AN53: TMC4671 Pl Tuning

Document Revision V1.3« 2020-Dec-17

This appnote describes how to tune the TMC4671 using the USB-2-RTMI (RTMI) step by step. The
interface converter is based on the FTDI FT4222H USB High-Speed to SPI bridge. It is USB bus pow-
ered and offers the same tiny 10pin connector with same pin assignment for the RTMI interface as
can be found on the TMC4671 evaluation board. The TMCL-IDE provides the software tools to tune
the different control loops. Thus the RTMI is an easy way to debug, monitor, and tune the motor
drive in system.
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1 Items used

+ BLDC motor (e.g. QBL4208)
TMC4671-EVAL-Kit

+ USB-2-RTMI
Note: USB-2-RTMI_V20 includes galvanic isolation and only works with TMC4671-LA

TMCL-IDE (3.0.24)

+ Power Supply (24V)
* Micro-USB Cable
* Mini-USB-Cable

, T!éim.!-"'ifi |

Figure 3: USB-2-RTMI v20 with galvanic isolation
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2 USB-2-RTMI Driver Installation

Refer to USB-2-RTMI guide for driver installation.

3 Basic Configuration

Before using the Tuning tool, the TMC4671 must be configured (e.g. with the TMC4671 Wizard).

#: Wizard Po . x
@ SPI4/FT4222H/id1/USB-2-RTMI [M1] Weasel configurator wizard (TMC4671) (8/8)
Summary
Seriptfor TMCL/PC host | C-Code
WP FIRRCT ¢ I FoF T
WHC PWM_BBM_H_BBM_L , 0, 500000505, 1
WHC PWM_SV_CHOP, 0, $00000007, 1

// ADC configuration
WMC ADC_I_SELECT 0, 518000100,

. 1
WMC dsADC_MCFG_B_MCFG_A, 0, $00100010, 1

WMC dsADC_MCLK_A, 0, $20000000, 1

WMC dsADC_MCLK B, 6, 500000080, 1

WMC dsADC_MDEC B_MDEC_A, 0, SO14EQ14E, 1

WMC ADC_IO_SCALE_OFFSET, 0, $018@5CCF, 1

WMC ADC_T1_SCALE_OFFSET, O, $01005D51, 1

// ABN encoder settings

WMC ABN_DECODER_MODE, 6, 500001080, 1
WMC ABN_DECODER_PPR , 6, $00009C40, 1
WMC ABN_DECODER_COUNT, 0, $00002075, 1
WMC ABN_DECODER PHI_E PHI_M_OFFSET, ©, $09000000, 1

/7
WMC PID_TORQUE_FLUX_LIMITS, 0, $000003E8, 1

// PI settings
WMC PID_TORQUE_P_TORQUE_T, 0, $01000100, 1
WMC PID_FLUX_P_FLUX_I, 0, 01000100, 1

// ===== ABN encoder test drive =====

// Init encoder (mode o
WMC MODE_RAMP_MODE_MOTION, ©, $00000008, 1
WNC ABN_DECODER_PHI_E_PHI_M_OFFSET, 6, $08000000,

WNC PHI_E_SELECTTON, 8, $00000001, 1
WNC PHI_E_EXT, 0, $00000000, 1
WNC UQ_UD_EXT, 0, $000007D0, 1

TCKS, 1, 1000
WNC ABN_DECODER_COUNT, ©, $80000000, 1

// Feedback selection
WMC PHI_E_SELECTION, 0, $00000003, 1
WNC VELOCITY_SELECTION, ©, $00080009, 1

// Switch to torque mode
WMC MODE_RAMP_MODE_MOTION, O, $00000001, 1

// Rotate right
WMC PID_TORQUE_FLUX_TARGET, 0, $O3E80000, 1
WALT TICKS, 1,73000

// Rotate left
WNC PID_TORQUE_FLUX_TARGET, 0, $FC180000, 1
WATT TICKS, 1, 3000

// Stop
WMC PTD_TORQUE_FLUX_TARGET, 0, $00000000, 1

(aBNencoder g (B export to TMcLEC host] (B8 expore script| (B export ccode]

sintro: O »sec

O »opentoop: O +40C confis O O »aBNencoder: © O »summary: @

Figure 4: TMCL-IDE: TMC4671 Wizard - configuration code

After the basic configuration the parameters can be saved as C-Code or .tpc script

* In the summary choose ABN encoder

+ Export the Script with Export Script

4 Tuning

4.1 Overview

The TMC4671 supports three main modes of operation, which requires Pl Tuning:
*+ current mode
* velocity mode

*+ position mode
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~ A ID1: USB-2-RTMI [1.0]
Register browser
Datagram mode

~ [l Axiso

v Settings
#4| selectors

sea

| Limits

oed
#4| P1 control
v Control mode
Torque mode
#| velocity mode
#| Position mode
~ Info graph and display
.71 Torque graph
7 Velocity graph
.71 Position graph

~ Tuning
.71 Biguad tuning
o7 Torque/Flux tuning
71 Step response

71 Bode plot

s ICscope

Figure 6: Pl tuning tools

Each mode can be tuned by the PI controller for every loop. Below picture gives an overview:

Position Controller Velocity Controller Current Controller
X v ITorque,target
target Target > U
i q
- PIPosmon > PIVeIocily PITorque ——
3
=) S
Xactual Vactual
0 ’ Uq < S
velocity Plewx  +—»
Y i i
Xactual
ITorque,actuaI
IFlux,aclua\

Figure 5: TMC4671 control loops

The loops are cascaded, thus the outer loops depends on the tuning of the inner loop. For example the
current loop must be tuned before using the velocity loop. For the tuning of every PI controller tuning
tools are provided. In the TMCL-IDE they can be accessed through the Tuning group

The Tuning tools are:

+ Biquad tuning: Alows to filter the target values of each loop

+ Torque/Flux tuning: Identifies the Pl parameters by open loop step response
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+ Step response: Closed Loop step responses for all control loops
* Bode plot: Bode plot of all loops

+ IC scope: Monitoring, Read out of register values with PWM frequency

4.2 Limits

+ Before using the Tuning tools itis recommended to set the output of the control voltage to maximum
(set the PIDOU_UQ_UD_LIMITS = 32767). For stepper the default value is sufficient.

+ Set on the PID_TORQUE_FLUX_LIMITS to limit the maximum current of the aplication.
+ Set PID_POSITION_LIMIT_HIGH = 2 147 400 000 (don't exceed maximum register value)
+ Set PID_POSITION_LIMIT_LOW = -2 147 400 000

Limits @TMC4671-EVAL <1st Axis® (Landungsbru.| 5z |

Limits

| Adr | | Name | | Value
loxsp] [PIDOUT_UQ_UD_LIMITS || 32767
[ox5E ] [PID_TORQUE_FLUX_LIMITS | | 4000

[ox5F | [PID_ACCELERATION_LIMIT | [ 2147400000

[ox60| [PID_VELOCITY_LIMIT || 10000

[ox61 | [PID_POSITION_LIMIT_LOW | [-2 147400000

ETC ST (ST T R

[0x62 | [PID_POSITION_LIMIT_HIGH | [ 2147400000

Reload Export Import

Figure 7: TMCL-IDE: TMC4671 Limits

5 Tuning of the current loop

The current loop consists of two control loops: One for torque (current) and one for flux (current). Both
loops can be tuned with the RTMI tools Torque Flux/Tuning tool and Step response tool. The Torque/Flux
tool determines the Pl parameters in an open loop mode. While the Step response tool is used to analyze
the closed loop behaviour.

5.1 Torque/Flux Tuning Tool (Open Loop)

The Torque Flux/Tuning tool will automatically determine start values for the Pl parameters by identify-
ing the motor parameters. With this procedure, voltage steps are set and the current step response is
evaluated. Only the flux current is stimulated for minimal/no motor movement in this tuning phase. It is
recommended to use a PWM frequency of 25kHz for best identification results.

1. Connect the RTMI to the TMC4671-EVAL and the PC.
2. Open the Torque/Flux Tuning Tool.
3. Start the identifcation by using the Start button.
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' Torque/Flux tuning @USB-2-RTMI [Ac] <15t motor of 1>: SPI4-1d 1 ==

Step response for torque-q direction
* Targetvalue * Response value * |dentified System = Data selection
1000
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285
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=)

-142
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-857
-1000
0

100 200 300 400 500 600 700 800 900 1000
Measurement tick

Stimulation [ Manual ¥ range System identification P/l dimensioning

Startvalue:
End value: | 1000
Save measurement Min: 0l=
Samples: L(approx): —— [mH]

( | o = Selected data: | 40% |+
| start Stop Max: | 500 3

Pl-Type: =

Set P/l parameter
for flux and torgue

R(approx): —-— [Ohm]

Figure 8: Configuration and start of the step reponse
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4. The response of the current on the voltage step is shown as well as the identified system

Torgue/Flux tuning @USB-2-RTMI [Aa] <1st motor of 1> : SPI4-1d 1 =R
Step response for torque-q direction
* UQ_EXT = PID_TORQUE_ACTUAL -+ Identified System = Data selection
2000 r—— 7 o s
LY LNy LN
1857 . s
* -&v"' -
1714 * . *
b e
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Measurement tick
Stimulation [ Manual Y range System identification P/l dimensioning
Start value: e . s Selected data: | 40% [ Damping: | 0.707 5 E :
[ o8 o e e ping PLType paralel
Endvalue: | 100015 — R(approx): 036 [Ohm] Set P/I parameter
s t . =
N [save mezsureman| i [ 03] | (approx: 052 (mH) : [for flux and torque|

Figure 9: first step response

5. Check and adapt the Manual Y range for a better view

6. Re-ldentify the system using the Start Button. After the motor has been aligned it will give better
identification results.

7. Adapt the window of the Selected Data if needed. In most cases the default settings will give good
results.

+ The dynamic step response should be covered in the identification area (dashed frame).
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" Torque/Flux tuning @USB-2-RTMI [Ac] <1st motor of 1=: SPI4-1d 1

Step response for torque-q direction
* UQ_EXT + PID_TORQUE_ACTUAL * Identified System — Data selection

4000
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Start value: t — ) —
End value: P— R{approx): 0.36 [Ohm]
samples: LM Lo L (approx): 0.62 [mH]

Selected data: | 40% 5 Damping: | 0.70 Pl-Type: parallel

Set P/l parameter
for flux and torque

Figure 10: adapted Y range
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' Torque/Flux tuning @USB-2-RTMI [Ac] =15t motor of 1> : SPI4-1d 1 @
Step response for torque-q direction
« UQ_EXT +PID_TORQUE_ACTUAL - Identified System = Data selection
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Figure 11: Step response: identification area good

+ In figure 11 the step response is not fully covered. Identification area is too small.
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Figure 12: Step response: identification area too small

+ In figure 12 the Identification area is too large
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Torque/Flux tuning @USBE-2-RTMI [Aa] <1st motor of 1> : SPI4-1d 1 EER
|
Step response for torque-q direction |
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Samples:
Figure 13: Step response: identification area too big

8. Write the identified Pl values to the current controller

+ Use the following button to update the Pl values to the current controller

Set P/l parameter
for flux and torque

* Note: For very high values identified I-parameter 0 is displayed. In this case the | parameter
needs to be set manually (e.g. to 18000).
+ Confirm the new PI values with the Pl control box. The Reload button may have to be used to

update the values.
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Pl control @USE-2-RTMI [Aa] <.. ||
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Figure 14: Pl-Parameters
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5.2 Step Response Toolbox (Closed Loop)

In previous step the Pl parameters of the Torque/Flux current loop were determined in open loop mode.
Now the Step response tool will be used to analyze the closed loop behaviour.

1. Open the Step response toolbox

' Step response @USB-2-RTMI [Aa] <1st motor of 1> : SPI4-Id 1 =R

Step response
* Targetvalue * Measurement 1

1000
857
714
571
428
285
142

Value
=)

142
-285
428
-571
714
-857

-1000
0 100 200 300 400 500 600 700 800 900 1000

Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings Step control
Target value Measurement 1 . . P .
( I f Sampling rate: |PWM.'32 ;l Start value: ‘Start| Stop
0x64: PID_FLUX_TARGET * ‘ ‘ 0x69: PID_FLUX_ACTUAL +* — - —
* ok Number of samples: | 1000 2] | Endvalue: [ 4000[3]  save
Reg: 0x64 Mask: 0x0000FFFF Shift: 0 Reg: 0x69 Mask: 0x0000FFFF Shift: 0

Figure 15: step response toolbox

2. Configure the settings for flux current controller

+ Target value: 0x64 PID_FLUX_TARGET

* Measurement 1: 0x69 PID_FLUX_ACTUAL
+ Sampling rate: PWM

+ Under Step Control

Set Start value =0
Define end value for the flux target current (here 4000)

+ Start the step response with the start button

3. The actual current and the target current is shown.
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Step response @USB-2-RTMI [Aa] <1st motor of 1> : SPI4-Id 1 =1 ]

Step response

* PID_FLUX_TARGET « PID_FLUX_ACTUAL

10000

5000 %
4

Value

0 100 200 300 400 500 600 700 800 900 1000
Measurement tick

Target value and Measurement 0 Measurement 2 and 3
Sampling settings Step control
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( || y Sampling rate: Startvalue: ‘Start‘ Stop
0x64: PID_FLUX_TARGET o |Dx69: PID_FLUX ACTUAL . ——
: : Number of samples: Endvalue: | 4000 2] | save |

Reg: 0x64 Mask: 0x0000FFFF Shift: 0 Reg: 0x69 Mask: 0x0000FFFF Shift: 0 D

4. Reduce the sample rate for better view

Step response @USB-2-RTMI [Aa] <15t motor of 1> : SPI4-1d 1 =R

Step response

+ PID_FLUX_TARGET + PID_FLUX ACTUAL

10000
}
]
] [
3 . [
2 so00 LT ;
> ., [
R R R R R R L R R T T T PP
. ]
0+ ;

0 10 20 30 40 50 60 70 80 90 100

Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings Step control -
Target value Measurement 1 . . . . 1
f ) ( ) Sampling rate: ‘P’WM ;‘ Startvalue: |Srart| Stop [
0x64: PID_FLUX_TARGET ;‘ |Ux69: PID_FLUX_ACTUAL + — p—— |
; ; Number of samples: 100 |2 End value: | save |
Reg: 0x64 Mask: 0x0000FFFF Shift: 0 Reg: 0x69 Mask: 0x0000FFFF Shift: 0 e

5. Optimise the behaviour by varying P and |
6. Repeat from step 2. With PID_TORQUE_TARGET and PID_TORQUE_ACTUAL

Terms of delivery and rights to technical change reserved.

©2020 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, Germany
Download newest version at www.trinamic.com )-\


https://www.trinamic.com

AN53: TMC4671 Pl Tuning « Application Note « Document Revision V1.3« 2020-Dec-17 15728

5.3 Bode Plot

The Bode Plot tool is used to check the current loop dynamics.

1. Open the Bode Plot tool

2. Select 1: torque control loop

3. Start the measurement with the Start button (leave other settings at default)
4

. Comparison example: Two below measurement show the bode plots with tuned and untuned/de-
fault Pl parameter.

5. Default Pl parameter

[ pi control @USE-2-RTMI [Aq] <[uizm)

Current control

.
Velocity control

Position cantrol

Adr Name
PID_POSITION_|
oA PID_POSITION_P

‘:Re\oad:‘ | ExpnrtJ ‘:Impor't]

Figure 16: Pl parameter
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- Bode plot @USB-2-RTMI [Ad] <1st motor of 1=: SPI17-I1d 1
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Figure 17: Bode diagram with default P/

6. Tuned Pl Parameter
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Figure 18: Pl parameter
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' Bode plot @USB-2-RTMI [Ad] <15t motor of 1> : SPI17-1d 1
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Figure 19: Bode diagram with tuned P/

7. The tuned Pl control system has a higher cutoff frequency and thus higher dynamics.
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6 Tuning of the velocity loop

In this section the velocity loop will be tuned. Precondition is the previous tuning of the current controller.
To tune the velocity Pl parameter the step response tool (closed loop) will be used.

1. For the following steps PHI_E_SELECTION (0x52) should not be set to phi_e_openloop. Set manually
or go through TMC4671 wizard for correct configuration.

2. For ease of use the velocity unit will be altered. In the selectors toolbox VELOCITY_SELECTION (0x50)
is changed from phi_e_selection to phi_m_abn.

Selectors @USBE-2-RTMI [Aa] <1st motor of 1>:SPl4-I1d 1 |E|
Selectors

‘ Name | | Value |

0x52 | | PHIE_SELECTION [phi_e_abn .|

|

" | [VELOCITY_METER SELECTION | (geaue ]

‘ POSITION_SELECTION | [phi_e selected via PHI_E_SELECTION .|

‘MODE_MOHON | [torque_mode 0|

‘ MODE_RAMP | [no velocity ramping l|

0x63| [MODE FF || aisabled 3

[MODE_PiD_smPL || 0f[F]

[oDE PiD TP |(paralel o s

] ‘ADC_ID_SELECF | [A[}E.[}_ID_RAW (sigma delta ADC) ;|

‘ADC,H _SELECT | [ADGD_H_RAW (sigma delta ADC) .|

0x0A ‘ADCJ_UJ(_SELEU | |:UX=ADC_IO(defauIt) o|

‘ ADC_I_V_SELECT | [v=aDc 12 M

‘ADC_I_WY_SELECI’ | |Wv - ADC_I1 ;\|

[Reload] [Export:‘ [Impor‘t:‘

Figure 20: Selectors: Velocity Unit

+ phi_m: mechanical velocity is displayed and calculated in rpm

* phi_e: electrical velocity is displayed and calculated in electrical periods

3. Setting of the Pl value for the velocity loop

Start with a low P value; set1=0

+ 0x58: PID_VELOCITY_I=0
* 0x58: PID_VELOCITY_P =100
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(2] P control @USE-2-RTMI [Ac] <. 5]
Current control
| Name || Value |
[Pio_TorQUELL |[ 12858 [£]
0X56 —
[Pio_TorRQUEP || ses 3]
[PoFuxa |[128s8 F]
0x54 =
[PoFuxe  |[ se6lz]
Velocity control
| Name || Value |
[pio_verocmvr | | 0[]
0x58 =
[Pio_veLoarv e || 1ogE]
Position control
| Name || Value |
[Pio_PoSITION I | 0[]
OX5A —
[Pio_PosimionP][  0lZ]
|Reload| ‘E)_gport\ 'Inj!port\
Figure 21: Pl Values
4. Open Step Response tool box
5. Use the example configuration Step Response
6. Start the Step response with the Start Button
' Step response @USB-2-RTMI [Aa] <1st motor of 1> :SPI17-1d 1
Step response
* PID_VELOCITY_TARGET « PID_VELOCITY_ACTUAL
1600
1400
1200
1000
3
; 800
600
400
200
ol
0 98 197 296 305 494 582 691 790 889 988
Measurement tick
Target value and Measurement 0 Measurement 2 and 3
Sampling settings Step control
Target value Measurement 1 B . P
E . E ~ i 3 Start value: Start| &
0x66: PID_VELOCITY_TARGET .J {OXGA. PID_VELOCITY_ACTUAL + S s Lw AVl L_J EK
. d value: _:
Reg: 0x66 Mask: 0xFFFFFFFF Shift: 0 Reg: 0x6A Mask: 0xFFFFFFFF Shift: 0 Number of samples: Endvalue oo tij

Figure 22: PID_VELOCITY P =100
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7. Gradually increase the PID_VELOCITY_P until the actual velocity (PID_VELOCITY_ACTUAL) reaches 50-
75% of the target velocity (PID_VELOCITY_TARGET)

" Step respanse @USE-2-RTMI [Aa] <1st mator of 1>: SPI7-1d 1 =]

Step response

+ PID_VELOCITY_TARGET » PID_VELOCITY_ACTUAL

1600
1400
1200

1000

800

Value

600

400

200

0 100 200 300 400 500 600 700 800 900 1000
Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings Step control
Target value Measurement 1 B N B .
; (¢ ) Sampling rate: [pwmiza o | startvalue: (start| stop
|ox66: PID_VELOCITY_TARGET o] |ox6A:PID VELOCITY ACTUAL . p——
Number of samples: _1 000 (= End value: 1000 |5 Save
Reg: 0x66 Mask: 0xFFFFFFFF Shift: 0 Reg: 0x6A Mask: 0xFFFFFFFF Shift: 0 - l—l

Figure 23: PID_VELOCITY_P = 300
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. Step response @USB-2-RTMI [Aa] <1st motor of 1= : SPI17-1d 1 [=@][=]

Step response
« PID_VELOCITY_TARGET + PID_VELOCITY_ACTUAL

1600
1400
1200

1000

800

Value

600

0 99 199 299 399 499 599 699 799 899 999
Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings Step control
Target value Measurement 1

IS Y Sampling rate: {P’WMIE.Z .\ Startvalue: L@ Stﬂ

0x66: PID_VELOCITY_TARGET .J {OXGA. PID_VELOCITY_ACTUAL &

Number of samples: -m End value: 1000 [Z] [ save |
Reg: 0x66 Mask: OXFFFFFFFF Shift: 0 Reg: 0x6A Mask: OxFFFFFFFF Shift: 0 - L—J

Figure 24: PID_VELOCITY_P = 500

8. Increase PID_VELOCITY_| until the actual velocity reaches the target velocity

' Step response @USB-2-RTMI [Aa] <1st motor of 1> :SPI17-1d 1

Step response
« PID_VELOCITY_TARGET = PID_VELOCITY ACTUAL

1600
1400
1200

1000 —

800

Value

600
400

200

0 100 200 200 400 500 600 700 200 900 1000
Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings Step control
Target value Measurement 1

) . Sampling rate: {waaz + startvalue:{@ stop

0x66: PID_VELOCITY_TARGET .J {OXGA. PID_VELOCITY_ACTUAL +

Nurnber of samples: -m End value: 1000 5] [ save
Reg: 0x66 Mask: 0xFFFFFFFF Shift: 0 Reg: 0x6A Mask: 0xFFFFFFFF Shift: 0 - L—J

Figure 25: PID_VELOCITY =10
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Selactors @USB-2-RTMI [Aa] <15t motor of 1> : SPI4-Id 1 (=3
Selectors

| Name ‘ ‘ Value ‘
|DHLE,SELECI’ION ‘ "phi_e_abn "‘
p— |VEL0CITY75ELECI’ION ‘ phi_m_abn 4
0x50 > 5
VELOCITY_METER_SELECTION | gefauft .

I 0x51| [POSITION_SELECTION [phi_m_2bn &\I
MODE_MOTION “velocwty,mode OJ
|MODE_F“-AMF' ‘ ‘:novelm:wty ramping o:‘

0xe3 | [MODE 7 | disablea .
[MoDE_PiD_smPL | off]
[MoDE_PID_TYPE |(paralieii N

] |ADCJU,5ELEU ‘ |ADCSD_10_Raw (sigma deita ADC) 4|
|ADCJ1,SELECF ‘ {ADGDJLRAW{Sigma delta ADC) .}

0x0A |f’\'3CJ,UX,SELECr ‘ ‘4UX=ADC_I0(default) .1
|ADC,LV,SELECI’ ‘ \‘v - ADC_I2 .‘\
|ADC_I_WY_SELECI’ ‘ [wy=ADC 11 4

‘:Re\oad:‘ {B(port] [Impor’t:‘

Figure 26: Selectors: Position unit

7 Tuning of the position loop

In this section the position loop will be tuned. Before the position loop can be used, the current loop and
the velocity loop needs to be tuned. For the tuning the step response tool is used. After that the motion
controller of the Landungsbruecke evaluationboard is used to increase dynamics and accuracy.

7.1 Step Response Tool

1. Set POSITION_SELECTION to phi_m_abn
Thus one mechanical revolution equals 65535 counts

2. Set starting value for Pl Position controller

+ PID_POSITION_I = 0 (for most setups it is recommended to set to this to 0)
» PID_POSITION_P =10
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[ Pi control @USE-2-RTMI [Aa] <@

Current contral

) prororaer ]
—Porou[mmE

0x54

| P [ =E

Velocity control

| Peveoe ] o]

Position control

[Re\oad‘ |Export ‘:Import‘

0x56

0x5A

Figure 27: Pl parameter

3. Open the step response tool

4. Start the step response with Start button. The Motor will move back and forth the end value. In this
case 1 revolution.

5. No motor movement with PID_POSITION_P =10

' Step response @USBE-2-RTMI [Aa] <1st motor of 1> : SPI17-1d 1 =R

Step response
+ PID_POSITION_TARGET + PID_POSITION_ACTUAL
100000
30000
80000

70000

60000

50000

Value

40000

30000

20000

10000

0
0 100 200 300 400 500 600 700 800 900 1000

Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings Step control
Target value Measurement 1 . . . .
] [ ; Sampling rate: [Pwmiz2 |  startvalue: start| stop
0x68: PID_POSITION_TARGET | |ox6B:PID_POSITION ACTUAL N h p——
' : Number of samples: _WUUU > end value: 65535 [+ | save
Reg: 0x68 Mask: 0xFFFFFFFF Shift: 0 Reg: 0x6B Mask: 0xFFFFFFFF Shift: 0 - Q

Figure 28: PID_POSITION_P =10

6. Increase P parameter: PID_POSITION_P = 50
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. Step response @USB-2-RTMI [Aa] <1st motor of 1= : SPI17-1d 1

Step response
* PID_POSITION_TARGET = PID_POSITION_ACTUAL
100000
50000
80000

70000

60000

50000

Value

40000
30000
20000
10000

0

Measurement tick

Target value and Measurement 0 Measurement 2 and 3

Sampling settings
Measurement 1
P \ Sampling rate:
{0}(63: PID_POSITION_ACTUAL +

Target value

0x68: PID_POSITION_TARGET + J

Reg: 0x68 Mask: 0xFFFFFFFF Shift: 0 Reg: 0x6B Mask: 0xFFFFFFFF Shift: 0

0 100 200 300 400 500 600 700

Mumber of samples:

1000

Step control

{P’WMI?.Z .|,‘ Startvalue: LEJ Stop
End value: L Save 1

Figure 29: PID_POSITION_P = 50

7. Incrase P parameter: PID_POSITION_P = 100

.7\ Step response @USB-2-RTMI [Aa] <1st motor of 1> : SPI17-1d 1

Step response
« PID_POSITION_TARGET + PID_POSITION_ACTUAL
100000
90000
80000

70000

60000

50000

Value

40000
30000
20000
10000

0
0 100

Measurement tick

Target value and Measurement0 ~ Measurement 2 and 3
Sampling settings
Measurement 1
v y Sampling rate:
{OXGB: PID_POSITION_ACTUAL +

Target value

0x68: PID_POSITION_TARGET & J

Reg: 0x68 Mask: OxFFFFFFFF Shift: 0 Reg: 0x6B Mask: OxFFFFFFFF Shift: 0

200 300 400 500 600 700

Mumber of samples:

800 500 1000

Step control

{waaz m startvalue:{@ stop
End value: LT

Figure 30: PID_POSITION_P =100
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8. Pl configuration after tuning.

7.2 Motion Controller

Pl control @USB-2-RTMI [Aa] <. &3 |

Current contral

™| PoToraver [ s f]
_|Foroa (sl

Velocity control

| PEveeei ] o]

Position control

| Porosmon] o

0x5A

[Re\oad‘l [Export“ \jlmportJ

0x56

Figure 31: Pl parameter

The Landungsbrcke features trapezoidal ramps which can be used with the TMC4671-EVAL. The TMC4671
does not integrates a motion controller.

1. Connect the Landungsbruecke to the PC with a Mini USB cable

2. In the Landungsbruecke dialog (not available USB-2-RTMI) open Position Mode toolbox

3. Enable Velocity Ramp and limit acceleration

Position mode @TMC4671-EVAL [Aa] <15t motor of 1= (Landungsbruecke) : C. gt

Paosition control Ramp settings
Actual pos. 658000 Max velocity [rpm] 4000 5

‘Clearl Clear on NULL Enable velodty ramp
Target pos. 655350 {5 Accel[rpm/s] 2000 |3 «

Relative to |ac[ua\ position 'I

‘C’ abso\u[e]l_c_’ re\ative‘[ u smp‘l

4. The motor is turned 10 revolution with the position mode toolbox

+ Clear the position

+ Set Target pos. = 655350
+ Start the movement with the Absolute button
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0

630000 -

560000

490000

420000 +

350000 -

280000 -

210000 -

140000 -

70000 <

! Position graph @USB-2-RTMI [Aa] <15t motor of 1> : SPI17-1d 1

/i
f

PID_POSITION_ACTUAL
PID_POSITION_TARGET

IIIIJJ_I_I/IIIIIIIIIIIIIIIIIIIIII

14s 153 165 17s 18s

19s

b. Increase the acceleration

Figure 32: Movement with ramp

[#] Position mode @TMC4671-EVAL [Ac] <15t motor of 1> (Landungshruecke) 1C |

Pasition control Ramp settings

Actual pos. 655424 7 Max velodity [rpm] 4000 [5]
[C_\E.lar‘ [glearon NQL_L_‘ Enable velodty ramp
Target pos. 655350 [ Accel [rpm/s] 10000 2] b

Relative to |actual position +

LC' abso\utej‘:c_’ felat\'vej{. stapj

Figure 33: Movement with ramp

7. Repeat the motion of 10 revolution with MC and increased accelerations settings, the Pl values can

be adapated as well:
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Position graph @USB-2-RTMI [Aa] <1st motor of 1> :SPI17-1d 1 | =]
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8. Pl configuration after adding motion controller:

i e 53 |
Pl control @TMC4671-EVAL [A.] 52 |

Current control

e
PID_TORQUE_|
PID_TORQUE_P
PID_FLUX_|
PID_FLUX P

0x56

0x34

596 |+
Velocity control
o] e
PID_VELOCITY_|
0x58
PID_VELOCITY_P

Position control

| Feromon ][ B

0x5A

\Geiozg) (Expen) (meeg)

Figure 34: Pl parameter

9. Save PI configuration with the Export option

8 Summary

The RTMI interface of the TMC4671 provides a powerful option to tune the IC. Fast realtime access to
the IC, allows tuning of the control loops and monitoring. The TMCL-IDE provides ready to use software
tools for in system developement. For more details on the TMC4671 and how to use, please look into the

TMC4671 datasheet.
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9 Revision History

Version | Date Author | Description

V1.0 25.04.2019 | JPX Inital version

v1.1 03.05.2019 | ED, JPX | refinement

v1.2 24.06.2019 | JPX changed header, changed PID_POSITION_LIMIT_X values
v1.3 16.12.2020 | JPX RTMI_20, limits graph, clarification on 6.1
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