(¢

MC application tuning

Lab 4 - How to Control and Tune your motor using
the Motor Control Workbench and its Monitor
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Detailed description of the
MC Workbench Monitor
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Y\“°”\‘°° ST Motor Control Workbench Monitor

| #% ST Motor Control Workbench [Noname]

File Toocls Help Documentation

| ‘“ESEH X 2+]Ol0O |

Motor GimBal - Control Board: NUGLEO-FI03RE -  PowerBoard: XSNUCLEO-HMIEMT ‘_I

A

@ J_ Rated Bus Voltage .
g 12V(5-38) V

Bus Voltage
Sensing

1= ougmented

P<%

Dirivers

Control Unit

Firmware
Drive Management

User
Interface

MCU and

¥

RIS
AR

Clock Freq.

Mator

Varable

Time Message

EWM fre:“e"_c” _ 53“"['“4 Hz H & 091707 The PFC’is nat supparted in the FW for SDK5x excepted for SDK for "'STM32F103 High Denstty’. All parameters will be disa...
Sensor se‘ed!on main Hx_er?sc_:r. 58 {9 ﬁ 09:17:07 The "Sensordess (HFl+Observer) is not supparted in the FW for SDKSx. All parameters will be disabled.
Tensor;ﬂedlon aux. 'IJ': - - (1) 09:17:07 F2 mecus are not supported in the FW for SDKGx
OrqUEATILLE - ; fon rate ﬁ 09:17:07 F103 High Density in dual Motor mcus are not supported in the FW for SDK5x -
Bus voltage sensing true -
14 m | 3 Info / Emors / Wamings | Change Log |
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Monitor — connection

-
% ST Motor Control Workbench [N

File Tools Help

Status

o Mot connected

Documel

S X #: Port

(2| © i

Target moto
(|| Fauls Matar 1
0 FOC duration Start Motor
@ Overvkzge
' Under voltage
® ovehen wu
o Start-up failure 28
Bus Voltage (Violt) 1 Matar Power (W) o Heatsink
) Speedfesdback
o Cver cument
)  Software emor
FFC
Meritor PFC Enable
0
PFC Disable
Measured speed (pm)
PFC Fautt Ack
|
|
Measured speed {pm) 0 Final ramp speed {pm)
Wariable Mator Lni Time Matar d Message
PWM frequency 30000 Hz =
Sensor selection main Senszordess (..
Sensor selection awx Senso C
TorquedFlux - Execution rate 1 PW

Bus voltage sensing

« | 1

Info / Emors / Wamings | Change Log
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Monitor — connection

(2| © o

= ——
5T Motor Control Workbench [MC_W--1-<t~~ 037

File Tools Help Deocumentatic

[OLa ] @4 Port | COM143 - (1115200 - : II

Status ic | Ad o Generic
0 |dle n Target motor
| |
Firmware: ST MC SDK Ver. 5.0.2 CE
® oo ' e o o
@ Overvotage
' Under voltage 0o
' Overheat
. Start-up failure 25
Heatsink ———
' Speed feedback | Encoder Align |
)  Overcurent ] Al motors
' Software emor
Marit -15DD(_ 4 FPFC
erer A PFC Enable
0
-2000 PFC Disable
Measured speed (pm)
PFC Fault Ack
||
| 750
Measured speed (mm) 0 Final ramp speed (pm)
. i
S s ] Time Mator Id Message
PWM frequency 30000 Hz
Sensor selection main Sensordess (0.
Sensor selection awux Sen

TorquedFLx - Execution rate 1 PW

Bus voltage sensing true -
’l 4| 1 | 3 Info # Emors / Wamings | Change Log
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Monitor — Start and Control

e L oPe
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File  Tools Help Documentation

?HH % @ & 2 i @ 9 6 Port | COMI43 - | 115200 -|$$ ll . Close Monitor {é}

Status “Hasic | Advanced | Registers | Configuration | Firmware: STMC SDK Ver. 5.0.2
() Run

Faults

- —_
%% ST Motor Control Workbench [MC_WorkShop_01]

100.0

100.0

FOC duration 50.0 1500

Cwver voltage

' &
=
ool ool

W
5

Under voltage

Overheat \
Start-up failure
Bus Yaoltage (Walt) 1 Matar Power (W) 0 Heatsink

Speed feedback
Civer cument

2 |

| Encoder Align |

[ Al metors

Software emor

Monitor
750

Measured speed (pm)

750
Final ramp speed (pm)

Measured speed mm) 750

A

Varable Motor Uni =

Time: Motor Id Message
PIVM frequerfcy } 30000 Hz (1] 03:29:45 Command "Start Maotor” done! |
Sensor selection main Sensordess (0.

Sensor selection awux Sensordess (O
TorquedFLx - Execution rate 1 PW

Bus voltage sensing true -
’, < | m | 3 Info / Emors / Wamings | Change Log
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o Monitor — Fault and ACK Fault

[ 4% ST Motor Control Workbench IMC WorkShap_01] =T
Status

Q) Fault now

Close Monitor !IJr I'

2 e w @ 6 Port [COM143  ~-||115200 4&3} ll

«d | Registers | Configuration | Firmware: STMC SDK Ver. 5.0.2 Generic
S
Faults 5o 20 000 h - Motor 1
FOC duration . E ‘ [ Stop Moor ]
Chver voltage .
Under voltage et T
All motors
Cverheat
PFC

PFC Enable

Start-up failure
Speed feedback

PFC Disable

PFC Fautt Ack

750

[:]'H'E-r E'L"TE'th Measured speed pm) 24 Final ramp speed {pm)

a i

QOO0 00000

Software emor

i Time Matar Id Message
H H (5] 03:36:40 Command "Fault Ack™ done!
s e S (7] 03:36:41 Command "Start Motor” done!
Tensor;Fleden aux. {T — == " e 03:36:46 Command "Fault Ack” done!
OrqUESFI - fon rate 6 03.36:47 Command "Start Motor” done!
Bus voltage sensing true -
” | 4| i | b Info / Emors / Wamings | Change Log |
i J
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The Plotter is located in MC WB Monitor !] Plotter

[E=RRaR

-s- Speed measured
Speed reference

peed [rpm|
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%% ST Motor Control Workbench [MC_WorkShop_01]

ced

Monitor — Advar

ESEEE)

o e o a— I T e o
File  Tools Help Documentation
OLa | (7] P Sl Close Monitor (1L}
7 H H % .. 6 ort |COM143 '”115200 v| :\’y \% ll - ose Monitor U
Status Firmware: ST MC 3SDK Ver. 5.0.2 Generic
O Ide Sensordess ObserversPLL Target moto
Faults Observer C1 -22530 Matar 1 -
O rocamm B @orercz [__ o0
Torgue PLL Kp 50
|| 8 oo e o |
) Under voltage PLLK !
@ Ovetheat Current cortraller Speed controller Sensordess Observer+Cordic
O Startup faiure Set cument reference in speed mode Speed ramp ObserverC1 0 I
' Speed feedback Torgue ref {Ig) 0 Target speed |—2'DDD —_— Encoder Align
Observer C2 0
) Overcument Fivpe ref {ld) 0 Duration |'|DDD E" millisec Al motors
. Software emar Flux weakening tuning
Kp
Measured cuments Ki 0 PFC
Manitor PFC Enabl
Torque 0
0 orque a) K %61 BUS Voltage allowed
Fux(id) | 0 e [ Ol PFC Disable
Measured speed (pm) R
lq PID Gains Id PID Gains Meas 0 % PFC Fault Ack I
| Kp 3671 Kp 1671 |
Ki 2445 Ki 2445
[ |
Yy |
Variable Motor Uni * Time Motar d T |
PN frequerTcy - 30000 Hz (1] 03:36:46 Command "Fault Ack™ done! |
I Sensor selection main Sensordess (0. 6 033647 Command "Start Motor” dans!
?e”w;;mm” - S |9 maen Command "Fault Ack” done!
orquedFiux - Execution rate @ 02423 Command “Fautt Ack” done! -
Bus voltage sensing true -
< | i | P Info / Emors / Wamings | Change Log




Monitor — Register

- —
ST Motor Control Workbench [MC_WarkShop_01]
e or Control Workbench [MC_Wo ug_- 1 . - -
File  Tools Help Documentation
e i | i | ) TR
2 H H % @ ¥ 9 6 Port [COM143  ~-||115200 v|w g ll - ol ¢ | CloseMonitor (1)
Status | Basic | Advand i onfiguration | Firmware: ST MC SDK Ver. 5.0.2 Generic
O Idle Uit Value Min Mane Period Type Mode  Enahle lastread * Target motor
Faults 3 Target motor 1] 0 255 1] ug RW never | Matar 1 - |
' FOC durgtion (el Flags [1] 1} 4254967 | 200 U3z 201804-20 154 |E
02 Status 0 0 255 200 U8 2018-04-20 15:4.
) Overvolago =
| it 03 | Cortrol mode 1 0 255 500 ug RW never op otor I
nder voltage
' D4 Speed reference RPM 750 -2000 2000 200 532 R 2018-04-20 15:5. Stop Ramp
Qverheat
{1505 Speed Kp 723 0 fhh35 1] U1e RW 2018404-20 151,
i |
@ Siatpfaiue 05 | Speed K 261 0 65535 |0 U6 |RW 20180420 15:1.
@ Specdfeedback (07 | Speed Kd 0 65535 |0 uts  |RW never | Encoder Algn |
. Over currert DB Torque reference (lg) -32768 32767 0 516 RW never ] Al metors
. Software emar x09 Torgque Kp 3671 0 65535 1] U16 RW 2018-04-20 15:1.
DA Torque Ki 2445 0 65535 0 U16 RwW 2018-04-20 15:1. PEC
Manitar DB Torque Kd 1] 0 65535 1] uie RW never
PFC Enable
0 {151 Flioe reference (Id) [1] -32768 32767 1] 516 RW never
0D | Fux Kp 3671 0 65535 |0 U1g RwW 2018-04-20 15:1. PFC Disable
Measured speed (pm)
x0DE Flies Ki 2445 0 65535 0 U16 RwW 2018-04-20 15:1. PFC Fault Ack
I DF Fluee Kd 1] 0 65535 1] U6 RW never i
N
10 Observer C1 -22530 -32768 32767 0 516 RwW 2018-04-20 15:1.
k11 | ObserverC2 3500 -32768 (32767 [0 516 |RW 2018-04-20 15:1. r |
x12 Cordic Observer C1 0 -32768 32767 0 516 RW [ Inever ' ’ :
] |~ ]
P L i Time Matar Id Message o
PUVM frequerTcy } 30000 Hz (1] 03:36:46 Command "Fault Ack™ done! |
Sensor selection main Sensordess (0. 6 03:36:47 Command "5Start Motor” done!
Sensor selection aux. Sensordess (O ﬁ 034273 Command "Fault Ack” dona!
TorquedFuc - Bxecufionrate 1 PRl @ 03423 Command "Fault Ack" done! "
Bus voltage sensing true -
’, < | 1 | 3 Info / Emors / Wamings | Change Log
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5T Motor Control Workbench [MC_WaorkS 01
s or Control Workbench [MC WorkShop 011 s o s

ation

Monitor — Configur

File Tools Help Deocumentation

PEE X ®+ 2§

6 EPort|COM143 -|| 115200 ,|<9 & II -‘ Close Monitor

>

Status [ Basic | Advanced [ Registerd Firmware: STMC SDK Ver. 5.0.2 Generic
O ide Board Configuration B Configu il Target motor
Faults Import from builder Num Last read Last write Mator 1 -
‘ FOC duration Motor available | Single Mator - ’ - 20180420 151856 507 NEver
' Over voltage Mator 1 or ary motor 2 2018-04-20 15:18:54.915 never
(<) e 3 20180420 15:18:54.523 never
Under voltage Sensordess (Obs+Cordic)
4 2018-04-20 15:18:54.931 never
. Cverheat Sensordess (HFI+Obs) Stop Ramp
. . Quadrature encoder 5 2013-04-20 15:18:54.939
Start-up failure Hall sensors |
) Speedfeedback Flu weakening Encoder Align
DALC channels 3
'. Over cument E All mat
Contral mode: Speed [ Al motors |
'. Software emaor Min speed 2000 EI
Max speed 2000 PFC
Monitor Max bus voltage |36.0 = 1
i o B PRC Erable | |
]
Mator 2 {f available) PFC Disable
Measured speed {rpm) Sensordess (Obs+PLL)
Sensordess (Obs+Cordic) PFC Fault Ack
Sensordess (HFI+Obs)
Quadrature encoder
Hall sensors P
Floe weakening ‘ "
Variable Motor Uni = Time Motar d T ~
PWM frequerTcy : 30000 Hz (1] 03:36:46 Command "Fault Ack™ done!
Sensor selection main Sensordess (0. ﬂ 03:36:47 Command "5Start Motor” done!
Sensor selection aw Sensordess (0. 6 03.42.73 Command "Fault Ack” done!
Torquedfiux - Beouionrate 1 PRl @ 03423 Command "Fault Ack" done! n:
Bus voltage sensing true -
4| 1 | 3 Info / Emors / Wamings | Change Log |
A .
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Debug features — Plotter and DAC output
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The Plotter is located in MC WB Monitor | Pl

-s- Speed measured
Speed reference

peed [rpm|

T T T T T
augmented 1610.000




(@@ MC debug feature — DAC channels

- DAC functionality can help to debug and tune the application.
+ CH1 — PA4 pin
» CH2 — PAS5 pin

- Enabling & Selecting in the DAC functionality

» Online selection is in WB Monitor - Advance ¢ ..o v [ 1]

. Fimwar

| Basic | Advanced | Registers | Configuration |

Configuration and debug
Control mode [SDEE‘d =
Power Board Status DAC Settings
BUS Voltage 11 vat | chl [i -
Heatsink temp. 26 °C ChZ |Ib -




(@@ MC debug feature — DAC channels

» Typical DAC waveforms of tuned system

Green: phase A motor current
Yellow: DAC chl (la)
Pink: DAC ch2 (Ib)

Green: phase A motor current
Yellow: DAC chl (Obs. BEMF Alpha)
Pink: DAC ch2 (Obs. BEMF Beta)
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@@ FOC StartUp - Basic

Drive Management - Start-up parameters )
(. Duration depends on construction of motor - } i
higher mass, higher duration (2000ms) Profic
@ Basic
- Final current ramp value from 0.5 to 1 times R
\_ motor nominal current according to load elude slgnment befors eme-
Duration 200 2 ms
Alignment electrical angle 90 = deg
( \ Final cument ramp value 0.30 = A 0= _ 10
- Set speed ramp final value to around 30% of —— ™ m ) T - <
maximum application speed P : 3 08 2
* According to motor inertia it may be required to Curert ramp fna vaoe | Kl
increase the speed ramp duration (1500ms) Caret ramp cureton o e e
\ ) Duration (ms)
Consecutive succesful start-up output tests 2 = e ilen s
Minimum start-up output speed 500 2| pm Enatle Iﬂj
« Set current ramp initial and final values equal to Estivated speed Bandtolernce pperbimt 10625 2] % -
motor nominal current value / 2 || Estimated speed Band tolerancs lower fmit 975 = %
I
||
1S7]

life.augmented E ﬂ
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@@ FOC StartUp - Basic

Drive Management - Start-up parameters )
Sensordess rev-up settings
[7] Onthe-Fly startup
Profile
@ Basic
() Advanced customized
(- . . 0 N
« Set minimum start-up output speed to 15% of Include algnment befors ramp-up
maximum application speed (if required, Duretion 200 = ms
decreased |t |ater) Alignment electrical angle 90 = deg . L
k ) Final current ramp value 0.30 = A
Speed ramp duration 1500 = ms E 400 — _ E’
Speed ramp final value 600 = pm E i __ i é
- Set estimated speed band tolerance lower limit 030 g 7 -
to 93.75% Curmrertt ramp final value 0.40 = A | O T T R B R R 0.0
Cumrent ramp duration 1000 = ms 0 500 1000 1500
Duration (ms)
Consecutive succesful start-up output tests 2 = e ilen s
Enable |
Minimum start-up output speed 500 2| pm i
Estimated speed Band tolerance upper limit 106.25 = % -
|| Estimated speed Band tolerance lower limit 5375 = %
u J
||
Kys

life.augmented E
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@@ FOC StartUp - Advanced

=

Drive Management - Start-up parameters

* Variable setting of | Tonin”
start ramp by steps| “e

@ Advanced customized

Initial electrical angle 0 = deg

Duration (ms)
1) (1000

21176

30

g

40

2

Speed [rpm|

5|0
K]
Execute sensordess algorithm starting from |

IIII|IIII|IIII|IIII
(=]
|%] JuRLIng

I I
1000 1500

2

Duration (ms)

Rev-up to FOC switch-over
Enable

Consecutive succesful start-up output tests 2 =

Threshold for to switch to the M starop oo speed e
Close |Oop! imated sp and tolerance upper limit . = %

Estimated speed Band tolerance lower limit 5375 = %

O

[
[ %]
£n

Lys -
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Drive M - Start-up p

I Sensordess rev-up settings

Onthe-Fly startup

Profile
() Basic

@ Advanced customized
Initial electrical angle

P e

Duration (ms)  Final speed (pm)  Final current (2)

11000 B ERED S

o117 = [see ERED S|

SO | 11— ™= / 2
S co— | — | —- N R ;

21U e [eee i 50 S|

Execute sensordess algorithm starting from

(| [

]

5

[
o‘#o‘#g

Estimated speed Band tolerance upper limit

Estimated speed Band tolerance lower limit

2
e
k0

- StartUp ramp read in the Monitor

P
@@FOC StartUp - representation of set a data

- StartUp ramp in the MC Worbench

The StartUp ramp in Basic mode is
transferred to the table where is:

* Final speed in in the end of a step

« Final torque in the end of a step

* Duration of a step

The StartUp ramp can be tune and test online

Revup Corfiguration

Lys

life.augmented

Mum | Final Speed {pm) Final Torgue  Duration (ms) Last read Last write
4 1 1] 15040 1000 2018-04-24 16:15:37.921 never
2 583 15040 1176 201804-24 16:15:37.983 never
3 588 15040 0 2018-04-24 16:15:38.045 never
4 588 15040 0 2018-04-24 16:15:38.108 never
5 L 15040 0 2018-04-24 16:15:38.170 never
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» We recommend these steps for tuning

- Start-up

» The PID parameters

1.

2.

) /4
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Current regulator

Observer (C2) and Observer regulator

« Torque mode skip the Speed regulator

Speed reqgulator

!

Tuning Flow
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%% ST Motor Control Workbench [MC_WorkShop_01]

A

”~
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File Tools Help

Documentation

(7] o Port [CcOM143

-|[115200

19

Close Monitor | /. )

Status Advanced | Registers | Configuration | Firmware: ST MC SDK Ver. 5.0.2 Generic
O Idle: Configuration and debug Sensordess gbseweﬂF‘LL Target
Faults Control mode Speed hs Observer C1 22530 Mator 1
Power Board Status DAC Settings
® ocans Oharcz [0
BUS Voltage i ovet ol (i | IS 203
° COver voltage
ot mc ool 5 .
@ overnes Current cortroller Speed controller
@  Statup failure Set cumert reference in speed mode Speed ramp Observer C1 0 =
) Speedfeedback Torque ref (i) 465 Target speed 200 = | mm Encoder Align
Observer C2 0
© Overcument Fluee ref (Id) o Duration 500 = milisec All mators
@ Software emor Exec ramp Flux weakening tuning
Ko 0
rMeasured curerts PID Gains K o PFC
©
T | 0 PFC Enable
0 oraue (i) Ki BUS Voltage allowed
A (1d) 0 o PFC Disable
Measured speed {pm) Ref 0) %
Ig PID Gains Id PID Gains Meas 0 % PFC Fault Ack
Kp 3671 Kp 3671
Ki 2445 Ki 2445
-
Variable Mator Uni = Time Motar Id  Message
PWM frequency 30000 Hz =
Sensor selection main Sensordess (0.
Sensor selection aux
TorguedFlux - Execution rate 1 PV
Bus voltage sensing true -
| i ] v Info / Errors / Wamings | Change Log




@@ Further Tips & Tricks

- Additional Tips & Tricks you can found in F.A.Q.
located in ST web site.

*Or In the dedicated MOQOC training.
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@ Motor Control Development Workflow

#5 — Motor Drive Tuning
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