will apply tension and try and rotate at 5rpm in reverse, and so take up any slack. The
uncoiler can operate at any positive speed applying tension. If it is necessary to accelerate the uncoiler a positive User torque reference is used. The speed

will be limited to the Final Speed Reference (03.001). The operating area is the same as that for the coiler and is shown below:

Final Spead Referenca
(03.001})

Area for :
accelerating
1

-5

§mans

Area for
operating as Speed

an uncoiler

Uncoiler operation

4: Speed control with torque feed-forward
The Speed control torque reference and User torque reference are summed so that the drive operates under speed control, but a torque value may be added

to the output of the speed controller. This can be used to improve the regulation of systems where the speed controller gains need to be low for stability.

5: Bi-directional torque control with speed override
The drive effectively operates in speed control and Final Torque Reference (04.003) is controlled by the Speed controller torque reference. If the User torque

reference is positive then the speed reference is Final Speed Reference (03.001) and the torque is limited to the User torque reference. Therefore for any
negative speed and any positive speed up to Final Speed Reference (03.001) the motor will produce the required positive torque. If the speed exceeds

Final Speed Reference (03.001) no torque will be produced. The system works in the same way for a negative User torque reference, but with a speed limit of
-Final Speed Reference (03.001). This system can be used for torque control in either direction with a safe speed limit in either direction if the load torque is

less than the applied torque (i.e. the load is removed). The diagram below shows the possible regions of operation.

Torgue

'y

|Final Spead Referance
(030071}

|Final Speed Reference
(03.001)

Bi-directional torgue control with speed override
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Parameter 04.012 Current Reference Filter 1 Time Constant

Short description Defines the time constant of a first order filter that can be applied to the final current reference
Mode RFC-S

Minimum 0.0 Maximum 25.0

Default 0.0 Units ms

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, BU

Current Reference Filter 1 Time Constant (04.012) defines the time constant of a first order filter that can be applied to the Final Current Reference (04.004).
The filter is provided to reduce acoustic noise and vibration produced as a result of position feedback quantisation. The filter introduces a lag in the speed

controller loop, and so the speed controller gains may need to be reduced to maintain stability as the filter time constant is increased. The time constant used
is dependent on Speed Controller Gain Select (03.016) so that different time constants can be used with different gains.
Current Reference Filter 1 Time Constant (04.012) is used if Speed Controller Gain Select (03.016) = 0, and Current Reference Filter 2 Time Constant
(04.023) is used if Speed Controller Gain Select (03.016) = 1.

Parameter 04.013 Current Controller Kp Gain

Short description Defines the current loop controller proportional gain

Mode RFC-S

Minimum 0 Maximum 30000

Default 150 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

Current Controller Kp Gain (04.013) and Current Controller Ki Gain (04.014) are the proportional and integral gains of the current controllers. It is possible to
use the current controller in standard mode (Current Controller Mode (04.030) = 0) or high performance mode (Current Controller Mode (04.030) = 1). The set
up method for the current controller gains is described separately for each of these modes below. It should be noted that when an auto-tune is performed that
measures the Ld (05.024) and Stator Resistance (05.017) the Current Controller Kp Gain (04.013) and Current Controller Ki Gain (04.014) are automatically
set to the levels defined in the description for standard mode even if high performance mode is selected. These gains will give good performance in standard
mode and produce moderate acoustic noise due to position feedback quantisation with a standard incremental encoder. These represent the maximum levels
that are likely to be used with this mode in most applications. For high performance mode it is recommended that a high resolution position feedback device is
used or else the acoustic noise due to position feedback quantisation is likely to be excessive. In high performance mode the proportional gain can be
increased to a higher level as given in the description of this mode.

Standard mode

Standard mode can be used to give good current control dynamic performance and is compatible with the performance of Unidrive SP. The current controller
gains can either be set using auto-tuning (see Auto-tune (05.012)) or the values can be set up manually by the user. The calculations given below are those
used by the auto-tuning system and should give good performance without excessive overshoot.

The proportional gain, Current Controller Kp Gain (04.013), is the most critical value in controlling the performance of the current controllers. The required
value can be calculated as

Current Controller Kp Gain (04.013) = (L / T) x (l¢s / Vis) X (256 / 5)

where:

T is the sample time of the current controllers. The drive compensates for any change of sample time, and so it should be assumed that the sample time is
equivalent to the base value of 167ps.

L is the motor inductance. For a servo motor this is half the phase to phase inductance that is normally specified by the manufacturer. For an induction motor
this is the per phase transient inductance (oLs). The inductance for either of these motors can be taken from the manufacturers data or it can be obtained from
the value stored in the Ld (05.024) after auto-tuning.

I is the peak full scale current feedback, i.e. full scale current x V2. The r.m.s. full scale current is given by Full Scale Current Kc (11.061), and so g =
Full Scale Current Kc (11.061) x V2.

Vs is the maximum d.c. bus voltage.

Therefore:

Current Controller Kp Gain (04.013) = (L / 167pus) x (Kc x V2/ Vi) X (256 /5) = Kx L x Kc
Where K = [V2 / (Vg x 167us)] x (256 / 5)

There is one value of the scaling factor K for each drive voltage rating as shown in the table below.

Drive Rated Voltage (11.033) Vfs K
200V 415V 1045
400V 830V 522
575V 990V 438
690V 1190V 364

The integral gain, Current Controller Ki Gain (04.014), is less critical. A suggested value which matches the zero with the pole caused by the electrical time
constant of the motor and ensures that the integral term does not contribute to current overshoot is given by

Current Controller Ki Gain (04.014) = Current Controller Kp Gain (04.013) x 256 x T / 1,
Where 1, is the motor time constant (L / R). R is the per phase stator resistance of the motor (i.e. half the resistance measured between two phases).

Therefore:
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Current Controller Ki Gain (04.014) = (K x L x Kc) x 256 x 167ps x R/L =0.0427 x Kx R x Kc

The above equations give the gain values that should give a good response with minimal overshoot. If required the gains can be adjusted to modify the
performance as follows:

1. Current Controller Ki Gain (04.014) can be increased to improve the performance of the current controllers by reducing the effects of inverter non-
linearity. These effects become more significant with higher switching frequency. These effects will be more significant for drives with higher current
ratings and higher voltage ratings. If Current Controller Ki Gain (04.014) is increased by a factor of 4 it is possible to get up to 10% overshoot in
response to a step change of current reference. For high performance applications, it is recommended that Current Controller Ki Gain (04.014) is
increased by a factor of 4 from the auto-tuned values. As the inverter non-linearity is worse with higher switching frequencies it is may be necessary to
increase Current Controller Ki Gain (04.014) by a factor of 8 for operation with 16kHz switching frequency.

2. ltis possible to increase Current Controller Kp Gain (04.013) to reduce the response time of the current controllers. If Current Controller Kp Gain
(04.013) is increased by a factor of 1.5 then the response to a step change of reference will give 12.5% overshoot. It is recommended that
Current Controller Ki Gain (04.014) is increased in preference to Current Controller Kp Gain (04.013).

As already stated, the drive compensates for changes of switching frequency and the sampling method used by the controller. The table below shows the
adjustment applied to the proportional and integral gains.

Switching Frequency|Current controller Current Controller Kp Gain Current Controller Ki Gain
(05.037) sample time Current (04.013) adjustment (04.014) adjustment

2kHz 250us x 167 /250 = 0.7 x 1.0

3kHz 167us x 167 /167 =1.0 x 1.0

4kHz 125us x 167 /125=1.3 x 1.0

6kHz 83us x 167 /83 =2.0 x 1.0

8kHz 62.5us x 167 /62.5=2.7 x 1.0

12kHz 83us X (167 /83)x (4/3)=2.7 x4/3=1.3

16kHz 62.5us x (167 /62.5)x (4/3) = 3.6 x4/3=1.3

The amount of acoustic noise produced in the motor from position feedback quantisation is related to the resolution of the position feedback and the product of
the speed controller and current controller proportional gains. The values in this table can be used in conjunction with the speed controller loop proportional
gain to assess the amount of acoustic noise that is likely to be produced.

High performance mode

High performance mode gives fast closed-loop dynamic performance as though the proportional gain has been set to the maximum value defined below. This
is the maximum value that should be used to prevent excessive over-shoot or instability. It should be noted that this is 5 times the maximum value used for
standard mode.

Current Controller Kp Gain (04.013) = (L / T) X (I¢s / Vi) X 256 = K x L x K¢ X 5

The closed-loop dynamic performance defines the response of the current controllers to a change of current reference. This response cannot be changed by
modifying Current Controller Kp Gain (04.013), however the ability of the current controllers to reject voltage disturbances is affected by

Current Controller Kp Gain (04.013). Normally the auto-tuned value (which is one fifth of of the maximum recommended value) will give good rejection of
voltage disturbances, but the proportional gain can be increased up to the maximum value to improve this. It should be noted that the higher closed-loop
response of the controllers means that encoder position quantisation will cause significant acoustic noise in the motor unless a high resolution encoder is used.
Increasing Current Controller Kp Gain (04.013) also increases acoustic noise due to noise on the current feedback. High performance mode uses the
measured motor resistance and inductance, and so it is recommended that these are obtained with auto-tuning using test 1 or 2.

The integral gain provides a trim on the currents, and generally the auto-tuned value should be sufficient, however, this may be increased if required.

The drive compensates for changes of switching frequency used by the controller. The table below shows the adjustment applied to the proportional and
integral gains.

Switching Frequency|Current controller Current Controller Kp Gain Current Controller Ki Gain
(05.037) sample time Current (04.013) adjustment (04.014) adjustment
2kHz 500us x 167 / 500 = 0.3 x 1.0

3kHz 333us x 167 /333 = 0.5 x 1.0

4kHz 250us x 167 /250 = 0.7 x 1.0

6kHz 167us x 167 /167 =1.0 x 1.0

8kHz 125us x 167 /125=1.3 x 1.0

12kHz 83us x 167 /83 =2.0 x 1.0

16kHz 62.5us x 167 /62.5=2.7 x 1.0

Parameter 04.014 Current Controller Ki Gain

Short description Defines the current loop controller integral gain

Mode RFC-S

Minimum 0 Maximum 30000

Default 2000 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Current Controller Kp Gain (04.013).
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Parameter 04.015 Motor Thermal Time Constant 1

Short description Set to the thermal time constant for the motor

Mode RFC-S

Minimum 1.0 Maximum 3000.0

Default 89.0 Units S

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

A dual time constant thermal model is provided that can be used to estimate the motor temperature as a percentage of its maximum allowed temperature. The
input to the model is the Current Magnitude (04.001). Throughout the following discussion Rated Current (05.007) is used in the model

assuming Select Motor 2 Parameters (11.045) = 0. If Select Motor 2 Parameters (11.045) = 1 then M2 Rated Current (21.007) is used instead. It should be
noted that if the parameters that have been added in addition to those in Unidrive SP are left at their default values the model is a simple single time constant
model as provided in Unidrive SP.

Percentage Losses
The losses in the motor are calculated as a percentage value.

Percentage Losses = 100% x [Load Related Losses + Iron Losses]

where:
Load Related Losses = (1 - Kgg) X (I/ (K1 X Irated))?

Iron Losses = Ko x (W / WRated)1‘6

where:
| = Current Magnitude (04.001)
Irated = Rated Current (05.007)

Kfe = Rated Iron Losses As Percentage Of Losses (04.039) / 100%

The iron losses are relatively low in motors that have a rated frequency of 60Hz or less, and so the motor could be modelled based on load related losses
alone. This can be done by setting Ky, to zero. In motors where iron losses are significant, K, defines the proportion of losses that are iron losses under rated

conditions (i.e. rated current and rated frequency). For example if the iron losses are 30% of losses and other losses are 70% of losses under rated
conditions Rated Iron Losses As Percentage Of Losses (04.039) should be set to 30%.

The value of K defines the continuous allowable motor overload as a proportion of the Rated Current (05.007) before the Motor Protection Accumulator
(04.019) reaches 100%. The value of K4 can be used to model reduced cooling at low speeds and to allow the motor to operate under rated conditions with a
small margin to prevent spurious trips. K, is defined in more detail later.

Motor Protection Accumulator
So far the steady state motor losses have been defined, but the motor model must estimate the temperature within the motor under dynamically changing
conditions, and so the Motor Protection Accumulator (04.019) is given by the following equation.

T = Percentage Losses x [(1 - Ky) (1 - e¥™) + K, (1 - e12)]

where

T = Motor Protection Accumulator (04.019)

Ky = Motor Thermal Time Constant 2 Scaling (04.038) / 100%
11 = Motor Thermal Time Constant 1 (04.015)

12 = Motor Thermal Time Constant 2 (04.037)

[(1-Ky)(1- e‘t/ﬂ) +Ky (1- e‘t/Tz)] gives the effects of the thermal time constants in the motor. K, defines the ratio of the contribution to
the Motor Protection Accumulator (04.019) value from each of the time constants. If K, is set to its default value of 0 then only Motor Thermal Time Constant 1

(04.015) is included and the model will give the temperature of the main mass of the motor body. To give better protection to the motor, the model can be used
to model a particular point in the motor, for example the stator windings. This can be done by including an additional shorter time constant representing the
thermal impedance between the windings and the main mass of the motor body which can be modelled with Motor Thermal Time Constant 2 (04.037).

Reduced cooling with lower speed
If Rated Current (05.007) < Maximum Heavy Duty Rating (11.032) then K4 is defined as shown below. If Low Speed Thermal Protection Mode (04.025) = 0 the

characteristic is intended for a motor which can operate at rated current over the whole speed range. Induction motors with this type of characteristic normally
have forced cooling. If Low Speed Thermal Protection Mode (04.025) = 1 the characteristic is intended for motors where the cooling effect of motor fan
reduces with reduced motor speed below half of rated speed. The maximum value for K4 is 1.05, so that above the knee of the characteristics the motor can

operate continuously up to 105% of rated current.
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K1 when Motor Rated Current (05.007) = Maximum Heavy Duty Rating (11.032)

If Rated Current (05.007) > Maximum Heavy Duty Rating (11.032) then K is defined as shown below. Two different characteristics are provided, but in both

cases the motor performance is limited at lower speeds and the permissible overload is reduced from 105% to 101%.

K. &
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| I Low Speed Thermal
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1 1 >
015 1.0
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Proportion of Rated Speed (05.008) for RFC-A/RFC-3 modes
K.
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1 |:| _—E E E E E R e e e e e e
0.707 Low Spaad Tharmal

| |
| [
: : Prataction Mode (04.025) = 1
| [
| |

P
-

0.5 1.0

Proportion of Reted Frequency (05.006) for Oper-loop mode
Propartion of Rated Speed (05.008) for RFC-A/RFC-5 mades

K1 when Motor Rated Current (05.007) = Maximum Heavy Duty Rating (11.032)

Time for Motor Protection Accumulator to reach 100%

Assuming a single time constant model is being used (i.e. Motor Thermal Time Constant 2 Scaling (04.038), the time for the Motor Protection Accumulator

(04.019) to change from its initial value to 100% is given by the following equation:

Time to reach 100.0% = -11 x In[(1 = C4) / (Cg = C4)]

Cy represents the conditions that have persisted for long enough for the Motor Protection Accumulator (04.019) to reach a steady state value. If the motor

current and speed are lg and wy then,

Co =11 - Ke) X (o / (Kg X IRatea))?] *+ [Kse X (Wo / WRateq) ]

C, represents the conditions that begin at the start of the time being calculated. If the motor current and speed are by |4 and w4 then,

Cq =11 - Kie) X (14 / (Kg X IRatea))?] *+ [Kse X (W / WRateq) ]
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Example 1: The effect of iron losses are not modelled (K, = 0), Motor Thermal Time Constant 1 (04.015) = 89s, the initial current is zero, Rated Current
(05.007) < Maximum Heavy Duty Rating (11.032) and the new level of current is 1.5 x Rated Current (05.007).

CO =0
Cq =[1.5/(1.05 x 1.0)]2 = 2.041
Time to reach 100.0% = -89 x In(1 - 1/C4) = -89 x In(1 - 1/2.041) = 60s

This is the default setting for Open-loop and RFC-A modes allowing an induction motor to run at 150% rated current for 60s from cold.

Example 2: The effect of iron losses are not modelled (K¢, = 0), Motor Thermal Time Constant 1 (04.015) = 89s, the initial current is Rated Current (05.007),
Rated Current (05.007) < Maximum Heavy Duty Rating (11.032) and the new level of current is 1.5 x Rated Current (05.007).

€0 =[1.0/(1.05 x 1.0)2 = 0.907
C1=[1.5/(1.05x 1.0)2 = 2.041

Time to reach 100.0% = -89 x In((1 = C1) / (CO - C1)) = -89 x In[(1 — 2.041) / (0.907 - 2.041)] = 7.6s

This is the default setting for Open-loop and RFC-A modes allowing an induction motor to run at 150% rated current for 7.6s after running under rated
conditions for a significant period of time.

Motor Protection Accumulator Reset

The initial value in the Motor Protection Accumulator (04.019) at power-up is defined by Motor Protection Accumulator Power-up Value (04.036) as given in the
table below.

Motor Protection Accumulator Power-

up Value (04.036) Motor Protection Accumulator (04.019) at power-up

Power Down The value is saved at power-down and is used as the initial value at power-up.
Zero The value is set to zero
If a real-time clock is present and if Date/Time Selector (06.019) is set up to select the real-time clock then the
value saved at power-down is modified to include the effect of the motor thermal protection time constants over the
Real Time time between power-down and power-up. This modified value is then used as the initial value at power-up.

If no real time clock is present then and this option is selected then the value saved at power-down is used as the
initial value.

The Motor Protection Accumulator (04.019) is reset under the following conditions:

. Motor Thermal Time Constant 1 (04.015) is set to 0.0. Note that this is not possible in the standard product as the minimum parameter value is 1.0.
. Select Motor 2 Parameters (11.045) is modified.
. Rated Current (05.007) is modified when Select Motor 2 Parameters (11.045) = 0, or M2 Rated Current (21.007) is modified when
Select Motor 2 Parameters (11.045) = 1.
. Thermal Protection Mode (04.016) is modified.

AOWN =

Motor Protection Accumulator Warning
If Percentage Losses > 100% then eventually the Motor Protection Accumulator (04.019) will reach 100% causing the drive to trip or the current limits to be

reduced. If this is the case and Motor Protection Accumulator (04.019) > 75.0% then [Motor Overload] alarm indication is given and Motor Overload Alarm
(10.017) is set to one.

Parameter 04.016 Thermal Protection Mode

Short description Set to the require thermal protection mode

Mode RFC-S

Minimum 0 Maximum 4
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Motor Trip

1 Motor Limit

2 Drive Limit

3 Both Limit

4 Disabled

Thermal Protection Mode (04.016) defines the action taken by the drive when Motor Protection Accumulator (04.019) reaches 100%
and/or Percentage Of Drive Thermal Trip Level (07.036) exceeds 90%. The actions for each mode are given in the table below.
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Thermal Protection Mode (04.016)

Actions

Motor Trip (0)

Motor Too Hot trip is initiated when Motor Protection Accumulator (04.019) reaches 100%.
No current limiting.
Motor Protection Accumulator (04.019) is limited to 100.0%.

Motor Current Limit (1)

Motor Too Hot trip is disabled.
Current limiting on motor overload as described below.
Motor Protection Accumulator (04.019) is limited to 100.0%.

Drive Current Limit (2)

Motor Too Hot trip is initiated when Motor Protection Accumulator (04.019) reaches 100%.
Current limiting on drive thermal monitoring as described below.
Motor Protection Accumulator (04.019) is limited to 100.0%.

Motor and Drive Current Limit (3)

Motor Too Hot trip is disabled.
Current limiting on motor overload and drive thermal monitoring as described below.
Motor Protection Accumulator (04.019) is limited to 100.0%.

Disabled (4)

Motor Too Hot trip is disabled and Motor Overload alarm is disabled.
No current limiting.
Motor Protection Accumulator (04.019) is limited to 200.0%.

The current limit is derived from the current limit parameters (i.e. Motoring Current Limit (04.005), etc.) depending on the set-up and conditions. The current
limit can be further limited by current limit on motor overload and/or drive temperature monitoring as shown below to give the Final Current Limit (04.018).

Motar thermal model

Mofor Profection Accumulafor

Drive Temperature Monitoring

Parcentage OF Drive Thermal Trp

Currant imit derived
from current limit

(04,019 Lewval ((07.026) Final Current
l Limit
- X > 04.018

parameters T

Current limit modification

Current limiting on motor overload

When the Motor Protection Accumulator (04.019) reaches 100.0% the current limit is limited to (K4 —0.05) x 100.0%. This limitation is removed when the
Motor Protection Accumulator (04.019) falls below 95.0%. (K is defined in the description of Motor Thermal Time Constant 1 (04.015).)

Drive thermal monitoring current limiting
If Percentage Of Drive Thermal Trip Level (07.036) exceeds 90% the current limit is modified as follows:

Final Current Limit (04.018) = Current limit x (100% - Percentage Of Drive Thermal Trip Level (07.036)) / 10%

If both of the above attempt to reduce the final current limit the lowest calculated value of current limit is used.

This system has the effect of reducing the current limit to zero at the point where the drive should be tripped because its thermal monitoring has reached a trip
threshold. This is intended to limit the load on the drive to prevent it from tripping when supplying a load that increases with speed and does not include rapid

transients.

Parameter 04.017 Id

Short description Shows the instantaneous level of d axis current

Mode RFC-S

Minimum -VM_DRIVE_CURRENT Maximum VM_DRIVE_CURRENT
Default Units A

Type 32 Bit Volatile Update Rate 250us Write

Display Format Standard Decimal Places 3

Coding RO, FI, VM, ND, NC, PT

Id, Magnetising Current (04.017) is the instantaneous level of d axis current scaled so that it represents the r.m.s. level of d axis current under steady state
conditions.

Parameter 04.018 Final Current Limit

Short description Shows the final current limit that is applied to the torque producing current

Mode RFC-S

Minimum -VM_TORQUE_CURRENT Maximum VM_TORQUE_CURRENT
Default Units %

Type 16 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding RO, VM, ND, NC, PT

Final Current Limit (04.018) is the current limit level that is applied to give the Final Current Reference (04.004).
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Parameter 04.019 Motor Protection Accumulator

Short description Shows the level of the motor protection accumulator

Mode RFC-S

Minimum 0.0 Maximum 200.0

Default Units %

Type 16 Bit Power Down Save Update Rate Background write
Display Format Standard Decimal Places 1

Coding RO, ND, NC, PT

See Motor Thermal Time Constant 1 (04.015).

Parameter 04.020 Percentage Load

Short description Shows the level of Iq as a percentage of rated Iq for the motor

Mode RFC-S

Minimum -VM_USER_CURRENT Maximum VM_USER_CURRENT
Default Units %

Type 16 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

Percentage Load (04.020) gives the Iq, Torque Producing Current (04.002) as a percentage of the rated Iq for the motor. Positive values indicate motoring and
negative values represent regenerating. It should be noted that if Active Saliency Torque Mode (05.066) = 1 indicating that the high saliency motor control
system is being used in RFC-S mode that compensation is provided to give a linear relationship between the torque reference and the actual motor torque.
This has the effect of making Percentage Load (04.020) higher than the torque reference between zero and rated torque reference.

Parameter 04.021 Current Feedback Filter Disable

Short description Disables the 4ms filter applied to current feedback parameters

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If Current Feedback Filter Disable (04.021) = 0 a 4ms filter is applied to the current feedback components measured by the drive to be used in Iq,
Torque Producing Current (04.002) and /d, Magnetising Current (04.017). This filter removes ripple components associated with the PWM switching. If
Current Feedback Filter Disable (04.021) = 1, the filter is disabled and the user parameters are based on the current components sampled every 250us.

Parameter 04.022 Inertia Compensation Enable

Short description Set to enable inertia compensation

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If Inertia Compensation Enable (04.022) is set to one the Inertia Compensation Torque (02.038) is added to the output of the speed controller. The

Inertia Compensation Torque (02.038) is calculated based on a value of load inertia supplied by the user (Motor And Load Inertia (03.018)) and the rate of
change of the speed reference. This can be used in speed or torque controller applications to provide the torque necessary to accelerate or decelerate the
load.

Parameter 04.023 Current Reference Filter 2 Time Constant

Short description Pe?gpeenscfehe time constant of an alternative first order filter that can be applied to the final current
Mode RFC-S

Minimum 0.0 Maximum 25.0

Default 0.0 Units ms

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, BU

See Current Reference Filter 1 Time Constant (04.012).

Parameter 04.024 User Current Maximum Scaling

Short description Defines the maximum for the torque reference and percentage load parameters

Mode RFC-S

Minimum -VM_TORQUE_CURRENT_UNIPOLAR|Maximum VM_TORQUE_CURRENT_UNIPOLAR
Default 175.0 Units %

Type 16 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, VM, RA

User Current Maximum Scaling (04.024) defines the variable maximum/minimums VM_USER_CURRENT and VM_USER_CURRENT_HIGH_RES which are
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applied to Percentage Load (04.020), Torque Reference (04.008) and Torque Offset (04.009). This is useful when routing these parameters to an analog

output as it allows the full scale output value to be defined by the user.

The maximum value (VM_TORQUE_CURRENT_UNIPOLAR [MAX]) varies between drive sizes with default parameters loaded. For some drive sizes the

default value may be reduced below the value given by the parameter range limiting.

Parameter 04.025 Low Speed Thermal Protection Mode

Short description Set to enable low speed thermal protection mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Motor Thermal Time Constant 1 (04.015).

Parameter 04.026 Percentage Torque

Short description Shows the calculated torque as a percentage of rated torque

Mode RFC-S

Minimum -VM_USER_CURRENT Maximum VM_USER_CURRENT
Default Units %

Type 16 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 1

Coding RO, FI, VM, ND, NC, PT

The shaft torque of the motor is estimated by the drive and Percentage Torque (04.026) gives this torque as a percentage of the expected torque defined

by Rated Torque (04.041). The default value for Rated Torque (04.041) is zero which disables this feature so that Percentage Torque (04.026) is always zero.
To enable the torque estimation system Rated Torque (04.041) should be set to the expected torque from the motor under rated conditions. For accurate
torque estimation, and consistent results for both motoring and regenerating conditions, it is necessary to provide the drive with the core losses under no-load
and rated load conditions at rated speed (i.e. No-load Core Loss (04.045) and Rated Core Loss (04.046) respectively). The drive will then include the core
power loss in the torque calculation as

PCorelLoss = No-load Core Loss (04.045) + (Rated Core Loss (04.046) - No-load Core Loss (04.045)) x (Torque Producing Current / Rated Torque Producing
Current)

If Rated Core Loss (04.046) < No-load Core Loss (04.045) then only the no load value is used and PCorelLoss = No-load Core Loss (04.045). This provides
some compensation for core losses, but not the load dependent component. The core loss power values can be difficult to obtain except by experimental
measurement because the loss mechanisms within the motor are complex and are affected by the PWM frequencies applied to the motor by the drive. It is
possible to obtain an estimate for No-load Core Loss (04.045) during auto-tuning for RFC-A mode, but not RFC-S mode. As the auto-tuning algorithm cannot
measure Rated Core Loss (04.046) this is set to zero, so that it is not used. If power dependent core losses are to be included Rated Core Loss (04.046) must
be set by the user.

Parameter 04.027 Low Load Detection Level

Short description Defines the low load detection level

Mode RFC-S

Minimum 0.0 Maximum 100.0

Default 0.0 Units %

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

If Low Load Detection Level (04.027) is set to 0.0 the low load detection system is disabled, otherwise the low load detection system is enabled. The low load
detection system is provided so that loss of load can be detected and action taken. So that the detector can be used with fan and pump type loads, where the
load is relatively light at low motor speed, the detector is only active when the output frequency or speed is above the level defined

by Low Load Detection Speed/Frequency Threshold (04.028). The detector is also only enabled when the motor is at the required speed (i.e. not accelerating
or decelerating), and so it is only active when At Speed (10.006) = 1. Once the detector is active, the low load condition is detected when the Percentage Load
(04.020) falls below the threshold defined by Low Load Detection Level (04.027). Therefore the condition for detecting low load is given by,

At Speed (10.006) = 1 AND |Speed Feedback (03.002)| > Low Load Detection Speed/Frequency Threshold (04.028) AND Percentage Load (04.020)
Low Load Detection Level (04.027)

The diagram below shows a typical fan type load and the shaded areas define where low load is detected.
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Parcantage Load
(04, 0:20)

Low Load
Datection Level
(04.027)
-Low Load Defaction Spesd’ Low Load Detection Spead’ Output Frequency (05.001)
Frequency Thrashold (04.028) Frequency Threshold (04.028) or Speed Feedback (03.002)

Low Load Detection

Enable Trip On Low Load (04.029) defines the action taken when low load is detected. If Enable Trip On Low Load (04.029) = 0 a Low Load warning is
displayed and Low Load Detected Alarm (10.062) is set to one. If Enable Trip On Low Load (04.029) = 1 no warning is given, but a Low Load trip is initiated.

Parameter 04.028 Low Load Detection Speed/Frequency Threshold

Short description Defines the low load detection speed/frequency threshold

Mode RFC-S

Minimum -VM_SPEED_FREQ_REF_UNIPOLAR|Maximum VM_SPEED_FREQ_REF_UNIPOLAR
Default 0.0 Units

Type 32 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, VM

See Low Load Detection Level (04.027).

Parameter 04.029 Enable Trip On Low Load

Short description Defines the action taken when low load is detected

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Low Load Detection Level (04.027).

Parameter 04.030 Current Controller Mode

Short description Set to enable high performance current controller mode

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Current Controller Kp Gain (04.013).
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Parameter 04.031 Notch Filter Centre Frequency

Short description Defines the centre frequency for a notch filter to cancel a mechanical resonance
Mode RFC-S

Minimum 50 Maximum 1200

Default 100 Units Hz

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

A notch filter can be inserted be applied to the Final Current Reference (04.004) to remove the effect of a mechanical resonance in the system.

Notch Filter Centre Frequency (04.031) defines the centre frequency (fy) in Hertz and Notch Filter Bandwidth (04.032) defines the bandwidth (fg,y) which is the
frequency difference between the 3dB points of the notch filter in Hertz. The Q of the filter is given by Q = fy / fg\y. If Notch Filter Bandwidth (04.032) is at its

default value of zero then the notch filter is disabled. It should be noted that although it is possible to set a bandwidth that is higher than half the centre

frequency, the bandwidth of the filter is limited to half the centre frequency.

Parameter 04.032 Notch Filter Bandwidth

Short description Defines the bandwidth for a notch filter to cancel mechanical resonance

Mode RFC-S

Minimum 0 Maximum 500

Default 0 Units Hz

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Notch Filter Centre Frequency (04.031).

Parameter 04.033 Inertia Times 1000

Short description Inertia is in 1000kgm2 units

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

The inertia in Motor And Load Inertia (03.018) is in kgm? if this parameter is zero, otherwise if it is one the inertia is in 1000kgm? units.

Parameter

04.036 Motor Protection Accumulator Power-up Value

Short description

Defines the initial power-up value of the motor protection accumulator

See Motor Thermal Time Constant 1 (04.015).

Mode RFC-S

Minimum 0 Maximum 2

Default 0 Units

Type 8 Bit User Save Update Rate Background write
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Power down

1 Zero

2 Real time

Parameter 04.037 Motor Thermal Time Constant 2

Short description Can be used to define an additional motor thermal time constant

Mode RFC-S

Minimum 1.0 Maximum 3000.0

Default 89.0 Units 5

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

See Motor Thermal Time Constant 1 (04.015).

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)

149



Parameter 04.038 Motor Thermal Time Constant 2 Scaling

Short description Defines the ratio of the contribution to the motor protection accumulator value from each of the time
constants

Mode RFC-S

Minimum 0 Maximum 100

Default 0 Units %

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

See Motor Thermal Time Constant 1 (04.015).

Parameter 04.039 Rated Iron Losses As Percentage Of Losses

Short description Set to the rated iron losses of the motor as a percentage of the total losses for the motor
Mode RFC-S

Minimum 0 Maximum 100

Default 0 Units %

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Motor Thermal Time Constant 1 (04.015).

Parameter 04.041 Rated Torque

Short description Rated torque used by the torque correction system

Mode RFC-S

Minimum 0.00 Maximum 50000.00

Default 0.00 Units Nm

Type 32 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 2

Coding RW

The estimated torque (Percentage Torque (04.026)) is given as a percentage of Rated Torque (04.041). If Rated Torque (04.041) is left at the default value of
zero then Percentage Torque (04.026) will remain at zero under all conditions.

Parameter 04.042 Torque Estimation Minimum Frequency

Short description Minimum frequency used by the torque correction system

Mode RFC-S

Minimum 0 Maximum 100

Default 5 Units %

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

The drive estimates the motor shaft torque (Percentage Torque (04.026)), but at low output frequencies this estimate is very inaccurate.
Torque Estimation Minimum Frequency (04.042) defines the point where the estimate of torque is too inaccurate to use as a percentage of Rated Frequency

(05.006), i.e. Frhreshold = Rated Frequency (05.006) x Torque Estimation Minimum Frequency (04.042) / 100.

Condition

Percentage Torque (04.026)

|Output Frequency (05.001)| <
FThreshold

Torque reference with no core loses

Frhreshold < | Output Frequency
(05.001) | < 2FThreshoId

Changes linearly between torque reference with no core losses and

calculated torque including core losses

|Output Frequency (05.001)| >
2F Threshold

Calculated torque including core losses

Parameter 04.043 Torque Correction Time Constant

Short description Time constant used by the torque correction system

Mode RFC-S

Minimum 0.00 Maximum 10.00

Default 0.00 Units S

Type 16 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 2

Coding RW

The torque correction system uses the Final Torque Reference (04.003) and the Percentage Torque (04.026) to calculate the error between the required and
actual torque. This error is used by the torque correction system to apply a trim to the torque reference being used by the drive. If

Torque Correction Time Constant (04.043) is set to a non-zero value this system is enabled and Torque Correction Time Constant (04.043) defines the time
constant of the correction system. The maximum positive or negative trim that can be applied is defined by Torque Correction Maximum (04.044).
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Parameter 04.044 Torque Correction Maximum

Short description Maximum trim that can be applied to the torque reference to correct the torque.
Mode RFC-S

Minimum 0 Maximum 100

Default 20 Units %

Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

See Torque Correction Time Constant (04.043).

Parameter 04.045 No-load Core Loss

Short description Defines the no-load core loss for the motor used by the torque correction system
Mode RFC-S

Minimum 0.000 Maximum 99999.999
Default 0.000 Units kW

Type 32 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 3

Coding RW

See Percentage Torque (04.026).

Parameter 04.046 Rated Core Loss

Short description Defines the rated core loss for the motor used by the torque correction system
Mode RFC-S

Minimum 0.000 Maximum 99999.999
Default 0.000 Units kW

Type 32 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 3

Coding RW

See Percentage Torque (04.026).

Parameter 04.049 Magnetising Current Limit

Short description Magnetising Current Limit

Mode RFC-S

Minimum 0.0 Maximum 100.0
Default 100.0 Units %

Type 16 Bit User Save Update Rate Background
Display Format Standard Decimal Places 1

Coding RW

Magnetising Current Limit (04.049) defines the maximum level of magnetising current used as a percentage of Rated Current (05.007). The magnetising

current is normally at the rated level for the motor, but may increase up to this limit when the drive is enabled to raise the flux in the motor as fast as possible.
The magnetising current can also be increased above the rated level when the motor is decelerated rapidly from the flux weakening range. The default value
for Magnetising Current Limit (04.049) is normally suitable, but may be decreased if required. The maximum level of magnetising current will not be decreased

below the rated level for the motor how ever low the value in Magnetising Current Limit (04.049). This parameter is not used in RFC-S mode.
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Menu 5 Single Line Descriptions — Motor Control

Mode: RFC-S
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Parameter Range Default Type
05.001|Output Frequency +2000.0 Hz RO INum|ND|NC|PT] FI
05.002|Output Voltage +VM_AC_VOLTAGE V RO INum|ND|NC]PT| FI
05.003|Output Power +VM_POWER kW RO INum|ND|NC]|PT| FI
05.005|D.c. Bus Voltage +VM_DC_VOLTAGE V RO INum|ND|NC]|PT| FI
05.007|Rated Current +VM_RATED_CURRENT A 0.000 A RW|Num RA uUs
05.008|Rated Speed 0.00 to 33000.00 rpm 3000.00 rpm RW]JNum Us

200V drive: 230 V

400V drive 50Hz: 400 V

05.009|Rated Voltage +VM_AC_VOLTAGE_SET V 400V drive 60Hz: 460 VIRW|Num RA us

575V drive: 575V

690V drive: 690 V
05.011|Number Of Motor Poles Automatic (0) to 480 (240) Poles 6 (3) Poles RW] Txt UsS
05.012Auto-tune |ner':lign1e((30)?'|§<tearttilgnza(rX)S1F)th cS’ttzttlig%gy)’(s) None (0) RW| Txt | INC
05.013|Minimal Movement Phasing Test Mode Free (0), Constrained (1) Free (0) RW] Txt Us
05.014|Phasing Test On Enable D'Sab'efogog)'(g)rjol_"é%)bsr’g‘éﬂ(f)"ce ). Disabled (0) RW| Txt uUs
05.015[Minimal Movement Phasing Test Current 1% (Ogs%;f(g)?’s?’;ﬁjo((zgi’6:{‘)’0(,;2'(;)2% @), 1% (0) RW| Txt us
05.016|Minimal Movement Phasing Test Angle 0.00 to 25.00 ° 0.00 ° RW|Num uUs
05.017|Stator Resistance 0.000000 to 1000.000000 Q 0.000000 Q RW]JNum RA us
05.018]Maximum Switching Frequency 0 to VM_SWITCHING_FREQUENCY kHz 6 (3) kHz RW] Txt RA us
05.019|Minimal Movement Phasing Test Mechanical Load Phase -180to 179 ° -180 ° RW|Num uUs
05.021|Mechanical Load Test Level 0 to 100 % 0 % RW|Num uUs
05.022|Enable High Speed Mode leltE(;i)BllélTslgﬁss;\z?;,(griéa:?ge (), Disable (0) RW| Txt us
05.023|D.c. Bus Voltage High Range +VM_HIGH_DC_VOLTAGE V RO INum|ND|NC]PT| FI
05.024|Ld 0.000 to 500.000 mH 0.000 mH RW]Num RA us
05.026|High Dynamic Performance Enable Off (0) or On (1) Off (0) RW] Bit us
05.027|Flux Control Gain 0.1t0 10.0 1.0 RW]JNum UsS
05.028|Torque Linearisation Disable Off (0) or On (1) On (1) RW] Bit UsS
05.031|Voltage Controller Gain 1 to 30 1 RW]JNum Us
05.032| Torque Per Amp 0.00 to 500.00 Nm/A 1.60 Nm/A RW]Num us
05.033]Volts Per 1000rpm 0 to 10000 V 98 V RW]JNum us
05.035|Auto-switching Frequency Change E”,jg";‘i’p(&g B;Z’;'te(‘;)(”' Enabled (0) RW| Txt uUs
05.036]Auto-switching Frequency Step Size 1to2 2 RW]JNum UsS
05.037|Switching Frequency 2(0),3(1),4(2),6(3),8(4),12(5), 16 (6) kHz RO| Txt IND|NC|PT
05.038|Minimum Switching Frequency 0 to VM_MIN_SWITCHING_FREQUENCY kHz 2 (0) kHz RW] Txt us
05.039|Maximum Inverter Temperature Ripple 200 60 °C 60 °C RW|Num uUs
05.041|Voltage Headroom 01to 20 % 0 % RW]JNum UsS
05.042|Reverse Output Phase Sequence Off (0) or On (1) Off (0) RW] Bit uUs
05.044(Stator Temperature Source An Igfé(l)c))tzu(s:)r Q;Qt?%)e |(:>21)’sp|gtfl(06t)1 @) An In 3 (0) RW] Txt us
05.045|User Stator Temperature -50 to 300 °C 0°C RW]JNum
05.046|Stator Temperature -50 to 300 °C RO INum|ND|NC|PT
05.047|Stator Temperature Coefficient 0.00000 to 0.10000 1/°C 0.00390 1/°C RW]JNum Us
05.048|Stator Base Temperature -50 to 300 °C 0°C RW]JNum Us
05.049]|Enable Stator Compensation Off (0) or On (1) Off (0) RW] Bit uUs
05.050| Temperature Compensated Stator Resistance 0.000000 to 1000.000000 RO |Num|ND|NC|PT
05.051|Rotor Temperature Source An Ig?é(l)gtzu(sgr g%;gt?g)e |(=‘21)lsplgtfl(06t)1 @) An In 3 (0) RW] Txt us
05.052|User Rotor Temperature -50 to 300 °C 0°C RW]JNum
05.053|Rotor Temperature -50 to 300 °C RO INum|ND|NC|PT
05.054|Rotor Temperature Coefficient 0.00000 to 0.10000 1/°C 0.00100 1/°C RW]JNum Us
05.055|Rotor Base Temperature -50 to 300 °C 0°C RW|Num UsS
05.056|Enable Rotor Compensation Off (0) or On (1) Off (0) RW] Bit UsS
05.057|Rotor Temperature Compensation 0.000 to 2.000 RO INum|ND|NC|PT
05.059|Maximum Deadtime Compensation 0.000 to 10.000 us 0.000 ps RO Num NC|PTJUS
05.060]|Current At Maximum Deadtime Compensation 0.00 to 100.00 % 0.00 % RO |Num NC|PTJUS
05.061|Disable Deadtime Compensation Off (0) or On (1) Off (0) RW] Bit UsS
05.063|Sensorless Mode Current Ramp 0.00t0 1.00 s 0.20 s RW]JNum Us

Injection (0), Non-salient (1), Current (2),
05.064|RFC Low Speed Mode Current No Test (3), Current Step (4), Current (2) RW] Txt us
Current Only (5)
05.065[Saliency Torque Control Select Disabled (0), Low (1), High (2), Auto (3) Disabled (0) RW] Txt Us
05.066]Active Saliency Torque Mode Disabled (0), Low (1), High (2) RO| Txt IND{NC|PT
05.067|Over-current Trip Level as Percentage Kc 0 to 100 % 0 % RW]JNum UsS
05.068|Actual Over-current Trip Level 0 to 500 % RO INum|ND|NC|PT
05.069]|Over-current Trip Level as Percentage of Rated Current 0 to 1000 % 0 % RW|Num uUs
05.070]Inverted Saturation Characteristic Off (0) or On (1) Off (0) RW]| Bit uUs
05.071|Low Speed Sensorless Mode Current 0.0 to 1000.0 % 100.0 % RW]JNum RA Us
05.072|No-load Lg 0.000 to 500.000 mH 0.000 mH RW]JNum RA us
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05.075|q Axis Current For Inductance Values With Current 0 to 200 % 100 % RW]Num Us
05.077|Phase Offset At Defined Iq Current +90.0 ° 0.0° RW]JNum RA Us
05.078|Lq At The Defined Iq Current 0.000 to 500.000 mH 0.000 mH RW|Num RA uUs
05.079]Lq Incremental Inductance At Defined Iq Current 0.000 to 500.000 mH 0.000 mH RW|Num RA uUs
05.082]d Axis Current For Inductance Values With Current -100 to 0 % -100 % RW|Num uUs
05.084|Lq At The Defined Id Current 0.000 to 500.000 mH 0.000 mH RW]JNum RA Us
05.085[Lq Incremental Inductance At Defined Id Current 0.000 to 500.000 mH 0.000 mH RW|Num RA Us
05.087|User Defined Rated Torque Angle 0to0 90 ° 0° RW|Num uUs
05.088|Estimated Lq 0.000 to 500.000 mH RO |Num|ND|NC|PT| FI
05.089|Rated Torque Angle 01090 ° RO INum|ND|NC|PT
RW |Read / Write RO |Read-only Bit |Bit parameter Txt |Text string Date |Date parameter Time |Time parameter

Chr |Character parameter | Bin |Binary parameter IP |IP address Mac |MAC address Ver |Version number SMP |Slot, menu, parameter|
Num |Number parameter DE |Destination ND [No default value RA |Rating dependent NC [Non-copyable PT |Protected

Fl |Filtered US |User save PS [Power-down save
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Menu 5 - Motor Control

Mode: RFC-S

!

Flux axis voltage Torgue axis vollaga
referance referance

!

0

2
P1 Thermistor Temperafure 3
03.122)

Option Skt 1
P1 Thermisfor Temperafure
[15.122)
Rotor Temperature
Source (05.051)
Anafogue Input 3 Thermistor T
Tamparaturs (07 050) Q
19, |

User Rotor Temperatire 1 . . Rator Tamparature Coefficient (05.054)

(05.052) 2 Rofor Base Temperature (05.055)
Enable Rotor Compensation (05056

P1 Thermisfor Temperafure q pan i )

Enable Sfator Compensation (05.049)

Drive
Cuiput Ouiput Ouput D.c. Link Switching
Auto-fune (05.012) Fraquency Vaoltage Power Voltage Fraguancy
Maximum Swifching Frequency (05.018)
Valtage Controfler Gain (05.031)
Auto-switching Frequency Change Disable 05.001 05.002 05,003 05.005 05.03
(05.035)
Revarse Output Phase Sequence (05.042)
Maximum Deadiime Compensation (05.058)
Current At Maximum Deadfime Compensation
(05.060)
Currant Tw“? Magnatizing
Magmitud Producing c ¢
agnifude Currant urTEr
Y
Current measurement 04.001 04.002 4.7
Mator Percentage Flux
Rated Frequency (05.006)
Rated Currant (05.007)
Raled Speed (05.008) 05.034
Rated Voltage (05.008)
Ratad Powear Facfor (05.010) (RFC-A only)
Number OF Motor Poles (05.011)
Stator Tempearature
Source (05.044)
Analogue Input 3 Thermistor T Temperaiura
Tamparature (07.050) —| a_ T. Sfﬂ:t; Compensatad
0 | emperaitire Stator Resistance
Usar Stator Temperatire 1 ) Stator Temperature Coefficient (05.047)
(05.045) 05,046 Stator Base Temperafure (05.048)

Temperature feedback is only shown for
aption shot 1, but this can be selected for
any slot containing a position feedback

cateqory option module

FRotor
Temperature

Tamperalure
Compensaled
Rated Speed*

Lg Af Defined Id Test Current (05.034)

RFC-S mode

03.122)
Option Slot 1 “Rotor Temperature
P1 ?ﬁermzz sfor Temperalure Compensation for RFC-S mode
(15.122)
RFC-A and RFC-5 modes
Motor
Dri Stator Resistancs (05.017)
rive Ll (05.024)
Fhasing Test On Enable (05.014) Torque Par Amp (05.032)
Enable High Speed Mode (05.022) | Voits Per 1000pm (05 033]
High Dynarnic Performance Enable (05.026) ™ Maximum Low Speed Sensoress Mode Current (05.071)
RFC Low Spesd Mods (05.064) No-load Lq (05.072)
Salient Torgue Control (05.065) Iy Test Currant For Inductance Measurement (06.075)
L At Defined Ig Test Current (05.078)
Id Test Current For Inductance Measurement (05.082)
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Parameter 05.001 Output Frequency

Short description Displays the frequency applied to the motor

Mode RFC-S

Minimum -2000.0 [Maximum 2000.0
Default Units Hz

Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 1

Coding RO, FI, ND, NC, PT

The output frequency is not controlled directly, but the Output Frequency (05.001) is a measurement of the frequency applied to the motor.

Parameter 05.002 Output Voltage

Short description Displays the r.m.s. line to line voltage at the a.c. terminals of the drive

Mode RFC-S

Minimum -VM_AC_VOLTAGE |Maximum VM_AC_VOLTAGE
Default Units V

Type 16 Bit Volatile Update Rate 4ms write

Display Format Standard Decimal Places 0

Coding RO, FI, VM, ND, NC, PT

The Output Voltage (05.002) is the r.m.s. line to line voltage at the a.c. terminals of the drive.

Parameter 05.003 Output Power

Short description Displays the power flowing via the a.c. terminals of the drive

Mode RFC-S

Minimum -VM_POWER Maximum VM_POWER
Default Units kW

Type 32 Bit Volatile Update Rate 4ms write
Display Format Standard Decimal Places 3

Coding RO, FI, VM, ND, NC, PT

The Output Power (05.003) is the power flowing via the a.c. terminals of the drive. The power is derived as the dot product of the output voltage and current vectors, and so this is correct
even if the motor parameters are incorrect and the motor model does not align the reference frame with the flux axis of a motor in RFC-A mode. For Open-loop, RFC-A and RFC-S modes a
positive value of power indicates power flowing from the drive to motor. For Regen mode a positive value of power indicates power flowing from the supply to the regen drive.

Parameter 05.005 D.c. Bus Voltage

Short description Displays the voltage across the d.c. link of the drive

Mode RFC-S

Minimum -VM_DC_VOLTAGE |Maximum VM_DC_VOLTAGE
Default Units V

Type 16 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0

Coding RO, FI, VM, ND, NC, PT

D.c. Bus Voltage (05.005)

gives the voltage across the d.c. link of the drive.

Parameter 05.007 Rated Current

Short description Set to the rated current rated of the motor

Mode RFC-S

Minimum -VM_RATED_CURRENT [Maximum VM_RATED_CURRENT
Default 0.000 Units A

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, VM, RA

Rated Current (05.007) is used as follows:

Function

Details

Motor thermal protection

Defines the motor rated current.

Motor pre-heat

|Motor pre-heat is set up as a percentage of rated current.

Sensorless low speed mode

The current for low speed sensorless is set-up as a percentage of rated current.

Current limits

Curent limits are set up as a percantage of rated torque producing current.

Parameter 05.008 Rated Speed

Short description Set to the rated speed of the motor

Mode RFC-S

Minimum 0.00 Maximum 33000.00
Default 3000.00 Units rpm

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 2

Coding RW

Function

Details

Sensorless control thresholds

versa.

The thresholds for changes from low speed starting mode to high speed normal operation and vice

Flux controller gain

Rated frequency is to define the gain of the flux controller.

The units for Rated Speed (05.008) are always rpm even if a linear motor is used and Linear Speed Select (01.055) = 1.

Rated Speed (05.008) is used in congunction with Number Of Motor Poles (05.011) to define the rated frequency and this is used as described in the table below.
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Parameter 05.009 Rated Voltage

Short description Set to the rated voltage of the motor

Mode RFC-S

Minimum -VM_AC_VOLTAGE_SET |Maximum VM_AC_VOLTAGE_SET
Default See exceptions below Units Vi

Type 16 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW, VM, RA

Voltage Region Default Value

200V All 230

400V 50Hz 400

400V 60Hz 460

575V All 575

690V All 690

The Rated Voltage (05.009) is the maximum continuous voltage that is applied to the motor. Some headroom must be allowed if high performance is required at higher speeds. It should be

noted that this limit is not applied unless Enable High Speed Mode (05.022) is set to 1.

Rated Voltage (05.009) is used as described in the table below.

Function Details

e e o o o e " 12 vlzge
Parameter 05.011 Number Of Motor Poles

Short description Set to the number of poles of the motor

Mode RFC-S

Minimum 0 Maximum 240

Default 3 Units PolePairs

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, BU

* The units relate to the numeric value of the parameter and not the text string.

The numeric value in Number Of Motor Poles (05.011) should be set to the number of motor pole pairs (i.e. number of motor poles / 2). The text strings associated with

Number Of Motor Poles (05.011) show the number of motor poles (i.e. the parameter value x 2). If a linear position feedback device is used Number Of Motor Poles (05.011) should be set

to 1 (2 Poles).

If Number Of Motor Poles (05.011) = 0 the number of motor poles = 3 (6 Poles).

Parameter 05.012 Auto-tune

Short description Defines the auto-tune test to be performed

Mode RFC-S

Minimum 0 Maximum 5
Default 0 Units

Type 8 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE, NC

Value Text

0 None

1 Stationary

2 Rotating

3 Inertia 1

4 Inertia 2

5 Full Stationary

The following describes how an auto-tune test can be initiated and normal operation can be resumed after the test for RFC-S mode:

An auto-tune test cannot be initiated if the drive is tripped or the drive inverter is active, i.e. Drive Healthy (10.001) = 0 or Drive Active (10.002) = 1. The inverter can be made inactive by
ensuring that the Final drive enable is inactive, or the Final drive run is inactive and Hold Zero Speed (06.008) = 0.

1. An auto-tune test is initiated by setting Auto-tune (05.012) to a non-zero value and making the Final drive enable and the Final drive run active.

2. All tests that move the motor will move the motor in the forward direction if Reverse Select (01.012) = 0 or the reverse direction if Reverse Select (01.012) = 1.

3. If the auto-tune sequence is completed successfully the Final drive enable is set to the inactive state and Auto-tune (05.012) is set to zero. The Final drive enable can only
be set to the active state again by removing the enable and re-applying it. The enable can be removed by setting Drive Enable (06.015) = 0, or by setting bit 0 of the
Control Word (06.042) to 0 provided Control Word Enable (06.043) = 1, or by making Hardware Enable (06.029) = 0.

4. If a trip occurs during the auto-tune sequence the drive will go into the trip state and Auto-tune (05.012) is set to zero. As in 4 above the enable must be removed and re-
applied before the drive can be restarted after the trip has been reset. However, care should be taken because if the auto-tune was not completed the drive parameters that
should have been measured and set up will still have their original values.

5. If the Final drive enable is made active, the Final drive run is inactive and Hold Zero Speed (06.008) = 1 the drive would normally be in the Stop state (i.e. the inverter is

active, but the frequency or speed reference is 0).

The following describes the effects of the auto-tune test on the drive parameters for RFC-S mode:

-

. All auto-tune tests rely on the motor being stationary when the test is initiated to give accurate results.
. If Select Motor 2 Parameters (11.045) = 0 then the parameters associated with motor map 1 are updated as a result of the test, and if Select Motor 2 Parameters (11.045) =

1 the parameters associated with motor map 2 are updated.

. When each stage of the test is completed, the results are written to the appropriate parameters and these parameters saved in the drive non-volatile memory. If

Parameter Cloning (11.042) is set to 3 or 4 the parameters are also written to a non-volatile media card fitted in the drive.

The table below shows the parameters required for motor control indicating which should be set by the user and which can be measured with an auto-tune test.
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Parameter Required for Measured in test
Rated Current (05.007) Basic control User set-up

Rated Speed (05.008) Basic control User set-up

Rated Voltage (05.009) Basic control User set-up

Number Of Motor Poles (05.011) Basic control User set-up

Stator Resistance (05.017) Basic control 1,2,5

Ld (05.024) Basic control 1,2,5

Maximum Deadtime Compensation (05.059) Basic control 1,2,5

Current At Maximum Deadtime Compensation (05.060) Basic control 1,2,5

Current Controller Kp Gain (04.013) Basic control 1,2,5

Current Controller Ki Gain (04.014) Basic control 1,2,5

Volts Per 1000rpm (05.033) Basic control Not currently measured
Inverted Saturation Characteristic (05.070) Sensorless control using current injection mode Not currently measured
Phase Offset At Defined Iq Current (05.077) Sensorless control using current injection mode Not currently measured
Low Speed Sensorless Mode Current (05.071) Sensorless control using current injection mode Not currently measured
No-load Lq (05.072) Sensorless control and high preformance current control 1,2,5

Lq At The Defined Iq Current (05.078) Sensorless control Not currently measured
Lq At The Defined Id Current (05.084) Sensorless control Not currently measured
Motor And Load Inertia (03.018) Speed controller set-up and torque feed-forwards 3,4

Inertia Times 1000 (04.033) Speed controller set-up and torque feed-forwards 3,4

Torque Per Amp (05.032) Speed controller set-up and torque feed-forwards Not currently measured
Position Feedback Phase Angle (03.025) Basic control with position feedback 1,2,5

1: Stationary

This test can be used to measure all the necessary parameters for basic control.

1. Atestis performed to locate the flux axis of the motor. If Minimal Movement Phasing Test Angle (05.016) = 0 then motor inductance measurement is used and the motor
should not move, otherwise a minimal movement method is used. See Minimal Movement Phasing Test Mode (05.013) for details. If sensorless control is being used (i.e.
Sensorless Mode Active (03.078) = 1) then inductance measurement is always used.

. A stationary test is performed to measure Stator Resistance (05.017), Maximum Deadtime Compensation (05.059) and Current At Maximum Deadtime Compensation
(05.060).

. If Enable Stator Compensation (05.049) = 1 then Stator Base Temperature (05.048) is made equal to Stator Temperature (05.046).

. A stationary test is performed to locate the flux axis of the motor again in case the motor has moved during the previous test.

. If sensorless mode is not selected (i.e. Sensorless Mode Active (03.078) = 0) then the position feedback phasing angle measured during stage 1 of this test is compared
with the value measured during this stage of the test. If there is a difference of 30° or more then a Autotune 1.6 trip is initiated. Otherwise Position Feedback Phase Angle
(03.025) is set up for the position from the position feedback interface selected with Motor Control Feedback Select (03.026). Whether inductance measurement or minimal
movement was used to locate the flux Minimal Movement Phasing Test Angle (05.016), Minimal Movement Phasing Test Current
(05.015) and Minimal Movement Phasing Test Mechanical Load Phase (05.019) are saved. If inductance measurement is used then the values are set to thier default
levels. If minimal movement is used then the values are set as a result of the test.

. A stationary test is performed to measure Ld (05.024) and No-load Lq (05.072).

. Stator Resistance (05.017) and Ld (05.024) are used to set up Current Controller Kp Gain (04.013) and Current Controller Ki Gain (04.014). This is only performed once
during the test, and so the user can make further adjustments to the current controller gains if required.

apsw N

~N o

It should be noted that because this is a stationary or minimal movement test, it is not possible to check the direction of the position feedback. If the motor power connection phase
sequence is incorrect so that the position feedback counts in reverse when the drive applies a phase sequence U-V-W to operate in the forward direction then when the drive is enabled
after the auto-tune the motor will jump thought 90° electrical and stop with a current in the motor defined by the current limits. This can be corrected by changing the drive output phase
sequence with Reverse Output Phase Sequence (05.042) and then repeating the auto-tuning. This will make the motor rotate correctly in the direction defined by the position feedback
rotation. If the position feedback direction is correct the motor will then rotate under control in the required direction, but if the position feedback direction is incorrect the motor will then
rotate under control in the wrong direction.

When using any type of encoder with digital commutation signals (i.e. AB Servo) the absolute position is not fully defined until the motor has moved by between 1 and 2 electrical revolutions
(i.e. between 120° and 240° mechanical for a 6 pole motor). This means that Position Feedback Phase Angle (03.025) can only be measured correctly using motor inductance
measurement (i.e. Minimal Movement Phasing Test Angle (05.016) = 0). Also if Position Feedback Phase Angle (03.025) is measured for a motor using this type of position feedback

using a stationary test when the motor has not moved since power-up, or after the position feedback is re-initialised, there can be an error of +/-30° in the result. When the motor
subsequently moves, the drive synchronises more accurately to the commutation signal edges and adjusts Position Feedback Phase Angle (03.025) to be correct and then saves the

value in the drive. If a stationary auto-tune is performed and the motor is not moved by at least 2 electrical revolutions before powering down again this process is not carried out and the
auto-tune should be repeated. When an encoder with digital commutation signals is used there is always an error of up to 30° in the phasing angle during starting until the motor has rotated
by 1/3 of an electrical revolution. It should be noted that the +/-30° error in the phasing angle can increase this error to 60° and reduce the possible torque by up to 50%. Once the motor has
rotated by 2 electrical revolutions full torque will be available.

The stationary test cannot be used with commutation only type devices, and test 2 below should be used instead.

If inductance measurement is being used to locate the flux axis of the motor (see Minimal Movement Phasing Test Mode (05.013)) and the motor inductance is very high (i.e. low speed
motor with high pole number), or the inductance is moderately high and the drive has a much higher power rating than the motor, then the drive may find it difficult to locate the flux axis. If
this is a problem and position feedback is being used then the minimal movement method can be performed instead.

2: Rotating

This test can be used to measure all the necessary parameters for basic control. The motor must be unloaded for this test. This test is likely to give a more accurate value

for Position Feedback Phase Angle (03.025) than auto-tune test 1 for motors with low saliency or no saliency. If Volts Per 1000rpm (05.033) / (Number Of Motor Poles (05.011) x (No-
load Lq (05.072) - (Ld (05.024)) x Rated Current (05.007)) < 200 then the reluctance torque (due to saliency) compared to the torque derived from the magnet flux is too high and this test
cannot be used. Note that if sensorless mode is selected Auto-tune 1 test is performed.

1. Arotating test is performed to locate the flux axis of the motor and Position Feedback Phase Angle (03.025) is set up for the position from the position feedback interface
selected with Motor Control Feedback Select (03.026). This is done by rotating the motor by 2 electrical revolutions (i.e. up to 2 mechanical revolutions) in the required
direction. Minimal Movement Phasing Test Angle (05.016), Minimal Movement Phasing Test Current (05.015) and Minimal Movement Phasing Test Mechanical Load Phase
(05.019) are set to thier default values and saved.

. A stationary test is performed to measure Stator Resistance (05.017), Maximum Deadtime Compensation (05.059) and Current At Maximum Deadtime Compensation
(05.060).

. If Enable Stator Compensation (05.049) = 1 then Stator Base Temperature (05.048) is made equal to Stator Temperature (05.046).

. A stationary test is performed to measure Ld (05.024) and No-load Lq (05.072).

. Stator Resistance (05.017) and Ld (05.024) are used to set up Current Controller Kp Gain (04.013) and Current Controller Ki Gain (04.014). This is only performed once
during the test, and so the user can make further adjustments to the current controller gains if required.

apsw N

3: Inertia 1

This test measures the mechanical characteristic of the motor and load by rotating the motor at the speed defined by the present speed reference and injecting a series of speed test
signals. This test should only be used provided all the basic control parameters (including Torque Per Amp (05.032)) have been set-up correctly and the speed controller parameters should
be set to conservative levels, such as the default values, so that the motor is stable when it runs. The test may give inaccurate results if standard ramp is active, particularly with high inertia
low loss loads. The test measures the motor and load inertia, which can be used in automatic set-up of the speed controller gains and in producing a torque feed-forward term.

If Mechanical Load Test Level (05.021) is left at its default value of zero then the peak level of the injection signal will be 1% of the maximum speed reference subject to a maximum of
500rpm. If a different test level is required then Mechanical Load Test Level (05.021) should be set to a non-zero value to define the level as a percentage of the maximum speed reference,
again subject to a maximum of 500rpm. The user defined speed reference which defines the speed of the motor should be set to a level higher than the test level, but not high enough for
flux weakening to become active. In some cases, however it is possible to perform the test at zero speed provided the motor is free to move, but it may be necessary to increase the test
signal from the default value. The test will give the correct results when there is a static load applied to the motor and in the presence of mechanical damping. This test should be used if
possible, however for sensorless mode, or if the speed controller cannot be set up for stable operation an alternative test is provided (Auto-tune (05.012) = 4 ) where a series of torque levels
are applied to accelerate and decelerate the motor to measure the inertia.

1. Arotating test is performed in which the motor is accelerated with the currently selected ramps up to the currently selected speed reference, and this speed is maintained for
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the duration of the test. Motor And Load Inertia (03.018) and Inertia Times 1000 (04.033) are set up.

4: Inertia 2

Auto-tune test 3 should normally be used for mechanical load measurement, but under some circumstances this test may be used as an alternative. This test is likely to give incorrect results
if standard ramp mode is active. A series of progressively larger torque levels are applied to the motor (20%, 40% ... 100% of rated torque) to accelerate the motor up to 3/4 x Rated Speed
(05.008) to determine the inertia from the acceleration/deceleration time. The test attempts to reach the required speed within 5s, but if this fails the next torque level is used. When 100%
torque is used the test allows 60s for the required speed to be reached, but if this is unsucessful a trip is initiated. To reduce the time taken for the test it is possible to define the level of
torque to be used for the test by setting Mechanical Load Test Level (05.021) to a non-zero value. When the test level is defined the test is only carried out at the defined test level and 60s
is allowed for the motor to reached the required speed. It should be noted that if the maximum speed allows for flux weakening then it may not be possible to acheive the required torque
level to accelerate the motor fast enough. If this is the case, the maximum speed reference should be reduced.

1. The motor is accelerated in the required direction up to 3/4 of the maximum speed reference and then decelerated to zero speed.
2. The test is repeated with progressively higher torques until the required speed is reached.
3. Motor And Load Inertia (03.018) and Inertia Times 1000 (04.033) are set up.

5: Full Stationary
This test is intended to measure as many parameters as possible without rotating the motor. Minimal Movement Phasing Test Mode (05.013) should to be set to indicate whether the motor
is free or constrained. The test is carried out as follows:

1. The stationary test described above is performed using inductance measurement.

2. If Stage 1 is successful the test is now complete. If position feedback is being used and the test has failed because the saturation characteristic of the motor cannot be measured
(Inductance.004), the position feedback phasing angle is different by more than 30° between the first and second time the motor flux is located (Autotune 1.006), or the motor is not
salient enough to use inductance measurement to locate the motor flux (/nductance.003) then the stationary test is repeated using minimal movement instead of inductance
measurement to locate the motor flux. If Minimal Movement Phasing Test Angle (05.016) has a value of zero when the test is started Minimal Movement Phasing Test Angle
(05.016) is set to an angle equivalent to at least 75 counts from the position feedback device if it is a rotary device and is connected to the P1 position feedback interface on the
drive, subject to a minimum of 0.05° if the motor is constrained or 1.0° if the motor is free to rotate. The table below shows how the angle is calculated, subject to a maximum of 0.5°
if the motor is constrained or 5.0° if it is free to rotate.. If the device is not included in the table, is a linear device or is not connected to the P1 interface then the minimum values are
used. If Minimal Movement Phasing Test Angle (05.016) is non-zero when the test is started then this value is used. If position feedback is not being used or any other trips occurred
during the first stationary test the test is aborted and the drive is tripped.

3. If Stage 2 is successful the test is now complete.

NOTE: Further stages will be added to this test in the future, and so it should not be assumed that the test will be complete after the stages given above in future software
versions.

Position feedback type Calculation of minimal movement phasing test angle
AB, FD, FR, AB Servo, FD Servo, FR Servo 6750 / P1 Rotary Lines Per Revolution (03.034)

SC, SC Hiperface, SC EnDat, SC SSI, SC Servo, SC SC 6750 / (P1 Rotary Lines Per Revolution (03.034) x 256)
Resolver 50

EnDat, SSI, BiSS 27000 / 2(P1 Comms Bits (03.035) - P1 Rotary Turns Bits (03.033))

The table below shows the trips that can occur during an auto-tune test:

Trip Reason

Autotune Stopped The final drive enable or the final drive run were removed before the test was completed.
The measured value of Stator Resistance (05.017) exceeded a value of (Vgg / \2) / Full Scale Current Kc (11.061), where Vs is the full
scale d.c. link voltage.

It has not been possible to measure the drive inverter characteristic to define Maximum Deadtime Compensation (05.059) and
Current At Maximum Deadtime Compensation (05.060).

Resistance.001

Resistance.002

Autotune 1.001 The position feedback did not change when position feedback is being used.

Autotune 1.002 The motor did not reach the required speed.

Autotune 1.003 The required commutation signal edge could not be found with commutation signal only position feedback.

Autotune 1.004 The required angular movement did not occur during @ minimal movement test.

Autotune 1.005 The fine location of the motor flux during a minimal movement test failed.

Autotune 1.006 The phasing offset angle is meaured twice during a stationary auto-tune and the two values were not within 30degrees.

Autotune 1.007 The motor was rotating when a minimal movement test was performed to find the phasing offset angle on enable.

Autotune 1.009 E\Légggn?;-final stage of the minimal movement phasing test with a constrained motor it was not possible to achieve the required

Autotune 2.001 Position feedback direction is incorrect when position feedback is being used.

Autotune 2.002 A SINCOS encoqgr with comms is being used for position feedback and the comms position is rotating in the opposite direction to the sine
wave based position.

Autotune 3.001 The measured inertia exceeds the parameter range.

Autotune 3.003 The mechanical load test has failed to identify the inertia.

Autotune 3.002 A position feedback device with commutation signals is being used (i.e. AB Servo, FD Servo, FR Servo, SC Servo) and the commutation

signals changed in the wrong direction.
A position feedback device with commutation signals is being used (i.e. AB Servo, FD Servo, FR Servo, SC Servo) and U signal did not

Autotune 4

change.

Autotune 5 A position feedback device with commutation signals is being used (i.e. AB Servo, FD Servo, FR Servo, SC Servo) and V signal did not
change.

Autotune 6 A position feedback device with commutation signals is being used (i.e. AB Servo, FD Servo, FR Servo, SC Servo) and W signal did not
change.

Autotune 7 The motor poles or the position feedback resolution have been set up incorrectly where position feedback is being used. The trip will not

occur if Number Of Motor Poles (05.011) 2 6 (i.e. 12 poles).

The difference between the d and q axis inductance is not large enough to correctly determine the location of the motor flux. If position
feedback is being used the measured value for Position Feedback Phase Angle (03.025) may not be reliable. Also the measured values of
Inductance.003 Ld (05.024) and No-load Lq (05.072) may not correspond to the d and q axis respectively. The test is completed and all the parameters
saved to non-volatile memory in the drive, but the user should note that the measured results may not be correct. It should be noted that
this trip is not produced if sensorless mode is selected and active (i.e. Sensorless Mode Active (03.078) = 1).

Inductance.004 During auto-tune test 1 when position feedback is being used (i.e. Sensorless Mode Active (03.078) = 0), the direction of the flux in the
’ motor must be detected by the change of inductance with different currents. This trip is initiated if the change cannot be detected.

Parameter 05.013 Minimal Movement Phasing Test Mode
Short description Minimal Movement Phasing Test Mode
Mode RFC-S
Minimum 0 Maximum 1
Default 0 Units
Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0
Coding RW, TE
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Value Text
0 Free
1 Constrained

If position feedback is being used, i.e. Sensorless Mode Active (03.078) = 1, it is necessary to define the relationship between the motor magnet flux and the position feedback angle

with Position Feedback Phase Angle (03.025) (or M2 Position Feedback Phase Angle (21.020) for motor map 2). This can be measured during auto-tuning with a rotating or stationary

test. Minimal Movement Phasing Test Mode (05.013), Minimal Movement Phasing Test Current (05.015), Minimal Movement Phasing Test Angle

(05.016) and Minimal Movement Phasing Test Mechanical Load Phase (05.019) are used to define the operation of the stationary test. It is also possible to perform the stationary test on
drive enable to calculate Position Feedback Phase Angle (03.025), see Phasing Test On Enable (05.014) for details. If position feedback is not being used, Sensorless Mode Active (03.078)
=0, then Position Feedback Phase Angle (03.025) is not relevant, and so these parameters are also not relevant. If Minimal Movement Phasing Test Angle (05.016) is left at its default
value of zero the stationary test uses motor inductance measurement to locate the magnet flux in the motor to calculate Position Feedback Phase Angle (03.025). The inductance
measurement test does not cause any deliberate movement of the motor during the test, but does rely on the motor being salient under no-load conditions. If the motor is non-salient, i.e. the
ratio between the d and q inductance is too small (see Inductance) then inductance measurement cannot be used for the stationary test.

As an alternative to inductance measurement, a test referred to as a minimal movement test, that causes a small movement of the motor, can be used instead. The minimal movement test
does not depend on motor saliency, but is not as accurate as the inductance based measurement with high saliency motors where Volts Per 1000rpm (05.033) / (Number Of Motor Poles
(05.011) x (No-load Lq (05.072) - (Ld (05.024)) x Rated Current (05.007)) is less than 1000. If the motor has sufficient saliency the inductance test should be used in preference to the
minimal movement test. The minimal movement test can be used even if the motor is constrained by a mechanical brake, provided the mechanical system allows sufficient motor movement.
For the test to be reliable it is suggested that the position feedback changes by at least 75 counts during the test. If the motor is free to rotate Minimal Movement Phasing Test Mode
(05.013) should be left at its default value of zero (Free), otherwise it should be set to one (Constrained). To select the minimal movement test, instead of the inductance measurement,
Minimal Movement Phasing Test Angle (05.016) should be set to a non-zero value to define the peak to peak movement required during the test in 0.01° units. For example, if the position
feedback has a resolution of 16384 counts per revolution, then for a movement of 75 counts the required angle is 360° x 75 / 16384 = 1.64°. If the motor is constrained then the required
movement will need to be set to a lower value as it is unlikely that the drive will be able to achieve a large angular movement against the brake, and so a higher resolution position feedback
device may be required. If the motor is free to rotate it is advisable to use an angle of at least 1.00° to prevent non-linear effects such as motor cogging from affecting the result. If the motor
is constrained an angle of at least 0.05° should be used where possible. The minimal movement test does not apply a static torque, but an alternating torque, so there should be no net slip
against the brake. If the required movement is too high the brake may prevent this and the test will fail. (If a linear position feedback device is being used 360° corresponds to one pole
pitch.)

When the minimal movement phasing test is used during auto-tuning the sequence is as follows:

Stage 1:

An a.c. torque of 1% of rated torque is applied and the resulting peak to peak position movement is measured. If this is less than the required peak to peak movement defined
by Minimal Movement Phasing Test Angle (05.016) the torque is increased to 2%, 3%, 6%, 12%, 25%, 50% and 100% of rated torque. If the required movement has not been achieved then
an Autotune 1.004 trip is initiated and the test is aborted. Once the required movement has been achieved the test moves to the next stage.

Stage 2:

If the motor is not constrained (Minimal Movement Phasing Test Mode (05.013)=0) then it is assumed that the load is a damped or un-damped inertia. In which case the phase shift between
the applied torque and the position movement is between -90° and -180°. If a further 90° is allowed for the delay in the current controllers, the total phase shift will be between -90° and -
2700, and so it is assumed that the delay is the middle value of -180°. The mechanical load phase is required in the last two stages of this test and it is also used subsequently if a minimal
movement test is used on enable to calculate Position Feedback Phase Angle (03.025), and so a value of -180° is written to Minimal Movement Phasing Test Mechanical Load Phase
(05.019) and the test moves to the next stage. If the motor is constrained (Minimal Movement Phasing Test Mode (05.013)=1) then the load may appear as a damped or un-damped inertia,
or it may appear as a damped or un-damped spring. In this case the mechanical load phase including the delay in the current controllers may be anywhere in the range from 0° to -270° It is
not possible to use a fixed estimate of -180°, and so the mechanical load phase is measured in this stage before the test moves to the next stage.

Stage 3:

The position feedback phase angle is now measured during a series of tests, using the mechanical load phase from the previous stage, and the average result is used as an estimate before
proceeding to the next stage of the test.

Stage 4:

The system now has an approximate value for the position feedback phase angle, but a more accurate value can be obtained during this stage which does a series of fine trimming tests.
This algorithm should not fail, but if the system is resonant for example, and the result does not converge an Autotune 1.005 trip will occur. If the motor is free

(Minimal Movement Phasing Test Mode (05.013)=0) then the test is complete after this stage. If the motor is constrained (Minimal Movement Phasing Test Mode (05.013)=1) then the
sequence proceeds to the next stage.

Stage 5:

If the motor is constrained it is possible to check that an error has not occurred in the previous stage giving the position feedback phase angle with an error of 180°. To do this a low
frequency torque is applied to the motor. If the necessary movement for this test cannot be obtained an Autotune 1.009 trip is initiated. This stage of the test sequence cannot be used with
an unconstrained motor because it would cause the motor to rotate. As the mechanical load phase shift of an unconstrained motor is more predictable this stage of the test is not required.

During the complete auto-tune sequence the series of tests given above is carried out twice (see Auto-tune State (10.107)) and is indicated by states 1 and 3. The results for the position

feedback phase angle from each test are compared and if they are different by more than 30° then an Autotune 1.006 trip is initiated, or if the test is
successful Position Feedback Phase Angle (03.025) or M2 Position Feedback Phase Angle (21.020), Minimal Movement Phasing Test Current (05.015) and
Minimal Movement Phasing Test Mechanical Load Phase (05.019) are written and saved.

When the minimal movement test is selected to determine the phasing offset angle on enable two alternative tests can be selected with Phasing Test On Enable (05.014). The longer test
uses the sequence described above for auto-tuning, but the sequence only runs once. If the shorter test is selected the test time is significantly reduced and the stages of the test are as
follows.

Stage 1:

The current is increased in the same way as in the auto-tuning sequence except that the sequence begins with the current required for the last auto-tune which was stored in
Minimal Movement Phasing Test Current (05.015).

Stage 2:

Not used.

Stage 3:
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During auto-tuning this stage uses an average of 16 measured results. During the test on enable a minimum of 4 results are used and a maximum of 16 depending on the variation in the
measured values. If consistent results cannot be achieved an Autotune 1.006 trip is initiated. If the motor is free (Minimal Movement Phasing Test Mode (05.013)=0) then the test is
complete after this stage. If the motor is constrained (Minimal Movement Phasing Test Mode (05.013)=1) then the sequence proceeds to Stage 5.

Stage 4:

Not used.

Stage 5:

As for auto-tuning.

The results from the short test can be less accurate than for the longer test, but will be improved if a larger movement is required especially with an unconstrained motor. Also the test is only
accurate if the motor is stationary before the test begins, and so if the speed is higher than the zero speed threshold (i.e. Zero Speed (10.003)=0) an Autotune 1.007 trip is initiated before
the test is attempted.

The following is a summary of the parameters used to set up the stationary phasing tests and the trips that can be initiated by the tests.

Parameter Function

Minimal Movement Phasing Test Mode (05.013) Defines whether the motor is free to rotate or constrained by a mechanical brake for the minimal movement test.
Phasing Test On Enable (05.014) Selects a long or short test on enable and defines when the test is carried out.

Minimal Movement Phasing Test Current (05.015) Initial current used at the start of the phasing test on enable.

Required peak to peak angular movement required for the minimal movement test. If this parameter is zero then inductance

Minimal Movement Phasing Test Angle (05.016) measurement is used for the stationary test.

Minimal Movement Phasing Test Mechanical Load Phase

(05.019) Mechanical load phase angle between applied torque and position movement.

Trip Reason

Inductance.003|The ratio of Ld and Lq is too small. See Inductance trip.

Inductance.004 | The saturation characteristic of the motor cannot be measured.

Autotune 1.004 | The required angular movement could not be achieved during the minimal movement test.

Autotune 1.005 |Stage 4 of the minimal movement test during auto-tuning did not converge.

During auto-tuning the two minimal movement tests carried out did not give consistent results.
Autotune 1.006
During a short minimal movement phasing test on enable Stage 3 did not give consistent results.

Autotune 1.007 | The motor was moving when a minimal movement test was initiated on enable.

Autotune 1.009 | The required movement could not be achieved during stage 5 of a minimal movement test.

It should be noted that the minimal movement test system can be used when position feedback is via the P1 or P2 interfaces on the drive or via a position feedback interface from an option
module. However, if the position feedback is via an option module any filtering applied to the speed feedback by the option module must be disabled. This does not apply to the drive
position feedback interfaces because the filtering effect of P71 Feedback Filter (03.042) is automatically bypassed during the test.

Parameter 05.014 Phasing Test On Enable

Short description Defines a when a stationary test is performed to calculate the Postion Feedback Phase Angle
Mode RFC-S

Minimum 0 Maximum 4

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Disabled

1 Short

2 Short Once

3 Long

4 Long Once

Phasing Test On Enable (05.014) can be used to get the drive to perform a phasing angle test when it is enabled. This test can be used when a non-absolute encoder is used for motor
control feedback. The phasing test will measure and modify Position Feedback Phase Angle (03.025), so that the correct offset is applied to run the motor with the non-absolute encoder.
Note that the value is not saved in drive non-volatile memory. A test is only carried out when sensorless mode is not active (i.e. Sensorless Mode Active (03.078) = 0). The test can be
selected to occur after power-up and each time the position feedback is re-initialised. It is not necessary to perform the test on every enable, but this can be selected if required. The table
below shows the possible options.
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Phasing Test On Enable

Action when

Minimal Movement Phasing Test Angle

Action when Minimal Movement Phasing Test Angle

carried out on every enable

(05.014) (05.016) i zero (05.016) is non-zero
Disabled (0) No phasing test is carried out on enable |No phasing test is carried out on enable.

. . - A test lasting approximately 2.0s is carried out of every
Short (1) A test lasting approximately 0.4s is enable. If Minimal Movement Phasing Test Mode (05.013) is

non-zero the test is extended to approximately 8s.

Short Once (2)

A test lasting approximately 0.4s is
carried out when the drive is first enabled
after power-up, and when the drive is
enabled after position feedback selected
with Motor Control Feedback Select
(03.026) is initialized.

A test lasting approximately 2.0s is carried out when the drive
is first enabled after power-up, and when the drive is enabled
after position feedback selected with

Motor Control Feedback Select (03.026) is initialized. If
Minimal Movement Phasing Test Mode (05.013) is non-zero
the test is extended to approximately 8s.

Long (3)

A test lasting approximately 2.5s is
carried out on every enable

A test lasting approximately 60s is carried out of every enable.

Long Once (4)

A test lasting approximately 2.5s is
carried out when the drive is first enabled
after power-up, and when the drive is
enabled after position feedback selected
with Motor Control Feedback Select
(03.026) is initialized

A test lasting approximately 60s is carried out when the drive
is first enabled after power-up, and when the drive is enabled
after position feedback selected with

Motor Control Feedback Select (03.026) is initialized.

Minimal Movement Phasing Test Angle (05.016) is zero

The motor inductance is measured to determine the position of the rotor flux. It is recommended that the long test is used as this reduces measurement errors. The long test should always
be used when the motor is not constrained during the test (i.e. a motor without a mechanical brake), or with motors that have a high level of saliency even if they are held in position. It
should be noted that the motor inductances ( Ld (05.024) and No-load Lq (05.072) ) are checked before the test is carried out, and if the difference is not sufficient (see Inductance) then the
drive will trip. Therefore, if the motor inductances have not been measured with auto-tuning or changed from their default values of zero the drive will trip when the drive is enabled. This
test, in common with the stationary auto-tune test, cannot be used with commutation only type feedback, i.e. when P71 Device Type (03.038) is set to Commutation Only. Most motors have a
positive saturation characteristic so that increasing the current in the flux axis increases motor saturation. It is possible with some motor designs for the characteristic to be reversed. If this is
the case the phase angle measurement on enable will produce a value that is 180° from the real value. If this is the case Inverted Saturation Characteristic (05.070) should be set to one.

Minimal Movement Phasing Test Angle (05.016) is non-zero

A minimal movement test is used to determine the position of the rotor flux. See Minimal Movement Phasing Test Mode (05.013) for details. This test cannot be used with any position
feedback devices that use commutation signals (i.e. AB Servo, FD Servo, FR Servo, SC Servo or Commutation Only). A stationary auto-tune must be carried out before minimal movement
is used for the phasing test on enable as it provides values for Minimal Movement Phasing Test Current (05.015) and Minimal Movement Phasing Test Mechanical Load Phase (05.019). If
the motor is constrained then Minimal Movement Phasing Test Mode (05.013) should be set to one during the auto-tuning so that the correct value is set in

Minimal Movement Phasing Test Mechanical Load Phase (05.019) by the test. Normally Minimal Movement Phasing Test Mode (05.013) should also be set to one for the phasing test on
enable, however this extends the lenght of the test. Provided the auto-tune has set the correct value in Minimal Movement Phasing Test Mechanical Load Phase (05.019) it should be
possible to change Minimal Movement Phasing Test Mode (05.013) back to zero after the auto-tune to reduce the length of the phasing test on enable.

Parameter 05.015 Minimal Movement Phasing Test Current

Short description Minimal Movement Phasing Test Current

Mode RFC-S

Minimum 0 Maximum 7
Default 0 Units

Type 8 Bit User Save Update Rate Background Read/Write
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 1%

1 2%

2 3%

3 6%

4 12%

5 25%

6 50%

7 100%

See Minimal Movement Phasing Test Mode (05.013).

Parameter 05.016 Minimal Movement Phasing Test Angle

Short description Minimal Movement Phasing Test Angle

Mode RFC-S

Minimum 0.00 Maximum 25.00

Default 0.00 Units °

Type 16 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 2

Coding RW

See Minimal Movement Phasing Test Mode (05.013).

Parameter 05.017 Stator Resistance

Short description Defines the resistance of the motor stator

Mode RFC-S

Minimum 0.000000 Maximum 1000.000000
Default 0.000000 Units Q

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 6

Coding RW, RA

The motor parameters used by the drive are derived from the star connected per phase equivalent circuit of a permanent magnet motor shown below.

162

Unidrive M700 Parameter Reference Guide
Issue: 01.18.00 (Eth 01.07.00)



R il

Star connected equivalent circuit of a
permanent magnet

Stator Resistance (05.017) =R
Ld (05.024) = L in the d (flux) axis

No-load Lq (05.072) = L in the g (torque) axis with no current in the motor

Lq At The Defined Iq Current (05.078) = L in the q axis with Id = 0 and Iq = Lq At The Defined Iq Current (05.078)

Lq At The Defined Id Current (05.084) = L in the q axis with Id = Lq At The Defined Id Current (05.084) and Iq = 0.

Stator Resistance (05.017) is used as described in the table below.

Function Details

gg&:ﬁl above low speeds with sensorless The stator resistance is used by the algorithm that detemines the rotor position.

Current controller integral gain set-up g):igng auto-tuning the stator resistance is used in the calculation of the current controller integral
. If high performance current control is selected the stator resistance is used in the control for both d

High performance current control I;nd q axis current.

Parameter 05.018 Maximum Switching Frequency

Short description Defines the maximum switching frequency that can be used by the drive

Mode RFC-S

Minimum 0 [Maximum VM_SWITCHING_FREQUENCY

Default 3 Units kHz

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, TE, VM, RA

Value Text

0 2

1 3

2 4

3 6

4 8

5 12

6 16

Maximum Switching Frequency (05.018) should be set to the required PWM switching frequency. The drive inverter will operate at this frequency unless the inverter temperature becomes

too hot. Under these conditions the drive will reduce the switching frequency in an attempt to avoid tripping (see Auto-switching Frequency Change (05.035) ). The actual switching

frequency is shown in Switching Frequency (05.037). The switching frequency has a direct effect on the sample rate for the current controllers (see Current Controller Kp Gain (04.013)). All

other control tasks are at a fixed rate.

Task

Speed controller (RFC-A, RFC-S) 250us

D.c. link voltage controller 1ms

Flux controller (RFC-A, RFC-S) 1ms

Parameter 05.019 Minimal Movement Phasing Test Mechanical Load Phase
Short description Minimal Movement Phasing Test Mechanical Load Phase

Mode RFC-S

Minimum -180 Maximum 179
Default -180 Units °
Type 16 Bit User Save Update Rate Background read/write
Display Format Standard Decimal Places 0
Coding RW

See Minimal Movement Phasing Test Mode (05.013).

Parameter 05.021 Mechanical Load Test Level

Short description Mechanical Load Test Level

Mode RFC-S

Minimum 0 Maximum 100
Default 0 Units %
Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0
Coding RW

See Auto-tune (05.012).
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Parameter 05.022 Enable High Speed Mode

Short description Set to 1 to enable high speed mode

Mode RFC-S

Minimum -2 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

-2 Limit

-1 Limit (Servo)

0 Disable

1 Enable (Servo)

2 Enable

Care must be taken when high speed mode is not set to Disable (0) to avoid damaging the drive. The voltage produced by the magnet flux is proportional to speed. For high speed operation
the drive must apply currents to the motor to counter-act the flux produced by the magnets. It is possible to operate the motor at very high speeds that would give a very high motor terminal
voltage, but this voltage is prevented by the action of the drive. If however, the drive is disabled (or tripped) when the motor voltages would be higher than the rating of the drive without the
currents to counter-act the flux from the magnets, it is possible to damage the drive. If high speed mode is enabled the motor speed must be limited to the levels given in the table below
unless an additional hardware protection system is used to limit the voltages applied to the drive output terminals to a safe level.

Drive voltage rating |Maximum motor speed (rpm) Maximum safe line to line voltage at the motor terminals (V r.m.s.)
200 400 x 1000 / (Ke x V2) 400 / \2

400 800 x 1000 / (Ke x \2) 800 /2

575 955 x 1000 / (Ke x \2) 955 /2

690 1145x 1000 / (Ke x v2) 1145 / \2

Ke is the ratio between r.m.s. line to line voltage produced by the motor and the speed in V/1000rpm.

Disabled (0):

The motor flux is not modified to limit the motor voltage to the level defined by Rated Voltage (05.009). The motor voltage will increase as the speed is increased until the motor line to line
voltage x V2 is equal to the d.c. link voltage (D.c. Bus Voltage (05.005)). It will not be possible to further increase the speed significantly. This mode is safe because the motor voltage with
no current flowing in the motor cannot exceed a level that can damage the drive provided Position Feedback Phase Angle (03.025) is correct for the motor. Note that if

Position Feedback Phase Angle (03.025) is modified by the user to change the flux level in the motor then it is possible to damage the drive on disable as described above. It should be
noted that if Disable mode is selected, but saliency torque is being exploited (i.e. Active Saliency Torque Mode (05.066) is non-zero) then the drive automatically provides protection against
damage by operating in Limit (Servo) mode as described below.

Limit (Servo) (-1):

The motor flux is modified to limit the motor voltage to the level defined by Rated Voltage (05.009). An Over Speed.1 trip is initiated if the measured motor speed exceeds the levels defined
in the table above to protect the drive. This mode is intended for dynamic servo type applications with motors that have relatively low saliency. If control using saliency is disabled, or it is
enabled but the motor has low saliency (i.e. Active Saliency Torque Mode (05.066) is showing disabled or low saliency operation) then the drive will not restrict the torque requested from the
motor to prevent the motor from exceeding its voltage based torque limit. If the motor is operated at or close to this limit it can become unstable, or the drive can lose control of the motor.
This is not generally a problem for servo motors as they do not go close to their torque limit or only operate transiently in flux weakening during the last part of their acceleration to maximum
speed, and so the flux controller is too slow to provide much flux weakening. Limit (Servo) mode should not be used with high saliency motors (i.e. Active Saliency Torque Mode (05.066) is
showing high saliency operation), and so if this is selected for a high saliency motor the drive will automatically operate in Limit mode as described below.

Limit (-2):

This is similar to Limit (Servo) mode except that the motor torque is restricted to prevent the drive from operating close to, or beyond, the voltage based torque limit of the motor. This
prevents the motor from operating in a region where it could become unstable, or the drive could lose control of the motor. This is not generally a problem for servo motors as they do not go
close to their torque limit or only operate transiently in flux weakening during the last part of their acceleration to maximum speed, and so the flux controller is too slow to provide much flux
weakening. However, for more general purpose motors for slower applications, such as fans and pumps, it may be necessary for the drive to prevent the motor from operating close to its
voltage based torque limit.

Enable (Servo) (1):

This is similar to Limit (Servo) mode except that a trip is not produced if the motor speed exceeds the maximum safe level. An indication that cannot be cleared is stored in

Potential Drive Damage Conditions (10.106) and saved on power-down. The motor manufacturer should always be consulted before using this mode as care must be taken not to de-
magnetise the motor.

Enable (2):

This is similar to Limit mode except that a trip is not produced if the motor speed exceeds the maximum safe level. An indication that cannot be cleared is stored in

Potential Drive Damage Conditions (10.106) and saved on power-down. The motor manufacturer should always be consulted before using this mode as care must be taken not to de-
magnetise the motor.

Parameter 05.023 D.c. Bus Voltage High Range

Short description Displays the d.c. bus level but with a higher range

Mode RFC-S

Minimum -VM_HIGH_DC_VOLTAGE [Maximum VM_HIGH_DC_VOLTAGE
Default Units \V

Type 16 Bit Volatile Update Rate Background read

Display Format Standard Decimal Places 0

Coding RO, FI, VM, ND, NC, PT

D.c. Bus Voltage High Range (05.023) provides voltage feedback that has lower resolution and a higher range than D.c. Bus Voltage (05.005), and so it is possible to determine the d.c. link
voltage even if this exceeds the level of the over-voltage trip. It should be noted that due to tolerances, D.c. Bus Voltage High Range (05.023) may not correspond exactly with the level
given by D.c. Bus Voltage (05.005). In a system with parallel power modules where the control pod is remote from any of the power modules, this parameter always shows zero.

Parameter 05.024 Ld

Short description Defines the inductance in the flux axis

Mode RFC-S

Minimum 0.000 Maximum 500.000

Default 0.000 Units mH

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, RA

D axis inductance, see Stator Resistance (05.017) for more details.

Ld (05.024) is used as described in the table below.
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Function

Details

Current controller gain set-up

During auto-tuning Ld is used in calculating the current controller gains.

If high performance current control is selected (Current Controller Mode (04.030) =1) Ld is used by

High performance current control

|the controller in d axis.

Low speed operation with sensorless control

If injection mode is used (RFC Low Speed Mode (05.064) = 0) for low speed operation Ld defines the
gain of the system.

Flux controller gain Ld is used in deriving the gain of the controller which controls the motor voltage at high speed.
Parameter 05.026 High Dynamic Performance Enable

Short description Set to 1 to enable High Dynamic Performance

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

Whatever the value of High Dynamic Performance Enable (05.026) a feed-forward term based on the estimated level of flux in the motor and the motor speed is used to improve the

performance of the current controllers and to avoid transients during spinning start. However, if High Dynamic Performance Enable (05.026) = 1 additional feed-forward terms are provided
to remove the effects of cross-coupling between the flux and torque axes. This improves the performance of the current controllers under dynamic conditions at high speeds. It should be

noted that High Dynamic Performance Enable (05.026) has no effect if sensorless control is active (i.e. Sensorless Mode Active (03.078) = 1).

Parameter 05.027 Flux Control Gain

Short description Flux Control Gain

Mode RFC-S

Minimum 0.1 Maximum 10.0

Default 1.0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

If Flux Control Gain (05.027) is set to the default value of unity the system that controls the motor voltage is automatically set up based on the motor parameters to give stable operation

under most conditions. Some motors which have concentrated windings can cause significant harmonic currents which in turn disturb the voltage controller at higher speeds where the
voltage controller is active to limit the motor voltage. To reduce this effect the gain can be reduced. The gain can also be increased for applications with fast acceleration to improve the

response of the voltage controller in limiting the motor voltage.

Parameter 05.028 Torque Linearisation Disable

Short description Torque Linearisation Disable

Mode RFC-S

Minimum 0 Maximum 1

Default 1 Units

Type 1 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW, BU

If high saliency control is active (i.e. Active Saliency Torque Mode (05.066) = 2) the drive applies compensation to give approximately a linear realtionship between the torque reference and
actual torque for speed and torque control modes. In some cases this may introduce unacceptable system noise. If Torque Linearisation Disable (05.028) is left at its default value of 0 the

linearisation system is active. If Torque Linearisation Disable (05.028) is set to 1 then the linearisation system is disabled. Torque linearisation is disabled if sensorless mode is active,

i.e. Sensorless Mode Active (03.078) = 1.

Parameter 05.031 Voltage Controller Gain

Short description Defines the proportional gain of the d.c. link voltage controller

Mode RFC-S

Minimum 1 Maximum 30

Default 1 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

Voltage Controller Gain (05.031) can be used to modify the proportional gain of the d.c. link voltage controller used for standard ramp and supply loss control.

Parameter 05.032 Torque Per Amp

Short description Defines the torque per amp constant (Kt) for the motor

Mode RFC-S

Minimum 0.00 Maximum 500.00

Default 1.60 Units Nm/A

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 2

Coding RW, BU

Torque Per Amp (05.032) is used for automatic speed controller gain set up and to calculate the inertia in autotune tests 3 and 4, and so the correct value for the motor should be entered if

these features are used.

Parameter 05.033 Volts Per 1000rpm

Short description Volts per 1000rpm

Mode RFC-S

Minimum 0 Maximum 10000

Default 98 Units V

Type 16 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

Volts Per 1000rpm (05.033) defines the r.m.s. line voltage produced by the motor flux at 1000rpm, i.e. running at this speed with no current in the motor.

Volts Per 1000rpm (05.033) is used as described in the table below.
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Function Details

Voltage feed-forwards Provides voltage feed-forwards for the current control system.

Over-speed protection Ke is used to determine the trip speed if Enable High Speed Mode (05.022) is set to Limit mode
Low speed operation with sensorless control If "non-salient" mode is selected Ke is used in defining the controller gain.

Rated torque angle If the drive defines Rated Torque Angle (05.089) no-load Lq is used in the calculation.
Parameter 05.035 Auto-switching Frequency Change

Short description Defines auto-switching frequency control with thermal model

Mode RFC-S

Minimum 0 Maximum 2

Default 0 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Enabled

1 Disabled

2 No Ripple Detect

The drive inverter can be damaged if the temperature is too high. The inverter can also be damaged or the lifetime of the power devices reduced, if the temperature ripple of the devices is
too high. Auto-switching Frequency Change (05.035) defines the action taken if the drive inverter becomes too hot or the temperature ripple becomes too high.

Enabled:

If the inverter becomes too hot or the ripple temperature is higher than the level defined by Maximum Inverter Temperature Ripple (05.039) the switching frequency is reduced in an attempt

to prevent tripping.

Disabled:

The switching frequency is not reduced, and so the drive will trip if the inverter is too hot or the temperature ripple is too high.

No Ripple Detect:

The switching frequency is reduced if the inverter temperature, but not the temperature ripple is too high. If the temperature ripple exceeds the level defined by
Maximum Inverter Temperature Ripple (05.039) then the drive will trip.

The switching frequency is changed in steps defined by Auto-switching Frequency Step Size (05.036). For example with a switching frequency of 16kHz and a step size of two, the

frequency will be reduced to 8kHz, then 4kHz etc. Minimum Switching Frequency (05.038) defines the minimum switching frequency that the system will attempt to use. If the switching
frequency needs to switch to a lower level, then the drive will trip. If Minimum Switching Frequency is changed the new value will only become active when Switching Frequency is at or
above the minimum value.

Shows the actual inverter switching frequency after the auto-change function.

Parameter 05.036 Auto-switching Frequency Step Size

Short description Auto-switching frequency redcution step size

Mode RFC-S

Minimum 1 Maximum 2
Default 2 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW

See Auto-switching Frequency Change (05.035).

Parameter 05.037 Switching Frequency

Short description Displays the current switching frequency used by the drive

Mode RFC-S

Minimum 0 Maximum 6
Default Units kHz
Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0
Coding RO, TE, ND, NC, PT

Value Text

0 2

1 3

2 4

3 6

4 8

5 12

6 16

Parameter |05.038 Minimum Switching Frequency

Short description [Minuimum Switching Frequency

Mode RFC-S

Minimum 0 Maximum VM_MIN_SWITCHING_FREQUENCY
Default 0 Units kHz

Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW, TE, VM

Value Text

0 2

1 3

2 4

3 6

4 8

5 12

6 16
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See Auto-switching Frequency Change (05.035).

Parameter 05.039 Maximum Inverter Temperature Ripple

Short description Maximum Inverter Temperature Ripple

Mode RFC-S

Minimum 20 Maximum 60

Default 60 Units °C

Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

(05.035).

Parameter 05.041 Voltage Headroom

Short description Voltage Headroom

Mode RFC-S

Minimum 0 Maximum 20

Default 0 Units %

Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

Maximum Inverter Temperature Ripple (05.039) defines the maximum inverter temperature ripple allowed before the switching frequency is reduced. See Auto-switching Frequency Change

The voltage applied to the motor is always limited by Rated Voltage (05.009). When Voltage Headroom (05.041) is set to its default value of zero the output voltage of the inverter is also

limited to a level equivalent to full modulation, which is the supply voltage minus voltage drops within the inverter itself. Depending on the relative values of the supply voltage and

Rated Voltage (05.009) there may be some headroom between the rated voltage limit and the maximum possible voltage from the inverter to allow the current control system to give good
dynamic performance. In some applications it is useful to enforce some headroom between the maximum allowed motor voltage and the inherent limit imposed by the inverter. If the supply
voltage is known this can be done by setting Rated Voltage (05.009) to a suitable value below the supply voltage level, however, it is more convenient to set Rated Voltage (05.009) to the
actual rated voltage of the motor, and to use Voltage Headroom (05.041) to enforce the voltage headroom. This parameter can be used to increase the headroom between the maximum
modulation limit and the maximum motor voltage from zero up to 20% of the maximum modulation limit. For example, if the supply voltage is 400V then a value of 10% will give a voltage
headroom of approximately 40V.

Parameter 05.042 Reverse Output Phase Sequence

Short description Set to 1 to reverse the sequence on the output phases

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

If Reverse Output Phase Sequence (05.042) = 0 the output phase sequence is U-V-W when Output Frequency (05.001) is positive and W-V-U when Output Frequency (05.001) is negative.
If Reverse Output Phase Sequence (05.042) = 1 the output phase sequence is reversed so that the phase sequence in W-V-U for positive frequencies and U-V-W for negative frequencies.

Parameter 05.044 Stator Temperature Source

Short description Defines the source of the stator temperature

Mode RFC-S

Minimum 0 Maximum 6
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 An In 3

1 User

2 P1 Drive

3 P1 Slot1

4 P1 Slot2

5 P1 Slot3

6 P1 Slot4

The stator temperature can be used to compensate for changes in stator resistance. See Stator Temperature Coefficient (05.047). Stator Temperature Source (05.044) is used to select the
source for the stator temperature measurement.

Stator Temperature Source
(05.044) Source Comments
0 Analog Input 3 Thermistor Temperature|Analog input 3 must be set up for the correct temperature feedback
(07.050) device
The user can provide a stator temperature value. If an alternative
1 User Stator Temperature (05.045) feedback device is to be used or the user provides an algorithm to
model the stator temperature.
. P1 position feedback interface must be set up for the correct
2 P1 Thermistor Temperature (03.122) temperature feedback device
) . A position feedback category option module must be fitted and the P1
3-6 Option slot P1 Thermistor Temperature position feedback must be set up for the correct temperature
(xx.122) .
feedback device
Parameter 05.045 User Stator Temperature
Short description Defines the stator temperature as set by the user
Mode RFC-S
Minimum -50 Maximum 300
Default 0 Units °C
Type 16 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW

See Stator Temperature Source (05.044).
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Parameter 05.046 Stator Temperature

Short description Displays the temperature of the motor stator

Mode RFC-S

Minimum -50 Maximum 300

Default Units °C

Type 16 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Stator Temperature Source (05.044).

Parameter 05.047 Stator Temperature Coefficient

Short description Defines the coefficient used to calculate the temperature of the motor stator

Mode RFC-S

Minimum 0.00000 Maximum 0.10000

Default 0.00390 Units 1/°C

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 5

Coding RW

Temperature Compensated Stator Resistance (05.050) shows the stator resistance from the active motor that is being used by the drive for motor control. If Enable Stator Compensation
(05.049) = 0 and motor 1 is selected then Temperature Compensated Stator Resistance (05.050) is equal to Stator Resistance (05.017). If Enable Stator Compensation (05.049) = 1 the

value of Stator Resistance (05.017) is not changed, but Temperature Compensated Stator Resistance (05.050) is derived as follows:

o = Stator Temperature Coefficient (05.047) and this is the temperature coefficient for the stator winding at 20°C as a proportion of the resistance per degree C.

Temperature Compensated Stator Resistance (05.050) = Stator Resistance (05.017) x [1 + (Stator Temperature (05.046) — 20°C) x a] / [1 + (Stator Base Temperature (05.048) - 20°C) x a]

Stator Resistance (05.017) and Stator Base Temperature (05.048) can be set up by the user with the stator resistance at a given temperature. The preferred method is for the
Stator Resistance (05.017) to be measured and set up using the auto-tuning system (See Auto-tune (05.012)). If Enable Stator Compensation (05.049) = 1 when the auto-tuning is carried
out the Stator Base Temperature (05.048) will be updated automatically with Stator Temperature (05.046).

The temperature compensation system can only function correctly if the Stator Temperature Coefficient (05.047) is set up correctly. The default value is suitable for copper or aluminium
windings and should not need to be adjusted for these materials provided the temperature measurement is a reasonable measure of the winding temperature. If the temperature

measurement is not closely coupled to the winding it may be necessary to adjust Stator Temperature Coefficient (05.047) for correct compensation.

Parameter 05.048 Stator Base Temperature

Short description Defines the base temperature used to calculate the temperature of the motor stator
Mode RFC-S

Minimum -50 Maximum 300

Default 0 Units °C

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Stator Temperature Coefficient (05.047).

Parameter 05.049 Enable Stator Compensation

Short description Set to 1 to enable stator compensation

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Stator Temperature Coefficient (05.047).

Parameter 05.050 Temperature Comp ted Stator Resist:

Short description Final stator resistance value used by the drive including temperature compensation
Mode RFC-S

Minimum 0.000000 Maximum 1000.000000
Default Units

Type 32 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 6

Coding RO, ND, NC, PT

Temperature Compensated Stator Resistance (05.050) shows the stator resistance value for the active motor that is being used by the drive including the effect of temperature
compensation.

Parameter 05.051 Rotor Temperature Source

Short description Defines the source of the rotor temperature

Mode RFC-S

Minimum 0 Maximum 6

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 An In 3

1 User

2 P1 Drive

3 P1 Slot1

4 P1 Slot2

5 P1 Slot3

6 P1 Slot4
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The rotor temperature can be used to compensate for changes in rotor resistance that affects the motor slip and hence the rated speed in Open-loop or RFC-A mode, or the magnet flux that

affects motor torque in RFC-S mode. See Rotor Temperature Coefficient (05.054) for details. Rotor Temperature Source (05.051) is used to select the source for the rotor temperature

measurement.
Rotor Temperature Source
(05.051) Source Comments
0 Analog Input 3 Thermistor Temperature|Analog input 3 must be set up for the correct temperature feedback
(07.050) device
The user can provide a rotor temperature value if an alternative
1 User Rotor Temperature (05.052) feedback device is to be used or the user provides an algorithm to
model the rotor temperature
. P1 position feedback interface must be set up for the correct
2 P1 Thermistor Temperature (03.122) temperature feedback device
. . A position feedback category option module must be fitted and the P1
3-6 Option Slot P1 Thermistor Temperature position feedback must be set up for the correct temperature
(xx.122) .
feedback device
Parameter 05.052 User Rotor Temperature
Short description Defines the temperature of the motor as set by the user
Mode RFC-S
Minimum -50 Maximum 300
Default 0 Units °C
Type 16 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW

See Rotor Temperature Source (05.051).

Parameter 05.053 Rotor Temperature

Short description Displays the temperature of the motor rotor

Mode RFC-S

Minimum -50 Maximum 300

Default Units °C

Type 16 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Rotor Temperature Source (05.051).

Parameter 05.054 Rotor Temperature Coefficient

Short description Defines the coefficient used to calculate the temperature of the rotor

Mode RFC-S

Minimum 0.00000 Maximum 0.10000

Default 0.00100 Units 1/°C

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 5

Coding RW

The flux produced by the magnets in a permanent magnet motor varies with rotor temperature, and this in turn affects the relationship between the motor current and torque.
Rotor Temperature Compensation (05.057) shows the compensation factor that is applied to convert from the torque reference to the torque producing current reference.

If Enable Rotor Compensation (05.056) = 0 no compensation is applied in converting from the torque reference to the torque producing current reference (i.e.

Rotor Temperature Compensation (05.057) = 1.000). If Enable Rotor Compensation (05.056) = 1 then Rotor Temperature Compensation (05.057) is calculated as follows:

Rotor Temperature Compensation (05.057) = 1 — [(Rotor Temperature (05.053) — Rotor Base Temperature (05.055)) x Rotor Temperature Coefficient (05.054)]

The default value of Rotor Temperature Coefficient (05.054) is a typical value for the magnets used in most permanent magnet motors. However, if the thermal coupling between the rotor

and the temperature measuring device is poor it may be necessary to adjust Rotor Temperature Coefficient (05.054) to give better compensation.

Parameter 05.055 Rotor Base Temperature

Short description Defines the base temperature used to calculate the temperature of the rotor

Mode RFC-S

Minimum -50 Maximum 300

Default 0 Units °C

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Rotor Temperature Coefficient (05.054).

Parameter 05.056 Enable Rotor Compensation

Short description Set to 1 to enable rotor compensation

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

See Rotor Temperature Coefficient (05.054).

Parameter 05.057 Rotor Temperature Comp tion

Short description Factor to convert from torque to current based on rotor temperature

Mode RFC-S

Minimum 0.000 Maximum 2.000
Default Units

Type 16 Bit Volatile Update Rate Background
Display Format Standard Decimal Places 3

Coding

RO, ND, NC, PT
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Rotor Temperature Compensation (05.057) shows the conversion factor used between the torque reference and the torque producing current.

Parameter 05.059 Maximum Deadtime Compensation

Short description Shows the deadtime compensation used to compensate for dead-time effects in the inverter
Mode RFC-S

Minimum 0.000 Maximum 10.000

Default 0.000 Units us

Type 16 Bit User Save Update Rate Background Read

Display Format Standard Decimal Places 3

Coding RO, NC, PT

Maximum Deadtime Compensation (05.059) is the deadtime compensation used to compensate for dead-time effects in the inverter. This level of compensation is used when the drive
output current is above Current At Maximum Deadtime Compensation (05.060). Both of these values related to dead-time compensation are measured during auto-tuning and cannot be set
by the user. It should be noted that if the auto-tuning test is not performed and Maximum Deadtime Compensation (05.059) = 0 then dead-time compensation is disabled. Although it is not
recommended, it is possible to disable dead-time compensation by setting Disable Deadtime Compensation (05.061) = 1.

Parameter 05.060 Current At Maximum Deadtime Compensation

Short description Current at which maximum deadtime compensation is applied

Mode RFC-S

Minimum 0.00 Maximum 100.00

Default 0.00 Units %

Type 16 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 2

Coding RO, NC, PT

See Maximum Deadtime Compensation (05.059).

Parameter 05.061 Disable Deadtime Compensation

Short description Disable Deadtime Compensation

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

See Maximum Deadtime Compensation (05.059).

Parameter 05.063 Sensorless Mode Current Ramp

Short description Sensorless Mode Current Ramp

Mode RFC-S

Minimum 0.00 Maximum 1.00

Default 0.20 Units s

Type 8 Bit User Save Update Rate Background Write
Display Format Standard Decimal Places 2

Coding RW

See RFC Low Speed Mode (05.064).

Parameter 05.064 RFC Low Speed Mode

Short description Defines the low speed mode of the drive when position feedback is not being used

Mode RFC-S

Minimum 0 Maximum 5

Default 2 Units

Type 8 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW, TE

Value Text Description

0 Injection High frequency injection mode

1 Non-salient Non-salient motor mode

> Current Currgnt vector mode with initial test to determine the rotor
position

3 Current No Test Currgnt vector mode without initial test to determine the rotor
position
Current vector mode with no test and step changes in current

4 Current Step between low/high speed modes

5 Current Only Current vector mode always active

If sensorless mode is being used and is active (i.e. Sensorless Mode Active (03.078) = 1) and the motor is operating at low speed then a low speed algorithm must be used to control the
motor. The change between the low speed and normal operation algorithms is related to the drive output frequency. An upper threshold is provided for the change from low speed to normal
operation, and a lower threshold is provided for the change back from normal to low speed operation as given in the table below. These values are a percentage of Rated Speed (05.008).

Switching Frequency (05.037) Lower Threshold Upper Threshold
2kHz 5% 10%
3kHz 5% 10%
4kHz 5% 10%
6kHz 10% 15%
8kHz 10% 15%
12kHz 15% 20%
16kHz 15% 20%

RFC Low Speed Mode (05.064) is used to select the algorithm to be used as described below.

0: Injection

A high frequency signal is injected into the motor to detect the motor flux axis. For this to operate correctly the motor must remain salient while the low speed mode is active. The no-load
inductance parameters are checked by the drive on enable and if the motor is not sufficiently salient then a Inductance trip is initiated. See the details of this trip for the inductances required.
Generally the q axis inductance falls as the q axis current is increased, i.e. the motor is loaded. While low speed operation is active the drive will apply a current limit defined by
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Low Speed Sensorless Mode Current (05.071) to prevent the g axis inductance from falling to a level that would cause the motor to become non-salient. It will be necessary to limit the
bandwidth of the speed controller to a level of 10Hz or less for stable operation particularly at low speeds. Provided these conditions are met this method can be used in the same way as
control with position feedback, but the control performance is limited.

1: Non-salient
If the motor has low or no saliency (i.e. the conditions defined for Inductance cannot be met under the required load conditions) then this method can be used for low speed operation. This
mode does not provide the same level of control as injection mode and the following should be considered:

. Only speed control can be used when low speed mode operation is active.

. When the low speed algorithm is active it will not be possible to produce more than approximately 60% to 70% of rated torque. Low Speed Sensorless Mode Current
(05.071) defines a current applied in the motor d axis to aid starting. A value of 20% is suitable for most motors with a load of up to 60% rated torque. However, in some applications
this level may need to be adjusted.

. There may be some movement of the motor shaft in either direction as the motor starts.

. Itis not possible to measure the motor inertia using auto-tuning with Auto-tune (05.012) = 4.

. Normally the ramp rate should not be slower than 5s/1000rpm when operating in the region below Rated Speed (05.008) / 10.

. This mode is not intended to control the motor for prolonged periods at low speed, but is intended to allow the motor to be started from standstill to run outside the low speed
region.

. This mode is not intended to allow motor reversals. If the direction does need to be reversed, the motor should be stopped and any oscillations must die away, before the motor is
restarted in the other direction.
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2: Current

This method, which applies a rotating current vector at the frequency defined by the speed reference, can be used with any motor with no saliency or moderate saliency. It should only be
used with motors where more of the torque is produced in conjunction with the magnet flux rather than from saliency torque. This mode does not provide the same level of control at low
speed as injection mode, but is easier to set up and more flexible than "Non-salient" mode. The following should be considered:

1. Only speed control can be used when low speed mode operation is active.

2. A current specified by Low Speed Sensorless Mode Current (05.071) is applied when low speed mode is active. This current should be sufficient to start the motor with the highest
expected load. If the motor has some saliency with no-load applied, and a suitable saturation characteristic, the drive can detect the rotor position and apply the current at the
correct angle to avoid starting transient. If the motor is non-salient as defined by the conditions for Inductance trip then the drive will not attempt to detect the rotor position and the
current will be applied at an arbitrary angle. This could cause a starting transient if the level of current applied is high, and so Low Speed Sensorless Mode Current
(05.071) should not be set to a higher level than necessary. To minimise the movement as a result of applying the current, it is increased over the period defined
by Sensorless Mode Current Ramp (05.063) in the form of a squared characteristic (i.e. it is increased with a low rate of change at the beginning and the rate of change is gradually
increased).

3. Itis not possible to measure the motor inertia using auto-tuning with Auto-tune (05.012) = 4.

4. As the level of current when low speed mode is active is not dependent on the applied load, but is as defined by Low Speed Sensorless Mode Current (05.071), and so the motor
may become too hot if low speed mode is active for a prolonged period of time.

5. Generally Low Speed Sensorless Mode Current (05.071) should be set to a level higher than the expected maximum load, and can be set to a much higher level than the load if the
saliency and saturation characteristic allow the position of the rotor to be detected on starting. However, Low Speed Sensorless Mode Current (05.071) should be matched more
closely to the expected load under the following conditions: the load inertia is high compared to the motor interia, or there is very little damping/loss in the load system, or where the
g axis inductance of the motor changes significantly with load.

3: Current no test

The "Current" method is used, but no attempt is made to determine the position of the rotor before applying the current. This can be selected for example, if the motor does not have a
suitable saturation characteristic to allow the rotor position to be determined during starting, or if faster starting is required. The initial current vector angle will be at an arbitary position with
respect to the actual rotor position. As the vector sweeps round it must make the rotor start to rotate. If the ramp rate is too high the rotor may not keep up with the current vector and the
motor may not start. If this is the case then the ramp rate should be reduced and/or the current used to start the motor should be increased.

Torque control can be used with the "Injection" starting method in the same way as with position feedback. However if torque control is to be used in an application where the other starting
methods are used then the following should be considered:

1. Torque control should not be enabled until the low speed algorithm is no longer active and the motor speed must not drop to a level where the low speed mode will become active
again while torque control is active. This means that the motor must be started in speed control and torque control should only be selected when the speed is high enough.

2. To stop the motor the drive can simply be disabled or the run should be removed for the drive to stop the motor. Removing the run causes the drive to switch from torque control to
speed control, and so the motor speed can be reduced back down though the range where the low speed algorithm is active.

Parameter 05.065 Saliency Torque Control Select

Short description Set the required saliency torque control mode

Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Disabled

1 Low

2 High

3 Auto

Most permanent magnet motors include some saliency due to saturation and physical construction. Torque is normally produced by interaction between the magnet flux and the stator
current, but any saliency can be exploited to produce additional torque, which can increase the torque per amp produced by the motor. If Saliency Torque Control Select (05.065) = 0
(disabled) torque is only produced from the magnet flux. If Saliency Torque Control Select (05.065) = 3 (auto) then torque can be produced from saliency and the mode to do this is selected
automatically based on the value of Rated Torque Angle (05.089). If the torque produced by the magnet flux is more than twice the torque produced by saliency under rated conditions

then Rated Torque Angle (05.089) < 30°, and under these conditions low saliency mode is selected, otherwise high saliency mode is selected. It is possible to specifically choose the
saliency mode, Saliency Torque Control Select (05.065) = 1 gives low saliency mode and Saliency Torque Control Select (05.065) = 2 gives high saliency mode. It should be noted that if
Rated Torque Angle (05.089) = 0 that the saliency mode remains disabled. Active Saliency Torque Mode (05.066) shows which mode is active.

Low saliency mode is for motors where a majority of the torque is produced from magnet flux, and high saliency mode is for motors where signficant torque is produced from saliency. The
following are affected by the mode used:

1. At higher speeds there is a limit on the amount of torque that can be produced by the motor for a given motor terminal voltage. Different algorithms are used to impose this limit
depending on which mode is selected. The method used with low saliency mode can be enabled or disabled depending on the setting of Enable High Speed Mode (05.022).

2. Different methods are used during flux weakening at higher speeds to control the motor.

3. Different sensorless control algorithms are used. The parameters required for the sensorless algorithms are similar execept for the q axis inductance when the motor is operating on
load. See No-load Lq (05.072) for more details.
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Parameter 05.066 Active Saliency Torque Mode

Short description Active Saliency Torque Mode

Mode RFC-S

Minimum 0 Maximum 2
Default Units

Type 8 Bit Volatile Update Rate Background Write
Display Format Standard Decimal Places 0
Coding RO, TE, ND, NC, PT

Value Text

0 Disabled

1 Low

2 High

Active Saliency Torque Mode (05.066) shows which saliency torque control mode is active. See Saliency Torque Control Select (05.065) for more details.

Parameter 05.067 Over-current Trip Level as Percentage Kc

Short description Over-current trip level as a percentage of Kc

Mode RFC-S

Minimum 0 Maximum 100

Default 0 Units %

Type 8 Bit User Save Update Rate /I_B\aquround Read When Drive Not
ctive

Display Format Standard Decimal Places 0

Coding RW, BU

The drive provides an over-current trip to disable the inverter quickly if the instantaneous current from the drive exceeds a specific level. This trip is provided to protect the drive in case a
short circuit is applied to the outputs, but it also prevents the current into the motor from exceeding a specific maximum level. If Over-current Trip Level as Percentage Kc (05.067) and Over-
current Trip Level as Percentage of Rated Current (05.069) are left at their default values of zero then the default over-current trip level is used (which is provided to protect the drive) and is
set to the maximum possible safe level of current. The trip occurs when the r.m.s. output current corresponds to Full Scale Current Kc (11.061) (plus a margin for cable charging currents
with smaller drives). The instantaneous trip level is V2 times the r.m.s. level. Unless there is a reason to limit the peak current in the motor further then these parameters should be left at
their default values.

If Over-current Trip Level as Percentage of Rated Current (05.069) is set to a non-zero value it defines the over-current trip level as a percentage of the rated current (where the rated
current is defined by Rated Current (05.007) or M2 Rated Current (21.007)). If Over-current Trip Level as Percentage of Rated Current (05.069) is non-zero then Over-

current Trip Level as Percentage Kc (05.067) has no effect. The actual setting of the over-current trip in the hardware is relatively coarse, and so the trip level may be less than the selected
setting. For this reason Actual Over-current Trip Level (05.068) shows the actual trip level as a percentage of rated current when Over-current Trip Level as Percentage of Rated Current
(05.069) is used to define the trip level. As the over-current trip is normally reduced to protect a motor, using Over-current Trip Level as Percentage of Rated Current (05.069) to define this
is the preferred method.

If required, the over-current trip level can be set as a percentage of Full Scale Current Kc (11.061) using Over-current Trip Level as Percentage Kc (05.067). Again due to the coarse setting
in the drive hardware the actual over-current trip level may be less than the required level, and so Actual Over-current Trip Level (05.068) shows the actual trip level as a percentage of

Full Scale Current Kc (11.061) when Over-current Trip Level as Percentage Kc (05.067) is used to define this. Either a value of zero should be used, so that the default level is applied
(assuming Over-current Trip Level as Percentage of Rated Current (05.069) = 0) or a value from 10% to 100% should be used to define the level as a percentage of Kc. (Note there

are settings from 1 to 9 which are only provided for legacy reasons and should not normally be used where the percentage is given by (Over-current Trip Level as Percentage Kc (05.067) +
1) x 10%.)

It should be noted that if the over-current trip level is reduced, it may be necessary to reduce the current limits from their default levels so that the maximum controllable current in the drive
does not exceed the over-current trip level during normal operation, or else spurious trips will be produced.

Parameter 05.068 Actual Over-current Trip Level

Short description Actual Over-current Trip Level

Mode RFC-S

Minimum 0 Maximum 500

Default Units %

Type 16 Bit Volatile Update Rate Background Write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT, BU

See Over-current Trip Level as Percentage Kc (05.067).

Parameter 05.069 Over-current Trip Level as Percentage of Rated Current

Short description Over-current trip level as a percentage of rated current

Mode RFC-S

Minimum 0 Maximum 1000

Default 0 Units %

Type 16 Bit User Save Update Rate 2?{;53"0””(1 Read When Drive Not
Display Format Standard Decimal Places 0

Coding RW

If this parameter has a non-zero value it overrides Over-current Trip Level as Percentage Kc (05.067) and the over-current trip level is calculated as a percentage of the motor rated current.
See Over-current Trip Level as Percentage Kc (05.067) for more details. For some drive derivatives the default for Over-current Trip Level as Percentage of Rated Current (05.069) is non-
zero. If this is the case, the lower level has been provided to protect motors where the demagnetisation level is relatively low. Before increasing this parameter the maximum allowed motor
current MUST be checked to ensure that the over-current trip level is not above this level or else the motor may be PERMANENTLY DAMAGED.

Parameter 05.070 Inverted Saturation Characteristic

Short description The motor has an inverted saturation characteristic

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

The change of motor inductance with flux producing current is used to determine the flux direction in RFC-S mode when operating without position feedback. Normally an increase in flux
producing current reduces Ld because the motor becomes more saturated. For some motors increasing the flux producing current can modify the flux path and Ld increases with increased
flux producing current. For normal motors Inverted Saturation Characteristic (05.070) should be left at its default value of zero, however, for motors with an apparent inverse saturation
characteristic Inverted Saturation Characteristic (05.070) should be set to one. If this parameter is not set and the motor has an inverted saturation characteristic this can be seen as follows:

1. Sudden jump in position during a stationary auto-tune with position feedback.
2. Sudden jump in position during auto-tuning in sensorless mode.
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3. Very unstable operation or the motor runs in the wrong direction on starting in sensorless mode.

It should be noted that the saturation characteristic is also used to locate the flux axis when performing a stationary auto-tune or when measuring the phasing angle on enable. If a motor

has an inverted saturation characteristic then Inverted Saturation Characteristic (05.070) should be set to one for these tests to operate correctly.

Parameter 05.071 Low Speed Sensorless Mode Current

Short description mgéier}num current limit for low speed injection mode or magnetising current for low speed non-salient
Mode RFC-S

Minimum 0.0 Maximum 1000.0

Default 100.0 Units %

Type 16 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 1

Coding RW, RA

See RFC Low Speed Mode (05.064).

Parameter 05.072 No-load Lq

Short description q axis inductance with no motor current

Mode RFC-S

Minimum 0.000 Maximum 500.000

Default 0.000 Units mH

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, RA

Lg At Defined Id
No-load Lg
(05.072) Current (05.084)
Lq
Id (%)
Increasing
negatively
0 - +—— d Axls Current For
Inductance Values With
Current (05.082)
g (%)
Increasing
positively

'\ g Axis Current For

Inductance Values With
Current (05.075)

Estimation of Lg with different levels of Id and |q. Note that outside the plane
shown the estimated inductance does not change, but remains at the level at

the nearest edge of the plane

The q axis inductance can vary significantly with the level of d and q axis current in the motor. The drive estimates a value of Lq for use by the control system as the levels of d and q axis
current change and writes this to Estimated Lq (05.088) as shown below.

In all cases, except for the value of Lq used in estimating the rotor position for sensorless control of high saliency motors (i.e. Active Saliency Torque Mode (05.066) = 2), the normal (chord)
g axis inductance is used and the value shown in Estimated Lq (05.088) is the normal inductance defined by the level of current in the motor. The following description shows how Lq is
estimated except when sensorless control is being used for a high saliency motor. The q axis inductance is assumed to vary with id and iq on a flat plane where three points on the plane
are defined by No-load Lq (05.072), Lq At The Defined Iq Current (05.078) and Lq At The Defined Id Current (05.084). The current levels that correspond to these points are (Id=0 1g=0),
(Id=0 Ig= q Axis Current For Inductance Values With Current (05.075)) and (Id= d Axis Current For Inductance Values With Current (05.082)) respectively. No-load Lq (05.072) should be set
to the correct value or measured using auto-tuning. Lq is calculated as follows depending on how many of the other parameters required to calculate Lq are also set up. The current levels

are set as a percentage of the motor rated current (Rated Current (05.007)).
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Parameters changed from default Parameters left at default Action

; ; Lq At The Defined Iq Current (05.078) is assumed to be
None ?oé.)gis(ilg@m For Inductance Values With Current 80% of No-load Lq (05.072). Lq varies with Iq using this
Lq At The Defined Iq Current (05.078) and Va;”e. °(f3'"d“°t‘i“°el a‘;‘d tance Values With Current
d Axis Current For Inductance Values With Current (05.082) and q05)g$5 urr :"goo/or nauctance Values With Curren
Lq At The Defined Id Current (05.084) (05.075) = 100%.

No change of Lq with Id.

Lq At The Defined Iq Current (05.078) is assumed to be
80% of No-load Lq (05.072). Lq varies with Iq using this
value of inductance and

q Axis Current For Inductance Values With Current (05.075).

Lq At The Defined Iq Current (05.078) and
q Axis Current For Inductance Values With Current (05.075) |d Axis Current For Inductance Values With Current (05.082) and
Lq At The Defined Id Current (05.084)

No change of Lq with Id.

Lq At The Defined Id Current (05.084) and
q Axis Current For Inductance Values With Current
(05.075) are used to defined Lq.

q Axis Current For Inductance Values With Current
(05.075) and
Lq At The Defined Iq Current (05.078)

d Axis Current For Inductance Values With Current (05.082) and
Lq At The Defined Id Current (05.084)

No change of Lq with Id.

Lq At The Defined Id Current
q Axis Current For Inductance Values With Current (05.084), q Axis Current For Inductance Values With Current
(05.075) and (05.075) and Lq At The Defined Id Current (05.084) are

Lq At The Defined Iq Current (05.078) and d Axis Current For Inductance Values With Current (05.082) used to defined Lq with
Lq At The Defined Id Current (05.084) and d Axis Current For Inductance Values With Current
(05.082)=-100%.
?Og)g.; gtg;%nt For Inductance Values With Current Lq At The Defined Id Current
Lq At The Defined Iq Current (05.078) and (05.084), q Axis Current_ For Inductance Values With Current
d Axis Current For Inductance Values With Current None (05.075), Lg At The Defined Id Current (05.084)
(05.082) and and d Axis Current For Inductance Values With Current
) (05.082) are used to defined Lq.

Lq At The Defined Id Current (05.084)

If sensorless mode is being used to control a high saliency motor the rotor position is estimated using the incremental inductance of the motor and Estimated Lq (05.088) shows the value of
the q axis incremental inductance instead of the normal inductance. The system to calculate this is the same as for the normal inductance except

that Lq Incremental Inductance At Defined Iq Current (05.079) is used instead of Lq At The Defined Iq Current (05.078), and Lq Incremental Inductance At Defined Id Current (05.085) is
used instead of Lq At The Defined Id Current (05.084). Note that for all other functions in the drive the normal inductances are used.

No-load Lq (05.072) is used as described in the table below.

Function Details

If high performance current control is selected (Current Controller Mode (04.030) =1) Lq is used
by the controller in q axis.

If injection mode is used (RFC Low Speed Mode (05.064) = 0) for low speed operation Lq
defines the gain of the system.

No-load Lq is used in the system that actively calculates the value of Lq with changing motor
currents which is used to calculate the rotor position.

High performance current control

Low speed operation with sensorless control

*Control above low speeds with sensorless control

No-load Lq (and not the dynamically calculated Lq) is used to define the torque limit of high

Motor torque limit saliency motors.

*Rated torque angle If the drive defines Rated Torque Angle (05.089) no-load Lq is used in the calculation.

The following parameters are also used in the system that calculates the value of Lq with different levels of motor current, and so these also affect the functions marked with * in the table:
q Axis Current For Inductance Values With Current (05.075), Lq At The Defined Iq Current (05.078), Lq Incremental Inductance At Defined Iq Current (05.079),
d Axis Current For Inductance Values With Current (05.082), Lq At The Defined Id Current (05.084) and Lq Incremental Inductance At Defined Id Current (05.085).

Parameter 05.075 q Axis Current For Inductance Values With Current

Short description q axis current level corresponding to the inductance values with current

Mode RFC-S

Minimum 0 Maximum 200

Default 100 Units %

Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW, BU

See No-load Lq (05.072).

Parameter 05.077 Phase Offset At Defined Iq Current
Defines the change in electrical angle between the point of minimum inductance around the motor as

Short description load is applied

Mode RFC-S

Minimum -90.0 Maximum 90.0

Default 0.0 Units °

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW, RA

Phase Offset At Defined Iq Current (05.077) defines the offset of the point of minimum inductance as an electrical angle from the point with no current in the motor to the point with a level of
Ig equivalent to g Axis Current For Inductance Values With Current (05.075). When the value is left at its default value of zero no compensation for phase offset with changes in Iq are
made. Phase Offset At Defined Iq Current (05.077) is used for low speed RFC sensorless control using injection mode. A positive value advances the point of minimum inductance with
positve Iq. See RFC Low Speed Mode (05.064). For most motors a value of zero is acceptable.
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Parameter 05.078 Lq At The Defined Iq Current

Short description q axis inductance at the defined Iq current for the inductance values

Mode RFC-S

Minimum 0.000 Maximum 500.000

Default 0.000 Units mH

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, RA

See No-load Lq (05.072).

Parameter 05.079 Lq Incr tal Induct: At Defined Iq Current

Short description q axis incremental inductance at the defined Iq current for the inductance values
Mode RFC-S

Minimum 0.000 Maximum 500.000

Default 0.000 Units mH

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, RA

See No-load Lq (05.072).

Parameter 05.082 d Axis Current For Inductance Values With Current

Short description d axis current level corresponding to the inductance values with current

Mode RFC-S

Minimum -100 Maximum 0

Default -100 Units %

Type 8 Bit User Save Update Rate Background Read
Display Format Standard Decimal Places 0

Coding RW

See No-load Lq (05.072).

Parameter 05.084 Lq At The Defined Id Current

Short description q axis inductance at the defined Id current for the inductance values

Mode RFC-S

Minimum 0.000 Maximum 500.000

Default 0.000 Units mH

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, RA

See No-load Lq (05.072).

Parameter 05.085 Lq Incr tal Induct: At Defined Id Current

Short description q axis incremental inductance at the defined Id current for the inductance values
Mode RFC-S

Minimum 0.000 Maximum 500.000

Default 0.000 Units mH

Type 32 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 3

Coding RW, RA

See No-load Lq (05.072).

Parameter 05.087 User Defined Rated Torque Angle

Short description User defined rated torque angle which will override the drive auto-calculated value.
Mode RFC-S

Minimum 0 Maximum 90

Default 0 Units °

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

Rated Torque Angle (05.089) defines the amount of torque and flux producing current required to give maximum torque from the motor with rated current (i.e. Rated Current (05.007))
including any torque produced from saliency. The torque angle is the angle between the q axis of the motor and the current vector required to produce the torque. This is also referred to as
the current angle or phase advance angle. If Saliency Torque Control Select (05.065) = 1 the drive will try and exploit the saliency torque of the motor by applying some negative d

axis current. If User Defined Rated Torque Angle (05.087) is changed from its default value of zero and Saliency Torque Control Select (05.065) = 1, the value entered in

User Defined Rated Torque Angle (05.087) is written directly to Rated Torque Angle (05.089) and defines the angle used for the applied current from the q axis. As the torque angle is
increased the amount of negative d axis current increases. This angle should be set to the level to give maximum torque per Amp with rated current in the motor.

It is possible for the drive to automatically calculate the rated torque angle from motor set-up parameters and those measured during autotuning. The drive will calculate and set
up Rated Torque Angle (05.089) if Saliency Torque Control Select (05.065) = 1 and User Defined Rated Torque Angle (05.087) = 0. The following parameters are used in the calculation:

Rated Current (05.007)

Ld (05.024)

No-load Lq (05.072)

Volts Per 1000rpm (05.033)

q Axis Current For Inductance Values With Current (05.075)
Lq At The Defined Iq Current (05.078)*

d Axis Current For Inductance Values With Current (05.082)
Lq At The Defined Id Current (05.084)*

*The value of Lq used in the calculation is the value estimated using the same algorithm when the drive is running. See No-load Lq (05.072) for the effect of leaving these parameters at
their default values.
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Parameter

05.088 Estimated Lq

Short description

Estimated value of Lq including the effects of Id and Iq

Mode RFC-S

Minimum 0.000 Maximum 500.000

Default Units mH

Type 32 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 3

Coding

RO, FI, ND, NC, PT

Estimated Lq (05.088) shows the calculated value of Lq. See No-load Lq (05.072).

Parameter

05.089 Rated Torque Angle

Short description

Rated Torque Angle

Mode

RFC-S

Minimum 0 Maximum 90

Default Units °

Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See User Defined Rated Torque Angle (05.087).
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Menu 6 Single Line Descriptions — Sequencer and Clock

Mode: RFC-S
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Parameter Range Default Type
06.001|Stop Mode Coast (0), Ramp (1), No Ramp (2) No Ramp (2) RW | Txt us
06.002]Limit Switch Stop Mode Stop (0), Ramp (1) Stop (0) RW/| Txt us
06.003|Supply Loss Mode Disable (0), RaLmqpitsz?opp(Q)' Ride Thru (2), Disable (0) RW| Txt us
06.008)Hold Zero Speed Off (0) or On (1) On (1) RW| Bit uUs
06.009|Catch A Spinning Motor Disable (0), Egj%em(; zé)FWd Only (2), Enable (1) RW| Txt us
06.010JEnable Conditions 000000000000 to 111111111111 RO | Bin |[ND|NC|PT
06.011|Sequencer State Machine Inputs 000000 to 111111 RO | Bin |[ND|NC|PT
06.012]|Enable Stop Key Off (0) or On (1) Off (0) RW| Bit us
06.013|Enable Auxiliary Key D'Sab'EdF({?J)r; ';‘;r\‘/"é?;‘i/ T;;"erse . Disabled (0) RW| Txt us
06.015|Drive Enable Off (0) or On (1) On (1) RW| Bit uUs
06.016|Date 00-00-00 to 31-12-99 RW | Date |[ND | NC | PT
06.017|Time 00:00:00 to 23:59:59 RW | Time|ND | NC | PT

Sunday (0), Monday (1), Tuesday (2),
06.018|Day Of Week Wednesday (3), Thursday (4), Friday (5), RO | Txt [IND|NC|PT
Saturday (6)
Set (0), Powered (1), Running (2),
06.019|Date/Time Selector Acc Powered (3), Local Keypad (4), Powered (1) RW| Txt us
Remote Keypad (5)

06.020|Date Format Std (0), US (1) Std (0) RW| Txt us
06.021]|Time Between Filter Changes 0 to 30000 Hours 0 Hours RW | Num us
06.022|Filter Change Required / Change Done Off (0) or On (1) RW]| Bit |[ND|NC
06.023| Time Before Filter Change Due 0 to 30000 Hours RO |Num|ND|NC| PT|PS
06.024|Reset Energy Meter Off (0) or On (1) Off (0) RW| Bit
06.025|Energy Meter: MWh +999.9 MWh RO |Num|ND|NC| PT|PS
06.026|Energy Meter: kWh +99.99 kWh RO |Num|ND |NC|PT | PS
06.027|Energy Cost Per kWh 0.0 to 600.0 0.0 RW | Num us
06.028|Running Cost +32000 RO |[Num|ND|NC|PT
06.029|Hardware Enable Off (0) or On (1) RO | Bit |[ND|NC|PT
06.030jRun Forward Off (0) or On (1) Off (0) RW| Bit NC
06.031}Jog Off (0) or On (1) Off (0) RW| Bit NC
06.032JRun Reverse Off (0) or On (1) Off (0) RW| Bit NC
06.033|Forward/Reverse Off (0) or On (1) Off (0) RW| Bit NC
06.034jRun Off (0) or On (1) Off (0) RW| Bit NC
06.035)Forward Limit Switch Off (0) or On (1) Off (0) RW| Bit NC
06.036|Reverse Limit Switch Off (0) or On (1) Off (0) RW| Bit NC
06.037]Jog Reverse Off (0) or On (1) Off (0) RW| Bit NC
06.039|Not Stop Off (0) or On (1) Off (0) RW| Bit NC
06.040|Enable Sequencer Latching Off (0) or On (1) Off (0) RW| Bit us
06.041|Drive Event Flags 00 to 11 00 RW/| Bin NC
06.042]Control Word 000000000000000 to 111111111111111 | 000000000000000 JRW|] Bin NC
06.043|Control Word Enable Off (0) or On (1) Off (0) RW/| Bit us
06.044}Active Supply Off (0) or On (1) RO| Bit [ND|NC|PT
06.045|Cooling Fan control -10 to 11 10 RW | Num us
06.046|Cooling Fan Speed 0to 10 RO |Num|ND|NC| PT
06.047]Input Phase Loss Detection Mode Full (0), Ripple Only (1), Disabled (2) Full (0) RW/| Txt us

200V drive: 205 V
06.048|Supply Loss Detection Level +VM_SUPPLY_LOSS_LEVEL V Aoy anve: Aoy [Rw|Num RA USs

690V drive: 540 V
06.051|Hold Supply Loss Active Off (0) or On (1) Off (0) RW| Bit NC
06.052|Motor Pre-heat Current Magnitude 0 to 100 % 0 % RW | Num us
06.053|Sleep / Wake Threshold +VM_SPEED_FREQ_REF_UNIPOLAR 0.0 RW | Num uUs
06.054|Sleep Time 0.0 t0 250.0 s 10.0 s RW | Num us
06.055|Wake Time 0.0 t0 250.0 s 10.0 s RW | Num us
06.056|Sleep Required Off (0) or On (1) RO | Bit |[ND|NC|PT
06.057|Sleep Active Off (0) or On (1) RO| Bit [ND|NC|PT
06.058|Output Phase Loss Detection Time 0.5s (0), 1.0s (1), 2.0s (2), 4.0s (3) 0.5s (0) RW/| Txt uUsS
06.059|Output Phase Loss Detection Enable Disabled (0), Phases (1), Devices (2) Disabled (0) RW/| Txt us
06.060|Standby Mode Enable Off (0) or On (1) Off (0) RW| Bit us
06.061|Standby Mode Mask 0000000 to 1111111 0000000 RW| Bin uUs

200V drive: 175V
06.065|Standard Under Voltage Threshold +VM_STD_UNDER_VOLTS V 2oy dnve: 330 v [RwNum RA USs

690V drive: 435 V
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200V drive: 175V
400V drive: 330 V

06.066|Low Under Voltage Threshold +VM_LOW_UNDER _VOLTS V 575V drive- 435 \V/ RW | Num RA us
690V drive: 435 V

06.067|Low Under Voltage Threshold Select Off (0) or On (1) Off (0) RW| Bit us

06.068|Backup Supply Mode Enable Off (0) or On (1) Off (0) RW| Bit us

06.069|Under-voltage System Contactor Close Off (0) or On (1) RO | Bit [ND|NC|PT

06.070]Under-voltage System Contactor Closed Off (0) or On (1) Off (0) RW| Bit

06.071|Slow Rectifier Charge Rate Enable Off (0) or On (1) Off (0) RW/| Bit us

06.072|User Supply Select Off (0) or On (1) Off (0) RW| Bit us
200V drive: 390 V

; 400V drive: 780 V

06.073|Braking IGBT Lower Threshold +VM_DC_VOLTAGE_SET V 575V drive: 930 V RW | Num RA us
690V drive: 1120 V
200V drive: 390 V

; 400V drive: 780 V

06.074|Braking IGBT Upper Threshold +VM_DC_VOLTAGE_SET V 575V drive: 930 V RW | Num RA us
690V drive: 1120 V

06.075]Low Voltage Braking IGBT Threshold +VM_DC_VOLTAGE_SET V oV RW | Num RA uUs

06.076|Low Voltage Braking IGBT Threshold Select Off (0) or On (1) Off (0) RW| Bit

06.084|Date And Time Offset +12.00 Hours 0.00 Hours RW | Num us

RW [Read / Write RO |Read-only Bit |Bit parameter | Txt |Text string Date |Date parameter |Time|Time parameter

Chr [Character parameter | Bin |Binary parameter | IP [IP address Mac |[MAC address Ver |Version number | SMP |Slot, menu, parameter

Num|Number parameter | DE |Destination ND glgfault value RA JRating dependent | NC |Non-copyable PT |Protected

. Power-
FI |Filtered US |User save PS down save
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Menu 6 - Sequencer and Clock

Mode: RFC-S

The diagram below shows the sequencer for RFC-A and RFC-S modes.
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Hardware
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Enable Stop Key (06.012) ! Linder Vollage
Raf Selacted | o
eference Sela I
Indicator (01.049) =4 [~ ¥~ 1| |
I
I

~ t | *Zarg
Speed
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Sieep Time Delay (06.054) Meea (13.010)
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Run excluding sleep
L
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Meator
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|_.’ Dirive trippead

Lirnit Switch

Forward Limit Switch (06.0335)
Reverse Limif Swifch (06.036)

Supply Loss

Mains/phase Loss Detection System
Input Phase Loss Defection Mode (D6.047)
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*In Open-loop mode zero speed is detected
when the ramp output reaches zero

Sequencer (Open-loop, RFC-A and RFC-S modes) ::,Ré:;;n‘ﬁ'_lzgg z';gfﬂ:};d“ only

The sequencer, which provides overall control of the drive, is implemented in two stages. The first stage includes the enable logic and sequencer logic
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and consists of static logic elements. The second stage is a state machine with internal states.

Zero if standby mode is active [see Standby b11

Muode Enable (06 060))
Zero if an option module has disabled the dive 2710
s0 that it can update its user program etc.

Zero until all option modules that are present in- ba
thie drive have indicated that they are ready to  ———
run or the system has fimed cut waifing for this.

Drive digital input 4 or
5 routed to Hardware
Enable (06.029)

Zero untll the drive thermal model has read all bS &

drive thermistor temperatures at least once.

Zevo If Position Feedback Inflallsed (03.076) b4
exists and does not indicate that all position

devices are enabled, otherwise one.

0
Hardware Enabila
Digital /0 4 T—0 ¥
or 3 routed to 1\‘_|—
Hardware ——— & -\\ /\ b0 Final
Enable -ﬂy w & drive
(06,029) b enable
Drive enable from
safe torque off Control Word Enable ha '
call S
: Fire Mode Active  Conditions (06.010)
0 (10.067)
Drive Enabla (06.013) w
1
Control Word (06.042) | ———O
bif @
Auto-tune Input  ——
complete or trip
during auto-tune LATCH | —— Qutput
or drive
completed supply LATCH Resal ——
loss stop
If the reset is 1 the oulput is always 0
If the reset is O the output latches to 1 if
the input is 1
Enable logic

Hardware Enable (06.029) follows the safe torque off enable signal provided none of the digital inputs that are integral to the drive are routed to the
Hardware Enable (06.029). The safe torque off hardware includes a delay in detecting a change from the enable to disable state of up to 20ms, but for
most applications this is not a problem. However, a faster disable time can be achieved (600us) if digital input 4 or 5 on the drive is routed to the
Hardware Enable (06.029).

If the safety function of the safe torque off input is required then there must not be a direct connection between the safe torque off input and any other
digital 1/0 on the drive. If the safety function of the safe torque off input and a fast disable function are required together, then the drive should be given
two separate independent enable input signals. A signal from a safe source should be connected to the safe torque off input on the drive. A second
enable should be connected to the digital /0 selected for the fast disable function. The circuit must be arranged so that a fault which causes the fast input
to be forced high cannot cause the safe torque off input to be forced high as well, including the case where a component such as a blocking diode has
failed.

The diagram below shows the sequencer logic when Reference Selected Indicator (01.049) is not equal to 4 (i.e. keypad control mode is not selected).
The definition of the logic symbols are given below.
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Prevent the Stop key from causing the drive to run | Sleep Active

Enable Stop Kay (06.012)
Drive tripped

LATCH
Definad stop condition
(See Enable Stop Key (06.012]) I
1
Final
Stop motor drive
Firal drive enable n

*Run Forward (06.030)

L

Limit switch active —i

LATCH  |—
L | ' Run
e axcluding
XOR + o
| TIMER s
*Run Reverse (06.032) I ’
iUH :—

L
7

LATCH

| *Run (06.034) {

LATCH ke

| Under-valtage Active (10.016)

Drive tripped

Fire mode active

| *Not Stop (06.039)

Reverse
Enable Ssquencer Select
Latching (05.040)

| *Forwardireverse (06.033) | oRr 01,012

| N ﬁ/

| *Jog Reverse (06.037)

Mator stopped, ie.
Dnve Status (10.101) is
0 {Inhibit) OR

1 {Ready) OR

2 (Stop) OR

11 {Off) OR

Select

LATCH t 01.013

* Sequencer parameters are shown, but equivalent Corfrol
Word ((6.042) hils are used instead if seleciad

Mormal sequencer logic (Open-loop, RFC-A and RFC-5 modes)

The diagram below shows the sequencer logic when Reference Selected Indicator (01.049) = 4 (i.e. keypad control mode is selected). The definition of
the logic symbols are given below.
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Final drive enable
Drrive tripped
Stop motor

Enable Auxiiany Kay (06.013) =1 -
TOGGLE
| Enable Auxiliary Ky (06.013) <> 1 |—
Auxiliary key
Enable Auxiliary Key
{0B.013) <= 2 LATCH
0R
I
| Enable Auxiliary Key (06.013) =2 1
LATCH
S0,

Mote: When fire mode is active the normal mode
saquancer logic is used even if Referance Sselect
Indicator (01.048) = 4

Keypad control mode sequencer logic (Open-loop, RFC-A and RFC-5 modes)

Limit switch active 4[>07

Revarse
Select

Final
drive run

Jog
Salact

0

Input  — Latch function
LATCH — Qutput If Enable =0 THEM Qutput = Input
If Enable = 1 AND Reset = 1 THEMN Output =0
Resal —— If Enable = 1 AND Reset = 0 AND Input = 1 THEN Cutput latches to 1
I
Enable
Exclusive OR with timer function
A — —1=C 1.C=AXORB
XOR + 2. A =1ANDEB=1THEN C = 0 with a delay of 60ms
TIMER 3 WA =0ANDB=0THEM C=0immediately, axcept in Open-loop mode
B o when Stop Mode (06.001) s 0, 3, 4 or 5in which case C = 0 with a delay of 60ms
4. D = B with no delay, except in Open-loop mode when Stop Mode (06.001) is 0, 3 or
4 in which case D = 0 with a delay of 60ms when B becomes 0
Input  —— Togale function
TOGGLE Output 1. Cuiput changes state on each 0 to 1 transition of Input
Rezet — 2. Feset = 1 THEN Quiput =0
Definition of logic symbols for sequencer logic diagrams
Parameter l06.001 Stop Mode
Short description Defines how the motor is controlled when the run signal is removed from the drive
Mode RFC-S
Minimum 0 Maximum 2
Default 2 Units
Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE
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Value Text

0 Coast

1 Ramp

2 No Ramp

There is only one phase during the stopping sequence as shown in the table below for each of the possible values of Stop Mode (06.001).

Stop Mode (06.001) Action

0: Coast Inverter disabled
1: Ramp Stop with ramp

2: No ramp Stop with no ramp

The following should be noted:

1. Stop Mode (06.001) = 0 (Coast) the inverter is inhibited immediately when the Final drive run is de-activated. If however,
Hold Zero Speed (06.008) = 1, then the inverter will be re-enabled to hold zero speed. The result is that the inverter is disabled for one
sample and then enabled to ramp the motor to a stop. Therefore is coast stop is required Hold Zero Speed (06.008) should be set to 0.

2. If Stop Mode (06.001) = 1 (stop with ramp) the relevant ramp rate is used to stop the motor even if Ramp Enable (02.002) = 0.

3. The motor can be stopped with position orientation after stopping. This mode is selected with Standard Motion Controller Mode (13.010).
When orientation stop is selected Stop Mode (06.001) has no effect.

Parameter 06.002 Limit Switch Stop Mode

Short description Defines the behaviour of the drive when limit switch is active

Mode RFC-S

Minimum 0 Maximum 1
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Stop

1 Ramp

If Limit Switch Stop Mode (06.002) = 0 then when Limit switch active is activated the motor is stopped without ramps. If Limit Switch Stop Mode (06.002) =
1 then the motor is stopped with the currently selected ramp rate.

Parameter 06.003 Supply Loss Mode

Short description Defines the behaviour of the drive when the supply voltage is reduced
Mode RFC-S

Minimum 0 Maximum 3
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Disable

1 Ramp Stop

2 Ride Thru

3 Limit Stop

If Supply Loss Mode (06.003) > 0 and the D.c. Bus Voltage (05.005) falls below Supply Loss Detection Level (06.048) - 0.05 x
VM_SUPPLY_LOSS_LEVEL[MIN] then the supply loss condition is detected and Supply Loss (10.015) = 1. If the supply subsequently rises above
Supply Loss Detection Level (06.048) + 0.05 x VM_SUPPLY_LOSS_LEVEL[MIN] then the supply loss condition is no longer active and Supply Loss
(10.015) = 0.

0: Disable
No supply loss detection is provided by monitoring the D.c. Bus Voltage (05.005). The drive will continue to operate normally unless the under voltage

condition is detected.

1: Ramp Stop

The action taken by the drive is the same as for ride through mode, except that the ramp down rate is at least as fast as the currently selected
deceleration ramp and the drive will continue to decelerate and stop even if the supply is re-applied. Once the sequencer state machine has reached the
DISABLE state, it will be necessary to disable and re-enable the drive for it to run again because bit 2 of Enable Conditions (06.010) is set when the
sequencer state machine changes from the DECELERATION state. It should be noted that even if S ramps are enabled (i.e. S Ramp Enable (02.006) =
1) this is ignored while the drive is stopping in this mode, and a linear ramp is always used.

2: Ride through
The drive attempts to control the d.c. link voltage to take energy from the motor and load inertia to ride through the Supply loss condition for as long as

possible.

3: Limit Stop
The speed reference is set to zero and the ramps are disabled allowing the drive to decelerate the motor to a stop under current limit. If the supply is re-
applied while the motor is stopping any run signal is ignored until the motor has stopped. If the current limit value is set at a very low level the drive

may enter the Under Voltage state before the motor has stopped. Once the sequencer state machine has reached the DISABLE state, it will be necessary
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to disable and re-enable the drive for it to run again because bit 2 of Enable Conditions (06.010) is set when the sequencer state machine changes from
the DECELERATION state.

Parameter 06.008 Hold Zero Speed

Short description Set to 1 to hold the motor at zero speed

Mode RFC-S

Minimum 0 Maximum 1

Default 1 Units

Type 1 Bit User Save Update Rate 4ms read
Display Format Standard Decimal Places 0

Coding RW

If Hold Zero Speed (06.008) = 0 the sequencer state machine goes to the DISABLE state and the inverter is disabled when the Final drive run is de-
activated and the motor reaches standstill.

If Hold Zero Speed (06.008) = 1 and Motor Pre-heat Current Magnitude (06.052) = 0% the sequencer state machine goes to the STOP state when the
Final drive run is de-activated and the motor reaches standstill. The drive remains enabled with a frequency or speed reference of zero. If Motor Pre-
heat Current Magnitude (06.052) is set to a non-zero value it defines the current in the motor when the sequencer state machine is in the STOP state.
This is intended for applications where there is no motor load at standstill, but motor current is required to prevent condensation in the motor when it is
stopped. If the motor is not force cooled the motor cooling is less effective at standstill than when the motor is rotating, and so care should be taken not to

damage the motor by leaving it at standstill for prolonged periods with a high level of current.

Parameter 06.009 Catch A Spinning Motor

Short description Defines the behaviour of the drive when the drive is enabled whilst the motor is not at zero speed
Mode RFC-S

Minimum 0 Maximum 3

Default 1 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Disable

1 Enable

2 Fwd Only

3 Rev Only

When the drive is enabled the ramp output can be set up so that the inital speed reference (i.e. combination of the ramp output and the hard speed
reference if enabled) matches the speed of the motor, so that there is no transient speed change on enable. To do this Post Ramp Reference (02.001) is
pre-loaded with Speed Feedback (03.002) - Hard Speed Reference (03.022) if the hard speed reference is enabled, or with Speed Feedback (03.002) if
not. If Catch A Spinning Motor (06.009) = 1 then the ramp output is reloaded in this way, however different settings of Catch A Spinning Motor (06.009)
can be used to restrict the initial speed reference if required as given in the table below. If the initial speed reference is forced to zero then

Post Ramp Reference (02.001) is pre-loaded with Speed Feedback (03.002) - Hard Speed Reference (03.022) if the hard speed reference is enabled, or

with zero if not.

Catch A Spinning Motor (06.009) Initial speed reference

0 Always zero

1 In either direction

2 Zero or positive

3 Zero or negative

Parameter 06.010 Enable Conditions

Short description Displays all the conditions needed to change the state of the final drive enable
Mode RFC-S

Minimum ?Display: 000000000000) Maximum ?IgiZSplay: 111111111111)
Default Units

Type 16 Bit Volatile Update Rate 2ms write
Display Format Binary Decimal Places 0

Coding RO, ND, NC, PT

The Final drive enable is a combination of the Hardware Enable (06.029), Drive Enable (06.015) and other conditions that can prevent the drive from
being enabled. All of these conditions are shown as bits in Enable Conditions (06.010) as given in the table below.
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Enable Conditions i

(06.010) bits Enable condition

0 Hardware Enable (06.029)

1 Drive Enable (06.015)

5 0 if auto-tune completed or trip during auto-tune, or if the drive stops when supply loss stop is
active, but the drive needs to be disabled and re-enabled. (Always 1 in Regen mode).

3 1 if fire mode is active.

4 Zero if Position Feedback Initialized (03.076) is present and all devices are not indicated as
initialised, otherwise one.

5 Zero until the drive thermal model has obtained temperatures from all drive thermistors at
least once.

6 Zero until all option modules that are present in the drive have indicated that they are ready
to run or the system has timed out waiting for this.

7-10 Zero if an option module has forced the drive to be disabled if for example it is updating its
user program. Bit 7 corresponds to slot 1, bit 8 to slot 2, etc.

11 Zero if the drive is in standby mode. See Standby Mode Enable (06.060)

Parameter 06.011 Sequencer State Machine Inputs

Short description Displays the states of inputs into the sequencer state machine

Mode RFC-S

Minimum 0 Maximum 63

(Display: 000000) (Display: 111111)

Default Units

Type 8 Bit Volatile Update Rate 2ms write

Display Format Binary Decimal Places 0

Coding RO, ND, NC, PT

The bits in Sequencer State Machine Inputs (06.011) show the state of the inputs to the sequencer state machine as given in the tables below.

g)eecllgﬁn)cer State Machine Inputs Signal Indicates

0 Final drive enable The drive inverter is allowed to be enabled.

1 Final drive run The motor can move away from standstill.

> Under Voltage Active The under voltage condition has been
(10.016) detected.

3 Zero Speed (10.003) Indicated when the motor has stopped.

4 Drive tripped The drive is tripped.

5 Supply Loss (10.015) Supply loss condition has been detected.

Parameter 06.012 Enable Stop Key

Short description Set to 1 to enable the use of the stop key

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit User Save Update Rate Background read

Display Format Standard Decimal Places 0

Coding RW

The Stop key can be used to stop the drive if Enable Stop Key (06.012) = 1 or Reference Selected Indicator (01.049) = 4. The Stop key is also used to
reset the drive from the keypad. If Enable Stop Key (06.012) = 0 and Reference Selected Indicator (01.049) is not equal to 4 the Stop key is not active
and can be used to initiate a drive reset and without stopping the drive from running. If Enable Stop Key (06.012) = 1 or Reference Selected Indicator

(01.049) = 4 the drive reset can be initiated without stopping the drive by holding the Run key and then pressing the Stop key.

It should be noted that if the drive is tripped and is then reset from any source other than the keypad Stop key then the drive may start immediately under
the following conditions:

Enable Sequencer Latching (06.040) = 0, the Final drive enable is active and one of the sequencer bits (Run Forward (06.030), Run Reverse
(06.032) or Run (06.034) is active.

Enable Sequencer Latching (06.040) = 1, the Final drive enable is active, Not Stop (06.039) is active and one of the sequencer bits (Run Forward
(06.030), Run Reverse (06.032) or Run (06.034) is active.

The drive sequencer has been designed so that pressing the Stop key, whatever the value of Enable Stop Key (06.012) or Reference Selected Indicator
(01.049), does not make the drive state change from stopped to running. As pressing the Stop key could reset a drive trip which could then restart the
drive, the run output from the sequencer is held off until the following conditions are met when the drive is tripped and the Stop key is pressed.

(Run Forward (06.030) = 0 and Run Reverse (06.032) = 0 and Run (06.034) = 0 and Not Stop (06.039) = 0*

OR (Run Forward (06.030) = 1 and Run Reverse (06.032) = 1 for at least 60ms*

OR The Hardware Enable (06.029) = 0 or software enable is zero+

OR The sequencer is in the UNDER_VOLTAGE state

*Not Stop (06.039) is only used with latching logic (i.e. Enable Sequencer Latching (06.040) = 1). When latching logic is not used then Not Stop
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(06.039) is normally zero, and so it does not affect the conditions required to reapply the drive run.

+The software enable is either Drive Enable (06.015) or the enable from Control Word (06.042) as selected by Control Word Enable (06.043).

Once the necessary conditions have been met the drive can then be restarted by activating the necessary bits for a normal start.

Parameter 06.013 Enable Auxiliary Key

Short description Defines the behaviour of the drive when the auxilliary button is pressed
Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Disabled

1 Forward/Reverse

2 Run Reverse

If Hand/Off/Auto mode is active (see Hand/Off/Auto Operating Mode (01.052)) then Enable Auxiliary Key (06.013) has no effect. Otherwise if
Reference Selected Indicator (01.049) = 4 then Enable Auxiliary Key (06.013) can be used to enable the Auxiliary key as a reverse key. If

Enable Auxiliary Key (06.013) = 1 then each time the Auxiliary key is pressed Reverse Select (01.012) is toggled. If Enable Auxiliary Key (06.013) = 2
then the Auxiliary key behaves in a similar way to the Run key except that the drive runs in the reverse direction when it is pressed.

Parameter 06.015 Drive Enable

Short description Set to 1 to enable the drive

Mode RFC-S

Minimum 0 Maximum 1

Default 1 Units

Type 1 Bit User Save Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, BU

Drive Enable (06.015) must be active for the drive to be enabled. See description of enable logic.

Parameter 06.016 Date

Short description Displays the current date

Mode RFC-S

Minimum ?Display: 00-00-00) Maximum ?I;il%)?:y: 31-12-99)
Default Units

Type 32 Bit Volatile Update Rate Background read/write
Display Format Date Decimal Places 0

Coding RW, ND, NC, PT

Date (06.016), Time (06.017) and Day Of Week (06.018) show the date and time as selected by Date/Time Selector (06.019). Date (06.016) stores the
date in dd.mm.yy format regardless of the setting made in Date Format (06.020) however if the parameter is viewed using a keypad the date will be
displayed in the format selected in Date Format (06.020). If a real time clock is selected from an option module then the days, months and years are from
the real time clock and the day of the week is displayed in Day Of Week (06.018). Otherwise the days have a minimum value of 0 and roll over after 30,

the months have a minimum value of 0 and roll over after 11, and Day Of Week (06.018) is always 0 (Sunday).

If when setting the date/time this parameter is being written via comms or from and applications module then the value should be written in standard

dd/mm/yy format as described below.
The value of this parameter as seen over comms or to an applications module is as follows.

Value = (day[1..31] x 10000) + (month[1..12] x 100) + year[0..99]

Parameter 06.017 Time
Short description Dispalys the current time
Mode RFC-S
- 0 . 235959
Minimum (Display: 00:00:00) Maximum (Display: 23:59:59)
Default Units
Type 32 Bit Volatile Update Rate Background read/write
Display Format Time Decimal Places 0
Coding RW, ND, NC, PT
See Date (06.016).

The value of this parameter as seen over comms or to an applications module is as follows.

Value = (hour[0..23] x 10000) + (minute[0..59] x 100) + seconds[0..59]
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Parameter 06.018 Day Of Week

Short description Displays the current day of the week

Mode RFC-S

Minimum 0 Maximum 6
Default Units

Type 8 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0
Coding RO, TE, ND, NC, PT

Value Text

0 Sunday

1 Monday

2 Tuesday

3 Wednesday

4 Thursday

5 Friday

6 Saturday

See Date (06.016).

Parameter 06.019 Date/Time Selector

Short description Defines which clock is used to display the current time, date and day of the week
Mode RFC-S

Minimum 0 Maximum 5

Default 1 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE

Value Text

0 Set

1 Powered

2 Running

3 Acc Powered

4 Local Keypad

5 Remote Keypad

Date/Time Selector (06.019) is used to select the drive date and time as shown in the table below.

Date/Time Selector

Date/Time Source

(06.019)

0: Set Date and time parameters can be written by the user.

1: Power Time since the drive was powered up.

2: Running Accumulated drive running time since the drive was manufactured.

3: Acc Power

Accumulated powered-up time since the drive was manufactured.

4: Local Keypad

If a keypad fitted to the front of the drive includes a real-time clock then the date/time from
this clock is displayed, otherwise the date/time is set to zero.

5: Remote Keypad

If a keypad connected to the user comms port of a drive with a 485 includes a real-time
clock then the date/time from this clock is displayed, otherwise the date/time is set to zero.

When Date/Time Selector (06.019) = 0 the Date (06.016) and Time (06.017) can be written by the user and the values in these parameters are

transferred to the real time clocks in keypads that support this feature that are fitted to the drive. When Date/Time Selector (06.019) is changed to any
other value, the real time clocks are allowed to run normally again. When Date/Time Selector (06.019) is changed from any value to 0 the date and time
from a real time clock, if present, is automatically loaded into Date (06.016) and Time (06.017), so that this date and time is used as the initial value for
editing. If more than one real time clock is present the date/time from the local keypad is used, if present.

Date (06.016) and Time (06.017) are used by the timers in Menu 09 and for time stamping trips. These features will continue to use the originally selected

clock even if Date/Time Selector (06.019) is changed until a drive reset is initiated. If Date/Time Selector (06.019) has been changed and a reset is
initiated Timer 1 Repeat Function (09.039) and Timer 2 Repeat Function (09.049) are set to zero to disable the timers, and the trip dates and times

(10.041 to 10.060) are reset to zero.

Parameter 06.020 Date Format

Short description Defines if the US date format is used or not

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW, TE
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Value Text
0 Std
1 us

Date Format (06.020) selects the display style for Date (06.016), Timer 1 Start Date (09.035), Timer 1 Stop Date (09.037), Timer 2 Start Date (09.045),
Timer 2 Stop Date (09.047), and for the trip time stamping date parameters (10.041, 10.043, 10.045, 10.047, 10.049, 10.051, 10.053, 10.055,

10.057 and 10.059) when displayed on a keypad connected to the drive. The format selection made in this parameter does not affect the value of these
parameters if they are read using comms or by an applications program.

If Date Format (06.020) is 0 then standard format is used and the date is displayed on the keypad as dd.mm.yy and if Date Format (06.020) is 1 then US
format is used and the date is displayed on the keypad as mm.dd.yy.

Parameter 06.021 Time Between Filter Changes

Short description Defines the time between filter changes

Mode RFC-S

Minimum 0 Maximum 30000

Default 0 Units Hours

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

Time Between Filter Changes (06.021) should be set to a non-zero value to enable the filter change timer system. Each time

Filter Change Required / Change Done (06.022) is changed by the user from 1 to 0 the value of Time Between Filter Changes (06.021) is copied to
Time Before Filter Change Due (06.023). For each hour while Drive Active (10.002) = 1 the Time Before Filter Change Due (06.023) is reduced by 1 until
it reaches zero. When Time Before Filter Change Due (06.023) reaches 0 Filter Change Required / Change Done (06.022) is set to 1 to indicate that a
filter change is required. The filter should be changed and the system reset again by resetting Filter Change Required / Change Done (06.022) to 0.

When a non-zero value is written to Time Between Filter Changes (06.021) to enable the system, Filter Change Required / Change Done (06.022) should
be set to 1 and then back to 0 to transfer the required time to Time Before Filter Change Due (06.023) and to enable the count down.

Parameter 06.022 Filter Change Required / Change Done

Short description Set to 0 when a filter change has taken place

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background read/write
Display Format Standard Decimal Places 0

Coding RW, ND, NC

See Time Between Filter Changes (06.021).

Parameter 06.023 Time Before Filter Change Due

Short description Displays the time before a filter change is required

Mode RFC-S

Minimum 0 Maximum 30000

Default Units Hours

Type 16 Bit Power Down Save Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Time Between Filter Changes (06.021).

Parameter 06.024 Reset Energy Meter

Short description Set to 1 to reset the energy meter

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

Energy Meter: MWh (06.025) and Energy Meter: kWh (06.026) accumulate the energy transferred through the drive. A positive energy value indicates net
transfer of energy from the drive to the motor. If Reset Energy Meter (06.024) = 1 then Energy Meter: MWh (06.025) and Energy Meter: kWh (06.026) are
held at zero. If Reset Energy Meter (06.024) = 0 then the energy meter is enabled and will accumulate the energy flow. If the maximum or minimum of
Energy Meter: MWh (06.025) is reached the parameter does not rollover and is instead clamped at the maximum or minimum value.
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Parameter

06.025 Energy Meter: MWh

Short description Displays the energy accumulated by through the drive in MWh

Mode RFC-S

Minimum -999.9 Maximum 999.9

Default Units MWh

Type 16 Bit Power Down Save Update Rate Background write
Display Format Standard Decimal Places 1

Coding RO, ND, NC, PT

See Reset Energy Meter (06.024).

Parameter 06.026 Energy Meter: kWh

Short description Displays the energy accumulated by through the drive in kWh

Mode RFC-S

Minimum -99.99 Maximum 99.99

Default Units kWh

Type 16 Bit Power Down Save Update Rate Background write
Display Format Standard Decimal Places 2

Coding RO, ND, NC, PT

See Reset Energy Meter (06.024).

Parameter 06.027 Energy Cost Per kWh

Short description Defines the cost of energy per kWh

Mode RFC-S

Minimum 0.0 Maximum 600.0

Default 0.0 Units

Type 16 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 1

Coding RW

Running Cost (06.028) is derived from the Output Power (05.003) and the Energy Cost Per kWh (06.027) in cost per hour. The sign of Running Cost

(06.028) is the same as the sign of Output Power (05.003).

Parameter 06.028 Running Cost

Short description Displays the running cost of the drive

Mode RFC-S

Minimum -32000 Maximum 32000

Default Units

Type 16 Bit Volatile Update Rate Background write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Energy Cost Per kWh (06.027).

Parameter 06.029 Hardware Enable

Short description Set to 1 to enable the hardware of the drive

Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

Hardware Enable (06.029) normally shows the hardware enable state based on the state of the safe torque off system. However, drive 1/O can be routed
to Hardware Enable (06.029) to reduce the disable time. See description of the enable logic for more details.

Parameter 06.030 Run Forward

Short description Set to to give the drive a run forward signal

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Reference Selected Indicator (01.049) is not equal to 4 then Run Forward (06.030) can be used to make the Final drive run active and Reverse Select

(01.012) = 0, i.e. to make the drive run in the forward direction. See description of sequencer logic for more details.
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Parameter 06.031 Jog

Short description Set to 1 to give the drive a jog signal

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Reference Selected Indicator (01.049) is not equal to 4 then Jog (06.031) can be used to make the Final drive run active and Jog Select (01.013) = 1,
i.e. to make the drive run using the jog reference and jog ramps rates. The jog function is disabled if the run is made active through the normal running
sequencing bits. See description of sequencer logic for more details.

Parameter 06.032 Run Reverse

Short description Set to 1 to give the drive a run reverse signal

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Reference Selected Indicator (01.049) is not equal to 4 then Run Reverse (06.032) can be used to make the Final drive run active and Reverse Select
(01.012) =1, i.e. to make the drive run in the reverse direction. See description of sequencer logic for more details.

Parameter 06.033 Forward/Reverse

Short description Set to 1 to reverse the direction of the motor

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Reference Selected Indicator (01.049) is not equal to 4 then Forward/Reverse (06.033) can be used to force the state of Reverse Select (01.012). If
Forward/Reverse (06.033) = 1 then Reverse Select (01.012) = 1. If Forward/Reverse (06.033) = 0 then Forward/Reverse (06.033) = 0 unless it is set to 1

by the rest of the normal run or jog logic. See description of sequencer logic for more details.

Parameter 06.034 Run

Short description Set to 1 to give the drive a run signal

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Reference Selected Indicator (01.049) is not equal to 4 then Run (06.034) can be used to make the Final drive run active, but not to affect the state of
Reverse Select (01.012). Normally Run (06.034) would be used in conjunction with Forward/Reverse (06.033) if control of the direction is required. See
description of sequencer logic for more details.

Parameter 06.035 Forward Limit Switch

Short description Set to 1 to activate the forward limit switch and remove the final drive run signal
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms or 250us read
Display Format Standard Decimal Places 0

Coding RW, NC

Forward Limit Switch (06.035) and Reverse Limit Switch (06.036) can be used to activate Limit Switch Active (10.066) and remove the Final drive run
signal. When Limit Switch Active (10.066) is active and Limit Switch Stop Mode (06.002) = 0 the motor is stopped without ramps, otherwise it is stopped
with the currently selected ramp rate. If digital input 4 or 5 are routed to Forward Limit Switch (06.035) or Reverse Limit Switch (06.036) the maximum
delay is approximately 600us. The limit switches are direction dependant as shown below, so that the motor can rotate in a direction that allows the
system to move away from the limit switch.
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Condition g%rglgg;l Limit Switch :(?)%vggz;a Limit Switch
grg—gggif?oe.gerence (01.003) + Hard Speed Reference Enabled Not enabled
Z)rg—(;ggw)pfoelgerence (01.003) + Hard Speed Reference Not enabled Enabled
(F(’)r;—(ggrzn)szoégerence (01.003) + Hard Speed Reference Enabled Enabled

Note that if Hard Speed Reference Select (03.023) = 0 then the Hard Speed Reference (03.022) is taken as 0.

Parameter 06.036 Reverse Limit Switch

Short description Set to 1 to activate the reverse limit switch and remove the final drive run signal
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms or 250ys read
Display Format Standard Decimal Places 0

Coding RW, NC

See Forward Limit Switch (06.035).

Parameter 06.037 Jog Reverse

Short description Set to 1 to give the drive a jog reverse signal

Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Reference Selected Indicator (01.049) is not equal to 4 then Jog Reverse (06.037) can be used to make the Final drive run active, Jog Select (01.013) =

1 and Reverse Select (01.012) = 1, i.e. to make the drive run using the jog reference and jog ramps rates in the reverse direction. The jog function is
disabled if the run is made active through the normal running sequencing bits. See description of sequencer logic for more details.

Parameter 06.039 Not Stop

Short description Set to 1 to reset the latched sequencer bits if sequencer latching is enabled
Mode RFC-S

Minimum 0 Maximum 1

Default 0 Units

Type 1 Bit Volatile Update Rate 2ms read
Display Format Standard Decimal Places 0

Coding RW, NC

If Enable Sequencer Latching (06.040) = 1 then the sequencer bits can be latched. Not Stop (06.039) should be used to reset the latched sequencer bits.
If Not Stop (06.039) = 1 then the sequencer bits can be latched. If Not Stop (06.039) = 0 then the latches are cleared and their outputs are forced to zero
which will de-activate the Final drive run. See description of sequencer logic for more details.

Parameter 06.040 Enable Sequencer Latching
Short description Set to 1 to enable sequencer latching
Mode RFC-S
Minimum 0 Maximum 1
Default 0 Units
Type 1 Bit User Save Update Rate 2ms read
Display Format Standard Decimal Places 0
Coding RW
See Not Stop (06.039).
Parameter 06.041 Drive Event Flags
Short description Displays if certain actions have occurred within the drive
Mode RFC-S
Minimum 0 . Maximum 3 .
(Display: 00) (Display: 11)
Default ?Display: 00) Units
Type 8 Bit Volatile Update Rate Background write
Display Format Binary Decimal Places 0
Coding RW, NC

Drive Event Flags (06.041) indicates that certain actions have occurred within the drive as described below.
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Bit Corresponding event
0 Defaults loaded
1 Drive mode changed

Bit 0: Defaults loaded
The drive sets bit 0 when defaults have been loaded and the associated parameter save has been completed. The drive does not reset this flag except at
power-up.

Bit 1: Drive mode changed
The drive sets bit 1 when the drive mode has changed and the associated parameter save has been completed. The drive does not reset this flag except
at power-up.

Parameter 06.042 Control Word
Short description Controls the sequencer state machine inputs if the control word is enabled
Mode RFC-S
- 0 . 32767
Minimum (Display: 000000000000000) Maximum (Display: 111111111111111)
0 .
Default (Display: 000000000000000) Units
. } Bits 9,7-0: 2ms read. Other bits:
Type 16 Bit Volatile Update Rate Background read
Display Format Binary Decimal Places 0
Coding RW, NC

If Control Word Enable (06.043) = 0 then Control Word (06.042) has no effect. If Control Word Enable (06.043) = 1 the bits in Control Word (06.042) are
used instead of their corresponding parameters or to initiate drive functions as shown in the table below.

o
-

Corresponding parameter or function
Drive Enable (06.015)

Run Forward (06.030)

Jog (06.031)

Run Reverse (06.032)
Forward/Reverse (06.033)

Run (06.034)

Not Stop (06.039)

Auto/manual

oINfojoaflwN]—~|O

Analogue/Preset reference
Jog Reverse (06.037)

10  |Not used

11 Not used

12 Trip drive

13 |Drive Reset (10.033)

14  |Watchdog

©

Bits 0-7 and bit 9: Sequencer control

When Auto/manual bit (bit7) = 1 then bits 0 to 6 and bit 9 of the Control Word (06.042) become active. The equivalent parameters are not modified by
these bits, but become inactive when the equivalent bits in the Control Word (06.042) are active. When the bits are active they replace the functions of the
equivalent parameters.

Bit 8: Analogue/preset reference

The state of Analogue/Preset Reference (bit 8) is written continuously to Reference Select Flag 2 (01.042). With default drive settings (i.e.

Reference Selector (01.014) = 0) this selects Analog Reference 1 (01.036) when bit 8 = 0 or Preset Reference 1 (01.021) when bit8 = 1. If any other drive
parameters are routed to Reference Select Flag 2 (01.042) the value of this parameter is undefined.

Bit 10 and bit 11: Not used
The values of these bits have no effect on the drive.

Bit 12: Trip drive
If bit 12 = 1 then a Control Word trip is repeatedly initiated. The trip cannot be cleared until bit 12 = 0.

Bit 13: Reset drive
If bit 13 is changed from 0 to 1 a drive reset is initiated. Bit 13 does not modify Drive Reset (10.033).

Bit 14: Watchdog

A watchdog system can be enabled or serviced each time bit 14 is changed from 0 to 1. Once bit 14 has been changed from 0 to 1 to enable the
watchdog, this must be repeated every 1s or else a Watchdog trip will be initiated. The watchdog is disabled when the trip occurs and must be re-enabled
if required when the trip is reset.

Parameter 06.043 Control Word Enable
Short description Set to 1 to enable the control word
Mode RFC-S
Minimum 0 Maximum 1
Default 0 Units
Type 1 Bit User Save Update Rate 2ms read
Display Format Standard Decimal Places 0
Coding RW
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See Control Word (06.042).

Parameter 06.044 Active Supply

Short description \Ilr;?tiggée?hg;ir&tge backup supply mode is enabled and the dc link voltage is below the upper under
Mode RFC-S

Minimum 0 Maximum 1

Default Units

Type 1 Bit Volatile Update Rate Background write

Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

If Backup Supply Mode Enable (06.068) = 0 then Active Supply (06.044) = 0. If Backup Supply Mode Enable (06.068) = 1 then Active Supply (06.044) =0
when the d.c. link voltage is above the upper under-voltage threshold otherwise it is one. In Regen mode Active Supply (06.044) is always zero.

Parameter 06.045 Cooling Fan control

Short description Defines the maximum speed of the drive cooling fan

Mode RFC-S

Minimum -10 Maximum 11

Default 10 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0

Coding RW

Cooling Fan control (06.045) can be used to select various fan control functions as shown in the table below. The actual control speed of the fan(s) in

given in Cooling Fan Speed (06.046). There are 10 control speeds for the fan(s) in the drive, however the actual hardware control is more coarse than
this, and so there may not be an actual change of fan speed as Cooling Fan Speed (06.046) changes from one value to the next. The default value for
Cooling Fan control (06.045) is 10, which gives maximum cooling and does not limit the fan speed below its maximum. It should be noted that if the speed
is limited, by setting a lower value, then the drive may trip prematurely under load.

Cooling Fan control .

(06.045) Function Selected

10 to -1 Minimum fan noise function with fan speed limited to
the value of Cooling Fan control (06.045).

0 Fan does not run.

1t0 10 Maximum cooling with fan speed limited to the
modulus of Cooling Fan control (06.045).

11 Fan runs continuously at full speed.

The two possible control characteristics are shown in the diagram below.

12

10

Cooling Fan Speed (06.046)
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The fan speed is derived from Percentage Of Drive Thermal Trip Level (07.036) which shows the percentage to the trip level of the hottest monitored point
in the drive. The "Maximum Cooling" characteristic brings the fan(s) on at a relatively low temperature to give maximum cooling. The "Minimum Fan
Noise" characteristic does not switch on the fan(s) until the drive temperature has risen significantly, and the characteristic has a lower gradient. Therefore
with lighter continuous loads the fan noise is kept to a minimum. This characteristic also prevents the fan(s) from coming on when the drive is disabled
and operating in a high ambient. With both characteristics a filter is applied to Percentage Of Drive Thermal Trip Level (07.036) to avoid the fans switching
on and off during short high transient loads. The "Minimum Fan Noise" characteristic also includes a hysteresis band of 15% that is applied to the
percentage of drive thermal trip level at the input to the control algorithm to prevent the feedback from changing the speed back again. This reduces the
chance of the fan repetitively changing speed under constant load conditions.

Parameter 06.046 Cooling Fan Speed

Short description Cooling Fan Speed

Mode RFC-S

Minimum 0 Maximum 10

Default Units

Type 8 Bit Volatile Update Rate Background Write
Display Format Standard Decimal Places 0

Coding RO, ND, NC, PT

See Cooling Fan control (06.045).

Parameter 06.047 Input Phase Loss Detection Mode

Short description Defines how the input phase loss is detected

Mode RFC-S

Minimum 0 Maximum 2
Default 0 Units

Type 8 Bit User Save Update Rate Background read
Display Format Standard Decimal Places 0
Coding RW, TE

Value Text

0 Full

1 Ripple Only

2 Disabled

Input phase loss is detected by monitoring the d.c. link voltage ripple which increases with load. When compared to normal operation, if an input phase is
missing or there is excessive input phase imbalance the d.c. link the ripple level is higher. For frame sizes 07 and above additional input phase loss
detection is provided by direct monitoring of the supply voltages. Unlike the d.c. voltage ripple based detection which can only operate when the drive is
enabled and on load, the additional input phase loss detection can operate whether the drive is enabled or not. Input Phase Loss Detection Mode
(06.047) defines the methods used for input phase loss detection provided by the drive.

(gg‘(’)af,’;’ase Loss Detection Mode Drive Active (10.002) = 0 Drive Active (10.002) = 1

A . .__|*Direct input phase loss detection
0 Direct input phase loss detection D.c. link voltage ripple detection
1 No input phase loss detection D.c. link voltage ripple detection
2 No input phase loss detection No input phase loss detection

*Frame sizes 07 and above

Input phase loss detection can be disabled when the drive is required to operate from a d.c. supply connected to the d.c. link or from a single phase
supply. If the drive operates from a single phase supply or a supply with high levels of phase imbalanced under load the input stage and d.c. link thermal
protection system may produ