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DC Motor Control with TMC4671

The TMC4671 hardware controller performs field-oriented control (FOC) for two-phase stepper mo-
tors and three-phase permanent magnet synchronous motors (PMSM). It also supports direct cur-
rent (DC) motor control.

Why TMC4671 for DC motor servo control? The TMC4671 provides hardware closed loop torque
control, velocity control, and position control, even for DC motors decoupling motor control from

the application.
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1 DC Motor Closed Loop Control

When using the TMC4671 for closed loop DC motor control, one current controller is used for torque
control while the coordinate transformations required for FOC are skipped. Servo control functions as ve-
locity control and position control of DC motors are similar to two-phase stepper motors and three-phase
permanent magnet synchronous motors. The TMC4671 hardware provides an analog digital converter
(ADC) engine, an encoder engine, Pl controllers for closed loop current control, velocity control, position
control, and a PWM engine usable in a unified way for DC motor control.

1.1 DC Motor Control Configuration

The base for the torque control of a DC motor includes configuration of ADC for current measurement,
optional PWM adjustment, and the essential parameterization of proportional (P) parameter and integral
(I) parameter of the PI closed loop current controller. The DC motor control of the TMC4671 is selected
by the dedicated DC motor type control mode.

A proper setup of closed loop current control is essential when using closed loop velocity control. For
velocity control, set up some parameters of the position sensor. The TMC4671 uses a position sensor to
measure the speed. Proper setups of closed loop current current control and velocity control are essen-
tial when using position control.

The TMC4671 is equipped with integrated limiters to define a safe operation area even for faults caused
by incorrect configuration. These limiters are useful, especially during initial setup.

An important fault that might damage a motor or a power supply is a wrong sign of current measurement.
With it, the current controller opens the PWM duty cycle up to 100%. With a programmable limiter, it is
possible to clip the PWM duty cycle to save the operation, where the resulting current is limited by the
inner resistance of the motor. However, this limiter limits the reachable performance of the motor.

2 TMC4671 Evaluation Boards for Application Note

The evaluation kit used as an exemplary hardware platform configuration for this application note is
Landungsbruecke v2.0 + TMC4671-EVAL v.1.1 + TMC-UPS-10A/70V-EVAL v.1.1 + DC Motor, respectively,
a coil with an inductance L = TmH and resistance of 1Q with a 24V power supply. A coil is useful for
emulating a blocked DC motor for the initial setup of the closed loop current regulation.

I [eJ/  Make sure the DC motor current matches the power stage current. The sense

resistor may need to be adapted (refer to the TMC4671 current calculation sheet).

2.1 DC Motor Turning

Why initially turn the DC motor open loop? Initially, the motor should be operated in open loop mode to
verify the current measurement for the motor, confirm the correct mapping between the ADC channel
selection and DC motor terminals, and adjust the ADC scaling and offset parameter.

To turn a DC motor open-loop, apply a supply voltage Vy to the DC motor. Together with PWM, the ef-
fective voltage U applied to the motor is U =V, x PWMdutyCycle[%]. For DC motor mode, the PWM duty
cycle of the TMC4671 is programmed using the UQ_EXT value of the register UQ_UD_EXT, where the UQ_EXT
is a 16-bit signed value, with the sign representing the sign of the effective voltage applied to the motor.
The Upwm[V] = Vu[V] x UQ_EXT[-32767,...,0, ..., +32767] is the effective voltage between the terminals
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of the PWM power stage. The relationship between UQ_EXT and the motor phase PWMdutyCycle[%] is
given as:
UQ_EXT

216.2
Table 1 provides the UQ_EXT example and the resulting PWM duty cycle.

PWMdutyCycle[%] = ( + O.5> x 100 (M

UQ EXT | PWMdutyCycle | Motor Operation
-32767 0% Motor run (CCW)
-3000 45.4% Motor run (CCW)
0 50% Motor standstill
3000 54.5% Motor run (CW)
32767 100% Motor run (CW)

Table 1: UQ_EXT and Resulting PWM Duty Cycle

2.2 Select DC Motor Type

Choose MOTOR_TYPE = 1 for the DC motor with number of pole pairs NPP = 1. The number of pole pairs
is not relevant for DC motor control but with it, electrical angles are the same as mechanical angels when
measuring angles with encoders. The setting MOTOR_TYPE =1 configures the PWM assigning the terminals
U and V for the DC motor (Figure 1).

MOTOR_TYPE =0 : No motor (PWM choppers in zero voltage mode)
MOTOR_TYPE = 1 : DC motor
MOTOR_TYPE = 2 : Two-phase permanent magnet synchronous motor (stepper motor)

MOTOR_TYPE = 3 : Three-phase permanent magnet synchronous motor (PMSM, brushless motor)

2.2.1 DC Motor Turning - Open Loop for Current Measurement Setup

For open loop motor turning, apply PWM with a programmed duty cycle for the two half-bridges with the
DC motor connected between the terminals U and V. The supply voltage, together with the PWM duty
cycle, determines the speed of the motor.

For FOC2 (stepper motor) and FOC3 (BLDC motor), the UD_EXT is used to turn the motor open loop to
determine the D direction of the current. In contrast to FOC3 and FOC2, for the DC motor (named FOC1
because the motor mechanically makes FOC by its mechanical commutator brushes), the UQ_EXT is used
to turn the DC motor because the current through the DC motor generates torque similar to the torque
generating current IQ in case of FOC2 and FOC3.

2.2.2 DC Motor Turning - Closed Loop with Pl Regulator

For closed loop current control, a Pl regulator controls the current by measuring the actual current and
regulating the difference to the desired target current to zero. Initially, set the P and | parameters of the
Pl regulator to zero.

First, the P parameter should be incremented with temporarily set | = 0 when determining the P param-
eter until the Pl regulator reaches half of the desired target current. With this determined P parameter,
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the parameter | should be incremented until the Pl regulator reaches the full desired target current. With
this, there is an initial setup for the current regulation. The magnitude of the parameter | determines how
fast the Pl current regulator reaches the desired target current. A too large parameter | causes control
loop oscillations.

3 Setup ADC for Measurement of Current

The TMC4671 supports two parallel sampling ADC channels for motor current measurement. For DC
motor current measurement, the ADC /UX is associated to measure the current of the DC motor. Thus,
ADC_I0O_RAW (or ADC_I1_RAW, depending on the setup) must be assigned accordingly. Some basic ADC
parameter must be initialized. The other ADC channel is not needed.

3.1 ADC Delta Sigma - Initial Base Parameters

The TMC4671 is equipped with internal Delta Sigma ADCs. These ADCs provide programmable filtering
of input signals to adjust resolution versus speed. The Delta Sigma ADCs are organized into two groups
to enable different resolutions and speeds for these groups.

* Group A: Primarily used for current measurement.
+ Group B: Primarily used for processing of analog encoder signals.

The following default settings are suitable for most standard applications and are useful as initial param-
eter settings. Those settings are automatically initialized by the TMCL-IDE Wizard by clicking Set defaults
for DC motor on the Settings page.

ADDR Address Name Data Function

0x04 dsADC_MCFG_B_MCFG_A 0x00100010 | ADC configuration group B and A
0x05 MCLK A 0x20000000 | Delta Sigma Clock A

0x06 MCLK B 0x20000000 | Delta Sigma Clock B

0x07 dsADC_MDEC B MDEC A 014E014E Decimation for B and A

Ox0A ADC | SELECT 0x09000100 | Select ADC channel for DC motor
O0x1B | MOTOR _TYPE_N_POLE_PAIRS | 0x00010001 | DC motor type, number of pole pairs
0x24 UQ UD_EXT 0x00000000 | UQ_EXT for PWM duty cycle, first zero
0x63 | MODE_RAMP_MODE_MOTION | 0x00000008 | Classical PID type, UQ_UD_EXT mode

Table 2: ADC Delta Sigma Parameter - Data for TMC6100-EVAL

The values of registers 0x04, 0x07, Ox0A in the wizard may vary depending on the power stage used.

3.1.1 Adjust ADC Offsets, and ADC Scaling and Sign

The integrated ADCs deliver unsigned raw ADC values (ADC_RAW) within the 16-bit unsigned range 0
...65535. The PI current controller needs scaled and offset corrected signed ADC values within the 16-
bit signed range of -32767 ...+32767 to perform closed loop current control. Similar to FOC2 and FOC3,
it is essential to set the correct ADC scale parameter, and correct ADC offset parameter for real-time
correction by the integrated ADC scaler and ADC offset compensator. Closed loop current control of the
DC motor needs correct association between applied voltage and measured current. For positive voltage
UQ, a positive current IQ must be measured. For negative voltage -UQ, a negative current -IQ must be
measured.
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3.1.1.1 Measure Zero Current to Determine ADC and Sense Amplifier Offset
First, measure the zero current to determine the offset of ADC and sense amplifier. The wizard provides
automatic offset compensation (4.2.7).

ADDR | Address Name Data Function

Ox1A | PWM_SV_CHOP 0x0000000 Switch PMW_OFF (zero voltage)

0x03 | ADC_ RAW_ADDR 0x0000000 Set ADC RAW address to read ADC_I0_RAW
0x02 | ADC_RAW_DATA | ADC raw data | Read actual ADC raw data

Ox1A | PWM_SV_CHOP 0x0000007 | Switch PMW_ON

Table 3: Determine ADC and Sense Amplifier Offset

3.2 PWM Engine and Associated Motor Connectors

The PWM engine of the TMC4671 has eight gate control outputs to control up to four power MOS half-
bridges. For three-phase motors, three half-bridges are used (U, V, W). For two-phase stepper motors,
four half-bridges are used for (U, V, W, Y). For DC motor control, the first two half-bridges (U, V) are used.

Gate Control Signals | Three-Phase-Motor : 3 | Two-Phase-Motor: 2 | DC Motor : 1
PWM_UX1_H
U X1 U
PWM_UX1_L
PWM_VX2_H
Vv X2 \
PWM_VX2_L
PWM_WY1_H
W Y1 -
PWM_WY1_L
PWM_Y2_H
- Y2 -
PWM_Y2_L
Table 4: Motor Connection
5 FOC3 " FOC2 . FOC1

PIDq U PIDg Ua PIDq U U,

U
b
iPARK iCLARKE iPARK

L Iy T v, b

PARK CLARKE PARK %

Figure 1: TMC4671 FOC Transformations
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For the DC motor current control (FOC1 here), the number of pole pairs is not relevant. In contrast to
closed loop current control of two-phase stepper motors (FOC2) and three-phase permanent magnet
motors (FOC3), it should be set to 1 to equal the mechanical angle and electrical angle for velocity control
and position control.
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Figure 2: DC Motor Connection to TMC4671
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4 DC Motor Setup with TMCL-IDE and its Wizards - Coil

4.1 Setup

Figure 3: TMC4671 DC Motor Setup

4.2 TMCL-IDE Wizard
4.2.1 Select TMC4671

File Tools Options Views Help

KOO RO

roller
y Mation controller board [[o0://R37 8 )
B Register browser (THC4671) Driver board unknown B

Datagram mode
> (@] miso

rds. Please keep the evaluation board firmware up to date.

Everything seems to be fine. Have Fun!
Information

Motor Supply: 239V
Board at chi(Motion Controller):  TMCA671-EVAL
Board at ch2(Power Driverl: nknown

Toolbar for implements 8 cmds/sec

Figure 4: Landungsbruecke TMC4671-EVAL Selection
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4.2.2 Start TMCL-IDE Wizard - Click the Weasel

Select your module and a wizard

Modules
Device | COM20/USB/id1/Landungsbruecke (Smally TMCA671-EVAL ¢

Figure 5: TMC4671 Wizard Selection

4.2.3 TMCL-IDE Wizard - Introduction

Select the relevant configuration pages based on the sensor type: hall sensor, ABN encoder, or analog
encoder. For the DC motor, ensure that open loop and ADC selection and configuration are set.
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Introduction

Weasel configurator wizard (TMC4671)(1/8)

Select your prefered wizard pages

commissioning. The wizard is structured in seven main steps which can be used dependent of your hardware setup.

Please select the wizard pages you lke to use:

Introduction This page

General S Bring up the PWM

Open Loop Let the Motor run for the first tim:

with open loop control

ADC Selection Select ADC measurement

ADC Configuration Configure ADC Scaling Factors and Offsets

1 Digital Hall Configuration | Configure Digital Hall Feedback systems (if available)

] Digital Hall Test Drive Test Digital Hall Feedback systems|(if available)

ABN Encoder Configuration | Configure ABIN) Encoder Interface for feedback of position and velocity

ABN Encoder Test Drive Test ABIN)Encoder Interface fo

feedback of position and velocity
] Analog Encoder Configuration Configure Analog Encoder like analog hall sensors or Sin/Cos encoders
1/ Analog Encoder Test Drive | Test Analog Encoder like analog hall sensors or Sin/Cos encoders

Summary Generate THCL Scripts and save configurations

The TMC467X family provides high performance hardware FOC controllers. For starting up the system several settings have to be made. The Weasel Wizard guides you through this eonfiguration process and helps you to achieve best controller performance and fast

case of failure. Therefore, you need to cut power supply or disable the power stage.

Special for Evaluation boards: If you are using  Trinamic power stage and evaluation board, you might be able to use standard values at some configuration steps.

(TMCABTI-EVAL website )

Please follow instructions carefully for quick startup. Be careful with voltage references in open loop control mode and check motor currents with current probes if possible. Make sure that all supply voltages are applied correctly and that you can safely turn off your drive in

far sintro; @ »Settings: O »Openloop: O ADE config: O QO »ABNencoder: O Q »Summary: O

Figure 6: TMC4671 Wizard Selection

4.2.4 TMCL-IDE Wizard - Main Settings - Set Defaults for DC Motor

Select the used power stage and click Set defaults for DC motor.

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Type of motor & PWH i General settings

Weasel configurator wizard (TMC4671) (2/8)

Which basic parameters must be checked?

[MoroR_TYPE | [i: Single phase DE &
0x13 2
PWM_CHOP | [7 centered PWH .. ¢
D pwsy

Select a Power driver: [TMC-UPS-1DATOV-EVAL &

Set defaults for DC motor]  [Set defaults for stepper motor|  [Set defaults for BLOC/PMSM motor

Choose Motor_

pe according to your motor and power stage. The TMCA67X supports [C motors, two phase stepper motors (FOC2)and BLDC/PMSM motors (FOC3).

Motor type: [1: Single phase DC

D Export to TMCL/PC host below. Stepper Motors usually have 50 pole pairs (1.8°).

P = (60 * £_nom [Hz])/n_nom [rpm] e.g. n_nom = 3000 rpm, f_nom = 200 Hz, p =4

Puor = 360 / (step_angle * 4)

Polepairs: [ 115

e.g. step_angle = 1.8%, p = 50

Set PWM_MAXCNT (0x18) to change switching frequency.
Calculation: PWM_MAXCNT = 1/(f [Hz] * 10 ns) -1

p

quency: [ 25kHz &

5. SetBrake Before Make (B8M) times according to your power stage. These values can be defined separately for high side and low side switches.

BBM low side:

BBMhigh side

6. Select the pwm chopper mode. For typical applications use ‘centered PWM for FOC" to enable the pwm and PWM = OFF* for free running.

PWM chopper mode: [7: centered PWH... ¢

Before starting up the motor with open loop control, the PWM has to be adjusted to your powier modulefinverter. If you are using a standard evaluation board from Trinamic, you can set Default values with the following buttons. First select a universal Power Evaluation.

3. Setnumber of pole pairs according to your motor. IF you don't know the number of pole pairs of your motor, we can determine the number of pole pairs in the next steps. You can also determine this value from your motor's nameplate data using the formula
89).

PWHM off

@ »0Openloop: O »a0C config: O O »ABNencoder: O O »Summary: O

Figure 7: TMC4671 DC Motor Selection

Set Number of Pole Pairs = 1 for possible later use of encoders.

analog.com
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4.2.,5 TMCL-IDE Wizard

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

pen loop configuration

- Open Loop Settings

Weasel configurator wizard (TMC4671) (3/8)

Open Loop settings

[ Name I Value. ] Description
PHLE SELECTION [2: phi_e_openloop M Running the motor with Open Loop Control allows further configuration. For Open Loop mode, the motor should be decoupled from any load or the load should be as low as possible.
MODE_MOTION : ugud_ext . 1. You can enable Open Loop mode by choosing the commutation angle source (PHI_E_SELECTION, 0x52) and the correct MOTION_MODE (0x63).
2. Enter a target velocity in rpm for the open loop angle generator and  value for the acceleration in rpm/s. Typical values are 30 rpm (0.5 Hz) and 120 rpm/s.
MODE_RAMP 0: no velocity ramping & 3. Now we are at the critical point, Waich the motor currents with the current probe measurement if available. Increase UD_EXT in small steps uniil the motor is running. I you increase UD_EXT, also the current amplitude will rise. If you
increase UD_EXT too much, very high currents can be impressed into the motor and you might damage your power stage andfor your motor.
0x63 MODE_FF 0: disabled 3
= HINT: Some Motors start spinning only at very low target velocities and high currents. Try varying these parameters.
[MoE-PID_sHPL I 1=
How t the [ de?
MODE_PID_TYPE 0: parallel PI . e e e
[vozext I 5 T2] || o stort the motorn open oop mode o th flloing
0x24 — 1. select the phi_open_loop mode in register 0x52 (def: 1)
‘W—E‘T H 389 -‘ 2. select uq_ud_ext mode without ramp in register 0x63 (def: 8)
. o = . p = 3. select the used pwm amplifier in register 0x24 (def: UD_EXT=1, UQ_EXT=0)
OPENLOOP_PHLDRECTION _| L] OPENLOOP_PHLDIRECTION 4. set an acceleration in register 0x20 (def: 60 [rpm/s]) and a target velocity in register 0x21 (def: -30 [rpm])
RN AR O ‘ ‘ 60 [° ‘ “ou can also click "Set defaults” to set the default values and start the motor. Afterwards, you can use the control box to set new target velocities.
[oPenLooP_vELOCITY_TAREET | | 10E] Direction swap
[n_pore_pairs I 2] | | | when enabled, irection s swapped every time interval
MOTOR_TYPE 1 Single phase DC N Swap direction [
[PrEexT [ Swap time{ms
3 Export to TMCL/PC host| 0.0 27s 285 295 30s 3s 32s 33s 34s 35s 37s 38s 39s
L o e e e e L o e e L e s B L B . B s e e
-1.0
2.0
3.0 OPENLOOP_VELOCITY_ACTUAL
OPENLOOP_VELOCITY_TARGET
40
5.0
6.0
7.0
-8.0
-9.0
-10.0
Sneak UO_EXT up to 4000 Py .
Set defaults|
A For higher values edit reqister directly w Gl
o vintro: O »Settings: O »Open loop: @ =ADC config: O O +ABN encoder: O O +Summary: O @ ®

Figure 8: Open Loop Test Drive

Use UQ_EXT to set the PWM duty cycle for the DC motor to run it open loop. First press Set Defaults, then
increase the slider and confirm the motor rotates. Start with small values. The range of UQ_EXT is -32767,

., 0,..., +32767 associated with PWM duty cycle -100%, ..., 0%, ..., +100%, where -100% stands for neg-
ative supply voltage and +100% stands for positive supply voltage. Set UQ_EXT before moving on to the

ADC pages.

For initial ADC setup, set UQ_EXT = 0 and use a coil with inductance L[mH] resistance R[] according to
the DC motor or block the DC motor that it does not turn. With this, set up the current measurement and

the PI closed loop current control.

analog.com
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4.2.6 TMCL-IDE Wizard - ADC Selection

COM20/USB/id1/Landungsbruecke (Small)/ TMC4871-EVAL [M1] Weasel configurator wizard (TMC4671) (4/8)
ADC Registers ADC selection
— Value How to select the correct ADC inputs ?
0: ADCSD.I0RA... & ferent ADC inputs for phase current measurement and you can also provide digitalized phase current values via SPL. All these input signals are provided to the internal ADC scaler component of the contraller. You can configure the ADC Scaler to fit
G ADCSDLRAW, g | | OUrParOware Choose the corre atching your hardware design. The ADC signals should ook like sinusoidal signals. For stepper moto have a phase of 80° and for BLDG/PMSM motors they should have a phase of 120°
5408 | [ADCLUXSELECT] [5rUX= ADED (@, o] | | OFfoctsand ainscan be configured nthe next steps
2V=A0C2 @/ || [Turnmotor slowly]
cr fzwy=aocn o
p— 10
cfg_dsmodulator_a | [0: int. dsMOD v 08 External ADC inputs via register
melk_polaritya | O] melk_polarity. 05 ADCILEXT
O mdatpolarity2 03 AN

sel_nclk_melki_a
:
intdsMoD o
Sp—
[ mdat_polarity_b

& selnck_melk_i_b
536870912 =

@ Export to TMCL/PC host

0xD4

Set ADC_I0_SELECT =

33740 Sigma-Delta ADC inputs

1 ADCSD.I_RAW
33620 . | ) ; ) )y | i #)| ADCSDJ0_RAW
33500 AV N vy | ‘ ’ ¢ NWV WU ¥

33260 ety Srrsmrorihb At e e Rt b A ety A T - .
s T o A A It A I I I A N S M SR I S et |
485 495 50s 5ls 52s B3s b4s £5s 56s. 57s. 58s 59s Os 1s 25

sintro: O »Settings: O »Openloop: O »ADC config: @ O »ABN encoder: O O »Summary: O [ORINC]

Figure 9: ADC Selection

0 (ADCSD_I0_RAW), set ADC_|_ UX_SELECT = 0 (UX). Since only one current channel is

required for DC motor operation, ADCSD_I1_RAW can be ignored in this case.

analog.com
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4.2.7 TMCL-IDE Wizard

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]
ADC scale & offset

- ADC Configuration

ADE configuration

Weasel configurator wizard (TMC4671) (5/8)

How to adjust the ADC offset settings?

Update the ADC_I0_OFFSET and ADC.

ADC_I0_RAW(ADC scaler input)

_I_OFFSET in register 0x09 and 0x08 until the ADC_I0_scaled, ADC._

I1_scaled, and ADC_I2_scaled values in the right diagrams are centered at zero.

ADC_IUX (ADC scaler output)

33340
3332
33312
33298 ADC_ID_RAW
33284
[ADC__SELECT | [1:ADCSDILRAW... & 3270
33256
[ADC-ILUX_SELECT | [0: UX= ADC0 d... 33242
33228
3321
T T T I A ASHAESENTI ARSI
535 545 55 565 575
ADC_I1_RAW(ADC scaler input) ADC_IV [ADG scaler output)
33275
3327
33267 I
o ADC_IL_RAW ADCILOFFSET
D) Export to TMCL/PC host 33259
33255
33251 -
33247 ©
33243
33239
e e Lo L L L Ly
53s S4s B 565 575
ADC2 caloulation ADC_IWY (ADC scaler output)
600
ADCUX = 530
460
390 ADCIWY
320
122410+ 1)| = ADC_WY 250 N
180
1
“0 e ] | RO ORTITITIEY WSO ) Lottt
30 525 535 545 555 565 575
-0
How to adjust the ADC scaler ampliier? &l
] sintra: © »Settings: O »0penioop: O +ADC config: O @ »ABNencoder: O O »Summary: O [CH|NC]

Figure 10: ADC Offset Compensation

Set ADC_I0_OFFSET using the Set button. Set ADC_I0_SCALE = 256. ADC_IV and ADC_IWY graph can be ignored.
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4.2.8 TMCL-IDE Wizard - ADC Configuration - Check Current Scaling

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

ADC scale & offset

ADC configuration

Weasel configurator wizard (TMC4671) (5/8)

[aar | Name Value How to adjust the ADC offset settings? A
m n Update the ADC_I0_OFFSET and ADC_I_OFFSET in register 0x09 and 008 until the ADC_I0_scaled, ADC_I1_scaled, and ADC_12_scaled values in the right diagrams are centered at zero
0x08
o
0x08 0
[Py TS —
S
o ™ o 300 /v“"\'ﬂl\ﬁ"’\f“ ¥\ A0
150 L
> """H’"""”'””I""""”I”
50 1
A 395 s 4as s
00A 300 ‘
‘b My 450 J\Aw»« SR el Setera)
L I i .V\'\MW\?’%VV‘W P IR ) 500
SELEC 4 s s
ox24
_ &0
ADCILRAW ADC_ILLOFFSET soo ADC.V
[bE(pcr to TMCL/PC host, 150
33260 [5 01+ I | |\
Set TE T ags 44 s
300
450
500
s s
0
[
n
5
o
5
0
5
20
How to adjust the ADC scaler ampliier? &l

Set UQ_EXT = 1000 and UQ_EXT =

ettings: O »Openloop: O »ADCC

nfig: O @ »ABNencoder: O O »Summary: O

Figure 11: ADC Check Correct Sign

-1000, observe ADC_IUX, and check for correct sign. The sign is correct

if a positive voltage UQ_EXT results in a positive current ADC_/UX. During this test, the motor must remain

stationary (example, through a brake).

4.2.9 TMCL-IDE Wizard - Encoder Configuration

Turn the motor in open loop (using the Open Loop page). Set the encoder pulses per revolution (PPR)
and direction. The encoder is correctly set up if positive ADC_/UX leads to positive encoder direction

(ABN_DECODER_PHI_E).

Figure 12 shows the resulting positive current ADC_/UX.

analog.com

Rev. 0 13 of 23


https://www.analog.com/en/index.html

AN-2628

COM20/USB/idV/Landungsbruecke (Small)/ TMC46TI-EVAL [M1] Weasel configurator wizard (TMC4671) (5/8)
ADC scale & offset ADC configuration
T — How to adjust the ADC offset settings? ~
Update the ADC_I0_OFFSET and ADC_II_OFFSET in register 0x09 and 0x08 until the ADC_I0_scaled, ADC_I1_scaled, and ADC_I2_scaled values in the right diagrams are centered at
RTEEEE ADC_IDRAW(ADC scaler input) ADC_IUX (ADC scaler output)
008 33640 3%
ADC 1 SCALE 53620 ) 0
33600 ADC_ID_RAW ADC_I0_OFFSET 325 ADC_IUX
33540 250
0x0A | [ADC_LUX_SELECT | [p:UX= ADE10d... ¢ 33520 225
33500 200
v 33480 75
Ehred N N EN B IR SN It B | Ml I T T T T Ty
L2 575 ED 595 0s Is 2 565 57s 565 595 0s 1s
=
ADC_I1_RAWI(ADC scaler input) ADC_IV [ADC scaler output)
dSADC_MDEC_A 3275 180 —
3272 200 T
33266 ADCLI_RAW ADC_I_OFFSET s
D) Export to TMCL/PC host 33283 260
33260 -280 >
33257 300
33254 =320
33251 340
33248 -360
ey T I T RN B R | -
575 58 595 0s Is 2
ADC2 calculation ADC_IWY (ADC scaler output)
ADG_IUX >
12=-0+ i
How to adjust the ADC scaler amplifier? o)
o »intro: Q »5e QO *apenioop: O »ADC canfig: O @ *ABNencoder: O O »Summary: O [ORINC)
COM20/USB/id1/Landungsbruecke (Small)/ TMC4671-EVAL [M1] Weasel configurator wizard (TMC4671) (6/8)

Encoder configuration Encoder

[ Name Il Value

0 ssel T motorin Gpen Loop mode

O bpol For a check of the encoder resolution and direction, the motor must be rotated in Open Loop mode with a controlled commutation angle, a defined force, and no load. Turn motor with default|
Gpen Loop settings

Do

Do

O direction

AEN_DECODER_PPR [ 4095 [5

How to configure encoder settings?

0x25

 OPENLOOP_PHI
ABN_DECODER_PHLE

ABN_DECODER_COUNT [ 845 [

ABN_DECODERCOUNTN || 165 [&
CODER_PHLM_OFFSET | | 0
orFseT | [)
Il 13360 5
Il 13360 [£

-4D000

CODER_PHLE

2)Direction check

Check whether the Open Loop angle and the encoder angle run in the same direction and update the direction bit i necessary

PID_POSITION_ACTUAL Il 5022635
N_POLE_PARS [

MOTOR_TYPE 1: Single phase DC ¢

@ Export to TMCL/PC host

The direction is different, please change the encoder direction bit in register 0x25. The direction is the same, the direction bit s set correct.

3)Encoder resolution

Update the encoder resolution in register 0x26. The estimated value can help you to find the correct value.

Estimated encoder steps: | 27743 = Reset estimation

4)Encoder N-Pulse setting

For correct positioning it is vital to have the correct impulse st to minimize the position error.

O »0penioop: O #A0C config: O O »ABNencoder: @ O »Summary: O [ORINC]

o »intro: O »setting

Figure 13: Encoder Signal, Wrong Direction

The OPENLOOP_PHI can be ignored.
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Since the encoder direction is negative (in contrast to the current ADC_IUX), change the encoder direction

(0x25).

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Encoder configuration

Encoder

Weasel configurator wizard (TMC4671) (6/8)

[ Name [ Value

How to configure encoder settings?

cp.

Ol

Ol

D usesbrsan
Oen
ABN_DECODER_PPR Il 4095 [5]
ABN_DECODER_COUNT [ 155 2]
ABN_DECODERCOUNTN || 1856 5]

0x25

ABN_DECODER_PHLM_OFFSET | | o
ABN_DECODER_PHLE_OFFSET | [ o

1)Turn motor in Open Loop mode

For a check of the encoder resolution and direction, the motor must be rotated in Open Loop mode with a centrolled commutation angle, a defined force, and no load.

40000
30000
20000
10000

OPENLOOP_PHI
ABN_DECODER_PHLE

-10000
20000
30000
-4D000

ABN_DECODER_PHLM Il 260 [£]
ABN_DECODER_PHLE Il 2640 ]

PID_POSITION_ACTUAL Il 5187956
N_POLE_PARS [ 15
MOTOR_TYPE | [1: Single phase DC ¢ |

D Export to TMCL/PC host

2)Direction check

Check whether the Open Loop angle and the encader angle run in the same direction and update the direction bit if necessary:

The direction is different, please change the encoder direction bit in register 0x25.

The direction is the same, the direction

3)Encoder resolution

Update the encoder resolution in register 0x26. The estimated value can help you to find the correct value.

simatsdsncoder stops: [ 2053

&)Encoder N-Pulse setting

For correct positioning it is vital to have the correct impulse set to minimize the position error.

—

rintro: O »Settings: O »0penloop: O »ADC config: O O »ABN encoder: @ O »Summary: O

Figure 14: Configured Encoder

4.2.10 TMCL-IDE Wizard - Encoder Test Drive (Torque Mode)

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Encoder test drive

Encoder test drive (torqus mode)

Weasel configurator wizard (TMC4671) (7/8)

=1l = [==—]

How to drive a motor with an encoder?

[MooE_MaTioN ] [i:torque-mode ¢
[MoDE_RAMP ] [o:novelocityra... o]
03 | [MoDE_FE ] [o: disabled A
[MoDE-PID_sHMPL I 0[]
[MopE_PiD_TYPE ] [o:parallel PI o

PHLE_SELECTION ] [3:phie_abn o
PID_FLUX_I I 256 [5]
PID_FLUXP I 256 [5]

PID_TOROUEI [ 256 [F]
PID_TOROUE P I 25 [£]
PID_TOROUE_FLUX LMTS__| | 1000 [F]
PID_FLUX_TARGET I 0[]
PID_TOROUE_TARGET I 500 [F]

VELOCITY_SELECTION ] [o:PHLESELEC.. ¢

VELOCITY_METER_SELECTION | 0: default |

D Export to TMCL/PC host|

To start the motor with digital hall sensor feedback in torque mode do the following:

1. select the torque mode in register 0x63 (d
2. select phi_e_hall in register 0x52 to select digital hall sensor

P and | parameters for torque and flux control in register 0x64 and 0<56 (def: P-256, =256)
set the maximum current limit in register Ox5E (de
seta target current in register Dy64 (def: FLUX_TA

3
4
5

ET= 0, TOROUE_TARGET=500)

You can also click ‘Set defaults and star

tart with default values.

800
640
480
320
160

0

Po_ToRoUE_ACTUAL | 1
PID_FLUX_TARGET
PID_TORQUE_TARGET

-160
-320

480
-640

L
1D
LB
|/
W
|‘@
PID_VELOCITY_ACTUAL
»
|
-
3s

analog.com
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Figure 15: Torque Mode
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Set Defaults and Start. Toggle PID_TORQUE_TARGET -500 and +500. Increase the absolute value of PID_TORQUE_TARGET
if the target current is too low to turn the DC motor.

To turn a DC motor in torque mode, there is no need for an encoder. To turn a DC motor in velocity
mode or in position mode, an encoder is required. For a DC motor, the encoder setup is easier compared
to the encoder setup for the FOC with stepper or BLDC.

4.3 Pl Tuning
4.3.1 Pl tuning torque mode

Openthe Torque Graph, Torque Mode, and Pl control tools. Incrementally increase the torque P (PID_TORQUE_P)
value until the actual current reaches 50% to 75% of the target torque. Target torque current should be
selected according to the motor rated current (example, a quarter of the rated current). Ideally, the motor
remains stationary during this tuning.

‘me Tools Options Views Help ‘

EEE] RN VRCE

ov

£ Torque mode @TMCAETI-E. )

i x —
(amaEE anEEn ‘Torque graph @TMC4ETI-EVAL <1st Axiss (Landungsbruecke (Small): COM20-1d1 [C=2
Torque control

700 Actual cur. [mA]

Target cur. [mA] 500/

A

W Direct mode i) (A T

~ Motion controllr IC
v J§ TMC4ETI-EVAL
B Register browser (TMC4871)

600

Pl control @TMCAETI-EVAL <Tst Axies ([ 52 |

Current control

Datagram mode 500
v [0 a0 e A Adr
- — —— ooy actual torque [mA] =
i= Parameter display oo PID_TOROUE_! -
400 PID_TOROUE_P
PID_FLUXI
00054
PID_FLUX_P ) [
w0 >
Velocity control
200
Poveroam :
Velocity mode 0+0058
PID_VELOCITY_P
100
 Info graph and display Position control
Ty |
Ao osoel e e I SRR e P_PGSITION] E
7 Position graph ! g ! : Ny y . N Ox005A
= 7s 8s 9s 0s s 125 s s PID_POSITIONF 3
«Tuning
|24 Pltuning v
pelfiaTadiining Reload Export Import

207 emds/sec

Figure 16: Torque Step Response, P Tuning

Incrementally increase the torque | (PID_TORQUE_/) value until the actual current reaches the target torque.
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‘Fﬂe Tools Options Views Help ‘

oy Y [ S Xy ® @
i x
e (s - Torque graph @ <lst Axis> (L COM20-1d1 [ ||E Torque mode @TMC4ETI-E. [
Torque control

R %, CcoM2c B port 700 Actual cur.[mA] 3

~ iy D1: Landungsbruecke (Smalll[V 3.09] Target cur. [mA]

W Direct mode <« Wm0
v Motion controller IC 800

v 3§ TMC4ETI-EVAL

[E2] P control @TMCAS7I-EVAL <lst Axis> ([ 5% |
P Register browser (TMC4671)

Current control
Datagram mode 500
v [©] miso target torque [mA: Aar Name

S o tual & A
e ) actual torque [mA] T
2 Parameter display
400 0x0058
v Settings PID_TOROUE_P
inear motor settings PID_FLUX_I
0x0054|
electors
= 30 R PID_FLUXP
imits
~ Control mode

200

Position mode .
 Info araph and display
|+ Torque graph

L##1 Velocity graph

T

Adr Name Value

g

&
2
[
ful
S
5
©

PID_VELOCITY_P.

z

Name Value

B " r T e t—t s a1 > T .r‘:"' ,.! -t PID_POSITION_I
A Posi
o Postionarep e 3 s 155 46 s s 95 N e s
~ Tuning

41 Plituning

-ioo

L+ Biquad tuning

Reload Export Import

208 cmdsisec

Figure 17: Torque Step Response, | Tuning

4.3.2 Pl tuning velocity mode

Use the P! tuning tool to determine suitable P and | values:
1. Set a target velocity (example, 500 rpm) according to the application requirement.
2. Enable the ramp (recommended).

3. Configure the acceleration for the ramp. Rule of thumb: set it to ten times the target velocity.

4. Click Start to begin the PI tuning.
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Tuning mode Velocity ramp Step settings Velocity sampling settings  Velocity controller Tuning control [ End stops probing Gravity

Velocity . ez (5 Target: 500[rpm] 2] | Samples: sop = StartfromzeroPl M Method

1000 [rpm/s] (=] = 8827 % Thresholdima] | 448 [

Frequency: | 1/4Hz [4s) Rate: 500 Hz
auerey: | | [ 765 = S5 VelocityP 128 2

Torque offset

Acceleration: Velocity offset

® Auto O Manual

Feed-Forward

Torque/Flux Velocity Position Settings

Velocity response

= maximum error == ramp velocity = actual velocity

504[rpm]
433[rpm]
362[rpm]
292[rpm]
221[rpm]
151[rpm]
80[rpm]
10[rpm]

-50[rpm]

Velocity [rpm]
v

~131[rpm]

-201[rpm]

-272[rpm]

-342[rpm]

-413[rpm]

200

-484[rpm]
o 20 40 60 B0 100 120 140 160 180

Measurement tick
oms 40ms 80ms 120ms 180ms 200ms 240ms 280ms 320ms 380ms 400ms
Time

Maximum tracking error: 39 [rpm]

Figure 18: Pl Tuning Tool, Automatic Mode

Verify and optimize PI values with manual mode:
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- Pltuning @TMC4671-EVAL <1st Axis= (Landungsbruecke (Smalll) : COM20-Id1

(o =5

Tuning mode Step settings Velocity sampling settings  Torque controller Velocity controller Tuning control Gravity

Manual

Velocity ramp

Start from zero Pl:
6627 (=]
65 5]

Enable ramp: Start
a

: A
Target: | 500 [rpm] E‘;‘ Samples: 500 g‘ Sl TR elh:

1000 [rpmis] 5] P 8] P

Freguency: :U‘!HZMS) ;_‘ Rate: 1.00kHz & P | SDDEH I:‘

Acceleration:

G Feed-Forward Stop

Torque offset
Velocity offset

Torque/Flux Velocity Position

Settings

Velocity response

= maximumn error == ramp velocity = actual velocity

503 [rpm]
431[rem]
358 [rpm]
287[rpm]
215[rpm]
143 [rpm]

T[rpm]

olrpm]

Velocity[rpm]

-Ti[rpm]
-163[rpm]
-216[rpm]
-287[rpm]
-353[rpm]

~£31[rpm]

503 [rpm]

] 250 450

Measurement tick
250ms

Time

50 100 160 300

100ms 150ms 200ms 300ms 350ms 400ms 450ms

500

500ms

Figure 19: Pl Tuning Tool, Manual Mode

4.3.3 Pl tuning position mode
Use the P! tuning tool to determine a suitable P (PID_POSITION_P) value.
1. Set a target position (example, 65536 for one full revolution).

2. Click Start to begin the PI tuning.

NOTE

In the TMC4671, positions are normalized to a fixed range. For a DC motor, one

full motor revolution equals 65536 increments, regardless of the sensor feed-

back used.
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Tuning mode Velocity ramp Step settings Position sampling settings  Position controller Tuning control Gravity
Enable ramp: 5 Torque offset
g Target: 85536 [5] | Samples: 300 ¢ Start from zeroPl: 1
Acceleration: 1000[rpm/s] [+ b 7 Velocity offset
Frequency: | 1/4Hz [4s) Rate: 260 Hz ’
® Auto O Manual o quency ‘ ‘ Stop
Torque/Flux Velocity Position Settings

Position response

= maximum errer ==ramp position = actual position

65536

60988

56441

51893

47346

42738

38251

33704

Position
v

29156
24609
20081
15514

10966
6413

1 0 30 60 90 120 150 180 210 2640 270 300
Measurement tick
oms 120ms 240ms 380ms 480ms 800ms 720ms B40ms 980ms 1080ms 1200ms
Time

Maximum tracking error: 94

Figure 20: Pl Tuning Tool, Automatic Mode

Verify and optimize Pl values with manual mode:
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- Pltuning @ TMC4671-EVAL <lst Axis> (Landungsbruecke (Small}): COM20-Id1
e Velocity ramp Step settings Position sampling settings  Torque controller Velocity controller Position controller Tuning control Gravity
:l Enable ramp: Target: | 85536 :‘ Samples: 100 E Start from zero Pl: Start from zero Pl: S Start Torque offset
Acceleration: [1000 [rpm/s[ [ sofE] P 5827 [£] . o Velocity offset
Frequency: 11z Rate:  10DKH L 7H
Menual Feeg-Forward roquency: [[CREUINEE] | | fste =LA [ soFE] k| 765 2 e
<
TorquefFlux Velocity Position Settings
Position response
= maximum error == ramp position == actual position
65648
60958
66269
51680
48891
42202
£ 3703
2
= 32824 »
L 28134
23445
18756
14087
9378
4689
0
o o 20 30 40 50 60 0 80 a0 100
Measurement tick
oms 1oms 20ms 30ms 40ms &0ms 60ms Toms 80ms 90ms 100ms
Time

Figure 21: Pl Tuning Tool, Manual Mode

4.3.4 TPC Script - DC Motor Closed Loop Position Mode

The following script shows an example configuration in closed loop position mode. Adapt motor/encoder

configuration to own setup. Listing 1: TPC Script Example

// Select module
#module 1 "COM20/USB/idl/Landungsbruecke (Small)"

// Use TMC4671 register addresses
#include TMC4671_register_addresses.tpc

// (C:/Users/user .name/AppData/Roaming/TRINAMIC Motion Control GmbH & Co. KG
<~ /TMCL-IDE/TMCL-Script/TMC4671 _register_addresses.tpc)

// Motor type & PWM configuration

WMC MOTOR_TYPE_N_POLE_PAIRS, 0, $00010001, 1

WMC PWM_POLARITIES, 0, $00000000, 1

WMC PWM_MAXCNT, 0, $00000F9F, 1

WMC PWM_BBM_H_BBM_L, 0, $00001414, 1

WMC PWM_SV_CHOP, 0, $00000007, 1

// ADC configuration

WMC ADC_I_SELECT, 0, $18000100, 1

WMC dsADC_MCFG_B_MCFG_A, 0, $00100010, 1

WMC dsADC_MCLK_A, 0, $20000000, 1

WMC dsADC_MCLK_B, 0, $20000000, 1

WMC dsADC_MDEC_B_MDEC_A, O, $014E014E, 1
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WMC ADC_IO_SCALE_OFFSET, 0, $0100820E, 1
WMC ADC_I1_SCALE_OFFSET, 0, $010081F2, 1

// ABN encoder settings

WMC ABN_DECODER_MODE, 0, $00001000, 1
WMC ABN_DECODER_PPR, 0, $00001000, 1
//WMC ABN_DECODER_COUNT, 0, $00000000, 1

WMC ABN_DECODER_PHI_E_PHI_M_OFFSET, 0, $00000000, 1

// Limits

WMC PID_TORQUE_FLUX_LIMITS, O, $000003ES8,

1

WMC PID_VELOCITY_LIMIT, O, $000001F4, 1 //500rpm

SAP 4, 0, 500, 1 //set maximum speed
SAP 11, 0, 1000, 1 //set acceleration

// PI settings
WMC PID_FLUX_P_FLUX_I, 0, $00000000, 1
WMC PID_TORQUE_P_TORQUE_I, 0, $032001F4,

1

TMC4671
TMC4671

WMC PID_VELOCITY_P_VELOCITY_I, O, $1AABO2FD, 1
WMC PID_POSITION_P_POSITION_I, O, $004D0000, 1
SAP 52, 0, 1, 1 //set enable velocity feed forward : TMC4671

// ===== ABN encoder test drive =====
WMC PID_POSITION_TARGET, 0, $0, 1
WMC PID_POSITION_ACTUAL, O, $0, 1

SAP 179, 0, 0, 1 //set actual position

SAP 15, 0, 50, 1 //set max position deviation : TMC4671

// Feedback selection
WMC PHI_E_SELECTION, O, $00000003, 1
WMC VELOCITY_SELECTION, 0, $00000009, 1

// Switch to position mode
WMC MODE_RAMP_MODE_MOTION, 0O, $00000003,

// Rotate right

MVP ABS, 0, 655360, 1
WAIT POS, O, O, 1

// Rotate left

MVP ABS, 0, O, 1
WAIT POS, 0, O, 1

5 References

* TM4671 product page

TMC4671 Pl tuning appnote

+ Driving a linear stage with TMC4671
TMC4671 APl on github

TMC4671 Python resources
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