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The TMCM-1617-GRIP-REF is an open source hardware reference design for the TMCM-1617 BLDC
servo drive. To be used in robotic gripper applications, the board is designed in a standard gripper
electronics form-factor. It is able to control a BLDC motor via EtherCAT®, 10-Link® or Trinamic’'s
RS485 based TMCL protocol. In addition, the board features configurable analog output and in-
put channels as well as configurable digital output and input channels using Maxim Integrated
MAX22000 and MAX14906 industrial 10 solutions.
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+ Digital Hall sensor interface
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Applications

* Robotic Grippers
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1 Order Code

Order Code Description
TMCM-1617-GRIP-REF | Robotic Gripper Reference Design.

Table 1: Order Code
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2 Featured Parts

TMCM-1617 - Low weight, miniaturized single axis servo drive for 3-phase BLDC motors

* MAX22000 - Industrial Software Configurable Analog 1/0

MAX14906 - Quad-Channel Industrial Digital Output, Digital Input

* MAX22515 - 10-Link Transceiver with Integrated Protection

+ MAX17552 - 60V, 100mA, Ultra-Small, High-Efficiency, Synchronous Step-Down DC-DC Converter
* MAX22501 - 100Mbps Half-Duplex RS-485/RS-422 Transceivers
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3 Mechanical Information

3.1 Module Size

The TMCM-1617-GRIP-REF is designed in a standard gripper electronics form-factor. The module has 2
mounting holes for M3 screws.

v
3.2 mm (2x) O
I
N
269 o® N 10.0 mm (2x)

=500 mm ————————=

< M5 mm ——=

74.5 mm

Figure 1: TMCM-1617-GRIP-REF Dimensions
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3.2 Mounting a Heat Sink

The aluminum housing of TMCM-1617 has 2 mounting holes for M2.5 screws/bolts that allow mounting
a heat sink. A thermal gap pad (electrically isolating) is recommended between the housing and the heat
sink for proper heat transfer.

1SO4762 M2,5x16 (2x)

All-around

14,8

Figure 2: Heat Sink Mounting
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4 Connectors and LEDs

The TMCM-1617-GRIP-REF comes with 3 connectors:
+ EtherCAT® (in)
* 10-Link
* Supply and RS485

The connectors for other interfaces are not mounted to allow the user to choose between mounting
standard 2.54/3.81 mm headers or connecting wires directly to the board:

* Motor

+ Brake output
+ Hall sensor

* Encoder

* Analog I/0

+ Digital I/0

* Programming

n ives  AVZH

L} A
e 4010N  3AvdE

)"5)
%

ATE+ 00 W13 ON9
904d

av uv vy ooy |QY
+24v oNp pon poi2 boi3 po [

SUPPLY+RS485 10-LINK

J203 J202 J201

| . |

Figure 3: TMCM-1617-GRIP-REF Connectors (bottom view)
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4.1 EtherCAT® Connector and LEDs

Connector: 4-pin female M8 (Binder 86 6618 1121 00004).

.
C

Pin | Signal | Description
1 TP Transmit line (non-inverting)
RP Receive line (non-inverting)
RN Receive line (inverting)
TN Transmit line (inverting)

Figure 4: EtherCAT® Connector (J201)

The EtherCAT® interface includes 3 status LEDs.

Label | Description

RUN

EtherCAT® status LED, green

ERR | EtherCAT® error LED, red

IN EtherCAT® in LED, green

4.2 10-Link Connector
Connector: 4-pin male M8 (Binder 86 6319 1121 00004).

@

o

Table 2: EtherCAT® LEDs (D303-D305)

Pin | Signal | Description

1 |V24 Supply input

2 | DI Not in use

3 | GND | Supply and signal ground

4 | C/Q |O-Link transceiver input/output

Figure 5: 10-Link Connector (/202)
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4.3 Supply and RS485 Connector and PWR LED
Connector: 6-pin male M8 (Binder 86 6319 1121 00006).

Pin | Signal Description
RS485 B | RS485 interface (inverting)
RS485 A | RS485 interface (non-inverting)

—_

+24V Supply input

+24V Supply input

GND Supply ground

||~ WIN

GND Supply ground

Figure 6: Supply and RS485 Connector (/203)

There is a blue status LED on the board indicating that the board is powered.

4.4 Motor Connector

Connector: 3-pin 3.81mm standard header.

Connector | Signal | Description
1 u Motor phase U
2 \Y Motor phase V
3 W Motor phase W

Table 3: Motor connector (PTH203-PTH205)

4.5 Brake Output Connector

Connector: 2-pin 3.81mm standard header.

Connector | Signal | Description

1 +24V | Supply output

2 Brake | PWM controlled low-side output

Table 4: Brake Output Connector (PTH206-PTH207)

Terms of delivery and rights to technical change reserved.
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4.6 Hall Sensor Connector

Connector: 5-pin 2.54mm standard header.

Pin | Signal | Description

1 | +5V Supply output for external sensor

2 | GND | Signal and supply ground

3 |U Digital Hall sensor input, U channel, internal 4.7k Q pull-up to +5V
4 |V Digital Hall sensor input, V channel, internal 4.7k Q pull-up to +5V
5 Digital Hall sensor input, W channel, internal 4.7k Q pull-up to +5V

Table 5: Hall Sensor Connector (J206)

4.7 Encoder Connector

Connector: 5-pin 2.54mm standard header.

Pin | Signal | Description

1 | +5V Supply output for external sensor

2 | GND | Signal and supply ground

3 /A Digital quadrature/incremental encoder, A channel, internal 4.7k Q pull-up to +5V
4 | B Digital quadrature/incremental encoder, B channel, internal 4.7k Q pull-up to +5V
5 Digital quadrature/incremental encoder, N channel, internal 4.7k Q pull-up to +5V

Table 6: ABN Encoder Connector (/205)

4.8 Analog /0 Connector

Connector: 4-pin 2.54mm standard header.

Pin | Signal | Description

1 | AOIO | Analog input/output
AGND | Analog ground

2
3 | Al Analog input
4 | A2 Analog input

Table 7: Analog I/0 Connector (/204)

The table below describes the different I/0 modes and available connections.
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Mode Connection
Analog Output Voltage Mode (AOVM) | AOIO to AGND
Analog Output Current Mode (AOCM) | AOIO to AGND

Analog Input Voltage Mode (AIVM)

Al1 or Al2 to GND for single-ended
Al1 to Al2 for differential

Analog Input Current Mode (AICM)

Al1 to A2

Table 8: Analog I/0 Modes

©2021 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, Germany
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4.9 Digital I/0 Connector and LEDs

Connector: 6-pin 2.54mm standard header.

Pin | Signal | Description

—_

+24V | Supply output

GND | Signal and supply ground

DOI1 | Digital input/output

DOI2 | Digital input/output

DOI3 | Digital input/output

||l WIN

DOI4 | Digital input/output

Table 9: Digital I/0 Connector (J207)

The digital I/0 interface includes 8 status LEDs (1 green status LED and 1 red error LED per channel).

410 Programming Connector

Connector: 4-pin 2.54mm standard header.

Pin | Signal | Description

1 | +3.3V | Supply output
SWDIO | SWD data input/output
SWCLK | SWD clock input

AW N

GND Signal and supply ground

Table 10: Programming Connector (J301)

©2021 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, Germany
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5 Operational Ratings and Characteristics

5.1 Absolute Maximum Ratings

Parameter Min | Max | Unit
Supply voltage +20 | +28 |V
Motor phase current RMS 25 | A
Ambient temperature -30 | +60 | °C
Max load on +5V supply outputs 100 | mA
Max load on +3.3V supply output 50 mA

Table 11: Absolute Maximum Ratings

NOTICE Never Exceed the absolute maximum ratings! Stresses above those listed un-

der “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any
other conditions above those indicated in the operation listings of this specifica-
tion is notimplied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

5.2 Electrical Characteristics (Ambient Temperature 25° C)

The basic electrical characteristics of the I0-Link interface are given in the table below. For complete
information refer to Maxim Integrated MAX22515 10-Link transceiver datasheet.

Parameter Symbol | Min Typ | Max | Unit
Supply voltage V24 8 24 | 36 \Y
C/Q and Dl input voltage range Vin Vo4 - 36 36 Vv
C/Q and Dl input threshold high Vi 10.8 125 |V
C/Q and Dl input threshold low Vrr 8.8 105 | V
C/Q and Dl input hysteresis Viys 2 \Y
C/Q driver current limit Icr, 210 240 | 270 | mA

Table 12: 10-Link Electrical Characteristics

The basic electrical characteristics of the RS485 interface are given in the table below. For complete infor-
mation refer to Maxim Integrated MAX22501E RS485 transceiver datasheet.

Parameter Symbol | Min | Typ | Max | Unit

Driver common-mode output voltage Voc 25 |3 \Y

Terms of delivery and rights to technical change reserved.
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Driver differential output voltage Vob 1.5

Receiver common-mode voltage range Ve -15 15
Receiver differential input threshold high Vro o 50 200 | mV
Receiver differential input threshold low Vrw 1 -200 -50 mV
Receiver differential input hysteresis Vays 250 mV

Table 13: RS485 Electrical Characteristics

Parameter Symbol | Min | Typ | Max | Unit
Input threshold high Viru 1.9 Vv
Input threshold low Virr, 1.1 \Y
Input hysteresis Viys 0.8 \Y
Input bandwidth fu 34 kHz

Table 14: Hall Sensor Electrical Characteristics

Parameter Symbol | Min | Typ | Max | Unit
Input threshold high Vru 1.9 \Y,
Input threshold low VL 1.1 Y
Input hysteresis Viys 0.8 \Y
Input bandwidth fu 34 MHz

Table 15: Encoder Electrical Characteristics

The basic electrical characteristics of the analog I/0 interface are given in the table below. For complete
information refer to Maxim Integrated MAX22200 datasheet.

Parameter Symbol | Min | Typ Max | Unit
Input voltage range Vin +12.5 Vv
Input voltage linear range Vin -10.5 105 |V
Output current range Iour +25 mA
Output current linear range lour -21 21 mA

Table 16: Analog I/0 Electrical Characteristics

The basic electrical characteristics of the digital 1/0 interface are given in the table below. For complete
information refer to Maxim Integrated MAX14906 datasheet.
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Parameter Symbol | Min | Typ | Max | Unit
Input threshold high Vira 6.7 8.0 Vv
Input hysteresis Viys 1.2 \Y
Output high-side on-resistance Ron s 120 | 240 | mQ
Output low-side on-resistance Ron s 1 3 Q

Table 17: Digital I/0 Electrical Characteristics
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6 Introduction

|0-Link® is a 3-wire industrial communication standard designed for linking sensors and actuators into
control networks.

The TMCM-1617-GRIP-REF operates at an 10-Link COM3 bitrate (230.4 kbit/s), and with a minimum cycle
time of 4ms. The IODD-file which is standardized by the 10-Link community, contains all required infor-
mation to interface with the TMCM-1617-GRIP-REF in a machine readable format. It can be downloaded
from the Trinamic website [2].

For further information on 10-Link in general, please have a look at Maxim’s 10-Link Handbook [1].
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7 Process Data

7.1 Output Process Data

The output process data is used to control the motor and to set the value for the analog and digital outputs.
Note: in the following tables, data types are given according to international standard IEC 61131.

7.1.1 Frame Structure

32 Bit 8 Bit 32 Bit 8 Bit

AN AN

Control Word Analog Output Digital Outputs

Figure 7: TMCM-1617-GRIP-REF Output Process Data Bit Sizes and Bit Positions

7.1.2 Field Description

Target (DINT) Depending on the mode of operation configured in the Con-
trol Word, the value written into this field sets the target
torque, velocity, or position.

Control Word (DWORD) Set the mode of operation.

Value Operation

0 No Control
1 Torque Control
2 Velocity Control

3 Position Control

Analog Output (DINT) Set the DAC value for the analog output.
Digital Output (BYTE) Set the logic level for DOI pin 1-4.

Bit

0 DOI1 level
1 DOI2 level
2 DOI3 level

DOI4 level
4-6 reserved

output enable
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7.2 Input Process Data

The input process data can be used to get feedback from the servo drive and to read the analog and digital
inputs.

7.2.1 Frame Structure

32 Bit 32 Bit 32 Bit 32 Bit
/A\ /’\ /’\

Status Word

Actual Velocity Actual Position

Actual Torque

Figure 8: TMCM-1617-GRIP-REF Input Process Data Bit Sizes and Bit Positions

7.2.2 Field Description

Actual Torque (DINT) Reflects the torque of the motor.

Actual Velocity (DINT)  Reflects the velocity of the motor.

Actual Position (DINT)  Reflects the position of the motor.

Analog Input (DINT) Reflects the ADC value of the analog input.
Digital Input (BYTE) Reflects the digital input states of DOI pin 1-4.

Bitpos 10
0 DOI1 state
1 DOI2 state
2 DOI3 state
3 DOI4 state
Custom (DINT) Value of one of the monitoring parameters selected by parameter Custom

Process Data Select
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Status Word (DWORD) A bit field used to check for positioning status, actual control mode and

errors.
Bit pos Flag Description
Over Temperature Signals a driver over-temperature error.

8 Stop Mode Signals that the motor is not controlled in
any way.

9 Velocity Control Signals that the “Velocity Control” mode is
active.

10 Position Control Signals that the “Position Control” mode is
active.

11 Torque Control Signals that the “Torque Control” mode is
active.

14 Position Reached  In Position control mode this bit signals,
that the target position is reached. The bit
is cleared if a new target position is given.

15 Module Initialized  Signals that the configured motor is initial-

ized.
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8 ISDU Parameter

8.1 Parameter List

Index Parameter Name
General Configuration

0x40  Enable Drive

0x41  Motor Type

0x42  Motor Pole Pairs

0x43  Motor Direction

0x44  Motor Commutation Mode

0x45  Motor PWM Frequency

0x46  Max Current

0x47  Max Velocity

0x48  Acceleration

0x49  Enable Velocity Ramp

0x4A  Custom Process Data Select
Open Loop

0x50 Open Loop Current

0x51  Open Loop Commutation Angle
Digital Hall

0x60  Digital Hall Commutation angle

0x61  Digital Hall Polarity

0x62  Digital Hall Direction

0x63  Digital Hall Interpolation

0x64  Digital Hall phi_e Offset
Encoder

0x70  Encoder Commutation Angle

0x71  Encoder Steps

0x72  Encoder Direction

0x73  Encoder Init Mode

0x74  Encoder Init State

0x75  Encoder Init Delay

0x76  Encoder Init Velocity

0x77  Encoder Offset

0x78  Clear on Null
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Index Parameter Name

0x79  Clear once
Torque Mode
0x81  Actual Flux
Velocity Mode
0x84  Ramp Velocity
Position Mode
0x88  Ramp Position
0x89  Position reached Distance
Ox8A  Position reached Velocity
0x8B  Position Scaler
0x8C  Set Actual Position
Pl Controller Settings
0x90 Torque P
0x91  Torquel
0x96  Velocity P
0x97  Velocity |
Ox9A  Position P
Feedback ADC
OxAO0 adc_l0_offset
OxA1 adc_I1_offset
0xA2 adc_I0_raw
O0xA3 adc_l1_raw

0OxA4 adc 10
OxA5 adc_I1
OxA6 adc_I2
Brake Chopper

OXAA  Enable Brake Chopper

OxAB  Brake Chopper Voltage Limit

OXAC  Brake Chopper Hysteresis
Monitoring

0xBO  Supply Voltage

0xB1  Driver Temperature
Analog 10

0xDO  AOIO Mode
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Index Parameter Name

0xD1 DAC Calibration Gain

0xD2 DAC Calibration Offset

0xD8 Al1/AI2 Mode

0xD9 ADC Ch1 Calibration Gain

O0xDA ADC Ch1 Calibration Offset

0xDB  ADC Ch2 Calibration Gain

0xDC ADC Ch2 Calibration Offset
Digital 10

OXEO DI Mode

OxE1  Pin Mode DOI1

OxE2  Pin Mode DOI2

OxE3  Pin Mode DOI3

OxE4  Pin Mode DOI4

OxE5 DO Mode DOI1

OxE6 DO Mode DOI2

OxE7 DO Mode DOI3

OXE8 DO Mode DOI4

Table 19: Parameter List

8.2 Parameter Details

Note: in the following tables, data types are given according to international standard IEC 61131. The
column with the heading NV tells if the parameter is stored in non-volatile memory immediately on change.
And the column with the heading DS tells if the parameter is included in the |0-Link data storage.

8.2.1 Enable Drive

Index DataType Access Min Max DefaultValue Unit NV DS

0x40 BOOL rw 0 1 1 - yes yes

Enables the motor driver.

Value Explanation

0 driver disabled
1 driver enabled (default)
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8.2.2 Motor Type

Index DataType Access Min Max DefaultValue Unit NV DS

0x41  USINT rw 0 3 0 - yes yes

Sets the type of the motor that is connected to the TMCM-1617-GRIP-REF.

Value Explanation

0 No motor
1 Single phase DC motor
3 Three phase BLDC motor

8.2.3 Motor Pole Pairs

Index DataType Access Min Max DefaultValue Unit NV DS

0x42 INT rw 1 255 4 - yes yes
Sets the number of pole pairs of the motor that is connected to the TMCM-1617-GRIP-REF.

8.2.4 Motor Direction

Index DataType Access Min Max DefaultValue Unit NV DS

0x43 BOOL rw 0 1 0 - yes yes

Also known as shaft bit, this parameter can be used to invert the motor direction. On change, the actual

position value is inverted accordingly.

Value Explanation

0 Motor direction not inverted

1 Motor direction inverted

8.2.5 Motor Commutation Mode

Index DataType Access Min Max DefaultValue Unit NV DS

0x44  USINT rw 0 3 0 - yes yes

Sets the commutation mode.
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Value Explanation

0 Disabled

1 Open loop
2 Digital hall
3

Encoder

8.2.6 Motor PWM Frequency

Index Data Type Access Min Max Default Value Unit NV DS

0x45  DINT rw 25000 100000 25000 - yes yes
Sets the frequency of the servo controllers PWM engine.

8.2.7 Max Current

Index DataType Access Min Max DefaultValue Unit NV DS

0x46  INT rw 0 3000 2500 mA  yes yes

Maximum allowed absolute motor current. (This value can be temporarily exceeded marginal due to the

operation of the current regulator.)

8.2.8 Max Velocity

Index DataType Access Min Max Default Value Unit NV DS

0x47  DINT rw 0 200000 4000 - yes yes
Maximum absolute velocity in velocity and positioning control mode.

8.2.9 Acceleration

Index DataType Access Min Max Default Value Unit NV DS

0x48  DINT rw 0 100000 2000 - yes yes

Acceleration in velocity and positioning control mode.
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8.2.10 Enable Velocity Ramp

Index DataType Access Min Max DefaultValue Unit NV DS

0x49 BOOL rw 0 1 1 - yes yes

An activated ramp allows a defined acceleration for velocity and position mode.

Value Explanation

0 Deactivate velocity ramp generator.

1 Activate velocity ramp generator. (default)

8.2.11 Custom Process Data Select

Index DataType Access Min Max DefaultValue Unit NV DS

Ox4A  USINT rw 0 7 0 - yes yes

Maps one of the monitoring parameters to the custom input process data field.

Value Parameter that is mapped to the custom process data field

Actual Flux

Ramp Velocity

Ramp Position

Open Loop Commutation Angle
Digital Hall Commutation angle
Encoder Commutation Angle
Supply Voltage

Driver Temperature

adc_10

adc_11

adc_I2

O 00 N o un A W N = O

—_
o

8.2.12 Open Loop Current

Index DataType Access Min Max DefaultValue Unit NV DS

0x50 INT rw 0 3000 800 mA  yes yes

Motor current used in open loop commutation mode.
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8.2.13 Open Loop Commutation Angle

Index DataType Access Min Max Default Value Unit NV DS

0x51 INT r -32768 32767 - - no no
Actual open loop angle value.

8.2.14 Digital Hall Commutation angle

Index Data Type Access Min Max Default Value Unit NV DS

0x60 INT r -32768 32767 - - no no
Actual digital hall angle value.

8.2.15 Digital Hall Polarity

Index DataType Access Min Max DefaultValue Unit NV DS

0x61 BOOL rw 0 1 0 - yes yes

Hall sensor polarity.

Value Explanation

0 Standard

1 Inverted

8.2.16 Digital Hall Direction

Index DataType Access Min Max DefaultValue Unit NV DS

0x62 BOOL rw 0 1 0 - yes yes

Hall sensor direction.

Value Explanation

0 Standard

1 Inverted
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8.2.17 Digital Hall Interpolation

Index DataType Access Min Max DefaultValue Unit NV DS

0x63 BOOL rw 0 1 0 - yes yes

Hall sensor interpolation.

Value Explanation

0 Off
1 On

8.2.18 Digital Hall phi_e Offset

Index Data Type Access Min Max Default Value Unit NV DS

0x64 INT rw -32768 32767 O - yes yes
Offset for electrical angle hall_phi_e of hall sensor.

8.2.19 Encoder Commutation Angle

Index Data Type Access Min Max Default Value Unit NV DS

0x70 INT r -32768 32767 - - no no
Actual encoder angle value.

8.2.20 Encoder Steps

Index DataType Access Min Max Default Value Unit NV DS

0x71  DINT rw 0 16777215 4096 - yes yes
Encoder steps per full motor rotation.

8.2.21 Encoder Direction

Index DataType Access Min Max DefaultValue Unit NV DS

0x72 BOOL rw 0 1 0 - yes yes
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Use this parameter to invert the encoder direction in cases where the encoder direction is physically
inverted.

Value Explanation

0 Standard

1 Inverted

8.2.22 Encoder Init Mode

Index DataType Access Min Max DefaultValue Unit NV DS

0x73  USINT rw 0 2 0 - yes yes

Select an encoder initialization mode that fits best to your motor’s sensors.

Value Explanation

Estimate offset
Use hall

8.2.23 Encoder Init State

Index DataType Access Min Max DefaultValue Unit NV DS

0x74  USINT r 0 3 0 - no no

Actual state of encoder initialization.

Value Explanation

0 nothing to do
1 start init
wait init time

3 estimate offset

8.2.24 Encoder Init Delay

Index DataType Access Min Max Default Value Unit NV DS

0x75 INT rw 0 10000 1000 ms  yes yes

Duration for encoder initialization sequence. This parameter should be set in a way, that the motor has
stopped mechanical oscillations after the specified time.
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8.2.25 Encoder Init Velocity

Index DataType Access Min Max Default Value Unit NV DS

0x76  DINT rw -200000 200000 100 rpm yes yes
Velocity for encoder initialization with encoder N-channel.

8.2.26 Encoder Offset

Index DataType Access Min Max Default Value Unit NV DS

0x77  DINT rw 0 65535 0 - yes yes
This value represents the internal commutation offset (0...max. encoder steps per rotation).

8.2.27 Clear on Null

Index DataType Access Min Max DefaultValue Unit NV DS

0x78 BOOL rw 0 1 0 - no no

Clear the position counter on encoder N-channel.

Value Explanation

0 do not clear position counter on the next N-channel event

1 set position counter to zero at next N-channel event

8.2.28 Clear once

Index DataType Access Min Max DefaultValue Unit NV DS

0x79 BOOL rw 0 1 0 - no no

Set this parameter to 1 if you like the “Clear on Null” to clear the position counter only on the very next

occurrence of a N-channel event.

Value Explanation

0 The position counter is always cleared at every N-channel event.

1 The position counter is set to zero only at the next N-channel event.
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8.2.29 Actual Flux

Index DataType Access Min Max Default Value Unit NV DS

0x81 DINT r -2147483640 2147483647 - mA no no
The actual motor flux.

8.2.30 Ramp Velocity

Index Data Type Access Min Max Default Value Unit NV DS

0x84  DINT r -200000 200000 - - no no
The actual velocity of the velocity ramp used for positioning and velocity mode.

8.2.31 Ramp Position

Index Data Type Access Min Max Default Value Unit NV DS

0x88  DINT r -2147483640 2147483647 - - no no
The actual position of the position ramp used for positioning mode.

8.2.32 Position reached Distance

Index DataType Access Min Max Default Value Unit NV DS

0x89  DINT rw 0 100000 5 - yes yes
Maximum distance at which the position end flag is set.

8.2.33 Position reached Velocity

Index DataType Access Min Max Default Value Unit NV DS

Ox8A  DINT rw 0 200000 500 - yes yes

Maximum velocity at which position reached flag can be set. Prevents issuing of position reached flag (in
the status word) when the target is passed at high velocity.
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8.2.34 Position Scaler

Index DataType Access Min Max Default Value Unit NV DS

0x8B  DINT rw 6 2147483647 65536 - yes yes
Scale the external position (external_position = (internal_position * scaler) / 65536.

8.2.35 Set Actual Position

Index Data Type Access Min Max Default Value Unit NV DS

0x8C  DINT w -2147483648 2147483647 - - no no

With this parameter the actual position can be set to zero or any other value. This is helpful in the context
of homing. Please make sure not to set a new position during an ongoing position move.

8.2.36 TorqueP

Index DataType Access Min Max Default Value Unit NV DS

0x90  UINT rw 0 32767 300 - yes yes
P parameter for current PID regulator.

8.2.37 Torquel

Index DataType Access Min Max Default Value Unit NV DS

0x91  UINT rw 0 32767 300 - yes yes
| parameter for current PID regulator.

8.2.38 Velocity P

Index DataType Access Min Max Default Value Unit NV DS

0x96  UINT rw 0 32767 300 - yes yes

P parameter for velocity PID regulator.
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8.2.39 Velocity |

Index DataType Access Min Max Default Value Unit NV DS

0x97  UINT rw 0 32767 100 - yes yes
| parameter for velocity PID regulator.

8.2.40 PositionP

Index DataType Access Min Max Default Value Unit NV DS

Ox9A  UINT rw 0 32767 200 - yes yes
P parameter for position PID regulator.

8.2.41 adc_l0 offset

Index DataType Access Min Max Default Value Unit NV DS

OxAO  UINT rw 0 65535 33500 - yes no
Manually set/get the dual-shunt phase_A offset.

8.2.42 adc_I1 offset

Index DataType Access Min Max Default Value Unit NV DS

OxA1  UINT rw 0 65535 33500 - yes no
Manually set/get the dual-shunt phase_B offset.

8.2.43 adc 10 raw

Index DataType Access Min Max Default Value Unit NV DS

OxA2  UINT r 0 65535 - - no no

Raw adc measurement of the phase_A shunt.
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8.2.44 adc_l1_raw

Index DataType Access Min Max Default Value Unit NV DS

OxA3  UINT r 0 65535 - - no no
Raw adc measurement of the phase_B shunt.

8.2.45 adc_l0

Index DataType Access Min Max Default Value Unit NV DS

0xA4 INT r -32768 32767 - - no no
Calculated current measurement for phase_A shunt and used offset.

8.2.46 adc_I1

Index Data Type Access Min Max Default Value Unit NV DS

OxA5 INT r -32768 32767 - - no no
Calculated current measurement for phase_B shunt and used offset.

8.2.47 adc_I2

Index DataType Access Min Max Default Value Unit NV DS

OxA6 INT r -32768 32767 - - no no
Calculated current of phase_C from the phase_A and phase_B measurements.

8.2.48 Enable Brake Chopper

Index DataType Access Min Max DefaultValue Unit NV DS

OxAA  USINT rw 0 1 0 - yes yes

Enable brake chopper functionality.
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8.2.49 Brake Chopper Voltage Limit

Index DataType Access Min Max DefaultValue Unit NV DS

OxAB  UINT rw 60 300 300 0.1V yes yes

If the brake chopper is enabled and supply voltage exceeds this value, the brake chopper output will be
activated.

8.2.50 Brake Chopper Hysteresis

Index DataType Access Min Max DefaultValue Unit NV DS

OxAC  USINT rw 0 50 5 0.1V yes yes

An activated brake chopper will be disabled if the actual supply voltage falls below Brake Chopper Voltage
Limit minus this hysteresis value.

8.2.51 Supply Voltage

Index DataType Access Min Max DefaultValue Unit NV DS

0xBO INT r 0 1000 - 0.1V no no
The actual supply voltage.

8.2.52 Driver Temperature

Index DataType Access Min Max DefaultValue Unit NV DS

0xB1 INT r 20 150 - 1.0°C no no
The actual temperature of the motor driver.

8.2.53 AOIO0 Mode

Index DataType Access Min Max DefaultValue Unit NV DS

0xDO  USINT rw 0 7 0 - yes yes

Analog output mode.
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Value Explanation

High Impedance

Do not use!

Analog output voltage mode, £12.5V setting
Analog output current mode, +25mA setting

A W N = O

Analog output current mode, +2.5mA setting

8.2.54 DAC Calibration Gain

Index DataType Access Min Max Default Value Unit NV DS

0xD1  DINT rw 0 262143 256250 - yes no
Use this parameter to adjust the analog output gain.

8.2.55 DAC Calibration Offset

Index Data Type Access Min Max Default Value Unit NV DS

0xD2 DINT rw -131072 131071 O - yes no
Use this parameter to adjust the analog output offset.

8.2.56 AI1/AI2 Mode

Index DataType Access Min Max DefaultValue Unit NV DS

0xD8  USINT rw 0 7 0 - yes yes

Sets the mode for the ADC at pins Al1/AI2.

Value Explanation

Power Down

Analog input differential +25V* (Channel 1)
Analog input differential 2.5V (Channel 2)
Analog input differential £500mV (Channel 2)
Analog input differential £250mV (Channel 2)
Analog input differential +125mV (Channel 2)

u A W N = O

*only +15V can be measured effectively
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8.2.57 ADC Ch1 Calibration Gain

Index DataType Access Min Max Default Value Unit NV DS

0xD9  DINT rw 0 16777215 0 - yes no
Gain calibration of the ADC channel 1.

8.2.58 ADC Ch1 Calibration Offset

Index Data Type Access Min Max Default Value Unit NV DS

OxDA DINT rw -8388608 8388607 12582912 - yes no
Offset calibration of the ADC channel 1.

8.2.59 ADC Ch2 Calibration Gain

Index DataType Access Min Max Default Value Unit NV DS

OxDB DINT rw 0 16777215 12582912 - yes no
Gain calibration of the ADC channel 2.

8.2.60 ADC Ch2 Calibration Offset

Index Data Type Access Min Max Default Value Unit NV DS

OxDC  DINT rw -8388608 8388607 O - yes no
Offset calibration of the ADC channel 2.

8.2.61 DI Mode

Index DataType Access Min Max DefaultValue Unit NV DS

OxEO  USINT rw 0 1 0 - yes yes

Digital input mode for all DIOs configured as digital input.

Value Explanation

0 Type 1 and 3
1 Type 2
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8.2.62 Pin Mode DOI1

Index DataType Access Min Max DefaultValue Unit NV DS

OxET  USINT rw 0 2 0 - yes yes

Pin mode for digital 10 pin DOI1

Value Explanation

0 Digital Output (DO)
1 Digital Input (DI)
2 Low-leakage, High-impedance

8.2.63 Pin Mode DOI2

Index DataType Access Min Max DefaultValue Unit NV DS

OxE2  USINT rw 0 2 0 - yes yes

Pin mode for digital IO pin DOI2

Value Explanation

0 Digital Output (DO)
1 Digital Input (DI)
2 Low-leakage, High-impedance

8.2.64 Pin Mode DOI3

Index DataType Access Min Max DefaultValue Unit NV DS

OxE3  USINT rw 0 2 0 - yes yes

Pin mode for digital 10 pin DOI3

Value Explanation

0 Digital Output (DO)
1 Digital Input (DI)
2 Low-leakage, High-impedance
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8.2.65 Pin Mode DOI4

Index DataType Access Min Max DefaultValue Unit NV

DS

OxE4  USINT rw 0 2 0 - yes

Pin mode for digital 10 pin DOI4

Value Explanation

0 Digital Output (DO)
1 Digital Input (DI)
2 Low-leakage, High-impedance

8.2.66 DO Mode DOI1

Index DataType Access Min Max DefaultValue Unit NV

yes

DS

OxE5  USINT rw 0 3 0 - yes

If pin DOI1 is configured as output the output mode can be configured.

Value Explanation

0 High-side

1 High-side with 2x inrush current for t_INRUSH time
2 Active clamp push-pull

3 Simple push-pull

8.2.67 DO Mode DOI2

Index DataType Access Min Max DefaultValue Unit NV

yes

DS

OxXE6  USINT rw 0 3 0 - yes

If pin DOI2 is configured as output the output mode can be configured.

Value Explanation

High-side
High-side with 2x inrush current for t_INRUSH time

Active clamp push-pull

w N = O

Simple push-pull
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8.2.68 DO Mode DOI3

Index DataType Access Min Max DefaultValue Unit NV DS

OxXE7  USINT rw 0 3 0 - yes yes

If pin DOI3 is configured as output the output mode can be configured.

Value Explanation

0 High-side

1 High-side with 2x inrush current for t_INRUSH time
2 Active clamp push-pull

3 Simple push-pull

8.2.69 DO Mode DOI4

Index DataType Access Min Max DefaultValue Unit NV DS

OxE8  USINT rw 0 3 0 - yes yes

If pin DOI4 is configured as output the output mode can be configured.

Value Explanation

High-side
High-side with 2x inrush current for t_INRUSH time

Active clamp push-pull

w N = O

Simple push-pull
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9 Getting Started

9.1 Upload the I0-Link Firmware

The TMCL firmware that is pre-programmed into the TMCM-1617-GRIP-REF is not able to communicate
via 10-Link, so the 10-Link firmware needs to be uploaded via RS485 first. This is done using the TMCL-IDE
[3] and an USB-to-RS485 converter.

NOTICE Beware that it is best to use the TMCL-IDE prior to uploading the |O-Link firmware
to find suitable setting for your system.

The following procedure describe how to upload the IO-Link firmware onto the TMCM-1617-GRIP-REF.

« Connect the RS485 lines that are available alongside the power lines to the USB-to-RS485 converter.

uSB

AN

Connect to 24V power supply!

* Download and install the TMCL-IDE [3].

+ Download and unpack the |O-Link firmware zip file from the TMCM-1617-GRIP-REF's product site [2].
(Make sure you download the latest version.)

+ After you have the TMCL-IDE running, connect to the TMCM-1617-GRIP-REF:

A, TMCL-IDE33.0.0 - [m] X

|Fi|e Tools Options Views Help

Connected devices ®

} Ccome (serial) ==

Connection | Timer TMCL-Log

Baudrate: 115200

+
Search IDsfrum: to:
Reply ID:
Progress: ] J 4 IC
Disconnect ROL
bted

u,,

0 cmds/sec
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* The connected module should now show up in the device tree and the firmware update dialog can

now be started.

A, TMCL-IDE33.00 — m] *
El
L.
Filg Ipt\ums Views Help
' i Firmware Update 2,
—'
. 'S Settings Import/Export ~
ar
M [ TMCL/PC host
/# Wizard Pool } coma (Serial) £
v
®  Virtual module
v Connection Timer TMCL-Log
hd (.') ID1: TMCM-1617-GRIP-REF [V 1
Baudrate: 5200
@ Direct mode
Q Global parameters Search IDsfrom: 1 ©  to: 85
[a TMCL creator Reply ID: 2% I I C
8] e — - ™
Axis1 _ . ed
Connect Disconnect
@ AXis2
< Bl [
Firmware Update 2 cmds/sec

* In the firmware update dialog browse to the firmware hex file that was inside the downloaded zip
file, and then click the “Update” button.

¥ Firmware Update

Select module
Module: | COM9/Serialfid1/TMCM-1617-GRIP-REF

Actual firmware:

Select firmware

s [Erster]

Filename: |inse

rt file name

‘ = Browse... | +

Size [Bytes]: Checksum:

Update firmware

Hex version: Module version:

Progress:

Update history

Version:

1.

*+ The firmware will now be uploaded, what will take several minutes.
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¥ Firmware Update [0:42.950] - ml %

Select module
Module: | COM9/Serialfid1/TMCM-1617-GRIP-REF 3 ;’3 Refresh

Actual firmware:

Select firmware

Update firmware

Hex version: 0022v101 Module version: 0022B100

Progress: Writin,

- O Cancel
Update history

Memory

Erasing

Erasing

Writing

Writing

Writing page at a
Writing page at addre

Writing page at addre
Writing page at addre:
Writing page at addre:
Writing page at addre:
Writing page at addre:
Writing page at addre:

* Once the download finished the TMCL-IDE tries to reconnect with the TMCM-1617-GRIP-REF, but the
[O-Link firmware that is now running does not support RS485 TMCL protocol. You can now close the
firmware upload dialog and the TMCL-IDE and connect to the TMCM-1617-GRIP-REF using |O-Link.

NOTICE ‘ Notice that the parameter of the TMCL firmware and the 10-Link firmware are

not stored in the same non-volatile memory region, both firmware variants store
the settings in individual memory locations. That means that settings you found
and stored using the TMCL-IDE, you need to apply again once you uploaded the
[O-Link firmware.

9.2 Motor, Hall and Encoder settings

To be able to initially spin a motor, there are some important parameters that most likely need to be
changed:

* Motor Type,
* Motor Pole Pairs and
* Motor Commutation Mode.
In case you use a digital hall sensor also:
+ Digital Hall Direction and
+ Digital Hall phi_e Offset.
In case you use an encoder also:
* Encoder Direction and
* Encoder Steps.

In addition for small motors the ADC offset values adc_I0_offset, and adc_I1_offset are crucial for the
motor phase current measurement, and thus for the current regulation.
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9.3 Moving a motor in position mode

If the parameters for your system are set correctly, moving a motor in position mode is as easy as:
+ setting the Control Word to “Position Control” and

« writing the desired target position into the Target field.

9.4 Rotating a motor in velocity mode
Rotating a motor is done very much the same way

+ set the Control Word to “Velocity Control” and

+ write the desired target velocity into the Target field.

With negative target values the motor will rotate in the opposite direction.

9.5 Firmware Update

Even though the 10-Link firmware was uploaded, the TMCL/RS485 based bootloader is kept in the TMCM-
1617-GRIP-REF MCUs flash memory. To upload a newer I0-Link firmware version, or to upload the TMCM-
1617-GRIP-REF's TMCL or CoE firmware variant, follow these instructions:

+ Connect to the board via |O-Link.
+ Write the keyword J2emjH5QLrkSUF33 into the “Application-specific Tag” standard ISDU parameter.

* The I0-Link connection will be interrupted immediately. As long as you don't powercycle the TMCM-
1617-GRIP-REF you can now connect via RS485 and use the TMCL-IDE to upload any other firmware
like described in section 9.1.

9.6 Example Setup

Here we show how to use the TMCM-1617-GRIP-REF in combination with Trinamics QBL4208-61-04-013-
1k [4] Qmot BLDC motor with a 1024 lines (4096 counts) optical incremental encoder.

lg 0000
ii'n

/ iL !.-'gi
ic@-‘h
L]

O
C
. -

a

Figure 9: TMCM-1617-GRIP-REF attached to a QBL4208-61-04-013-1k

e o
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To use this motor/encoder combination you need to:
* reset all parameters to there default values with the “Restore Factory Settings” system command,
* invert the Encoder Direction,
+ set the Motor Type to “Threee phase BLDC motor” and
+ set the Motor Commutation Mode to “Encoder”.

Now you are able to move the motor in position or velocity mode (checkout section 9.3/9.4). Note that
the Encoder Steps and Motor Pole Pairs can be kept as they are, because the default values are already
suitable.

9.7 Using the Analog Output

The 18-bit analog output can ether be used in voltage- or current output mode. Select the desired mode
and range, with the parameter AOI0 Mode. Once selected the Analog Output process data is used to
update output voltage- or current.

Analog Output Value Output Voltage Output Current Output Current
+12.5V mode +25mA mode +2.5mA mode

-131072 -12.5V -25mA -2.5mA
0 ov 0mA 0mA
131071 12.4999V 24.9998 mA 2.49998 mA

Table 20: AOIO Mode

NOTICE The analog output dose not come factory-calibrated. You can use DAC Calibra-

tion Gain and DAC Calibration Offset for a 2-point calibration. The gain and offset
correction is done by the MAX22000 in hardware.

9.8 Using the Analog Input

The analog input has a 24-bit resolution. Select the desired range, with the parameter Al1/AI2 Mode. Once
selected the Analog Input process data is used to get the converted voltage.

Analog Input Value Input Voltage Input Voltage Input Voltage Input Voltage Input Voltage

+25V mode®  +2.5V mode +500mV +250mV +125mV
mode mode mode
-8388608 -25V -2.5V -500 mV -250 mV -125mvV
0 oV oV omv omv omVv
8388607 25V 2.5V 500 mV 250mV 125mV

Table 21: Al1/A12 Mode

*only +15V can be measured effectively
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NOTICE The analog input dose not come factory-calibrated. You can use ADC Ch1 Cali-
TR bration Gainand ADC Ch1 Calibration Offset for a 2-point calibration of the +25V

mode, or ADC Ch2 Calibration Gain and ADC Ch2 Calibration Offset for 2-point

calibration of the other modes. The gain and offset correction is done by the
MAX22000 in hardware.
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13 Supplemental Directives

13.1 Producer Information

13.2 Copyright

TRINAMIC owns the content of this user manual in its entirety, including but not limited to pictures, logos,
trademarks, and resources. © Copyright 2021 TRINAMIC. All rights reserved. Electronically published by
TRINAMIC, Germany.

Redistribution of sources or derived formats (for example, Portable Document Format or Hypertext Markup
Language) must retain the above copyright notice, and the complete data sheet, user manual, and doc-

umentation of this product including associated application notes; and a reference to other available

product-related documentation.

13.3 Trademark Designations and Symbols

Trademark designations and symbols used in this documentation indicate that a product or feature is
owned and registered as trademark and/or patent either by TRINAMIC or by other manufacturers, whose
products are used or referred to in combination with TRINAMIC's products and TRINAMIC's product doc-
umentation.

This HW & IOLINK FW Manual is a non-commercial publication that seeks to provide concise scientific
and technical user information to the target user. Thus, trademark designations and symbols are only
entered in the Short Spec of this document that introduces the product at a quick glance. The trademark
designation /symbol is also entered when the product or feature name occurs for the first time in the
document. All trademarks and brand names used are property of their respective owners.

13.4 Target User

The documentation provided here, is for programmers and engineers only, who are equipped with the
necessary skills and have been trained to work with this type of product.

The Target User knows how to responsibly make use of this product without causing harm to himself or
others, and without causing damage to systems or devices, in which the user incorporates the product.

13.5 Disclaimer: Life Support Systems

TRINAMIC Motion Control GmbH & Co. KG does not authorize or warrant any of its products for use in
life support systems, without the specific written consent of TRINAMIC Motion Control GmbH & Co. KG.

Life support systems are equipment intended to support or sustain life, and whose failure to perform,
when properly used in accordance with instructions provided, can be reasonably expected to result in
personal injury or death.

Information given in this document is believed to be accurate and reliable. However, no responsibility
is assumed for the consequences of its use nor for any infringement of patents or other rights of third
parties which may result from its use. Specifications are subject to change without notice.

13.6 Disclaimer: Intended Use

The data specified in this user manual is intended solely for the purpose of product description. No rep-
resentations or warranties, either express or implied, of merchantability, fitness for a particular purpose
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or of any other nature are made hereunder with respect to information/specification or the products to
which information refers and no guarantee with respect to compliance to the intended use is given.

In particular, this also applies to the stated possible applications or areas of applications of the product.
TRINAMIC products are not designed for and must not be used in connection with any applications where
the failure of such products would reasonably be expected to result in significant personal injury or death
(safety-Critical Applications) without TRINAMIC's specific written consent.

TRINAMIC products are not designed nor intended for use in military or aerospace applications or environ-
ments or in automotive applications unless specifically designated for such use by TRINAMIC. TRINAMIC
conveys no patent, copyright, mask work right or other trade mark right to this product. TRINAMIC as-
sumes no liability for any patent and/or other trade mark rights of a third party resulting from processing
or handling of the product and/or any other use of the product.

13.7 Collateral Documents & Tools

This product documentation is related and/or associated with additional tool kits, firmware and other
items, as provided on the product page at: www.trinamic.com.
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14 Revision History

14.1 Hardware Revision

Version | Date Author | Description
1.0 12.02.2021 | MM

Table 22: Hardware Revision

14.2 Firmware Revision

Version | Date Author | Description

1.01 21.05.2021 | BP Launch release.

1.02 03.06.2021 | BP Ability to restart the TMCL bootloader.
1.03 08.07.2021 | BP |O-Link compliance update.

Table 23: Firmware Revision

14.3 Document Revision

Version | Date Author | Description
1.01 07.05.2021 | MM/BP | Launch release.
1.02 04.06.2021 | BP/ED | Adds section 9.

1.03 08.07.2021 | BP Firmware revision update - no change in content.

Table 24: Document Revision
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