How-to configure your BLDC motor with encoder and/or hall signals for
the TMC4671 and store the parameters into the TMCL PC/HOST tool to

load the parameters after power cycling
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5. Connect USB
6. Open menu - Tools 2 TMCL PC/HOST
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8. Click on Weasel configurator wizard
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Introduction

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 configuration
process and helps you to achieve best controller performance and fast commissioning.

The wizard is structured in seven main steps:

1. General Settings — Bring up the PWM.

2. Open Loop — Let the Motor run for the first time with open loop control.

3. ADC Configuration — Configure ADC Scaling Factors and Offsets.

4. Digital Hall — Configure Digital Hall Feedback systems (if available).

5. ABN Encoder — Configure AB(N) Encoder Interface for feedback of position and velocity.

6. Analog Encoder — Configure Analog Encoder like analog hall sensors or Sin/Cos encoders.
7. Summary — Generate TMCL Scripts and save configurations.

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

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

(TMC4671 website )
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9. On the bottom right you'll find a small arrow [QJ that will step through all the different
configuration pages. The Wizard first steps you through the main settings, driving the motor on
open loop mode to e.g. estimate motor pole counts, to configure your ADC signals, digital hall
signals, ABN encoder signals, analog encoder signals and will end with a summary.



10. Main settings page (The starting point)
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Main settings
T & i Which basic
[nar ][ Name il Value | || sefare sterting up the motor with apen Io0p contral, the PYM has to be adjusted to your power module/inverter. If you are using & standard evaluation board from Trinamic, you can set Default values with the respective butions.
[n_pore_pairs [ af 1. Choas Motor_Type according 10 your motor and power stage. The TMC467 SUpROFS DC mators, two phase stepper mators (FOCZ) and BLDG/PMSM motars (FOC3)

2. Set number of pule pairs according to your mator. TF you dan't knaws the number of pale 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

B
MOTOR_TYPE W nameplate data using the formula below. Stepper Motors usually have 50 pole pairs (1.6°).

-,,‘,,,=[sn T_pom [KeI)/ n_nom [rpm] =.g.n_nom = 3001 rpm, {_pom = 200 Kz, p =

. PWM_POLARITIES[D] | ] polarity of Low Side (LS) gate contral signal e = 360/ (stEp_angle * 4) £.g. step_angle = 1.8%, p

3. Set pnlnrmes of FWM signas according to your gate driver specification for High Side and Low Side switches. If yau don't set the polarity bit, a high input sgnal shall result in & dosed swatch.
[ Pww1_poLaRITiES]1) | [ polarity of High Side (HS) gate control signal 4. You can use the Signals Z, € and OC to trigger extarnal hordware. Choose pelorities according to your applicatian,
5 Sat P WAKQHT (0] to change swtch feguency

sallics W « Calculal 1(f (Hz] * 10 ng) -1

6. Sex Brake sefore Make (BEM) times according to your power stage. These values can be defined separately for high side and low side switches.
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11. At this page you can simply click on the Set defaults for BLDC/PMSM motor button
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ntro: ) »semungs: @ »0pen Loop: O +Apc config: O O soignalnal

Main settings
Type of motor & Which basic be ched

[mar ]| Name || Value
[n_poLe_pairs ] Choose Motor_Type according to your mator and power stage. The TMCA67X SUPROMS DC Motors, two phase stapper mators (FOCZ) and BLDG/PMSM matars (FOC3).
Set number of pole pairs according to your moter. 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 mator’s

MOTOR_TYPE W mmenlm data using the formula below. Stepper Motors usually have 50 puse pairs (1.8%),
v !

Before starting up the motor with open loop control, the PWM has ta be adjusted to yaur power module/inverter. If you are using a standard evaluation board from Trinamic, you can set Default values with the respective buttans,

. = (60 * [_nom [Hz])/ n_nom [rpm] e.g. n_nom = 3000 rpm, f_nom = 200 Hz, p = 4
[ polarity of Low Side (L5) gate contral signal S50 (step_angle * 4 &.g. step_sngle i

3. Set polarities af PAWM signals according to yaur gate driver specification for High Side and Low Side switches. If you dorit set the polaity bt  high input signal shall result in a closed swilch.
I potarity of High Side (HS) gate control signal 4. You can use the Signals Z, C and O to trigger external hardware. Choose polasities according to your apphcation.

Set PWM_MAXCNT (0X18) to change switching frequency.
PWM_CHOP W  Calculation: PWM_MAXCNT = 1/(f [Hz] * 10 ns) -1
BaA 6. Sat Arake Befors Make (BEM) tmes accarding to your power stage. These valuss can be defined separately for high side and low side switches.
1 use Space Vectar FWM

P MAXCNT |
[Pwm_Bem L I[
[Pwmeamn [

[ I Seperiia TP J

\sessefouts for D mosor] | detauisforsiepper ot (St ecmincmus o] (pamor)

sintro: O »settings: @ »openLoos: O vanceonfig O O roignalhal: O O saenencoder O O ranslogencoder O O ssummary: O

12. Click on



13. This will list the parameters in the TMCL/PC host which allows to load those values when power

cycling or having another session at another time.

[} TMCL/PC host - O

o

File Edit TMCL/PC

12 kH ¥ 0@ 00 #E B !

[New File 1] E3

//Type of motor & PWM configuration

WMC MOTOR_TYPE_M POLE_PAIRS, ©, sooo30004, 1 //0x1B:
WMC PwWM_POLARITIES ., B, s00EEEEeLl, 1 //O0x17:
WMC PwM_SV_CHOP . O, $0000REET, 1 //Ox1A:
WMC PWM_MAXCNT . O, $0000OF9F, 1 //Ox18:
WMC PWM_BEBM H BBM L ., B, $POOEESES, 1 //0x19:

s s xR x

17 — = Modified Insert

14. Continue by clicking l@J

15. On the next page Open Loop settings you can simply click on 1 Set defaults and afterwards use
the 2 slider to increase the PWM of the open loop voltage controlled mode UD_EXT.
WARNING: Increase UD_EXT carefully to avoid motor damage. If possible measure the motor
current otherwise increase the slider in small steps until the motor starts turning with a smooth

velocity, e.g. 10rpm.
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16. As soon as the motor is tuning smoothly you can countercheck the motor pole count by resetting
the counter and turn the motor for one revolution. The estimated motor pole pair count can be
read in the edit box on the bottom 3. If it differs from the set N_POLE_PAIR settings on the left 4

please change it there.



[ Export to TMCL/PC host

17. Click on
[ TMCL/PC host — O X
File Edit TMCL/PC
2 o)
2 H| T 0@ OO0 #H#E ¥ !
[New File 1] £
//Type of motor & PWM configuration
WMC MOTOR_TYPE_N_POLE_PAIRS, O, $00030004, 1 //Ox1B:
WMC PWM_POLARITIES . B, $00000001, 1 //Ox17:
WMC PwWM_SV_CHOP ., O, s0oeoBeeY, 1 //Ox1A:
WMC PWM_MAXCNT . O, $00ERBFIF, 1 //O0x18:
WMC PWM_BBM_H BBM L ., B, $000OOSE5, 1 //Ox109:
//0pen loop configuration
WMC PHI_E SELECTION . B, $00E0BBOZ, 1 //Ox52: Selectio
WMC MODE_RAMP_MODE_MOTION , ©, $00000808, 1 //0x63: Register
WMC UQ_UD EXT . B, $0000CDAS, 1 //Ox24:
WMC OPENLOOP_MODE , B, soopeEEEe, 1 //0x1F: Control
WMC OPENLOOP_ACCELERATION ., 0O, sPEEEEE3C, 1 //0x20:
WMC OPENLOOP_VELOCITY TARGET, ©, SFFFFFFFB, 1 //O0x21:
WMC MOTOR TYPE_N_POLE_PAIRS , 0, $00030004, 1 //0x1B:
WMC PHI_E EXT . B, s0E0pERBE, 1 //Ox1C:
i ¥
117 — = Modified Insert

18. Continue by clicking




19. ADC selection page
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ADC Registars

How to select the comect ADC inputs ?
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The TMC467X has different ADC inputs for phase current measurement and you can also provide dig)

configure the ADC Scaler to fit your hardware design. Choose the comrect ADCS by matching your hard
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20. You can click on Load Sigma-Delta defaults button 1 and afterwards the Turn motor slowly

button 2.



[ Export to TMCL/PC host

21. Click on
[ TMCL/PC host — O X
File Edit TMCL/PC
2 o)
2 H| T 0@ OO0 #H#E ¥ !
[New File 11 £
//Type of motor & PWM configuration
WMC MOTOR_TYPE_N_POLE_PAIRS, O, $00030004, 1 //Ox1B:
WMC PWM_POLARITIES . B, $00000001, 1 //Ox17:
WMC PwWM_SV_CHOP ., O, s0oeoBeeY, 1 //Ox1A:
WMC PWM_MAXCNT . O, $00ERBFIF, 1 //O0x18:
WMC PWM_BBM_H BBM L ., B, $000OOSE5, 1 //Ox109:
//0pen loop configuration
WMC PHI_E SELECTION . B, $00E0BBOZ, 1 //Ox52: Selectio
WMC MODE_RAMP_MODE_MOTION , ©, $00008008, 1 //0x63: Register
WMC UQ_UD EXT . B, $0000CDAS, 1 //Ox24:
WMC OPENLOOP_MODE , B, soopeEEEe, 1 //0x1F: Control
WMC OPENLOOP_ACCELERATION ., 0O, sPEEEEE3C, 1 //0x20:
WMC OPENLOOP_VELOCITY TARGET, ©, SFFFFFFFB, 1 //O0x21:
WMC MOTOR_TYPE_N_POLE_PAIRS , ©, $00030004, 1 //0x1B:
WMC PHI_E EXT . B, s0E0pERBE, 1 //Ox1C:
//ADC Registers
WMC ADC T SELECT, ©, $24000100, 1 //OxDA:
i ¥
1:20 — = Modified Insert

22. Continue by clicking




23. ADC configuration page
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24,

values of the ADC.
25.
26.
27.

ADC_10_sclaed and ADC_I1_scaled.

ADC_12_scaled (ADC scaler output)

Let the motor run until you have some data collected on the left graphs 1 that show the raw

Now you can click on the Set button 2 and 3 to automatically compensate the offset (amplitude).
On the right side 4 you’ll see the corrected ADC scaler values.
When scrolling down you’ll see the ADC_I2_scaled output value that is being calculated with

15000
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7500 -+
3750 A

-3750 A

-7500
-11250 4
-15000 -+

ADC_12_scaled




28. Now please check on the bottom of the page that the PWM and ADC _| values are in phase. In
this example PWM_V and ADC_I_V 1 and PWM_WY and PWM_I_WY 2 are not in phase.
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ADC
ADC scale & offset e 5|
-‘ N || = ‘ Update the signs of ADC_ID_SCALE and ADC_11_SCALE until phase voltages and phase currents are in phase.
Phase voltage PWM_UX and ADEJ_UX

| [Focomer |

- ymu
==
ADC_I0_SELECT 'N)(_&D Y 18 delta A0
SSRiGEmaoy
A | | ADC_I_UX_SELECT ux-ﬁ: ﬂdaﬂaﬁ .

Aocmoecs ||

D Export to IMCLPC nost

i_ﬂ_l sintre: O »sertings: O »openLoop: O vancconfip O @ roignalhal: O O e e O O ranalogencoder: O O »summary: O |.Q_|Lﬁ.l
29. By switching the ADC_I_V_SELECT value to ADC_I2 3 and ADC_|_WY_SELECT to ADC_I1 4 we can
fix that mismatch. We mainly set the right ADC value to the right phase.
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ADC scale & offset
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[esanc_moec s B

Phase voltage PWM_WY and ADC| WY
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[ Export to TMCL/PC host

30. Click on

TMCL/PC host - o X
[

File Edit TMCL/PC

12 H ® 000 0% B8 !

[New File 1] EJ

WHMC PWM_BBM_H_BBM L . 0, $00D00585, 1 //Ex19:

//0pen loop configuration

WMC PHI_E_SELECTION ., D, $00000002, 1 //0x52: Select
WMC MODE_RAMP_MODE_MOTION , ©, 508000088, 1 //Ox63: Regist
WMC UQ_UD_EXT , D, $0000GDAS, 1 //0x24:
WMC OPENLOOP MODE ., D, $00000000, 1 //0x1F: Contro
WMC OPENLOOP_ACCELERATION , ©, $0800003C, 1 //0x20:
WMC OPENLOOP_VELOCITY TARGET, ©, SFFFFFFFB, 1 //Bx21:
WMC MOTOR TYPE_N POLE_PAIRS , ©, 308030004, 1 //©x1E:
WMC PHI_E_EXT ., D, $00000000, 1 //0x1C:

//ADC Registers
WMC ADC_I_SELECT, 0, 524000100, 1 //OxDA:

J/ADC scale & offset

WMC ADC_IO SCALE OFFSET, ©, $010067FD, 1 //Bx09:

WMC ADC_I1 SCALE OFFSET, ©, 501006897, 1 //Bx08:

WMC ADC_I SELECT , B, $18000100, 1 //OxOA:

WMC UQ_UD_EXT , D, $DDOOEDAS, 1 //Dx24:

WMC dsADC_MDEC_B MDEC A, ©, 300430536, 1 //0x07: Decimation
< | >
1:27 — = Modified Insert

31. Continue by clicking

32. Digital hall configuration page



33. In this window you just need to follow the instructions. In our example the polarity 1 needs to be
set to have the hall signals match. You can see the effect of toggling the polarity bit at 2
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Digital hall configuration

Digital hall configuration

How to canfigure the digital hail sensor settings?

[aar][ wame ][ voe ]

1)Turn motar in opan loop mode

polarty M polarity

40000
30000
20000

10000
0 o

B Exportto IMCUPC nost J[|| oo

20000

20000

-2D000

e encoder resalution and direction, the motor must be rotated in open loop made with a controlled commutation angle, a defined force, and no laad

Turn motor with default]

~
OPENLOOP_PHI e
HALL PHI_E

2) Direcnion check 3) Polarity and Ofiset chack

Allfine.

vimre: Q) wsemings: O »openLoog: O +apCconfip O O +oignaihali: @ O »aen encoder: O O *ansiogencoder O O summary: O [ORIN°H




[ Export to TMCL/PC host

34. Click on
[} TMCL/PC host — O X
File Edit TMCL/PC
0 2 k| 2 0 @ OO0 @ e !

[New File 1] EJ

WMC UQ_UD_EXT
WMC OPENLOOP MODE

WMC PHI_E_EXT

//ADC Registers

J/ADC scale & offset

WMC ADC_I® SCALE OFFSET,
WMC ADC_I1 SCALE OFFSET,
WMC ADC_ I SELECT .
WHMC UG UD EXT B

WMC dsADC_MDEC_B_MDEC_A,

WMC HALL MODE

WMC MODE_RAMP_MODE_MOTION

WMC OPENLOOP_ACCELERATION
WMC OPENLOOF_VELOCITY TARGET,
WMC MOTOR TYPE_N_POLE_PAIRS ,

-

-

-

K

-

-

-

Iﬂﬂﬂ?ﬂﬂﬂ

-

K

. F01006TFD,
. 301006897,
. Flaeoolos,
. FEE00ODAS,
. 300430336,

oo D o

//Digital hall configuration

ulalalalalalala
$00000DAS,
sppepRRen,
$OREERE3C,
$FFFFFFFE,
s00030004,
sppepRRen,

bttt b b

WHMC ADC T SELECT, ©, $24000100, 1 //OxDA:

1 //0x08:
1 //0x08:
1 //0xBA:
1 //0x24:

//0x63: Regist

From24: ]
SIox1F:
Frox20:
From2l:
FroxlB:
Siox1C:

Contro

1 //0xB7: Decimation

. B, s0E000ee1, 1 //0x33: Mode fo

WMC HALL _PHI_E_PHI_M OFFSET, @, $00000000, 1 //0x37:

[ < ——

1:31 — = Modified

Insert

35. Continue by clicking

36. Digital hall test drive (torque mode) window
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Digital hall test drive (torque mode)

How to drive a motor with digtal hal sensor?

Vaius |

MODE_MOTION

MODE_RAMP na m‘l* l’= 2I ‘ ‘
e
[Wio0_o_swimt 5

MODE_PID_TYPE
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PID_FLUX)

[Fiorur I

0x63 | MODE_FF

PID_TORQUE_ACTUAL
PID_TORQUE_TARGET ‘

4 .
PID_TORQUE_| z 0+
PID_TORQUE_P
sk | | PID_TORQUE_FLUX LTS | a0
PID_FLUX TARGET
1D_TORQUE_TARGET | off] 435 445 455 65 a7 65 95 505 sts 25 535 545 555
- 5500 LA e e e e
VELOCITY_SELECTION phie seiected via Pri ESECECTION 4 19.2
. 194 . B
VELOCITY_METER_SELECTION ddlu\lv!lﬂm!mr Mdﬁu!n‘ -196 W_VELOCITY ACTUAL
198
( [ Exporsto TMCLEC host | {| 200 >
202
-204
208
208
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PID_TORQUE_TARGET

et defaults and siart)

e
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37. Please go in stopped mode 1, select the sequential Pl architecture 2, select phi_e_hal at 3 and
put default Pl parameters into 4
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drive (torque mode)

How to drive a motor with

]
[mooE_ momion
MMODE_RAMP Do.veioa AmpIE s
o | [MODE FF |w "]
MODE_PID_SMP: (- |
MODE_PID_TYPE Sequental Pl archiecture Y
| lenena s

[Pio_FLux Il 6]
PID_FLUXP =
PID_TORQUE | 6

o TorauE I =3

PID_TORQUE FLUX LIMITS | | n27675)

DL TARGET l

VELOCITY_SELECTION Eh sse\amama PH E EF.LECTIDN .
veLociTy_meTeR_seLecTIon | {gefautyelonimeter fixed freguen s
| D exporito TMCuECnast J

Name 1

motor with digital hall sensor feedback in torque mode o the following

gister (54 and 0x56 (def: P=256, 1=256)
RQUE_TARGET=500)

alues.

PID_TORQUE_ACTUAL
PID_TORQUE_TARGET

G bo

®a

EHeLbER

205 215 223 225 245 2558 265 2758 285 295 05 ars azs
L B e e e S e I e e By o B D e B e R B e e 1
PID_VELOCITY_ACTUAL
>
Set defaults and star

BN

vintro: O setuings: O »open Loop: O +oc confis O O +oignainalk O @ saenencoder: O O sansiogencoder: O O ssumenary: O

38. Now you can switch MODE_MOTION 1 to torque mode and start by clicking the “play” button 2.

Note: If the motor does not start turning, increase the current to e.g. 1000 or 2000. But be




careful.
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Digital hall test drive (torque mode)
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Weasel configurator wizard (TMC4671) (7/12)

How to drive a motor with digital hall sensor?

] 1]
[y~ [ |

oot A Fre— J
| of]
Ssgusnal Pl sTenecours 4

63

[

[

MODE_PID_TYPE

20000
PHI_E_SELECTION | (ptechal 4 || 3000
PID_FLU_| : 20000

10000

To start the motor with digital hallsensor fesdback in torque mode do the following:

PID_TORQUE_ACTUAL
PID_TORQUE_TARGET

et defauts and stars

PID_TORQUE TARGET

e

PID_FLUK_P | | 4 L o o4 L b L L
T R B Ao e e e
PID_TORQUE_P -20000
30000
Pib_roRguE rLu s :
-40000
Pib_ToRQUETARGET | 2000
'm o || 1 MR A AT i AL R AT UM S Ay
- 11200 N
VELOCITY_METER_SELECTION | |defauitael meter (fixed frequen 9800 PID_VELOCITY_ACTUAL
[mocrvem o] e
! I} Export 1o IMCLIPC host | 7000
5600
4200
pr
=
o e b by by b b b b b e e b b e b by ey

e
39. Encoder configuration window
TBD

vimro: © wsettings: O »OpenLoop: O +ADC confip O O »Digtaihal: O @ rA8N

coter: O O ranalogencoder: O O rsummary: O

eJlel

40. When finished and on the last page you get a summary of the register settings of the TMC4671

41.



