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V1.0 iRAS

Parameter |Description Setting | Comment

stst This flag indicates motor stand still in each operation | (/1 Status bit, read only
mode. This occurs 2°20 clocks after the last step pulse.

TPOWER This is the delay time after stand still (stsf) of the |0_255 |Time in multiples of 2*18

DOWN motor to motor current power down. Time range fax
is about 0 to 4 seconds.

TSTEP Actual measured time between two 1/256|0. Status register, read only.
microsteps derived from the step input frequency | 1048575 | Actual measured step time
in units of 1FCLK. Measured value is (2*20)-1 in in multiple of tqy
case of overflow or stand still

TPWMTHRS | TSTEP = TPWMTHRS [+ Setting to control the

- stealthChop PWM mode is enabled, if|1048575 | upper velocity threshold
configured for operation in
- dcStep is disabled stealthChop
TCOOLTHRS | TCOOLTHRS = TSTEP = THIGH: 0. Setting to control the
- coolStep is enabled, if configured 1048575 | lower velocity threshold
- stealthChop wvoltage PWM mode s for operation with
disabled coolStep and stallGuard
TCOOLTHRS = TSTEP
- Stop on stall and stall output signal is
enabled, if configured
THIGH TSTEP < THIGH: 4 3 Setting to control the

- coolStep is disabled (motor runs with
normal current scale)

- stealthChop voltage
disabled

- If vhighchm 15 set, the chopper switches
to chm=1 with TFD=0 (constant off time
with slow decay, only).

- If vhighfs s set, the motor operates in
fullstep mode and the stall detection
becomes switched over to dcStep stall
detection.

PWM  mode s

1048575

upper threshold for
operation with coolStep
and stallGuard as well as
optional high velocity step
mode

TRINAMIC ' [H
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v Control mode

2
Position mode

ity 5041-EVAL [Ad] <1st motor of 2> L =] [ Mot e [Aa] <1st motor of d1

(O Detached (@) Online

TMCL axis parameters System parameters

Velocity: [ppt] 50119
Acceleration: [ppta?] 2512

Motor Full steps / rev.:

System Clock [MH2)
v Infograph Microsteps: 8(256x)
w4 Velocity graph 104 105 qge Physical units

108
2™ Position graph 1oL \ / / 10°
1 00 \ / Fullstep Frequency [ppsl: 186.70782 | Acceleration fullsteps [pps?l: [
\ Velocity [RPST:

093354 | Acceleration (RPSI: L
[alad coostep & siaiuara Velocity RPMI: Acceleration [RPM/S]: [
x e e s || | Time to reach velocity isi: 016345
[ | Fuisteps o reach velocity: 15.25827
Motor player
v @ Motor2 Microsteps to reach velocity: 350611652
< (el [ -} ] [ Lo} ] { L J [ " ] [ = ] e register content will start a motion.
#1b | verocty moce T
Y] hd K3
N
7-2: 5l Coolstep & StallGuard
A TMCL-IDE 3.0.25.9 - [Register browser (TMC5041) @TMC5041-EVAL [Aa] <1st motor of 2> (Landungsbruecke) : COM10-Id 1] - >

Z . - X R v e

e 1 — = — vl
Comneded deies =l e e comorar E=E |
W Datagram mode

“ Direct mode

Device

CoolStep & StallGuard

actual motor current s time: 23

stallGuard value vs. time: 144
velocity: 50 119 30 %60
P Fiags view s
2 832
2704
v Control mode 0 640
155
Vel d 16512
eocty mode
4 4
14| Posiion mode 34
ase
0 320
v Infograph 5 256
6 192
e SNV ANSIINADY _ WP AUIY, IR, [ TS, PO U PSR Y S SRy SR G S
1 Velocity graph s
25
74 Position graph 00
E Motion calculator
StallGuard2  Coolstep  TMCL
x T, [] itter enable
m < >
Use right mouse button for advanced functions 95 cmds)

Stallguard ¥ J5 K2 22 B B — /M0 AN ) I BBURK . @i Stallguard threShold (77 17 #%
COOLCONF_M1 06D sgt) iZH{H BN R R, 2 HUE B RIS DX 5t /2 Sh 5T

TRINAMIC 1 [E  gao@trinamic.cn 15
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V1.0 iRAS

WK A3 2 J5, Stallguard Value B{E25 4k, VE . Stallguard Value(Z7 17 2% Ox6F SG_RESULT )

(1) IR A BB RN S R AR AR J A e, g A2 A 78K IR, Stalllguard value HUE Bd% 1R

F 0, Stallguard threshould EU{E /NI {5 #R R B Stallguard Value #4%1T T 0 ;

2RI Stallguard Velocity threshold B AR 0 IR %, T A56H 2k K 2I{E Stallguard
value %51 0 [, ULBSEIHLZ B EE L.

Stallguard Velocity threshold #2J& 31 [H 2145 1 ¥ B IR 2408 58 R Jb ok A T8 P38 T g 4%
Stallguard Value=0 I BIHLA =1k, SMENA1F 1L,

SatllGuard Velocity Threshold H VCOOLTHRS 0x31 Hit &

StallGuard2 Coolstep TMCL

D Filter enable Egﬁ Eé’jg

Run current: 23 [0..31] : 0.585192 A

StallGuard threshold: 2l

=T

StallGuard velocity threshold:

Restart motor: ﬁ Reset Stall

Standby current: 0.0975319 A

TRINAMIC [ gao@trinamic.cn 16
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StallGuard2 Coolstep TMCL

[] Filter enable

Run current: 0.585192 A

stallGuard threshald:

StallGuard velocity threshold: 1 ood[pp

Standby current: 0.0975319 A

AP 181 (0..8388096)
Restart motor: ﬂ Reset Stall ‘

Function I

007F FFFF

VCOOLTHRS_MZ (x3l

VCOOLTHRS W 007F FFFF 0lppt]
Unsigned

| of £71Y clocks
This is the lower threshold velocity for switching on smart
energy coolStep and stallGuard feature. Further it is the upper
operation velocity for stealthChop. (unsigned)

Set this parameter to disable coolStep at low speeds, where it
cannot work reliably. The stop on stall function (enable with
sg_stop when using internal motion controller) becomes
enabled when exceeding this velocity. It becomes disabled
031 again once the velocity falls below this threshold. This allows
w 0xE1 23 | VCOOLTHRS | for homing procedures with stallGuard by blanking out the

stallGuard signal at low velocities (will not work in
combination with stealthChop).

VHIGH = |VACT| = VCOOLTHRS:
- coolStep and stop on stall are enabled, if configured
- Voltage PWM mode stealthChop is switched off, if
configured

(Only bits 22.8 are used for value and for comparison)

TG 2% %A 1) dataSheet

TRINAMIC 1 [E  gao@trinamic.cn 17
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V1.0 iRAS

Parameter |Description Setting | Comment

SGT This signed value controls the stallGuard2|0 indifferent value
threshold level for stall detection and sets the
optimum measurement range for readout. A lower
value gives a higher sensitivity. Zero is the
starting value working with most motors. A higher
value makes stallGuard2 less sensitive and
requires more torque to indicate a stall.

sfilt Enables the stallGuard2 filter for more precision of |0 standard mode
the measurement. If set, reduces the measurement |1 filtered mode
frequency to one measurement per electrical
period of the motor (4 fullsteps).

+1.. +63 | less sensitivity
1. -64 | higher sensitivity

Status Description Range |Comment

word

SG This is the stallGuard2 result. A higher reading |0.. 1023 |0: highest load
indicates less mechanical load. A lower reading low value: high load
indicates a higher load and thus a higher load high value: less load

angle. Tune the SGT setting to show a 5G reading
of roughly 0 to 100 at maximum load before
motor stall.

In order to use stallGuard2 and coolStep, the stallGuard? sensitivity should first be tuned using the
SGT setting!

6.2.2.1 SW_MODE - Reference Switch & stallGuard2 Event Configuration Register

0x34, 0x54: SW_MODE - REFERENCE SWITCH AND STALLGUARDZ EVENT CONFIGURATION REGISTER

Bit | Name Comment
11 | en_softstop 0: Hard stop
1: Soft stop

The soft stop mode always uses the deceleration ramp settings DMAX, V1,
D1, VSTOP and TZEROWAIT for stopping the motor. A stop occurs when
the velocity sign matches the reference switch position (REFL for negative
velocities, REFR for positive velocities) and the respective switch stop
function is enabled.

A hard stop also uses TZEROWAIT before the motor becomes released.

Attention: Do not use soft stop in combination with stallGuard2.
10 | sg_stop 1: Enable stop by stallGuard2. Disable to release motor after stop event.

Attention: Do not enable during motor spin-up, wait until the motor
velocity exceeds a certain value, where stallGuard? delivers a stable result,
or set VCOOLTHRS to a suitable value.

TRINAMIC [ gao@trinamic.cn 18
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U P v O B AR 2 5 AT LR R U S 40 Stallguard threshold SRACE 775 B % /b )
AR UAE AL IR a2 A Stallguard value=0
TEINE—#E A[F Stallguard threShold [ Stallguard value(# £ #l 28 5 v 40358 F1 45

TG AN

CoolStep & StallGuard

actual motor current vs, time: 23

stallGuard value vs. time: 1023 <mm—

velocity: 50 119

30 960

28 8%

24 768

22 704

20 640

18 576

14 448

12 384

10 320

8 256

6 192

4 128

(]

StallGuard2 Coolstep TMCL

[] Filter enable

stallGuard threshold: =

Run current: 23 [0.31] :
:D

Stallguard threshold=12

CoolStep & StallGuard

actual motor current vs. time: 23

stallGuard value vs. time: 144
velocity: 50 119

StallGuard2 Coolstep TMCL

[] Filter enable

stallGuard threshold: "

Run current:

K] 4 stallguard threShold=2 1t H EE 4b 5t 0 2> ¥F 71 AL 2 45 18 CERN SRR 1)

Stallguard value B £212T 0) &

Stallguard ZhRE 7T DASEHUAN 5 24 AR 00 T IO 0 dzsibl,  betn s o fai],  Jofe asn]

o

T AL
~F

o

TRINAMIC gao@trinamic.cn
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V1.0 fii A

8. Coolstep BLE  FHILWES P BHLRIERIKS), N T AEBEILED, ARiEKsiE
WM E R, XFEARIIFELLIROR, LA G K, 755 7 A FIHERE 305 7). Coolstep
S BT AL S F A BN ATt FIAL, SO BRI FLIR B B0, BN R B LA
H3l T, MHEAESRERLIRE Coolstep TILATT 44 80% I HER o

Coolstep #&7E i1 4 Stallguard [FI2E Atk bR EC B 1, 75 2 1 /Gl & SGT Stallguard threShold (77
17-9% COOLCONF_M1 O0x6D sgt)
8-1. il T 1-2-3 BB NE L, 3 E AR BUZ S StallGuard threshold 75 47 2% 0x6D T
KN 2

A TMCL-IDE 3.0.25.9 = X

File Tools Options Views Help |

X ¥ e

Ov

Connected devices. (u, Cool 5041-EVAL of OMB-1d 1 2
EER
evice

CoolStep & StallGuard

Velocity mode I
@6

Position mode
o

w74 Velocity graph

#position graph
B Motion calculator
StallGuard2  Coolstep  TMCL
Coolstep & stallGuard
‘Actual velocity (ppt) 50000 [[] itter enable
Current settings Motor pl =
x otor player Run current: 230.31 5 05851924
sbcuar e

v [©] wour2

v Control mode

FRAIE 38 K A7 K I Stallguard value (77 /7 4% Ox6F SG_RESULT ) R¥4, 7% J& /N Stallguard Value
Tt

jld CoolStep & StallGuard @TMCS041-EVAL [Aa] <1st motor of 2= {Landungsbruecke) : COMS-Id 1 @

-« 2 L] " » i

>

CoolStep & StallGuard

actual motor current vs. time: 23
stallGuard value vs. time: 86
velocity: 50 000

1
H
B

i 4 128
2 e
00

StallGuardz Coolstep TMCL

D Filter enable

— Run current: 23 [0..31] : 0.585192 A
=

stallGuard threshold: 5

TRINAMIC [ gao@trinamic.cn 20
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V1.0 fii A

8-2
YA
Pl 3] Coolstep £
actual motor current vs. time: 23 I EES&{E
stallGuard value vs. time: 149 |,_’ % L o
velocity: 50 000 &{E g
ty m 22 896
26 832
24 7e8
22 704
20 e40
12 576
16 512
14 448
12 384
10 320
& 256
6 192
4 128
2 B4
o0
StallGuard2 Coolstep TMCL
Current minimum: 0172 + Coolstep velocity threshold: 0 [ppt]
Current down step: o =
_ . Deactivation threshold speed: 0=
R
- tiny *
= . Slow run current: 0 :
Hysteresis width: 0 P
by StEresis Star:
8-2-1

Coolstep Velocity threshold % Coolstep JJRECAEH R B IRME, 450 Fnid B m T BUE M
I} Coolstep AEEAMEH, X ZF 75 H1 0x31 VCOOLTHRS i 5E

CoolStep velocity threshold: 0 [ppt] :

TRINAMIC [ gao@trinamic.cn 21



mailto:gao@trinamic.cn

VCOOLTHRS_MZ (x3l
VCOOLTHRS W

007F FFFF

007F FFFF

To write value

Function I

i H wi B AL A 50000 24 Coolstep velocity threshold KT 50000 i} Coolstep ANiEEAE

8-2-2 Current minimum

W 1/2 5% 1/4)

StallGuard2 CoolStep TMCL

e

v

Current minimum: 0-172

l

Current down step:

3 - very fast !

—

Current up step: 3 - large
: . ]
Hysteresis width: 1 =
Hysteresis start: 2 l_:_l

Current Minimum BT B (27 /788 40K 0x6D-seimin

W  Active registers

v (%) COOLCONF_M1 0x6D W 32
zemin w 0000 BBOF
seup w 0000 0060
semax W 0000 OFQO
sedn W

&N Current minimun 24 1/2 1 1/4 /N FIA

TRINAMIC 1 [E  gao@trinamic.cn

0x00000000

0 —

minimu--
Cl]nen' -
stallG -
Curren-

B E BRI RME CHPECNRE B ENE M EE Y SO

1/4 of current setting

22
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CoolStep & StallGuard

actual motor current vs. time: 11 actual motor currentvs. time: 5
stallGuard value vs. time: 215 e stallGuard value vs. time: 220
velocity: 50 000 - velocity: 50 000

StallGuard2 ~ CoolStep  TMCL

StallGuard2 ~ CoolStep  TMCL

Current minimur: _— Coolstep velocity threshold: olppt) | % | Current minimum: ey ” Coolstep velocity threshold: ompptl -

8-2-3: current down step: LA N BA LR MR
Current up step: F, it b T+ ) i

StallGuard2 Coolstep TMCL

Current minimum:

Current down step:

Current up step:

Hysteresis width:

Hysteresis start: D

Current down step Xif M. ] %7 /7 %% N COOLCONF_M1 - 0x6D-sedn U1~

V' Active registers

v @ COOLCONF_M1  0x6D 32 0x00000000 | 0x00000000, )
semin 0000 00OF 0 [F— minimeep off
seup. 0000 0068 id: 0 - value

semax

0000 OFQO
0000 6080

seimin 0000 8000 id: 0
sgt 007F 0000 0
sfilt 0100 0000 id: 0

i} -Hex:

0x0

Dec: ‘ )

Current up step X M. ] 27 f£ %% & COOLCONF_M1 - Ox6D-seup @1 F &

TRINAMIC 1 [E  gao@trinamic.cn 23
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v esive rezisters
v (¥ cooLoowF w1 0x6D W 32 0x00000000 | 0x00000000 )
W 8008 B00F
L €080 08050
semax W 0000 @FO0
sedn % 0009 6000

v

v

W

semin

0006 8000
007F 8000
0100 0000 id:

seimin
sgt

sfilt

8-2-4: Hysteresis Start:24 Stallguard Value(77 17 %+ Ox6F SG_RESULT ) I B i 2 Hh 21 T Z £ (e
(147 B0 EEL 8 0 2 5 K FEL VAL o

StallGuard2 Coolstep TMCL

Current minimum: 1-1/a Coolstep velocity threshol

Current down step: 3-very fast

Current up step: 3-large

oW run current:
Hysteresis width:

Hysteresis start:

Hysteresis Start X 3 [ %5 77 %% 4 COOLCONF_M1 - 0x6D-semin 41

TRINAMIC 1 [E  gao@trinamic.cn 24
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W  Active registers

seimin
sgt
sfilt

T E TR 2 stallguard Value W I ZR (X T Hysteresis Start ¥ (b BY i, RoRFMT AR

alalaie]

0x00000000
000F

Ky B BT R R DS IRSMBI 3k 2Lt .

stallGuard value vs. time: 0
velocity: 50 000

StallGuard2 Coolstep TMCL

Current minimum:

1-1/4

Current down step:

3 - very fast

Current up step:

Hysteresis width:

Hysteresis start:

Hysteresis width: >4 Stallguard Value(Z7 17 #% Ox6F SG_RESULT ) I &5 o th 2k 2% T 5l TiZ Bl
CHE AL TID  BIRHE I 2 5 3 F B2 /N RAE .

TRINAMIC 1 [E  gao@trinamic.cn

CoolStep velocity threshold:

Deactivation threshold speed:

Slow run current:

25

-
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V1.0 iRA

Sldlliaudl U Vdiug va. UIHE: ££21
velocity: 50 000

768

704

578

512

45

StallGuard2 Coolstep TMCL

Current minimum:

Current down step:

activation threshold speed:

Current up step:

Slow run current:
Hysteresis width:

Hysteresis start:

Hysteresis width X} B[] 25 77 %% N COOLCONF_M1 - 0x6D-semax U1~ &

-
B Register browser (TMC5041) @TMC5041-EVAL [Ad] <1t motor of 2> (Landungsbruecke) : COMB-d 1

Y* e.g. vel match all names con... |

N K%Y Stallguard value T84T Hysteresis width G (DR TR 2 m 488 1 20AR /N,

ain PSS E R N SR 5 2 N R

TRINAMIC 1 [E  gao@trinamic.cn 26

0%56(86) | | XLATCH_M2
oxeo(se) [] msiumior Vv Active registers
0x61(97) || MSLUTI] v (& cooLoowE 1 0z6D W 32 0200000000
oxe2(58) [] msiumiz) semin ¥ 6000 00OF 0 miniguep off
0x63(99) [ ] MSLUTI3] .
0x64(100) [ ] MSLUTI4]
0x65(101) [_] MSLUTIS] . o SO00 CO0C
0x66(102) [] MsLUTIe) seimin W 0009 8006 d: 0
0x67(103) [] mistuTr set ¥ 007F 0000 0
0x68(104) [ ] MSLUTSEL sEile W 06100 0000 d: 0
0x69 (105) [_| MSLUTSTART
0x6A(106) [ ] MSCNT_M1
0x68(107) || MSCURACT_M1
0x6C (108) [ ]
0X6D (109)
OX6E(110) [ | DCCTRLM1
0x6F (111) [] DRV.S..US M1
0x7A(122) || MSCNT_M2
0x78(123) [] MSCURACT_M2
ox7c(124) [ B CHO.._M2
0x7D(125) [] COOLCONF M2
0x7E(126) || DCCTRL_M2
0x7F (127) [ | DRV.S..US_M2
Group select: D Genera...ration
Groupselect: [ | voltag..thChop Py
Group select: [:‘ Ramp G...er Set
Group select: [ ] Ramp G...er Set crallfiard? huctaracic walia - If tha crallZiard raciilt ic anial ta nr ahmia (CEMINACEMAYA11%22 tha
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V1.0 fii A

actual motor current vs. time: 5
stallGuard value vs. time: 264

: 30 960
velocity: 50 000

28 2%

24 768
22 704
20 640
18 576
16 512
14 443

12 334

StallGuard2 Coolstep TMCL

Current minimum: CoolStep velocity threshold:
Current down step:

B 3 - very fast + L T

Deactivation threshold speed: 0 =

e
-large *
-

——

Slow run current: 0

4

Hysteresis width:

Hysteresis start:

I B L2 AR Y Stallguard FOEE OROMAIRAMER ) B SRR, CASEIlR ERERE
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V1.0 fii A

actual motor current vs. time: 23
stallGuard value vs. time: 119 .

velocity: 50 000 xﬁjﬁﬁjﬂ%% g o
S '
JIL

26 832
{E 24 768
22 704
20 640
18 576

16 512

INRERTREIRE (B b

10 320

& 358
lJ‘U 6 192

4 J\_M\,\MIJUJ 128
Hﬁw .

StallGuard2 CoolStep TMCL

sy . i1 . i
Current minimum: 1-1/4 CoolStep velocity threshold: 0lppt] 1

Current down step:
3 - very fast
g * Deactivation threshold speed: 0

Current up step:

3-large *

:

Slow run current: 0
Hysteresis width:

Hysteresis start: 1

9. Stealthchop AL &

TRINAMIC F#5 35 871 Stealthchop £ H BT —3&4 2 18
FLHAM) TMC5130/2100/2130/5041/5072 52 %5 —1X Stealthchop
Z JE ] TMC5160/5161/2208/2209/2160/2225 & 45 — AT, X7l /2 28 — AKX Stealthchop A LA
H #h i & AUTOTUNING

(1) ZE—4X Stealthchop
Stealthchop /& HL IR I BT nl s IRIR s, “PARISAT . I D] 3] Spreadcycle
A ) U] A2 3 3 A ] 3 B SR SZEIL,  VCOOLTHRS(0x31) A7 A7 7 FH SR A% 2
ZSHURATRE Coolstep (WA FEAH, J2fHfE Stealthchop I i BEAE
U1 Coolstep Bt & 115 24 VHIGH > |VACT SEZF7i# & | > VCOOLTHR i} Coolstep #2/F
H
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This is the lower threshold velocity for switching on smart
energy coolStep and stallGuard feature. Further it is the upper
operation velocity for stealthChop. (unsigned)

Set this parameter to disable coolStep at low speeds, where it
cannot work reliably. The stop on stall function (enable with
sg_stop when using internal motion controller) becomes
enabled when exceeding this velocity. It becomes disabled
031 - again once the velocity falls below this threshold. This allows
W 23 for homing procedures with stallauard by blanking out the
0x51 ] m . :
stallGuard signal at low velocities (will not work in
combination with stealthChop).

|VHIGH > |VACT| > VCOOLTHRS:
- coolStep and stop on stall are enabled, if configured
- Voltage PWM mode stealthChop is switched off, if
configured

(Only bits 22..8 are used for value and for comparison)

4 Stealthchop FLE I , |VACT SEFR#JZ | < VCOOLTHR I Stealthchop #21E H
700 A 1Y datasheet 22045 Quick Configuration Guide BT A VEAH U1 {TiZ& L il & Stealthchop
H1 Spreadcyc

14 Quick Configuration Guide

This guide is meant as a practical tool to come to a first configuration and do a minimum set of
measurements and decisions for tuning the driver. It does not cover all advanced functionalities, but
concentrates on the basic function set to make a motor run smoothly. Once the motor runs, you may
decide to explore additional features, e.g. freewheeling and further functionality in more detail. A
current probe on one motor coil is a good aid to find the best settings, but it is not a must.

CURRENT SETTING AND FIRST STEPS WITH STEALTHCHOP

stealthChop

Current Setting Configuration

Check hardware PUWMCONE
tiip sind Bl set pwm_outoscole, set
RMS current KM, GRAD-L,
PWM_AMPL=255

s

PWMCONE
select PWM_FREQ with
regard to fCLK for about
35kHz PWM freguency

CHOPCONF
set vsense for max.
?
IO Clicsen can g g 180mYV at sense resistor
(0R15: 1.1A peak)
N
Y

Seti_RUN as desired up
to 31, |_HOLD 70% of .
I_RUN or lower

Make sure that
motor is in stand
still

—

CHOPCONF
Enable chopper using basic

Set |_HOLD_DELAY to1
to 15 for smooth
standstill current decay

P

EAEH

TRINAMIC [

Set T_ZEROWAIT up to

config.: TOFF=4, TBL=2,

Configure Chopper to
test current settings

gao@trinamic.cn

65535 for delayed HSTART=4, HEND=0
standstill current
reduction *

Move the motor by
slowly accelerating
from 0 to VIMAX
operation velocity

Is performance
good up to VMAXZ

Y

N
9-1: ¥ VCOOLTHRS 0x31 ¥A 1700000  [X| itk H A5 S Frid FE K T+ 1700000pps Stealthchop

29

Select a velocity
threshold for switching
to spreadCycle chopper
and set VCOOLTHRS
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Read value

W Active registers

v (& voooLTHRS M1 0x31

0x531 (81) l:‘ VCOOLTHRS_M2
> Group select: Ii‘ Ramp Ge...ter Set
> Group select: IE‘ ‘Mator 1
> Group select: I:‘ ‘Motor 2

007F FFFF

> @ COOLCONF_M1  0x6D

Hex: | 0x029810

Dec: ‘170000 [ppt] |

| 060 0010 1081 1000 PEO1 GO0 |

9-2: t'® PWM_Autoscale

19 | - reserved Set to 0
18 | pwm_ PWM automatic 0 | User defined PWM amplitude. The current settings
autoscale | amplitude scaling have no influence.

1 | Enable automatic current control

Attention: When using a user defined sine wave
table, the amplitude of this sine wave table should
not be less than 244. Best results are obtained with
247 to 252 as peak values.

# PWM_Autoscale %A high

%  Active registers

PWM_GRAD W 0008 FFOO 0 ﬂ
wm_freg ¥ 0003 0000 id: 0 . | 2/1024 £ CIK
lpwm_autoscale W 0004 0000 high Set | : REnable:-alues.
p¥m_symmetric W 0008 0000 low |_| Set bit 19 The PW--- cycle
freevwheel W 0030 DoLe id: 0 Normal--ration
Choice
9-3: MLE PWM_GRAD ItALiXE A 3
PWM_GRAD |Global enable and 0 Do not use stealthChop

regulation loop gradient when pwm_autoscale=1. |1 .. 15 |stealthChop enabled

W  Active registers
v & emooEMI 0x10 v 32

BEFF

0=00040300 | 0x00040300 |

2060

w 0000
pwm_autoscale W 0804 0008 high
pwn_symmetric W 0008 0000 low
Hex:
freevheel W 9030 6000 id: 0 o Ox03
Choife A
Decs |3

0000 0008

EE: 24 PWM_GRAD=0 [} {% Stealthchop ANEEAEH
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V1.0 fii A

9-4: Jit & PWM_AMPL i T-Hic & Stealthchop % & ARk Ik H T H 3 ik 2% B i 5 SR ) F T

it

72.2 PWM_AMPL for Using stealthChop and spreadCycle

When combining stealthChop with spreadCycle or constant off time classic PWM, a switching velocity
can be chosen using VCOOLTHRS. With this, stealthChop is only active at low velocities. Often, a very
low velocity in the range of 1 to a few 10 RPM fits best. In case a high switching velocity is chosen,
special care should be taken for switching back to stealthChop during deceleration, because the phase
jerk can produce a short time overcurrent. (Refer to chapter 7.4 for more details about combining
stealthChop with other chopper modes.)

To avoid a shert time overcurrent and to minimize the jerk, the initial amplitude for switching back to
stealthChop at sinking velocity can be determined using the setting PWM_AMPL. Tune PWM_AMPL to a
value which gives a smooth and safe transition back to stealthChop within the application. As a
thumb rule, ¥ to % of the last PWM_SCALE value which was valid after the switching event at rising
velocity can be used. For high resistive steppers as well as for low transfer velocities (as set by
VCOOLTHRS), PWM_AMPL can be set to 255 as most universal setting.

Note

The autoscaling function only starts up regulation during motor standstill. After enabling stealthChop
and setting all parameters, be sure to wait until PWM_SCALE has reached a stable state before starting
a motion. Failure to do so will result in zero motor current!

In case the automatic scaling regulation is instable at your desired motion velocity, try modifying the
chopper frequency divider PWM_FREQ. Also adapt the blank time TBL and motor current for best
result.

X T v BEAE T F AL PWM_AMPL T DL B A
255

Active registers

v (X]_pricoF Ml

W 0000 FFOO
pwm_freq W 2003 00ee id: 0
pwm_autoscale w 2004 00ee ‘high
pwm_symmetric W P08 Dooe low
freewheel W 0030 0008 id: 0

Hex:

OxFF

1131 1111

9-5: M E %M T ML B CHOPCONF X J- 27 £7 4 Ox6C
¥
CHOPCONF
Enable chopper using basic
config.: TOFF=4, TBL=2,
HETART=4, HEND=0
|

9-6: FEIXZ HTE PRAE ML B IR .

FEVHIR Stealthchop PRI i iR T 54 15 B — ML /N R DI sk 22 8 i P A 4 ey i S22
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V1.0 fii A

-EVAL [Aq] <15t motor of 2> (Landungsbruecke) : COM8-1d 1

IEM@MMWMWWMMMW%@MWM@EE.

L N 7 \ /
-
~ ~
V' ictive registers
! ~
v AMAX M1 0226 1 32 0x00000064
auax ¥ 0008 FFFF___ 1000ppte’1] ] Y ¢ y, ¢
v & 0x27 " 32 0x000000C8
VLA 007F FFFF 3
Target veloci Acceleration
v (¥ veooLTERS M2 0x51 W 32 0x00074120 B ty Clppt] 100/tppta]
VCOOLTHRS W 0O7F FFFF 500 000[ppt]

(2) 55— Stealthchop H TMC5161 KIMK, WA ZA4F FI1E B & — A IR Sk AE

+f, -
A

RUR B I 268 i, 4

J[P] datasheet AR A W FPUEBLETR &

CURRENT SETTING AND FIRST STEPS WITH STEALTHCHOP

Current Setting

Check hardware
setup and motor
RMS current

Set GLOBALSCALER as
required to reach
maximum motor current
at |_RUN=31

v

Set{_RUN as desired up
to 81, |_HOLD 70% of
[_RUN or lower

Set|_HOLD_DELAY10 1
to 15 for smooth
standstill current decay

y

Set TPOWERDOWN up
to 255 for delayed
standstill current
reduction

Configure Chopper to
test current settings

—

Figure 22.1 Current setting and first steps with stealthChop
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stealthChop
Configuration

GCONF
set en_pwm_mode

v

PWMCONF
Set pwm_autoscale,
set pwm_outogrod

v

PWMCONF
select PWIM_FREQ with
regard to fCLK for 20-
40kHz PWM frequency

v

CHOPCONF
Enable chopper using basic
config., &.g.: TOFF=S, TAL=2,
HSTART=4, HEND=0

¥

Execute
automatic
tuning
procedure AT

¥

Move the motor by
slowly accelerating
from 0 to VMAX
operation velocity

Select a velocity
threshold for switching
to spreadCycle chopper

and set TPWMTHRS

Is parformance
good up to VMAXZ.

32
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V1.0 iRAS

FH BRI AR Sk A 0 R AL 28 P P 98 T R L A U T G 2 — AN R I R 7R Stealthchop %A 1 1t
U, ERAE IR EGE A RE A RIS, Aol EE R R . T EM After Tuning &
Stealthchop BC & H DD & 1 TR o

Before Tuning After Tuning

BLE DRI T -
(1) B En_PWM_mode & High X} 0x00 FLEW TR

_m

W  Active registers
v (& ccow 000 RW 3 0x0000000C ..
recalibrate RF 0000 0001 [ | low [ ]
i R 0000 0002 | | | ] set bit 1
M i B4 setobic 2
multistep filt RW 0008 0003 high /| Bet bit 3 Enable- source
p— p— - -
(2)f# 8 PWM_autoscale fll PWM_autograd & High X1/ 0x70 Z-f7 8%, W FKE
v (%] PWMCONF 0x70 R 32 0xC40C001E 0xC40C001E___ |
PIM_OFS RF 0000 0OFF 30 — - User d-RUN).
P_GRAD RF 0000 FFOO 0 ol Veloci- GRAD.

ga03 0a60 0 GO0. £-=2/410

pwm_sutoscale RV 0004 0000 M4 hizh M2 Set bit 18 Enable-fault)
pwm_autograd RF 0008 0000 hn Set bit 19 Rt otion
= ==
freevheel RW 0030 0008 0 i l Stand - ivers.

(3) BC&E T 2 Marfeds

PWMCONF
select PWM_FREQ with
regard to fCLK for 20-
40kHz PWM frequency

Enable chopper using basic
config., eg.: TOFF=5, TBL=2,
HSTART=4 HEND=0

T
(4) 7146 AutoTuning
TEHMUE IR (REBENIAHLUE O TS 130ms)

v A/ i NIOREel - = s 50 % & 5/

' CHOPCONF l
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32
007F FFFF

I 0x70 RY 32 ;

2 BHM_OFS RF 0908 OOFF Hex: | 0x0032 @J

i PWM_GRAD RF 0000 FFOO — - —
pvm_freq R 0003 POPO B
pwm_sutoscale RW 0004 0008 |/

WEAEH /NEE VMAX XN 0x27 A f7#s 1 BN 10

v (X awax 0526 W 32 0x00000032

AMA W 000D FFFF 50[ppta*]

v (i] AuTEVd 027 vl v 000000004
AX W 807F FFFF
v (X Pricone 7 32 0xC40C001E

Vi

PWM_OFS RW 0000 DOFF 30

PWM_GRAD RW 0008 FFOO [4]

pom_freq R 0003 0000 0 Hex | 01000004

pwm_autoscale RW 0004 0000 high -~

pwm_autograd RW 0008 008 high ".10 [ppt]

freewheel RF 0030 0000 Q = L
SEiGE T ArAn ARRA B q 000 0000 PO00 OO0 0008 lole

EBNLIE B AP A PWM_SCALE_AUTO 25T 0, WIS 45T 0 (1§ PWM_SCALE_AUTO <=4
H %5 AN PWM_GRAD_AUTO

| own_sutograd R 0008 0000 [v/| hizh [v| Set bit 19 Automa-otion.|
fresvheel RW 0030 000D 0 ﬁ
PVM_REG B OFO0 0000 4 s—)
PWM_LIN RF FBEO 6000 12 ——
v (&) emiscae 0271 R 32 " 0z00000020
PIM_SCALE_SUM R 0000 0OFF 32
| Pwd scaie auTo R 01FF 0088 0 |
SRIE B P B K E Vmax FTE S Hf A PWM_SCALE_AUTO
Vit Lo o 2 Le0nnd senn TR
W B887F FFFF
0060 OOFF
PWM_GRAD R¥ 0000 FFOO 0
pvm_freq RF 0003 0000 0 Hex: | oxo14c0D
pvm_zutoscale RF 0004 0000 high
pvm_zutograd RF 0008 0000 [v]| high |
freewheel RW 0030 000 0
e = o . _| 000 0001 6100 1100 0000 1101
PRM_LIM RF Fooa 0000 12 _‘u
v (X ewisoae 0271 R 32 " 0x00000050
PWM_SCALE__SUM R 0000 0OFF 80
PWM_SCALE_AUTO R 01FF @08 o
e [ — = = | ——

HEMEMFENEE SRS BIREY, M3 EE E S TSTEP 2806 H & & 3
TPWMTHRS Z7 4745, HHR2)#Z Spreadeycle 1\

- . . P
W QB7F FFFF
0000 DOFF
PWM_GRAD RF 0009 FFOO 0
A RF 9003 0000 0 Hex: | 0x014coD
idia, SEECEAETS ®F 0004 0000 e : —
pwm_autograd R 0008 0000 [v] high g BE 85005 [ppt]
froevheel BF 0030 0000 0 T
_ N 7 : 000 0001 0100 1100 0000 1101
PRLLIN = FO00 0000 12 ——
v (X ewscae 0x71 R 32 " 0z00000050
PWM_SCALE_SUM R 0000 00FF 80
PWM_SCALE_AUTO R O1FF 0000 0
P — - _ - P e

o] LAERRRITALIR R A5 FE 5 B AUTO TUNING.
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10. Spreadcycle /& /=i /TR
U5 Stealthchop #1 Spreadcycle — 2 H 1%, 183 VCOOLTHRS K )46, fIKT# I fi% FH Stealthchop
= i Spreadcycle # 2

This is the lower threshold velocity for switching on smart
energy coolStep and stallGuard feature. Further it is the upper
operation velocity for stealthChop. (unsigned)

Set this parameter to disable coolStep at low speeds, where it
cannot work reliably. The stop on stall function (enable with
sg stop when using internal motion controller) becomes
enabled when exceeding this velocity. It becomes disabled
0x31 again once the velocity falls below this threshold. This allows
W 0x51 23 ||VCOOLTHRS | | for homing procedures with stallauard by blanking out the

stallGuard signal at low velocities (will not work in
combination with stealthChop).

VHIGH > |[VACT| > VCOOLTHRS:
- coolStep and stop on stall are enabled, if configured
- Voltage PWM mode stealthChop is switched off, if
configured

(Only bits 22..8 are used for value and for comparison)

I SR B T AR AE Spreadeye B
ZW LT AR, WS I Datasheet 5 14 %Y1

spreadCycle
Configuration

PWMOONF
Disable stealthChop by
setting PWIM_GRAD=0

v

CHOPCONF
Enable chopper using basic
config.. TOFFs5, TELe2,
HSTART=(, HE ND=()

!

Maove the motor by
slowly accelerating
from O to VMAX
operation velocity

Manitor sine wave motor
«coil currents with current +
probe at low velocity

CHOPCONF
increase HEND (max. 15)

Current zerg
crossing smooth 7.

Maove motor very slowly or
try at stand still

CHOPCONF
Audible Chopper Y= set TOFF=4 [min. 3), try
noise? lower [ higher TAL or
reduce motor current

Move motor at medium
welocity or up to max +
velocity

CHOPCONF
decrease HEND and
increase HSTART (max.
7

Finished or Enable

ranltan
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11. B RR M EC B PUERE 2 B 2/ Mcu B?

A TMCL-IDE 3.0.25.9 - [Register browser (TMC5041) @TMC5041-EVAL [Aa] <1st motor of 2> (Landungsbruecke) : COM8-Id 1]

}’file Tools Options Views Help

>

’ ‘ ” / 4mn

LN

1
Name (set checked for auto u @ B B B
A = ’i Export or import register content. Edit a comment in the last column
022 54 EVIVACTUAL M1 v Active registers
DB L0}V START. T > oo 600w 2 0x00000000
Lemer lidl S L > osTa 001 R ] 0x00000000
St L TMCS0aT) 2";‘?? % xz’z‘;m > R8T 0x02 R ] 0x00000000
2B (33) = > TEST_SEL 0203 ¥ 32 0:00000000
0x31(49) [/} VCOOLTHRS M1 > PUT 004 R ] 0x10000007
PR mode D208V IRVHIGIE MY > XCOPARE 0305 v ] 0x00000000
! DES Bl V] VDCMIL M1 > PRICONFML 0510 v ] 0x000403FF
Diteceose (o8 VIRVECIO M2 > PR_STATUS ML 0x11 R ] 0x00000000
) Dasien) V) YSTARTM2 > PRICONFMZ  0x18 v ] 0x00000000
Flags view 0d5(69) 1) V1. M2 > PRU_STATUS X2 0519 R 32 0x00000000
ks (71 VL TMAR M2 > RAPWDEMI 020 RV ] 0x00000001
DOTB1) Vi VEOOLTHRS Mz > VCTUAL ML 0x22 R ] 0x00000000
v Control mode T (I8 VIRVHIGE M2 > VSTARTAML 023 v ] 0x00000000
DOSEY VL VDCMIN M > AL 024 v ] 0x00000000
Veloc... mode OxGE A1) |V IDRVSTATOS M1 > Vi 025 ¥ 32 0x00000000
O0X7F(127) /| DRV_STATUS M2 v A 026 v ] 0x00000064
> Groupselect: [v]| Ramp Gener.. I I
Posit... mode = AMAX v 0000 FFFF 100[ppta’]
> Groupselect: [v/] Ramp Gener. i e _ o e
> |Groupselect: [/] Driver Register Set
Vv Info graph > | Groupselect: [v] Motor1 TMC5041
> Groupselect: [\/] Motor2

‘& Export/Import

TMC5041: actual and saved writeable register values

0x64. MSLUTI4] w OXFBFFFFFF —
0x65 MSLUTIS] W 0xBSBB777D —
0x66 MSLUTIE] W 0x49295556 —
0x67 MSLUTI7) W 0x00404222 —
0x68 MSLUTSEL W OXFFFF8056 —
0x69  MSLUTSTART W 0x00F70000 —
OX6C CHOPCONF_M1 ~ RW  0x00010044  0x00010044 —
0x6D ~COOLCONF.MI W 0x00000000 —
Ox6E  DCCTRL M1 W 0x00000000 —
0X7C | CHOPCONF.M2 ~ RW  0x000101D5 —
O0X7D  COOLCONF.M2 W 0x00000000 —
OX7E  DCCTRL M2 W 0x00000000 — 2
Dad -
<« Export conversion — O X
1l
Import/Export INI: actual register values Refresh
Al
rt INI: actual register values
Export C: register addresses as #defines
Export C: actual register values 3
R
Export/import Options
R
add prefix | {EXPRESSION} | ad
[ Save to File ]
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R 4 AR E SR H AR Mcu B

Export C: register addresses as #defines

Export C: register addresses as #defines

This function generates C style defines of the IC register addresses. They may help during firmware development and make code more readable

#define 0x00 g
#define 4 0x03
#define 0x05
#define 0x10
#define 0x18 4
#define 0x20 5
#define 0x21 €,
#define 0x23 7
#define 0x24 ]
#define 0x25
#define 0x26
#define 0x27
#define 0x28
#define 0x2A
#define 0x2B
#define Dx2¢C
#define 0x2D
#define 0x30

%,

B T g AR 1 2 A 2 Mcu B

‘e Export conversion

[ Export C: actual register values

Export C: actual register values

This function allows to generate C style SPI write function calls like:

FUNCTIONNAME (ADDRESS, VALUE) 7 //compENT

With the editable textfields it'spossible to add a prefix, which will be the function name in this case. The suffix terminates the function.

TMC5041_SPTWri teInt (0x00, 0x00000000) ;
TMC5041_SPTWri teInt (0x03, 0x00000000) ;
TMC5041_SPTWri teInt (0x05, 0x00000000) ; 5
TMC5041_SPTWri teInt (0x10, 0x000403FF) ;
TMC5041_SPTWri teInt (0x18, 0x00000000) ;
TMC5041_SPTWri teInt (0x20, 0x00000001) ;
TMC5041_SPTWriteInt (0x21, OXFFCE7926) ;
TMC5041_SPTWri teInt (0x23, 0x00000000) ;
TMC5041_SPTWri teInt (0x24, 0x00000000) ;
TMC5041_SPTWri teInt (0x25, 0x00000000) ©
TMC5041_SPTWri teInt (0x26, 0x000003E8) ;
TMC5041_SPTWri teInt (0x27, 0x00000000) ;
TMC5041_SPTWri teInt (0x28, 0x00000000) ;
TMC5041_SPTWriteInt (0x2A, 0x00000000) ;
TMC5041_SPTWri teInt (0x2B, 0x00000000) ;
TMC5041_SPTWri teInt (0x2C, 0x00000000) ;
TWritelInt (0x2D, 0x00000000) ©
TWritelInt (0x30, 0x00071703) ;

TRINAMIC
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12. MRS

TMC5072 M2 https://v.qq.com/x/page/l0747nirhdb.html?

wnf A TMC4671 FF &M S CARXF%:  https://v.qq.com/x/page/t3074g6n06a.html?

T HeF R Coolstep: https://v.qg.com/x/page/d30741v23rz.html?

AL Stallguard:  https://v.qq.com/x/page/d3014mlftmz.html?
https://v.qq.com/x/page/f083363nh01.html?

TMC2208Stealthchop #l1 Spreadcycle Y] : https://v.qq.com/x/page/f0923nuiowi.html|?

26 X Stealthchop TMC5160  https://v.qq.com/x/page/n300655p5qp.html?

https://v.youku.com/v_show/id XNDM2MzgONTgwMA==.htm|

@0 OO

A
TRINAMIC

MOTION CONTROL

Wrote By:Gao Wei
T:138-1261-7052
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