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Using AksIM™ encoder in
closed-loop applications

Abstract

AksIM encoders are frequently used in closed servo loops.

Absolute encoder is mostly used as a primary feedback device for positioning of the main shaft.
Often also as a secondary feedback for velocity and commutation as direct-drive motors are
gaining popularity.

This application note helps setting up the correct parameters on a controller for a feedback
device using AksIM encoder as an absolute feedback encoder.

List of tested drives

AksIM encoders have been tested and operation is confirmed on the following drive controllers.

Manufacturer Type Available communication interfaces for Chapter
absolute encoders

Elmo BiSS, SSI (option »E« in EImo part number)
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Drives and settings

1. EImo Gold DC-Whistle or Cello

Specifications of the drive can be found here: DC-\Whistle, Cello.

Electrical connection of the SSI or BiSS encoder to DC-Whistle drive is made using the Port A (J1) connector. See
“Chapter 6. Wiring” of the document “Installation Guide” (DC-\Whistle document, Cello document).

Image from chapter 6.6.3. for DC-Whistle.
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http://www.elmomc.com/products/DC-whistle-servo-drive-gold.htm
http://www.elmomc.com/products/cello-servo-drive-gold.htm
http://www.elmomc.com/support/manuals/MAN-G-DCWHIIG-EC.pdf
http://www.elmomc.com/support/manuals/MAN-G-CELIG-EC.pdf

Power supply (+5 V) for the encoder is also derived from the Port A.

Drive supports RS422 signalling on encoder lines.
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AksIM MHA readhead can be connected directly to the drive using a suitable connector.
When using AksIM MBA type of encoder (that does not have RS422 line driver integrated) make sure you add a suitable
line driver in between. It can be purchased from RLS under part number ACC009. Accompanying FFC cable can be

obtained under part number ACC006.

Elmo drive parameters are set up using the “Elmo Application Studio 11" software ( ).

1. Establish the communication between software and drive.

2. Go to:

P TS—
3. Go to:

4 Quick Tuning

4. Select:

ﬁ, Drive Quick Tuner

5. Enter mechanical configuration of your drive assembly.

6. Select:

@) Drive Quick Tuner
~"Axis Configurations
= @ Motor and Feedback
+/Motor Settings

Feedback Settings

+/Automatic Tuning

7. Enter correct parameters for chosen encoder.

A RENISHAW/& associate company


http://www.elmomc.com/products/application-studio.htm
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1.1 BiSS singleturn encoder (DCH and DDH output types)

Below are example settings for BiSS encoder with 18-bit binary resolution, Error bit, mounted as a single feedback
device for a direct-drive motor:

== Serial Absolute - BiSS General, Port A A
4 General
Sensor Name Serial Absolute - BiSS General, Port A
Sensor Type Raotary
Feedback Control Function Paosition + Velocity + Commutation
Use Digital Halls No w
4 Sensor Parameters
Direction MNon Invert b
Resolution Type Binary -
BiSS Mode C-Mode b
HW Sensor Resolution (Bits) 18
SW Sensor Resolution (Bits) 18 w
High Bits Mask (Bits) i} w
Rotary Multiturn Resolution 0
Clock Frequency (MHz) 2.500 w
Input Glitch Filter (nanosecond) 80 ~
Protocol Total Bits 26
Paosition LSBE number 8
Serial Data Polling Every TS ~
Error Bit Mask False w
Error Bit Mumber 7 b
Error Bit Logic Active Low -
Communication Time (microsecond) 30
Absolute Position Offset o
Velocity FIR Filter Window Disabled ~
4 Resolution
counts/revolution 262144
Figure 3

Changing settings for different AksIM BiSS encoders:

Encoder resolution HW sensor resolution  SW sensor resolution Protocol total bits
16B 16 16 24
17B 17 17 25
18B 18 18 26
19B 19 19 27
20B 20 20 28

All other settings should be set as per Figure 3.
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Elmo drive supports position length of maximum 32-bits. If encoder used has 16 bit long multiturn counter and singleturn
position data longer than 16 bits then user has to decide which part of the total data should be ignored to fit into 32 bits.

1.2 BiSS multiturn encoder (DCH and DDH output types)

Full singleturn resolution is required
“High bits mask” parameter is adjusted so the MSB bits of the multiturn counter are ignored.

Encoder HW sensor SW sensor Rotary High bits mask Protocol total Position LSB
resolution resolution resolution multiturn bits number
resolution

16M 16 16 16 0 40 8

17M 17 17 16 1 41 8

18M 18 18 16 2 42 8

19M 19 19 16 3 43 8

20M 20 20 16 4 44 8

All other settings should be set as per Figure 3 on page 4.

Full multiturn resolution is required
Singleturn resolution is adjusted to 16 bits.

Encoder HW sensor SW sensor Rotary High bits mask Protocol total Position LSB

resolution resolution resolution multiturn bits number
resolution

16M 16 16 16 0 40 8

17M 16 16 16 0 41 9

18M 16 16 16 0 42 10

19M 16 16 16 0 43 11

20M 16 16 16 0 44 12

All other settings should be set as per Figure 3 on page 4.

A RENISHAW/& associate company



Application note
MHADO02_02

1.3 SSl encoder (only SCH and SDH output types with low latency)

Below are example settings for SSI encoder with 18-bit binary resolution, mounted as a single feedback device
for a direct-drive motor:

|2 Serial Absolute - SSI, Port A v
4 General
Sensor Name Serial Absolute - SSI, Port A
Sensor Type Rotary
Feedback Control Function Position + Velocity + Commutation
Use Digital Halls No v
4 Sensor Parameters
Direction Non Invert v
HW Sensor Resolution (Bits) 18
SW Sensor Resolution (Bits) 18 v
High Bits Mask (Bits) 0 v
Rotary Multiturn Resolution 0
Clock Frequency (MHz) 1.250
Input Glitch Filter (nanosecond) 120 v
Protocol Total Bits 22
Position LSB number 4
Sensor Data Presentation Binary v
First Clock Delay (microsecond) 8.0 v
Serial Data Polling Every 2°TS v
Error Bit Mask False v
Error Bit Number 1 v
Error Bit Logic Active High v
Communication Time (microsecond) 79
Absolute Position Offset 0
Velocity FIR Filter Window Disabled ~
4 Resolution
counts/revolution 262144
Figure 4

Settings for SSI encoder do not allow decimal and other custom resolutions, only binary.

Changing settings for different AksIM SSI encoders:

Resolution HW sensor resolution = SW sensor resolution Position LSB number
16B 16 16 6
17B 17 17 5
18B 18 18 4
19B 19 19 3
20B 20 20 2

All other settings should be set as per Figure 4.
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Correct operation of the encoder should be checked in the window above the settings:

1.4 Operation validation

Feedback on Motor Position: |-1331985

When moving the encoder this number should change.
Note this number does not represent the absolute position (readout from the encoder) but shows internal position
calculated in the controller. It shows also negative numbers and counts multiple turns.

Reading the absolute value from the encoder can only be done in the Recorder window.
In Signal selection window tick “Extended Signals List” and add “Absolute Serial Position” to the chosen chart. Run the
recorder to get the data.

[¥] Extended Signals List

4= || Signals  Analysis
+ Velocity

= Position

o Position

Position Command
Position Error

Socket 1 Position
Socket 2 Position
Socket 3 Position
Socket 4 Position
SinCos Atan2

Target Position 0x607A

To verify correct operation of the CRC check (BiSS only) and Error bit motor must be enabled.
1. Go to:

2. Select desired operation mode.
3. Click:

If none of the following errors show up, then encoder is wired and configured correctly.

Encoder not connected: Error bit is active on BiSS encoder:

Last Fault: Main feedback error [l B Last Fault: Main feedback error ll -
Main feedback error |=| 8| x Main feedback error |=|8]|x
@ Main feedback error 0 Main feedback error
No data arrived from the encoder Error bit active

v) Resolution ‘ ~ ) Resolution

Fault on settings or wiring of BiSS encoder: Error bit is active on SSI encoder:

Last Fault: Main feednack error [l - Last Fault: Main feedback error [l
Main feedback emor |1—18|x Main feedback error =8| x
0 Main feedback error Q Main feedback error
CRC error The following error(s) Occurred: Error

v Resolution v) Resolution

B

A RENISHAW/& associate company
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Encoder-related errors can be read out on the terminal using commands “EE[1]".
See EASII InLine Help for details on the “EE[N] — Extended Error”
Value returned from the “EE[1]” command can be one of these values:

1024 No data received from the encoder
256 CRC Error
1 Encoder error

Communication status can be observed also on the AksIM encoder. When LED on the readhead stops blinking but glows
continuously then communication is established. However this only shows that communication is in progress; it does not
indicate that transmitted data is interpreted correctly by the drive.

If the AksIM encoder has unstable position, reading the complete closed-loop system will be noisy.
To resolve this issue first check the correct distance between readheads and ring of the encoder. See AksIM datasheet
for more information: MHA, MBA.

Second step is to enable Low-pass filter on velocity or position calculation — if Automatic tuning procedure has not
enabled it already.

1. Go to:

& Expert Tuning

2. Select:

- ® Velocity and Position
+ldentification

+Scheduling
@ Verification - Time

3. Choose correct filter settings to suit application requirements.

Advanced Filters
Velocity Position  Scheduling

4 Filter #1
Filter Type Low-Pass w
Freq. [Hz] a0 B3 ]
Damp. 06 Bl ]

Setting the frequency limit too low can result in the system to become unresponsive and in worst case even unstable.

Verification of these settings can be done with tools available in Verification — Time window (for velocity testing) or under
Motion - Single Axis, Drive Mode: Position [UM=5], go to Sine Reference tab, tick “Allow Sine Motion”, select Sine wave
type, enable motor, enter small amplitude and frequency values and press Start. In Recorder verify how noisy “Current
Command” and “Active Current” values are. Also listen to the motor in standstill, slow motion and fast motion.
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http://www.rls.si/products/aksim-off-axis-rotary-absolute-encoder
http://www.rls.si/products/aksim-rotary-absolute-encoder-module
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Motor and brake influence

Magnetic brakes are installed in many of the motor assemblies. They can have leaking magnetic field when operated.
Also motors with low shielding or strong permanent magnets can have leaking magnetic field.

Such external magnetic fields in excess of £3 mT in the place of the readhead may cause AksIM encoder miscounting.
In such case add ferromagnetic shielding between the motor or brake and encoder. Encoder should be mounted with the
back of the ring facing the coils or magnets and readhead should be on the back side pointing away from the source of
leaking magnetic field.

See AksIM datasheet for more information on this topic:


http://www.rls.si/products/aksim-off-axis-rotary-absolute-encoder
http://www.rls.si/products/aksim-rotary-absolute-encoder-module
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Document issues

Issue Date Page | Corrections made
1 4.4.2016 - New document
2 3.3.2017 4,5 15B resolution removed, multiturn options added

This product is not designed or intended for use outside the environmental limitations and operating parameters expressly stated on the product’s datasheet. Products are not
designed or intended for use in medical, military, aerospace, automotive or oil & gas applications or any safety-critical applications where a failure of the product could cause severe
environmental or property damage, personal injury or death. Any use in such applications must be specifically agreed to by seller in writing, and is subject to such additional terms
as the seller may impose in its sole discretion. Use of products in such applications is at buyer’s own risk, and buyer will indemnify and hold harmless seller and its affiliates against
any liability, loss, damage or expense arising from such use. Information contained in this datasheet was derived from product testing under controlled laboratory conditions and data
reported thereon is subject to the stated tolerances and variations, or if none are stated, then to tolerances and variations consistent with usual trade practices and testing methods.
The product’s performance outside of laboratory conditions, including when one or more operating parameters is at its maximum range, may not conform to the product’s datasheet.
Further, information in the product’s datasheet does not reflect the performance of the product in any application, end-use or operating environment buyer or its customer may put
the product to. Seller and its affiliates make no recommendation, warranty or representation as to the suitability of the product for buyer’s application, use, end-product, process or
combination with any other product or as to any results buyer or its customer might obtain in their use of the product. Buyer should use its own knowledge, judgment, expertise and
testing in selecting the product for buyer’s application, end-use and/or operating environment, and should not rely on any oral or written statement, representation, or samples made
by seller or its affiliates for any purpose. EXCEPT FOR THE WARRANTIES EXPRESSLY SET FORTH IN THE SELLER’S TERMS AND CONDITIONS OF SALE, SELLER MAKES
NO WARRANTY EXPRESS OR IMPLIED WITH RESPECT TO THE PRODUCT, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR
PURPOSE, WHICH ARE DISCLAIMED AND EXCLUDED. All sales are subject to seller’s exclusive terms and conditions of sale which, where the seller is (a) RLS merilna tehnika
d.o.o., are available at https://www.rls.si/customer-service, (b) Renishaw, Inc., are available at http://www.renishaw.com/Shop/legal/en/--42186, or (c) another person, are available
on request, and in each case, are incorporated herein by reference, and are the exclusive terms of sale. No other terms and conditions apply. Buyer is not authorized to make any
statements or representations that expand upon or extend the environmental limitations and operating parameters of the products, or which imply permitted usage outside of that
expressly stated on the datasheet or agreed to in writing by seller.

RLS merilna tehnika d.o.0. has made considerable effort to ensure the content of this document is correct at the date of publication but makes no warranties or representations
regarding the content. RLS merilna tehnika d.o.o. excludes liability, howsoever arising, for any inaccuracies in this document. © 2018 RLS d.o.0.
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