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1 Features

The TMC429+TMC24x evaluatidioard is designed for evaluating all features of the TMC429 motion
controller in combination with th ree SPI interface stepper motor driver chips (TMC246, TMC248, and
TMC249 The STM32FARM CortexM3 microcontroller is used to control the TMC429 and the
communication. A software running under Windows enables access to all registers and functions of
the TMC429 from a PC. Furthermore, soméasic functionality can be tested/controlled by keys on the
evaluation board.

MAIN CHARACTERISTICS

Application
- Evaluation of all features of the TMC429 controlling the TMC246, TMC248, and TMC249 motor
driver chips

TMC4£29 Motion Controller
- Motion profile calculation in real -time
- Onthe fly alteration of motor parameters (e.g. position, velocity, acceleration)

TMC246, TMC428, and TMC249 Motor Drivers

- TMC246, TMC248, and TMC249 SPI steppermotgrdt cpgq ugrf qr _jj Es_pbH
- 16 times microstepping via SPI

- Mixed decay feature for smooth motor operation

- TMC246 comes with integrated power transistors

- TMC248 and TMC24%se external MOSFETs

Electrical Data

- Supply voltage: +# . @4V DCoperating volt age

- Motor 1 is driven by the TMC246 stepper motor driver. The maximum motor current is 1A RMS
(1.5A peak).

- Motor 2 is driven by the TMC248 stepper motor driver with external power transistors. The
maximum motor current of this driver chip on the evaluation board is 2.3A RMS (3.3A peak).

- Motor 3 is driven by the TMC249 stepper motor driver with external power transistors. The
maximum motor current of this driver chip on the evaluation board is 2.3A RMS (3.3A peak).

Interfaces

- USB (type B)

- Native SPI of the TMC429

- 2xreference switch input per axis

Safety Features

- Overcurrent

- Shortto GND

- Undervoltage protection
- Integrated Diagnostics

Software
- PC demonstration software allowing access to all registers
- TMC429 parameter calculation tool

www.trinamic.com
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1.1 Characteristics of TMC429Motion Controller

The TMC429 is a miniaturized high performance stepper motor controller. It is designed for high
volume automotive as well as for demanding industrial motion control applications. Once initialized
the TMC429 controls up to three 2phase stepper motors simultaneously. The chip is equipped with an
SPI host interface with easy-to-use protocol and two driver interfaces (SPI and STEP/DIR) for
addressing various stepper motor driver types. On the TMC429+TMC2&EVAL board, the SPI driver
interface is used to control the stepper motor driver chips.

1.2 Characteristics of Stepper Motor Driver ICs

The three stepper motor drivers on the evaluation board use different setups in order to allow testing
different modes of operation and different schema tic setups.

1.2.1 TMC246

This driver operates in a standard SPI setup providing up to 1A RMS current and can be tested using
a standard 1A stepper motor.

In case it is desired to operate motors with less current, e.g. below 500mA RMS current, it may be
desired to exchange the current sense resistors against higher values. This way, the microstep
resolution is not decreased due to scaling down motor current.

1.2.2 TMC248

This TMC248operates in a standard SPI setup, too. The driver features an additional PWM current
control for fine current setting. It provides from a few 100mA RMS up to 2.3A RMS current and can be
tested using a standard 1A, 2A or 3A stepper motor. For a 3A stepper motor, it might be desired to
use a lower sense resistor value, in order to provide the maximum full current. Be careful to match
driver current setting to the motor before operating.

1.2.3 TMC249

The TMC24%perates in a standard SPI setup as well. As a default the driver provides up to 2.3A RMS
current and can be tested using a standard 1A, 2A or 3A stepper motor. For a 3A stepper motor, it
might be desired to use a lower sense resistor value, in order to provide the maximum full current.
Be careful to match driver current setting to the motor before operating.

In case it is desired to operate motors with less current, e.g. below 1A RMS current, it may be useful
to exchange the current sense resistors against higher values. This way, the microstep resolution is
not decreased due to scaling down motor current. The setup of the TMC249 schematic provides the
option to operate this driver in a nhon -SPI standalone mode, using an external 0-3V source for analog
phase current control and digital phase polarity and decay control signals. In this mode, the on -board
motion -controller TMC429 and the microcoriroller is disconnected from this driver.

Please refer to the specific datasheets (seewww.trinamic.com) for detailed information!

2 Order Codes

Order code Description Size of unit [mm 7]
TMC429+TMC2B¥AL| Evduation board for TMC429, TMC246 TMC248, and | 134 x 82 x 11,5
TMC249.

Table 2.1 Order codes

www.trinamic.com
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3 Hardware

Attention
See also the schematics of the evaluation board (supplied as PDF files on www.trinamic.com) for a
better understanding of this description.

3.1 Mechanical and Electrical Interfacing

3.1.1 Size of the TMC429+TMC24¥£VAL and Mounting Holes

The board dimensions are 134mm x 82mm without mating connectors. Maximum component height
(height above PCB level) without mating connectors is 11.5mm. There are four mounting holes
suitable for M3 screws.

« 130.5

4
A

82 785 - .

e

35

Figure 3.1 TMC429+TMC24xVAL dimensions

www.trinamic.com
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3.1.2 Connectors

Ref. Switches

SPI_IN

TMC249

Motor O

0 "'i 7902 1997 1102 W
A 348 R344 RR4% R34%) S|
=] DEI;QEEQD !A

- . Emr.
- . EHe.

| DRIVER SELECTION

iﬁT

MOVE 2 STOP

Figure 3.2 Connectors of TMC429+TMC24EVAL

CONNECTORS OFMC429+TMCR4EVAL

Motor 1 Analog In

RINAMIC

MOTION CONTROL

TMC429+TMC24x-EVAL V1.1

Motor 3

=) N e —
[ H +UB' —
GND)| o @&

Label (KEY) Connector type Mating connector type
RIA 33002, 2 pol., 5mm pitch, shrouded | RIA 3492, screw type terminal block,
Power header pluggable, centerline 5 mm/0.197
(X603) inches, wire entry parallel to plug
direction
RIA 18204, 4 pol. 3.5mm pitch, header | RIA 16904, screw type terminal block,
Motor/ G 1 pluggable, centerline 3.5 mm/0.138
(X302/X406/X501 inches, wire entry parallel to plug
direction
USB(J101) USB, type B, 4 pol., female USB, type B, 4 pol., male

Ref. Switches
(J204)

Low profile box header without locking
bar, 16 pol., DIN 41651, 2.54mm pitch
0.64mm pin diameter

Low profile socket connector, 16pol.,
DIN41651, 2.54mm pitch

0.64mm pin diameter

Analog_IN Low profile box header without locking Low profile socket connector, 10pol.,
only TMC249 bar, 10 pol., DIN 41651, 2.54mm pitch, | DIN41651, 2.54mm pitch
(J502) 0.64mm pin diameter
SPI IN Low profile box header without locking Low profile socket connector, 10pol.,
- bar, 10 pol., DIN 41651, 2.54mm pitch, | DIN41651, 2.54mm pitch
(J205) S
0.64mm pin diameter
SPI OUT Low profile box header without Ioclfing Low profile socket connector, 10pol.,
(J20_6) bar, 10 pol., DIN 41651, 2.54mm pitch, | DIN41651, 2.54mm pitch

Table 3.1 Connectors

www.trinamic.com
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3.1.2.1 Power Connector (X603)

Pin | Label Description
1 |GND Power supply and signal ground
2 |+UB Operational voltae ¢ 8 ) / . G(prptécd by 8nhoard 24V suppressor diode)

Table 3.2 Power connector

3.1.2.1.1 Digital Power Supply

The digital operating voltages (3.3V for the microcontroller and 5V for all other parts) are generated
onboard.

3.1.2.1.1.1 Connecting External Digital Components

For external add-on boards a +5V supply is provided. In case it is desired to evaluate the TMC429 in a
+3.3V environment, replace the R601 30K resistor with a 16Kd resistor and bridge pin 3 and pin 2 of
the 1IC603 voltage regulator. Now, the regulator provides 3.3V instead of 5V for all digital parts.

3.1.2.2 Motor Connector s for Axis 1, 2, and 3 (X302/X406/X501)

Motor 1 is driven by the TMC246 (driver with internal power transistors), motor 2 is driven by the
TMC248, and motor 3 is driven by the TMC249TMC248 and TMC249 have external MOSFETS.

Pin |Label Description
1 |OB2 Pin 2 of motor coil B
2 |0OB1 Pin 1 of motor coil B
3 |OA2 Pin 2 of motor coil A
4 |OAl Pin 1 of motor coil A

Table 3.3 Motor connector

o
S 0)

Figure 3.3 How to connect a stepper motor

3.1.2.3 Reference Switch Connector (J204)

Pin | Label Description
1 |GND System and module ground
2 |GND System and module ground
3 |REF1 L Left stop switch input for moto.r 1 . _
— (Note: the key REF 1lon the circuit board is already connected.)
4 |+5V +5V output
5 |REF1 R Right stop switch input for mot.or 1 -
— (Note: the key REF 1Ron the circuit board is already connected.)
6 |+5V +5V output
7 |REF2_L Left stop switch input for motor 2
8 |+5V +5V output
9 |REF2_R Right stop switch input for motor 2
10 |+5V +5V output
11 |REF3 L Left stop switch input for motor 3
12 | +5V +5V output
13 |REF3_R Right stop switch inp ut for motor 3
14 |+5V +5V output
15 |GND System and module ground
16 |GND System and module ground

Table 3.4 Reference switch connector

www.trinamic.com
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3.1.2.4 USB Connector (J101)

Pin | Label Description
1 +5v Board is self-powered € just used to detect availability of attached host system
(e.g. PC)
2 USB Differential USB bus
3 USB+ Differential USB bus
4 GND System and module ground

Table 3.5 USB connector

3.1.2.5 SPI IN Connector (J205)
For connecting an external CPU to the TMC429 use the SPI IN connector.

Before connecting the external CPUit is necessary to disable the CPU on the evaluation board.
Therefore, plug a jumper at pC Disable (see chapter3.1.3.1.1

Pin |Label Description
1 | SPI2_MISO |SPI serial data input of CPU and output of onboard TMC429.
2 |ICS_EXT Chip select for external TMC429 (customer application board)
3 | SPI2_MOSI | SPI serial data output of CPU and input of onboard TMC429
4 |GND Systemand module ground
Chip select for internal TMC429 (allows control of the TMC429TMC24EVAL by
5 |/CS_429
- an external CPV
6 |GND System and module ground
7 |SPI2_SCK | SPI serial clock
8 |GND System and module ground
9 |(+UB Power supplyt mj r e ¢ 8 DC(norrGally)didcdrihected by R202)
10 |+5V +5V output

Table 3.6 SPI IN connector

3.1.2.6 SPI OUT Connector (J206)
For connecting up to three external stepper motor driver ICs to the TMC429 motion controller use the

SPI OUT connector.

Therefore, select theexternal driver option with jumpers first (see chapter 3.1.3.1.2

Pin | Label Description
1 |SDI_S_D2 | Serial data input from SPI stepper motor driver chain to TMC429
2 |n.c. -
3 |SDO_S B | Serial data output of TMC429 to SPI stepper motor driver chain
4 |GND System and module ground
5 |/SCS_S S2 | SPI chip select signal of TMC429 to stepper motor driving chain
6 |GND System and module ground
7 |SCK S D1 |Serial data clock output to SPI stepper motor driver chain
8 |GND System and module ground
9 |(+UB Mncp_rgml _j t mj r(nomnallg discohnedted hby(R208) B A
10 | +5V +5V output

Table 3.7 SPI OUT connector

www.trinamic.com
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3.1.2.7 TMC249 Analog Input Connector (J502)

The TMC249 can be controlled by analog current control signals and digital phase signals. In this
standalone mode, the SPI interface is disabled and the SPI input pins of the TMC249 have alternate
functions as described in Table 3.8.

The standalone mode has to be enabled on the evaluation board by plugging the specific jumpers
below the TMC249 analoginput connector (see chapter 3.1.3.4.3

Pin | Label SIEMEETEIE Description

mode name
1 |GND GND System and module ground
2 | SDI PHA Polarity bridge A (low = current flow from output OA1 to OA2)
3 |ANN MDAN Enable mixed decay for bridge A (low = enable)
4 | INA INA Analog current control phase A
5 |GND GND System and module ground
6 |CSN PHB Polarity bridge B (low = current flow from output OB1 to OB2)
7 |SCK MDBN Enable mixed decay for bridge B (low = enable)
8 |INB INB Analog current control input phase B
9 |GND GND System and module ground

ERR Error output (high = overcurrent on any bridge, or over
10 |SDO S .

temperature). This pin is never tri-stated.

Table 3.8 TMC249 analog input connector

www.trinamic.com
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3.1.3 Jumper

3.1.3.1 TMC429 Related Jumper Settings

The TMC429 is connected with the onboard microcontroller and the onboard stepper motor driver ICs.
TRINAMICs controller driver chains are prove, tested, and fit a wide range of motors and
applications. In case it is desired to evaluate the TMC429 with your own customer specific driver
board or with a n external microcontroller, connections to the onboard components can be cut using
jumpers.

3.1.3.1.1 pC Disable

If this jumper is closed all functions of the microcontroller are disabled and its SPI interface enters a
high impedance state. This allows external microcontrollers to be connected to the board. Thus, the
TMC429 can be controlledby a different microcontroller. Connect your external microcontroller with
SPI IN and SPIOUTconnectors.

MICROCONTROLLER/USB

Figure 3.4 uC disable

3.1.3.1.2 Driver Selection

Per default, the onboard stepper motor driver chips are connected to the TMC429 as shown in Figure
3.5. In case an external customer specific stepper motor driver board should be tested, select EXTby
plugging two jumpers on the left and middle pins.

A=
. B
DRIVER SELECTION

Figure 3.5 For external driver selection plug the jumpers on the left side. Here, the internal
drivers are chosen.

3.1.3.2 TMC246Related Jumper Settings
The oscillator frequency can be chosen by jumpers.

Note: there is no jumper selection for overvoltage protection because the integrated MOSFETsf the
TMC246are designed for a peak value of 40V, which is higher than supplied motor voltage on the
evaluation board.

3.1.3.2.1 TMC246 @cillator Frequency
The oscillator frequency can be chosen by plugging a jumper on the OSZ pins or leaving them open.

Jumper Description
plugged 25KHz oscillator frequency
no jumper 36KHz oscillator frequency

SRA [ et

Figure 3.6 Choose oscillator frequency by jumper. Here, 36KHz are set. Connect the OSZ pins for
selecting 25KHz.

www.trinamic.com
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3.1.3.3 TMC248 Related Jumper Settings

3.1.3.3.1 TMC2480scillator Frequency
The oscillator frequency can be chosen by plugging a jumper on both OSZ fns or leaving them open.

Jumper Description
plugged 25KHz oscillator frequency
no jumper 36KHz oscillator frequency

ANALOG 0SZ

Figure 3.7 Choose oscillator frequency by jumper. Here, 36KHz are set. Connect the OSZ pins for
selecting 25KHz.

3.1.3.3.2 TMC248 Overvoltage Protection

To enable the overvoltage protection a jumper can be plugged on the OVD pins (see Figure 3.7).
Because the evaluation board is limited to 26.5V DC peak supply voltage, this function is useful only
for short time overvoltage shut down tests up to 28V .

3.1.3.3.3 TMC248 PWMPulse Width Modulation) Selection

The processor uses a PWM to generate a voltage between 0 and 2V forthe current control of the
TMC248This is important for t he current setting of motor 2, which can be calibrated via software (see
chapter 6.5).

To enable the PWM selectionvia the processor and to set the motor current, three jumpers have to
be plugged:

- The analog input of the TM(248 has to be enabled by plugging a jumper on the ANALOG pins.
- The PWM selection of the processor has to be enabled by plugging two jumpers on the PWM
pins.

If all three jumpers are plugged , the PWM can be set using the evaluation board software.

i |
A, Board Settings l = e
Maotor Drivers
Enable Disable
TMC 243 PWM
L ]
L

Figure 3.8 Enabling PWM selection with jumpers and choosing PWM values via software

www.trinamic.com
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3.1.3.4 TMC249 Related Jumper Settings

3.1.3.4.1 TMC2490scillator Frequency
The oscillator frequency can be chosen by plugging a jumper on the OSZ pins or leaving them open.

Jumper Description
plugged 25KHz oscillator frequency
no jumper 36KHz oscillator frequency

Figure 3.9 Choose oscillator frequency by jumper. Here, 36KHz are set. Connect the OSZ pins for
selecting 25KHz.

3.1.3.4.2 TMC249 Overvoltage Protection

To enable the overvoltage protection a jumper can be plugged on the two OVDpins (see Figure 3.9).
Because the evaluation board is limited to 26.5V DC peak supply voltage, this does only make sense
for short time overvoltage shut down tests up to 28V .

3.1.3.4.3 TMC249 SPI or Analog Control

The TMC249 can be controlled by analog current control signals and digital phase signals.Please refer
to the TMC429 datasheet for cetails. In this standalone mode, the SPI interface is disabled and the
SPI input pins of the TMC249 have alternate functions as described inchapter 3.1.2.7

Normally, the jumper setting of the TMC429+TMC24EVAL selects SPmode. If analog control should

be used, the jumpers have to be plugged differently. The inscription on the circuit board shows how
to place the jumpers for the analog (standalone) mode.

MC249 Andalog In (o

Ell

Figure 3.10 Jumper setting for SPI control or analog control

www.trinamic.com
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3.1.4 Keys

The evaluation board offers five keys

-  REF 1L (hard wired to TMC429 REFL1L input)
- REF 1R (hard wired to TMC429 REF1R input)
- MOVE 1 (firmware defined)
- MOVE 2 (firmware defined)
- STOP (firmware defined)

The keysallow a simple standalone test of the basic funcitons .

Fige 311 Keys

3.1.4.1 Reference Switches for Motor 1

The keys REF 1L and REF 1R are push buttenAs long as one of these buttons is pushed, the related
reference switch of motor 1 is active.

Label Description

REFIL This push button can be used for motor 1. The left reference switch is active as
long as the button is pushed. It is connected to pin 1 (REF1) of the TMC429(using
a multiplexer).

REFIR This push button can be used for motor 1. The right reference switch is active as
long as the button is pushed. It is connected to pin 1 (REF1) of the TMC429 (using
a multiplexer).

Table 3.9 Reference switches for motor 1

Reference switches for motor 2 and motor 3 can be connected using the reference switch connector. |

3.1.4.2 MOVE 1 and MOVE 2

These keys are programmed in a way that the motor accelerates as long as one of it is pressed. If the
button (e.g. MOVE 1) is not pushed any more the connected motor will rotate constantly with the
reached velocity. For further acceleration the same key can be pushed as often and as long as the
velocity limit 2047 will be reached .

For deceleration, the other key (e.g. MOVE 2) has to be used. It is possible to decelerate the motor to
a velocity of 0 and accelerate it in the opposite direction by pressing the key constantly. A further
possibility is decelerating the motor in increments. If the key for deceleration i s not pushed any more,
the motor w ill rotate constantly in the reached velocity.

If the STOP key is pressed, all connected motors stop immediately with a hard stop.

Label Description
MOVE 1 Push this key to move one or more motors de creasing the position counter.
MOVE 2 Push this key to move one or more motors in creasing the position counter.

Table 3.10 MOVE 1 and MOVE 2 keys on the circuit board

www.trinamic.com
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3.1.5 LEDs

The evaluation board has three LEDs. LED1 near th@ower supply indicates that the +5V digital supply
is available. LED2 and LED3 a&r connected to the TMC246. LEDZghts up as long as motor 1 rotates
decreasing the position counter. LED3 lights up if the motor rotates increasing the position counter.

Note

The push buttons MOVE 1 and MOVE 2 can also be used to move the other motors. But in case moto
2 and/or motor 3 rotate, there will be no LED signals, because the TMC248 and TMC249 are n
connected to LED2 and LED3.

LEDs OF EVALUATION BOAR

Label Color Description

LED1 green Indicates, if +5V digital power supply is available.

LED2 green This LED ights up if motor 1 rotates decreasing the position counter.
LED3 green This LED ights up if motor 1 rotates increasing the position counter.

Table 3.11 LEDs

A [:E_l——aws[ :
RINAMIC ™

MOTION CONTROL

Figure 3.12 LEDs

www.trinamic.com
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3.1.6 Test Points
TESTPOINTS RELATED TOMC246

Label Description

GND Digital and power ground. Use for o scilloscope.

VS Supply voltage

VT Short to GND detection comparator.

SRA Bridge A sense resistor voltage

SRB Bridge B sense resistor voltage

0Ssz Oscillator frequency. The frequency can be chosen with jumpers.
EN Driver enable of CPU

Table 3.12 TMC246test points

TESTPOINTS RELATED TOMC248
Every pin of the TMC248 driver chip can be accessed here.

Pin Label Description

1 AGND Analog ground (reference for SRA, SRB, OSC, SLP, INA, INB, SLP
2 ANN Erable analog current control via INA and INB (low active)
3 HA1 Output for high side P -channel transistors

4 HA2 Output for high side P -channel transistors

5 LAl Output for low side N -channel transistors

6 LA2 Output for low side N -channel transistors

7 SRA Bridge A current sense resistor input

8 0OSsC Oscillator capacitor or external clock input for chopper

9 SDO Data output of SPI interface (tri-state)

10 SDI Data input of SPI interface

11 SCK Serial clock input of SPI interface

12 CSN Chip seled i nput of SPI interface

13 ENN Device enable (low active) and overvoltage shutdown input
14 SPE Enable SPI mode (high active).

15 BL1 Digital blank time select

16 SRB Bridge B current sense resistor input

17 LB2 Output for low side N -channel transistors

18 LB1 Output for low side N -channel transistors

19 HB2 Output for high side P -channel transistors

20 HB1 Output for high side P -channel transistors

21 BL2 Digital blank time select

22 VT Short to GND detection comparator

23 VS Motor supply voltage

24 GND Digital and power GND

25 VCC 1,.G 3,3T gsnnjw tmjr_ec dmp _
26 INB Analog current control phase B

27 INA Analog current control phase A

28 SLP Slope control resistor. Tie to GND for fastest slope

Table 3.13 TMC248test points

TESTPOINTS RELATED TOMC249

Label Description

GND Digital and power ground. Use for oscilloscope.

VS Supply voltage

VT Short to GND detection comparator. Compare VS to VT to evaluate, weathe the
power supply is near short to GND.

SRA Bridge A sense resistor voltage

SRB Bridge B sense resistor voltage

0sz Oscillator frequency. The frequency can be chosen with jumpers.

EN Driver enable of CPU

Table 3.14 TMC24%est points
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3.1.6.1 VS compared to VT

To evaluate whether the power supply VS is near short to GND, compare VS to VT using two
oscilloscope channels

3.1.6.2 Current Sense Resistor Inputs (SRA and SRB)

The screenshots in this chapter show typical microstep waves and chopper cycles measured on the
pins SRA and SRBThe area between the white broken line and the white line marked with a red 2
corresponds to one microstep. The chopper cycles of the two phases are nearly the same, but shifted.

Figure 3.14 Oscilloscope screen shot: chopper cycles

www.trinamic.com



TMC429+TMC2BVAL Manual (Rev2.00 / 2048AY06) 17

4 QOperational Ratings

The operational ratings shown below should be used as design values. The maximum power supply
current depends on the used motors and the supply voltage.

Do not exceed the maximum values during operation! Otherwise the MOSFETS or the suppressor diode
may be damaged!

Symbol Parameter Min Typ Max Unit
VCC Power supply voltage for operation 7 12-24 26.5° \%
VCCIO Digital power supply (for external
. 5 5.1 \Y,
microcontroller)
+5V Output of internal switch regulator 5 5.1 \%
| suppLy Power supply current 14 4 A
Teny Environment temperature at rated 20°C oC

current (no forced cooling required)

Table 4.1 General operational ratings of the module

*) The TMC429+TMC2BY¥AL is equipped with a SMBJ24A +24V DC suppressor diode, that limits the
operation voltage range. For short time overvoltage shut down tests up to 28V can be applied.
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5 Getting Started ° How to Connect the Board

YOU NEED PRECAUTIONS

- Evaluation board - Do not mix up connections or short -circuit pins.

- Up to three stepper motors (k mr mp a s p - Avoid bounding I/O wires with motor wires.
3A RM$ - Do not exceed the maximum power supply of

- USB interface +26.%/ DC!

- Powersupply) / 0 G O atTeasBLSA - DO NOTCONNECT OR DISCONNECT THE MOT!¢
recommended WHILE POWERED!

- TMC429+TMC2B¥ALsoftware and PC - START WITH POWER SUPPLY OFF!

- Cables for interface, motor, and power - CONNECT POWER SUPPLY GND FIRST TO AVt

SUPPLY CURRENT FLOWING BACK VIA USB C.

/St:pper

Motor

Serial USB . N * == S 1111 1401 2101 200
interface ou ‘‘‘‘‘ i E vt 1
<pi | TMC429 E 345 R242 X438 2341
B Lol tenfe

I E""

= —
1 ‘~, ! :* = Pow er
ﬁ F TRINAm : supply
~ MICROCONTROLLER/USB i *"" “0"5' “0“ 7 Stoe rucmnucm-{m vid Pin 1 GND
Pin 2 +10T¢ 24V DC

Figure 5.1 Getting started

STARTING UP

1. Gonnect the USBinterface.

2. Read the information about motor default settings in chapter 5.1 Connect one or more motors.

3. Connect the power supply of the evaluation board.

4. Turn power ON. The green LEDnear the power supply lights up. The motor is powered but in
standstill now. If this does not occur, turn power OFF. theck your connections and power supply!

5. Now, the keys on the board can be used. Please refer to chapter 3.1.4for further information.

6. If you connect the USB the first time, you will be asked for the virtual com port configuration file
that is required for configuration of a virtual com port for your evaluation board. For Windows
systems use the TMC429+TMC2BE¥VALNf configuration file (available on www.trinamic.com).

7. Download the file TMC429+TMC2EVAL.exeOpen it with a double click.

8. Push the button Open The board will be detected now.

9. Sart examinations with the PC software (refer to chapter 6).

| &, TMCA29+TMC24x-EVAL V1.08

e ™ N . - ]

Interface

[COMZ2 [TMC429+TMC24n Byl ) =]

The board iz active.
TMC429+TMC24x-EVaL board detected!

Figure 5.2 Interface dialogue of eval uation board software

www.trinamic.com
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5.1 Getting Started with up to Three Motors

Before connecting one or more motors, note that every axis has own default settings. This is, because
the three motor drivers use different setups in order to allow testing different modes of operation
and different schematic setups. This way, various stepper motors can be examined easily.

MoTOR1 (UPTO 1A RMS)

Motor 1 is driven by the TM C246stepper motor driver. The maximum motor current of this driver chip
is 1A RMS (1.5A peak) which is also the defaultvalue of the evaluation board. The default value for
stand still is 125mA.

Software settings:

- TMC429 IS_VO: 1 (=1/8 current)
- IS_AGTAT=IS_ALEAT=0 (=8/8 current)

MoTOR2 (UP TO2.3ARMS)
Motor 2 is driven by the TMC248 stepper motor driver with external power transistors. This driver
provides a fine current control using uC PWM output. The maximum motor current of this driver chip

is 2.3A RMS (3.3A peak). The software default setting for motor current is 1A RMS (1.5A peak). The
default value for stand still is 500mA.

Software settings:
- PWM=111/256 current
- TMC429 IS_VO: 4 (=4/8 current)
- IS_AGTAT=IALEAT=0 (=8/8 current)

MOTOR3 (UP TO2.3ARMS)

Motor 3 is driven by the TMC24 stepper motor driver with external power transistors. The maximum
motor current of this driver chip is 2.3A RMS (3.3A peak). The software default setting for motor
current is 2.3A RMS B.3A peak). The default value for stand still is 300mA.

Software settings:

- TMC429 IS_VQ: (=1/8 current)
- IS_AGTAT=IS_ALEAT=0 (=8/8 current)
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TMC429+TMC2BVAL Manual (Rev2.00 / 2048AY06) 20

6 Evaluation Software

The evaluation software TMC429+TMC2EXAL.exds intended for customers who de sign own PCBs
with the TMC429 and/or one of the three motor driver chips . In order to understand the settings, the
datashees of the ICs need to be referenced. The software is designed for adjusting and testing all
settings by allowing direct register access.

6.1 The Main Window

After starting the software the main window will  open up (Figure 6.1). First, click the Open button. If
the connection to the evaluation board is established successfully, the messageThe board is active
will b e displayed. If the message The board does not respond is displayed, please check the power
supply and the connection to your PC again.

The TMC429 stats register is displayed in the TMC429 status bitssection on the left side . Using the
controls in the Motor 1, Motor 2 and Motor 3 sections, the motors can be run. Just enter all necessary
parameters and click the appropriate Go button. You can stop a motor by clicking the appropriate

Stop button. Use the buttons All Go and All Stop to run or stop all moto rs simultaneously.

-

A TMC429+TMC24x-EVAL V1.09 = |
Interface TMC429 Status Bits i
[COME [TMC425+TMC244EVAL) =] 1] % ACTUALT =X_TARGET1
Close The board iz active. g REFERENCE_SWITCH_1
THMCA29+TMC24=-E¥AL board detected!
Advanced | % ACTUALZ =X _TARGETZ
1G] REFERENCE_SwITCH_2
THMC429 Registers... THC24u stallGuard...

J P_ACTUALS = _TARGETZ

THC423 Graphics...
g REFEREMCE_SWwITCH_3

Board Seftings...
| COVER_WAITING
Logaing. . @] INTERRUFT
Fator 1 fator 2 fator 3
Target Position: |0 = Target Position; |0 = Target Position: |0 =
0 = 0 = 0 =
Wmir; 0 = Wmir; 0 = Wmir; 0 = 1
Ymax: o * Wmas: o * Wmas: o =
Max. Accel : 0 = Max. Accel.: 0 = Max. Accel.: 0 =
0 = 0 = 0 =
Ramp tMode: RatMP - Ramp tMode: RatMP - Ramp tMode: RaMF - =
Stop ‘ Go ‘ Stop ‘ Go ‘ Stop ‘ Go
Actual Position: |0 Actual Position: |0 Actual Position: |0
Actual Welocity: |0 Actual Welocity: |0 Actual Welocity: |0
Actual Accel: 0 Actual Accel: 0 Actual Accel: 0
Target Velocity, |0 Target Velocity, |0 Target Velocity, |0
All Motors
All Stop All Go
o m 3

b

Figure 6.1 The main window
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R amp Mode: RaMP -

RAMP

Stop SOFTM
YELOCITY

HOLD

Actual Pogition:
Actual Velooity: |0
Actual docel: |0

Target Velocity: |0

Proceed as follows to run a motor:

- Select a ramp mode.
aDE - Hll'in the other necessary parameters.
- Sart the motor or all motors.

You will find an explanation of all parameters in the TMC429
data sheet.

Figure 6.2 Ramp mode selection

RAMP MODES PROVIDEDYBTMC429

Mode Function
Default mode for positioning applications with trapezoidal ramp. This mode is
ramp_mode ) e
provided as default mode for positioning tasks.
Similar to ramp_mode, but with soft target position approaching. The target
soft mode position is approached with exponentially reduced velocity. This feature can be

useful for applications where vibrations at the target position have to be
minimized.

velocity_mode

Mode for velocity control applications, change of velocities with linear ramps.
This mode is for applications, where stepper motors have to be driven precisely
with constant velocity.

hold_mode

The velocity is controlled by the microcontroller, motion parameter limits are
ignored. This mode is provided for motion control applications, where the ramp
generation is completely controlled by the microcontroller.

Table 6.1 TMC429 ramp modes

6.1.1 Examples
b akor 1

In this example it is assumed that a motor is connected to the

Target Position, | 100000 MOTORZXonnector.

First, set the ramp mode of motor 1 to RAMP Then enter the
following parameters:

min - Target Position: 100000
Ve - Vmin: 1
Max, dcoel: 150 - Vmax: 500

- Max Accel.: 150

Ramp Mode: RakP -

Stop |

J

Qick the Go button. Now, the motor will be running until
position 100000 is reached. After that, enter zero as Target
Position and click the Go button again. The motor will run back

Actual Position: -5821
Actual Velocity: (500
Actual Accel: 0

Target Yelocity: 2047

to position zero.

7 You can also try to change the position on the fly whilst the
motor is running. Just enter a different position, click the Go
button and see how the motor reacts. Also open the graphics
window (Chapter 6.2) and watch the ramps.

Now try the other ramp modes.

Figure 6.3 Example: positioning of motor 1 in RAMP mode

In RAMPand SOFTMODEhe Vmin parameter must not be zero because otherwise the target position

sometimes cannot be

reached.

Some other parameters which are not displayed in the main window are calculated and set up
automatically according to the acceleration parameter.
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Motor 1
100000

T arget Y elocity:

Maw Accel: 100
D ]

Famp tode: VELOCITY

Stop |

-
00 S
1 -
500 S
-

Actual Position: (373323
Actual Velocity: 1300
Actual Accel: (0
Target Welocity: 1300

When using VELOCITYnhode, you can enter the acceleration and
the Vmax parameter. The motor is then accelerated to that
velocity and keeps running constantly until you change the
velocity and click the Go button again. The motor will then be
accelerated or decelerated to the new velocity using the
acceleration parameter you have entered.

Figure 6.4 Example: motor 1 driven in VELOCITYnode

hator 1

00000 -

300

[y}
=

0
100
ActualVelocity: (400

Famp kode: HOLD -

) T

oyl
(=]

Stop

Actual Position: (353240
Actual Velooiby: 400
Actual dceel: (0
Target Welocity: 300

If you set the ramp mode to HOLD you can only enter the
actual velocity parameter, click the Go button and control the
velocity directly.

Figure 6.5 Example: motorl in HOLDmode
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6.2 Graphic Display
The graphic display window ( Figure 6.6) shows the driving ramps of all the stepper motors. There is
one tab for each motor. The following values are displayed:

Green  actual position of the motor .

Red actual velocity of the motor. The value is shown as an absolute value, so negative velocities
will also be shown as positive values.
actual acceleration, also shown as an absolute value
actual target velocity of the motor, also displayed as an absolute value .

Please note that this is only a rough and not an exact diagram.

A TMC429 Graphics oo

M atar 1 l tatar 2 ] Mator 3 l

Fied: YWelocity [abzolute value) [~ Stop when velocity = 0
W Show also YT arget and Afctuak

Green: Pozition Time interval [ms]: 20

Blue: Acceleration [abzolute value) LClear dizplay

|5 A

Figure 6.6 graphic display window

EXPLANATIONS

The value Time interval [ms] shows the time between two pixels on the X axis. This value mainly
depends on the performance of the PC and will be slower when the register win dow of the
evaluation board software is open (the display then gets slower because more values are queried
from the evaluation board).

The scales of the Y axis are automatically adapted to fit the entire curves. The curves are also
displayed one pixel against each other for a better view.

If Stop when velocity = 0 is activated the display will be stopped when the velocities of all motors are
zero.

All curves are cleared by clicking the Clear display button.
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6.3 TMC429Register Dialog

By clicking the TMC429 Rgisters button the register window opens and gives you access to every
TMC429 register.This dialog contains six pages on which all registers are displayed sorted by
functional blocks.

Please read more about the registers in the TMC429 data sheet.

A TMCA29 Register Set {Motor 1) [

Motor 1 | Motar 2| Meter 3| Global Parameters | TMC423 Gpecials | RAM Table |

Regizster MHew Value Actual Values
' ¥_TARGET o = 0
O X_ACTUAL R 100000
W MIN ] - 1
W MAX ] < 500
" _TARGET I S 0
C _ACTUAL b 3 0
v

& f M 100 <« || (50
ILS_AGTAT /|_S_ALEAT /15 vosa_THRESHOW | | [0 2] 0 2 [0 2] o 2] J@w oo

-
C P_MUL/P_DIY EE 190 [9
" REF_CONF / RAMP_MODE aooo M 0000 ]
" INTERRUPT_MASK / INTERRUPT_FLAGS 00000000 | 00000000 = | 00000000 00000000
£ PULSDIV / R&MPDIY / iSTEF_RES 2P Hp F I F
(" DX_REF_TOLERANCE b 3 0 i
" ¥_LATCHED “wirite O ta reset g LP
Fead Only ' alues SPI Telegram i
B ACTUAL [0 USTEP_429 [128

QC 00 00 B4 Send SPI Telegram

#_LATCHED |250698

L

Figure 6.7 The register window showing the  Motor 1 page

Click on the Graphics button to open the graphics window which displays the driving ramps of all
motors.

6.3.1 Motor 1, Motor 2, and M otor 3

On the motor tabs, all registers belonging to the motors 1, 2, and 3 are displayed (Figure 6.7). In the
Actual Values and Read Only Valuessections, the contents of all readable registers are displayed.
These values are updated permaently.

To change the contents of a register, first click on its name in the Registerssection. Then change the
value in the appropriate edit field in the New Value section. You can also copy the actual values into
the edit fields by clicking the Copy button.

In the SPI Telegramsection, the SPI telegram for setting the selected register to the desired value is
shown. Click the Send SPI Telegrambutton to send it to the evaluation board, and the value will be
set. Now, the new value is shown in the Actual Values section.
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6.3.2 TMC429 Global Rrameters

This page (Figure 6.8) contains all the TMC429 global parameter registers. It is made up just like the
motor register pages. The contents of the read only registers (in cluding the reference switch flags) are
shown in the Read Onlysection. In the Read/Write section all writable r egisters are displayed. In the
Actual Values section the actual contents of the registers are shown and updated permanently. To
change a register, select it in th e Registerssection and fill in the new value in the New Value section.
Using the Copy button, you can copy the actual contents into the edit fields.

In the SPI Telegramsection, the SPI telegram for setting the selected register to the desired value is
shown. Click the Send SPI Telegrambutton to send it to the evaluation board, and the value will be

set.

A TMCA29 Register Set (Global Parameters) (=N

Mator 1 | Motor 2| Mator 3 Global Parameters | TMC423 Specials | RAM Table

Fead Only Read / write
SPI_TELEGRAM_LOW WORD 000000 Reqister Mew Yalue Actual Values
v SPI_COVER_POS / SPI_COVER LEM g sl 19 A 0 0
SPI_TELEGRAM_HIGH_WORD 000000
" SPI_COVER_TELEGRAM 0000an W]

" Get Low/High ‘word

_,__J
M

i Stepper Motor Global Farameter Reg.

Feference Switches

7
<
Copy | | @[SPCS  @IPoFD

| 3
Let1 @ Right1 @ r r @[sP_CLK @IFoDaC
r | @ PoPH @ c:Comind
Let2 @ Right2 @ o o
— i B|MIF_REF | REFMUX
L3 @) Rgts Q) 7 || SPI_CONTINUOUS_UPD
|
z s 7]
5Pl Telegram
g4 00 06 13 Send 5Pl Telearam

Figure 6.8 The register window showing the  Global Parameters page

www.trinamic.com



TMC429+TMC2BVAL Manual (Rev2.00 / 2048AY06) 26

6.3.3 RAM Table

On this tab (Figure 6.9), the internal configuration RAM of the TMC429 chip (which contains the driver
configuration and the microstepping table) can be viewed and modified. Furthermore, any SPI data
telegram can be entered and sent to the evaluation board and the response can be viewed.

&| TMCA29 Register Set {Configuration & Microstep RAM) [

Motor 1| Motor 2| Motor 3| Global Parameters | THMC#29 Specials  RAM Table ]

0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | g | A | B | c | D | E | = | Microstep Shape
00 05 |04 03 02 |06 |11 OD OC OB OA ZE |11 05 04 03 Sigma: ,W
i0{0z 0e (11 0D OC OB 0OA 2E 11 05 04 03 02 0Oe 11 0D

20/0c OB OA 2E 11 |11 |11 11 |11 11 11 |11 |11 11 |11 |11
i Lalculate

311 11 |11 11 11 11 11 11 11 11 /11 |11 11 |11 11 11

40/04 |05 07 08 0S5 OB 0OC OE OF 10 12 |13 14 16 |17 18
50|12 1B 1c 1D 1E 20 21 22 23 24 25 26 28 29 22 2B Calulate & wiite to RAM
e0j2c |2D 2D 2E 2F |30 |31 32 |33 |33 34 |35 35 36 |37 37

70138 |38 |39 3% 3A 3A 3A 3B |3B |3B 3B |3C |3C |3C |3C 3C I

I

SPI Direct
0o joo oo |00
| Read from Ra Load from File... ’_ ’_ ’_ ’_ ]
Send
Wwirite to HAM SavetoFile...
FF [FF [FF [FF

—

[
L=

Figure 6.9 The register dialog showing the RAM Tabletab

Click the Read from RAMbutton to read the contents of the TMC429 RAM into the RAM editor. The
progress bar below the RAM editor shows the reading progress. After that, the values can be
modified. By clicking the Write to RAM button, the values will be written back to the TMC429 RAM,
which is also shown by the progress bar. Use the Save to file function to save the contents of th e
RAM editor to a file and the Load from file function to read the file back into the RAM editor.

The Microstep Shapefunction is used to calculate enhanced microstepping tables. To do this, first set

the Sigma value to th e desired value (any floating point number betwe en €1 and +1). By clicking the
Calculate button the new microstepping table will be written to the RAM ed itor only, and by clicking

the Calculate & Write to RAMbutton, the values are not only written to the RAM editor, but also to
the TMC429 microstepping RAM. The driver configuration bytes will not be modified by this process.

In the SPI Drect section, any SPI telegram can be entered and sent to the TMC429by clicking the
Send button. The response sent from the TMC429is then displayed below the Send button.
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6.3.4 TMC429 Specials Dialog Interrupts and Reversing Switches

The TMC429 Specialsab of the TMC429%Register Setdialog is mainly designed for use with Step/Dir
stepper motor driver ICs. With the SPI controller driver chain provided on the TMC429+TMC24kEVAL a
few special features can be used. Please ignore all input possibilities on the tab which are not for SPI
operation.

SETTING AND RESETTINGBITERRUPTS

For setting up a position compare interrupt and enabling it, the POS_COMP_429 and the
POS_COMP_INT_429 registers can be usBrbceed as follows:

1. Choose the register IF_CONFIG_428nd then motor 1, motor 2, or motor 3. Click Send SPI
Telegram

2. Choose the register POS_COMP_INT_4a8d set ticks at MASKand INTERRUPTIick Send SPI
Telegram

3. Choose the register POS_COMP_42thd write a position value for the interrupt in the  New
Value field. Click Send SPI Telegram

Now, the interrupt flag will be set, if the chosen motor passes the interrupt position.  To reset the
interrupt flag , choose the register POS_COMP_INT_428d send the SPI telegram again by just clicking
Send SPI Telegram

INVERTING REFERENGHEISCHES

For inverting the reference switches of a motor choose the register IF_CONFIG_428nd set a tick at
INV_REFFurther, motor 1, motor 2, or motor 3 has to be chosen. Thereafter, click Send SPI Telegram
Now, the reference switches for your chosen motor are inverted.

|| TMC429 Register Set (TMC429 Special Features) [
Motar 1 ] M atar 2] tator 3] Global Parameters  TMEC423 Specials l RAM Table
Register Mew Value Actual Values
" POS_COMP_429 14500 = 14500
" POS_COMP_INT_429 I I J MASE g INTERRUPT
+ IF_COMFIG_429 [~ SDO_INT ™ INW_REF é( g SDO_INT J INV_REF
Lopy
[ INV_STP [~ STEP_HALF @] v STP @ STEP_HALF
[~ EN_SD [~ INV_DIR @ ensp @ DR
Chip type & revision [~ EM_REFR g EMN_REFR
TMC0000.00 O-Motor 1 | POS_COMP_SEL ] POS_COMP_SEL
SPI Telegram
g8 00 00 M Send 5Pl Telegram L

Figure 6.10 TMC429 Special Fatures—tab
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6.4 The stallGuard Dialog

Clicking the TMC24x wllGuard button opens the stallGuard window ( Hgure 6.11). Here the stallGuard
feature provided by the TMC246TMC248and the TMC249 can be explored.

[ A TMC246 / TMC249 StallGuard & Error Flags p = e |
THC246 (Motar 1] TMC248 [Matar 2] THC248 (Motar 3]
Error Flags Stall Detection Error Flags Stall Detect!gn_m Error Flags Stall Detection
@ oo SDT [~ - OH 6 oca SDTi— - D @ oo SDT __- 0Of
8 oce - 0l oce - 8 oce
| oLa — @ oLa . — | oLa =
8| oL g @ oLe ] g | oLk ]
B ocHs ; B ocHs N B/ ocHs ]
&l uv - 6 u N &l uy ]
@ o7-Pw ] - 0| oTPw I - @ 0T-Pw ]
@ ot I = @ o N . @ ot N -

Fgure 6.11 The stallGuard dialog. In this example motor 3 is not connected.

For each motor driver chip there is a stallGuard display which shows the actual setting. Stall detection
thresholds can be set with the slider on top of each display. If the load value shown by the red bar
reaches the stall detection theshold, the motor will be stopped immediately.

The error flags are shown by the blue LEDs. The abbreviations at the error flag LEDs have the
followin g meanings:

Error flag Description

OCA Overcurrent on phase A
OCB Overcurrent on phase B
OL-A Open load on phase A

OL-B Open load on phase B
OCHS Overcurrent on high side
uv Undervoltage

OTPW Overtemperature prewarning
oT Overtemperature

Table 6.2 Stepper motor driver error flags
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6.5 Board Settings Dialog

Clicking the Board Settings button opens up the board settings window. This little dialog offer s two
very useful features.

MOTORDRIVERSSECTION

Per default, all motor driver chips are enabled after starting the TMC429+TMC2EXAL.exevaluation
software. In case you like to disconnect one or more motors maybe for a change or something else,
click the Disable button first. Thereafter, all stepper motor drivers ICs are disabled. Sg, it is not
necessary to turn off the power supply before disconnecting motors.

Disconnecting motors while the board is powered leads to damage on the motor driver chips. To
avoid this turn power off or click the Disable button on the Board Settings dialog first!

PWM SECTION

Here, the PWM current setting of the TMC248 can be chosen in a value range from 0 to 255.This way,
the motor current for motor 2 can be set from 0 to 100% of the maximum value.

F B
& Beard Settings I. = &]

Motaor Drivers

Enable Disable

TMC248 PWM

L )
*

| —

Figure 6.12 Board settings dialog
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6.6 Logging Dialog
The Logging dialog can be used to store values during motor rotation. Proceed as follows:

1. Click the button with three points on the right side of the window. Then, writeina  file name
and choose a storage location.

2. Setatick at Log for each motor you like to. Now, choose the specific parameters, each with a
tick.

3. ClickStart logging. Now, the polled values are stored directly into a .csvfile.

4. Click Stop logging to end the polling.

5. Now, all values can be read out using Excel.Excel opens up automatically after a double click
at the stored file.

In case it is desired to add further polled values to an existing file, tick Append to log file .

4| Logging |. = —3

A
File:
|Y: TTMC429+TMC 24x-EVAL Ymotor 1test.csv J
Log
Motor 1 Motor 2 Motor 3
[ Log [~ Log [~ Log

Iv Actual position o o
[w Target position o [
v Actual velocity I~ o
[v Target velocity [ o
[v Actual acceleration o o i
v stallGuard o o
Start logging [~ Append to log file
L -

Figure 6.13 Logging dialog

Figure 6.14 Logged values shown in Excel
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