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3 STM32 MC SDK Vv5.4.4 #ikrri 4  STHNLIES|IZKBEMNA LIPS

5 STHIHLIZ B/ T A

life.augmented



Industrial
Motor Control
Compedenca Cander

¢ B
o @S FE RO, M RIR
o FHTSTHALZE R AT N RSB T
© RBPIRRITE
o B
o PHEMEY (EAHST TH)
o STEM M=% EE(in cooperation with TM)
o JRIHE
« Layout i
« X (in cooperation with FAE)
o PhEREIRTT
- &l
o AT EALIES] R T AR
o AkREIR R,
« B IpsEIEBISTF 65

Ky 3
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STHEHLIZEHI RS
=FHHEHL. PMSM FOC SDK

TR SCFF (R )
MCUs for _ IPM, Power transistors, AC
Motor Control (8-32 bit) switches, Motor Driver ICs

\GBT/

MoSFE

ST MC Workbench E/E‘ﬂ}
STM32 Cube Mx Eﬁj

PC SW GUI ESRG

_X Full customization
and real time
communication

FW library
\ wide range of features &
algorithms (FOC — 6step)

Software — |

"_I Development . | @ ﬂ 4

Kit (SDK)
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Industrial
Motor Control

Compedenca Cander

AL A7 il SR 56 =

Energy efficiency,
FFT,PF etc,

Pulsed load variations,
additional loads

APPLICATION

UNDER TESTING HLT 51 3
AC distortions (sags..) [kl . -
\ AC inrush etc §s -

N iR AL N
\
\

Energy efficiency, load
variations,Torque meas..

\ Devices & motor
temperature,

\ PCB design

TS

New FW IP, tuning, New FW IP, tuning,
debugging,validation debugging,validation
/7 _ -~

"l INSTRUMENT CTRL

DATA ANALYSIS
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Compedenca Cander

AL

F AL 2

« —4H BLDC or ACIM
o BEEHL

o ELIRHL

—tctgs N
W!ﬁr.jn‘ -,
W —

Tl

1
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STSPIN32F0 / A/ BHEiA

Advanced 3-phase BLDC driver + STM32 — from 2 Li-Po Cells to 45V

|
‘ e | R F BRI A
::::: j | CD%EEEEE\:C%W <:> a Im Halgﬁirdge Zé E%:m
e s i Drivers =
R ol e « VS =6.6V—45V (A version), Igate = 600mA sink / source current
« 48 MHz, 32k Flash & 4k SRAM
EERLA: + 12bitADC, 12C / UART / SPI
i pRr A A Qﬁ * FW boot loader support (A version)
T ;
) LA »— * Fully protected (UVLO, Short-circuit, OCP, OTP)

* 3 Op-Amps & 1 Comparator (A version) ,

Al H 31k S - é
il

+ Compact design with 7x7 mm QFN

 Extended temp range: -40 to 125°C
FANLAITR b rang

Lys
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STSPIN32F060x/25x ik

Key Features

« STM32 Cortex M0 + 3-phase Driver

* Fully compatible with STM32 ecosystem

or o + bstep & FOC sensorless / sensored algorithms

Hall

Sensors

. JI + 0.35A & 1A | capability
L

GND  OSCIN OSCOUT PWM/ ADC_Shunt SGND OTP  OCPIn* Ocpin- PGND
Analogin

* All devices P2P among them

KEY APPLICATIONS
« 36V -—120V HzAI{LE T A Value & Benefit
o PR EGEHLAX
o ML A OKFE R 48l - Extremely compact & flexible solution
o TolkAKE
. AUEHTH » Exaustive ecosystem for fast design
«  TIkEZBhML

* High below-ground robustness

r | * High immunity / Low EMI Noise
> /4 8
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STM32 G4
G4 = F3&4 F—AX

EMC (EMI, EMS) - continuous improvement
Dual Bank Flash w/ ECC (Live FW Upgrade)
HW encryption AES

Securable Memory Area

* Gain in Performance
 170MHz even from internal oscill. (213DMIPS)
* ART accelerator (~dynamic cache)
« CCM-SRAM Routine Booster (~static cache)
 Mathematical accelerator (Trigo, Filtering)
» Better dynamic power conso (160uA/Mhz) =
~2.7 times lower than F3 series

F3 series G4 series

 Gain in Peripheral set and Architecture

1% RC accuracy [-5°..90°C], 2% full range
ADC with HW oversampling = 16-bit resolution
Renewed Op-Amp, DAC, Comparator

New HR timer features (digital part)

MC timer improvements (encoder mode...)
USB type-C with Power Delivery incl. PHY
85° up to 125°C (limited condition)

« STM32 F3 portfolio extension

‘ » D-Power portfolio (STM32F334) extension
> /4 - NEW 128pin and 80pin packages (LQFP) 9

life.augmented




New
design

New
design

New
concept

Lys
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STM32 G4

T+ AR A1

R S [ R

Power supply (V 24 ..3.6V 2.0 .. 3.6V @ functional Only PGA gain error
- 2.2 .. 3.6V @ full perf. is improved from
2.2V
8.2 MHz 13 MHz Typ. value
Slew rate (V/us) 4.7 us 45 V/us (high speed Typ. value
mode)
6.5 V/us (normal mode)

Offset (full temp 3 mV 3mV (full temperature 1.5mV @ 25°C
range) (mV range)

Rail to rail Rail to rail
input/output input/output
x2, x4, x8, x16 2,4,8 16, 32, 64 1% accurac

oo ks ol [Comment

1.8 .. 3.6V 1.62 .. 3.6V @ full perf.

Propagation dela 25ns 16.7ns Typ. value
Offset (mV) +/-4mV -6 .. +2 mV (typ.) Max. -9 .. +3 mV
No (except 256, 8 steps: Programmable with
128KB version) 0,9,18,27,36,45,54,63 step 9mV
mV

e I o [Comment
Power supply (V) 24 ..3.6V 1.8 .. 3.6V @ functional
2.7 .. 3.6V @ full perf.

Sampling rate 1MSps 15Msps (internal use Settling time:
only > DAC connected 16ns (10%-90%)
to COMP input) 64ns (1LSB)

G4 includes 3xDAC 1Msps (same as in F3) and 4xDAC 15Msps (internal only)

10
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Motor control 7 E E E
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Washing ! i

Machine : : STG|B30M6$JVS-L
: (2.3W-3.0KW)

i | STGIF10CHEOTS-L | STGIB20M60TS-L !

Ai g STGIPQBCBOT-H(Z/L) (1KW-1.2KW) ; ;

ir : . (1.7TW-2.5KW) :

PR : sTaIPasceoT-Hzi) (VP toS00W) : ! :

Conditioning i i i ' i STGIB15CHB0TS-L ;

- ' STGIPQ3HBOT-H(Z/L) i i i

: (Up to 100W) 1STGIB10CH60TS-L i i

’ - STIGPN(S)3H60T-H ; - (1.OW-1.5KW) : :

: (upto 100W) ; STGIBBCHEQTS-L . i

4, = STIPN(S)2M50T:H ' (750W-1.2KW) ! i

ST osow) | STGIF5CHE0TS-L i i

RS ! ! B (300W-750W) i !

Compressor o ey g , i !

[ msorat 7 ! ! !

(20-50W) ! ! ! !

! ! ! ! !

Industrial : : : : = :

B | ] | ] | ] | l | l |

drives I | I | I I | | I | I
25\ 60W 100W 300w 500W 750W 1.2KW 1.5KW 2.0KW 2.5KW 3.0KW
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%\?FEM\ A 75 K

J

SHF
&I

[l s >
6x 43321 IGBT or MOSFET 6x IGBT or MOSFET |('-n> 6x IGBT or MOSFET (IQ 6x 43 3LI% IGBT or MOSFET
MDmesh T - MDmesh
...DM2K5 HE N 2 HE N c EEEj G
HER IGBT Trench L A HENR E HE .IGBT Trench
3% 45 AR AR ) 3 TR YRS g 3L THRINE) S G & He
B B Ple3ax BE B @ HE B g Tsvox [l .
2 & HE Em.&mi%ﬁ 4 SN Hﬁfﬁ(%& o
Tsvaxi 1 =) u&ﬁz & HSZBL%& X DR s 3
o @ 1T e g
MCU MCU m STM32G4/F3| = MCU -
(=]
s B i € 2 :
- =ty
3 3
TQFPlﬂlOG-‘J-Lpt h0.5 E

* SRS i 4 ORGSR W T PR B ST A4, H R T 26 B
Ly7 ST LU A R R

life.augmented

12



1 LI 1 7 R 250
ST /& 25 FiAN [F] 75 5K ™

-

%

VFQFPN 3x3 m 5
X 4y L) IGBT or MOSFET 6x 4337 MOSFET 6x MOSFET 8 6x 4+ ' MOSFET
B B W sTriprET B [ [sTripFeT HEN « B I I STripFET
F7 2
NN EEE EEE ! pgmn”
3X M I I Bk Al 3X A I I Bk El XA 1 I BK By P
[ Le39x BE B BEBE # SETH & e
P 51 & m % 51 & tl:ft 7 S :ﬁ
TSV9x = 2 = A 3x M1 T KBRS g
e STM32G4/F3 g STM32G4/F3 cEn EEE S
MCU MCU o o3 MCU N
b
- - 3
w w =
<

* ML A ORI T A PR B OSTR SR04, H 02 T 26 BT
1S72 ST i 7 B s ] 40 2

life.augmented
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XML 1] & &4 7 PFC U7 S 48 ) I

Motor1 T Motor2 ///EIEES\\
6x %337 IGBT or MOSFET ' 6x 4337 IGBT or MOSFET E /4331 IGBT/ MOSFET
HEBR = HE R = / DIODE \\
EEDE = HEN ? {\ L ;
HS & LS [ TH: K] g 3x LM IR E] § \ I T B ) ) /]
EE EEE  :
E _

B & HEAR

0 [ sTM32 G4/F3

MCU

STM32 F3

POZENLS ‘€0EAZENLS

Al ¥ 3 FOC 2% &1t (= &) !
STEVAL-GMBLO02V1
KYI STM32F303 + 3pcs STSPIN233

life.augmented
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STM32 HHl#EHISDK
HALIE T B H R B
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)\ = A FA L il
FOC MCSDK

2002 2005 2008 2009 2011 2013 2014 2016 2018 2019 2020
STM32 GO
STM32 F1 STM32 F2 STM32 F4 STM32 F3 - ‘ Y JDC
VACL‘ (1] y =
H Q9 IPFCT
@ STM32 FO STM32G4 |
8/16-bit  8-bit MCU for 32-bit 8-bit FOC SDK FOC SDK FOC FOC SDK  FOC SDK 5.0 FOC SDK FOC SDK
MCU for MC scalar CM3 MCU &  v3.0 - dual v3.4 - SDKv4.0 v4.3 -Motor - STM32Cube v5.4.3 v5.4.4
ACIM and 6-step MCU & MC kit  motor FOC new - high Profiler, One  compatible & Dual Motor PFC on
with control with sensor-  for scalar control analog & frequenc Touch Simplified FW Position loop STM32F3
dedicate MC HW & SW less FOC  and 6- & MCWB HW y Tuning, architecture G0/G4 support STEVAL-
d library kit library step accelerat Injection, Start-up on CTM010V1

v1.0 control or MTP the fIy

]

i !

g =™ O =

H- mIIIEE
e

Ky 16
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’——--------------\

A48 il A

I REA 5.4.4 BERE-EPE

STM32F103x HD/XL, STM32F2xx

STM32F103x LD/MD

STM32G0xx,STM32F0xx, STM32F100

Digital PFC®)

b b

gy

%)

RIS R BRI ThAE

(1)High Frequency Injection =i #iiyE A\

(2)Max FOC estimated in sensor-less mode

-

1shunt Flux_ IPMSM MTPA Motor Profiler @ (3)For STM32F30x
3shunt® Weakening
(4)Not for STM32F100
Sensor-less Sensor-less Free RTOS PualFOC 0
FeedForward | o164 pLL) |(STO + Cordic)
Max FOC()
Max FOC()
203 :fg'k‘:Z F3xx ~ 30kHz
Encoder Hall sensors St?r:tuﬁ XX z F4xx ~50kHz
on-the-fly G4xx ~50kHz
T Max Dual Max Dual
STMC USART based | £100~11ktiz g"gé(g“a' FOC®@ FOC®
Workbench com protocol | o s 16KkH F103 ~20kHz F3xx~27kHz
support add-on XX z ~23kHz F2xx ~36kHz F4xx~45kHz
\ GOxx ~25kHz Gaxx~45kHz ,I
,/
’

‘-———————————————————————————————————————————————————"

"l 17
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STM32 EEHLIZH A H KB 5.x fk va-1E e i 2 o

MR 261 PWM #5152 20KHz / 10KFOC Hi Jit PR il %

Warkload Total

Config (9}, Code size

g E g (kB). g
%47 [FO72RB| 1Shunt | 44.3 18.8 609 3126 12.8 5.1
%47 |FO72RB| 3Shunt | 39.4 19.5 653 2910 12.9 4.5
%17 |F303RE| 1Shunt | 20.4 22.3 | aa27 [ 2940 144 | 7.8
#0NAT [F303RE| 3Shunt [ 181 | 236 | 4179 | 2888 | 161 | 7.5
%TAT |F446RE | 1Shunt | 10.2 19.7 625 | 3122 144 | 5.3
%7517 |F446RE | 3Shunt | 8.2 17.8 603 | 2840 131 | 4.7
#E1T [F303vE [DUAL/3S| 382 | 208 | 449 [ 47284 | 131 [ 7.7
#)\i7 |F4152G |[DUAL/3S[ 18.3 19.3 761 4484 147 | 4.6

‘Yl 18
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o Lsill&E
« Rsll&E
o MR MERE

‘ /' vanm
« Ke il & | {HLLL
o TR AARAIUN B 5t e
< DIRIAE

5 sec

o BEEHERYONE
s FRENE

. R

Ky 19
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AL S A8 B 4% ) I

it SCI S 4%

-15000

life.augmented

Bus Voltage (Volt)

10000
-10000

Measured speed (pm)

=

[=

15000 7

U

I 3000|
Final ramp speed (pm)

o\\

Curent controller

Speed controller

1000 — Configuration and debug ~ensordess Observer+PLL
- Control mode Speed v et [,71335
- Power Board Status DAC Settings s —
E BUS Voktage 12 Volt Chl la % L 1852
Heatsink temp. B C ch?2 b 7 g | —

Sensordess Observer+Cordic

Set curent reference In speed mode Speed ramp Observer C1 | o
Torque ref (la) | 1388 Target speed 3000 3 om -
_ L ObserverC2 | 0
Fluoe ref (id) | 0 Duration 1000 | millisec )
Exec ramp Flux weakening tuning
Kp 0
Measured cuments PID Gains Ki |' 0
: Ko 1000
Torque: (lg) | 1150 ‘ | i
Ki ‘ 600 BUS Voltage allowed
Fux(d) | -314 R [ 0%
Iq PID Gains Id PID Gains Meas 0| -
o 8] ko [T
kK| 214 K 214]




PMSM FOC — fE &
FOC i34 Power Bridge
. IPM/Discrete
o HUFHIRERL
T VE T, A T B i B A
o XTTFHAEAIZRA B A BRIE B3 12 i i B
VAT F B R 1 % R EE Yt 48 o R Jil R FEL A 42
o FEHERIDLE
VA Th - .42 e R R FR U 4 1 RN i R R I 428 1)
o DT YR
VAT F 1E 5% 35 SR B0 /e A5 1) 44 1)
PD
~; et e
Y/ 21

NI



iEiJLPLLE§,EZﬁ%
ZEAL & AR A AR

Bus Inverter |———
TE > —> —  PMSM
AR i =)

o avfEn DT, I N RAE TS, bl es N SE . hPWM h
witching scheme Speed/
B RFERER e Fonsing
(BRS8N E AT 5 & Sl
o ToAL R B | comraner |

o PRAS LI 2% +EUAH A
AR TR R (B ) ST AL E
« N HTARZ & ABAN GG O3 I tH A AR 15 47 (< 3-

5%% € 71k ) B K
N . - — 2L e x(t) = Ax(t)+ bu(r)+ g
ORZSALIIEE + A KR ISR 7 hmm) o

Sc(ia,i}g,ea,eﬁ)

er el

i f Ak A
b-emf B T4 Wy

o ’ea =® pw cos(@)

- e, =—D, pe,.sim(6b,)
P 4 22

Lys
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Y L
H KR
B0 &R A R B
IR N
o B EH FH S A
C ST LA i
o WUEEE— KA B BH TS R AS B A L ]l L
« FLITLR R B T SO S R P
2+ 1 B PERAE HEE g
o VAR UERTE: 5
'B'Ea?'é]ﬁg;?ﬁtlj: Eﬁizlgfiﬁ‘é E ? E ! * !

3 EFH %A
o HLVIKAE L BERS
o IAERI A / HEREH &

« 2% = FL A% /X A% (ICS)

|
T%%’%‘&TJ FEHLIR A RAE T A S IR LR L2285 KRR 2

o J\ ‘]}1

|
FE L S LT 2 0 0 SRR AL 2 (2 L BLx A0 SR 3R 3 S 270 IF

Lys ; .
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MCSDK TAERFE

© Disconnect Electrical Model Mechanical Model

Rsisesgl Lssadojiy Friction 304.59 nNemes

P> Start Profile ow_faa
- c '
— 1\:Bofv Imax | .-' -
® Play 1.27A 4 Xe Inertia Max Speed

0.5 Vrms/kRPM 209.56 nN+mes? 14.87 kRPM

Motor Profile';%
Mofion Control Suits i@, ;' 5

RGHRCEGUI

Motor Control
Workbench

W E

FE AT 2 il
ik GUI

TH o &
CubeMX & IDE

stz

Motor Control
Workbench

STM3." P

LCixerge g s bB CubeMX | STMaS" r’
Y nr >IKEIL CubeMX

' T 5 Tools by ARM
G R ; s SYSTEMS
s TrueSTUDIO

for STM32

s 00000000 0f[
[
jEd
1
[+
@

Keil is free for STM32 FO/GO/LO 54

J
§§%
L
>
i |
B AT
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T F: ¥ MCU 7%
until X-CUBE-MCSDK 5.4.4

CURRRR ‘r»
IOMFOCH < 4 S dxox o x

v'/%: MCU supports but SDK does not support so far.
Kys .
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ST Products
(1.5HP example)

« STM32F303RBT6
« STGIB10CHG0TS-L
« STGIPQ3H60T-HZ

« STGWT30HP65FB
« STTH30ACO6FP

* VIPER26LD

« PM8841D

« T1235T-8FP

« ST3232BDR

Lys
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+15V
+12V
+3.3V
+5Vis

Inrush current
limit control

POWERSUPPLY
INRUSH CURRENT

B R

TIM | ADC1

OP1

1 ADC2

CMP5

ADC

TIM16

OP4

ADC3

shunt

COMP |OPAMP!
%
il
FAN

STEVAL-CTMO010V1

amp’ed shunt

COMPRESSOR
FOC DRIVE

‘+350V

IPM
STGIB10
SLLIMM™

oP2 3 sh Jnt/ /
CMP1
CMP2
CMP4

TIM +SD
Rowig +S *+350v

FOC DRIVE

ST = 4M1Gen2
1Ml FOC + DPFC

Compressor Protections:
OC, OT, UVLO

Fan Protections:
OC, OT, UVLO

PFC Protections:
OC, UVLO, oV

Power scalability
1 HP — 3HP

Small BOM
High Integration

27



LA
i

ST =E/M1LGen2
STM32F3 CPU%1 %, (<56% !)

| \
:llllllllflIIIIIIIIIII‘“““\

\

J i

Lys
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\

Dual Motor FOC
Proportional PWM frequency 1/2

TIM1 counter

TIM8 counter

Free time for other tasks '1 J L jl l
measurement
PWMi3 I FE5 e B] CPU % fi
i 6 kHz 6 kHz 22 us 13.2 %
(AR, 14N
X FEFOC 18 kHz 9 kHz 22 us 19.8 %
(A REEE, 1B
PFCHL AT 40 kHz 40 kHz 4.39 us 17.56 %
PFCH LA 2 kHz 4.095 us 0.82 %
EZ60L, EERESNEL B 0.5 kHz 42 us 2.1 %
%
R, EEESAEEAES 0.5 kHz 42 us 21 %

556 %

28



IJ}]:I:&M%GGHZ
" SLLIMM® IPM 5 {3 BERK

s s .
HERK FolR

QTS
o

98.0

o 050 , 600
o ' o 40.0
Q N o —e— STGIB10CH60TS —e—
94.0 —e— STGIB10CHBOTS —e— 354+7=H
93.0 30.0
100 600 1100 1600 100 600 1100 1600
BN T ERW BN TRW

EIPMEIIN/OUT EE%%, {8 ST MC SDK v4.3 fJFOCHX5BLDCHLHL,
T2 b sEBr N A _EEA TS .

STHIIPMA) RCE b 35 4% F1510.15%~0.38%

HIThE P = AVG[u(n)-i(n)]

Ky 29
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dPFCH}
STM32F3
ST MC SDK v4.3537;
P13

AH) PF, THD, @ 40kHz
Ton/Toff ZEIR#M
350uH/10A HiJ&

-ame

ime

Oty i i 15,06 200

16 13
25.0mi o

'
2

Wac 220035V lac+do T.1853A
AL Fwr  15TTEW

mhd 1.1473% Wao 2A003IY lac TOUES1S
| A Par LSTTEN Pyer Facl 1000

fEnd 11303

Ampiiuce 1A}
1E0

1705
[}

17 B

x5
Harmenic Mumber

Wz ZA0.0E3W
AT Par 353 EEAW

life.augmented

| Wao 220034V laz 1.EZ584 c+do T E2HBA
AT Pwr 355970 Frer Facl S57 846

LSV ES

e

A

2

et

ST ZE/M1Gen2

98.00%
97.50%
97.00%
96.50%
96.00%
95.50%
95.00%
94.50%
94.00%

98.00%
97.50%
97.00%
96.50%
96.00%
95.50%
95.00%
94.50%
94.00%

DPFC THD & PF

RERL
—e— STGWT40H65FB

—eo— Competitor

3747 7485 11318 15121 1895.6
HNIDHEW

—e— STTH60AC06CW
—o— Competitor

370.7 7322 1101.3 1461.3 18235
N ThZFEW 30



‘ AW 1 | 7J<ﬁ¢§%73771<
p— = AMIL--- X LR 2 45 B 7 PFC

»STM32F3 /G4 based full platform control FROM COMPRESSOR
=Dual BLDC motor FOC, compressor & fan 2020 Q4 FOC DRIVE

»Digital Interleaved PFC, 2stages, CCM
=Digital Soft Start Inrush Current Limiter
no relay, no NTC

Motor Control B %
Competence S
Center

Interleaved dPFC
Diod
ooy =YY N STT:-TSOeAC > +400v

IGBT
- . : STGFW30
" * Mixed Bridge
E dICL soft start
I SCR

TN4050- TN4050-

12WL 12WL

IPM
STGIB30
SLLIMM™

——

Diode
STTH30AC

STM32F3 / G4

IGBT y Gate driver

STGFW30 PM8834

IPM

STGIPQ3
SLLIMM™

COMP |OPAMP!

Diode Diode
STBR3012 STBR3012

PWM frequency Control frequency Task duration CPU load
Compressor FOC 5 kHz 5 kHz 20 us
(sensorless, 2shunt)
Fan FOC 15 kHz 7.5 kHz 21.5us 16.1%
(sensorless, 1shunt)

DC converter -
VIPER31 +15V

Hif7

31

IPFC current 40 kHz 40 kHz 7.8us 31.2% +12V 77 L
regulation ! fll -
iPFC voltage 2 kHz 27us 0.5% +3.3V
regulation —_— +5Viso s [
iPFC load balance 0.5 kHz 2.7us 0.1% = ; FAN
regulation B va |
Compressor, speed 5 : 6% POWERSUPPLY st W FOC DRIVE
loop and other tasks = L
’ Fan, speed loop and J i 6% ST Ref Board ¢ e

life.augmented

other tasks
i Prototype
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STUKFERE R TT Z
250w / 300w (650L)
B g AN LA B, B W AR S ik 7 R 1) = FIBLDCHHLEZENL 2 o HT 10 T ik o
BAETEEEAENERFEN, STHER T R H

LR BN FL5FR o3 a) LS AR § 0 B A
X T A FBIMCH A XA, STHERTTFREFEEIER TIE

fRiRdr %2 B

T B VKA IR A
KA 7 T E T S VKA 7 T B T S

HLLBK S HL AR

ON/OFFifi {5 F1AC F

SRR . BLDC/% 4

FMILEIEJJ Gl . BLDCE4i1 BLDCH: 4l

TR /

life.augmented




Motor Control

Competence
Center

250WUK 58
AN[EMEE A 2R ), B ALK B Ak

A
) NEW !
=) —
©
>
= NEW !
e —
m

STM32G0
Available SLLIMM™ nano IPM

Available solution & kit

“STM32F0
3xL638x + analog

G hec b STSPIN32F0601
STM32F TGFS IGBT/DM2 MOS M Completed
TGFS IGBT/DM2 MOS

TGFS IGBT/DM2 MOS

| "o
Kyy Integration 33
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STUKFE ff )7 5=

»y B TR
STDSNG0DM2 ﬁ%‘/)ﬁl 3&%
M@M STGDSHGODF & STDENGODM2 & STDENGODM?2

Comparison at different power

1 320V 224 W 219.65 W 98.06
Input Power
e Device  4o[w]  90[W]  220[W]
" INVERTER STGD5H60DF
§ ? 94.44%  97.18% 97.55%
GND STD8N60DM2
96.04% 97.92%  98.06%
Input Voltage U STD6N60DM2
95.84%  97.41% 97.66%
System efficiency comparision
M ~ 2 99.00%
ax = 0
Avg = 60.6 20.00% —
Temperature measurement at Min = 34.2 5
220W steady state

= 94.00%
93.00%
92.00%

Highest temperature: 69.2C
Average highest: 60.6C

Lys

life.augmented

2 97.00% /
g 96.00%
2 95.00%

40 920

Input power[W]

=@ STGD5H60DF ==@=STD8N60DM2 STD6NG60DM2




Motor Control

Competence
Center

Example of performance obtained Ezfﬁ*ﬂ /ili_l' Z‘jj Efﬁ%'fﬁi

Result is function of testing equipment

o MR HLE: 220V, IR 22°C o EHBINEE 176V, IME: 22°C
FRELIE 15 F
{5 1RIE4T3 B
H A LG, 5077k

6. E4atl)aE B EREMIA

1 H SR E HSARE FHL IR AL P R IRERAE S
-1 1 J5 20 0.45Mpa 0.45Mpa 176V 22°C v \ v
HIERzh 0Mpa 0.45Mpa 176V 22°C \ \ v

35

life.augmented



Motor Control

Competence
Center

Example of performance obtained

Result is function of testing equipment

3. EEMLEE RS e MR
(1) MTHYL B, $1% 0.23N.m

s

S YUNEY

AL

A% (Hz) 40 53.3 60 80 100 120 140 150
HARE# (rpm) | 1200 | 1600 | 1800 | 2400 | 3000 | 3600 | 4200 | 4500
Y EH (rpm) | 1206 | 1603 | 1807 | 2407 | 3009 | 3608 | 4211 | 4510
foe G (rpm) | 1208 | 1605 | 1808 | 2409 | 3011 3610 | 4213 | 4513
fe/NEEE (rpm) | 1204 | 1602 | 1806 | 2405 | 3008 | 3607 | 4209 | 4508

% 1E 7 (rpm) 4 3 > 4 3 ; 4 ;

Lys

life.augmented
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Motor Control

FE A ML fr TRt
Ex f perf i
Rosult s fnotion of tsting squipment ST FOC 3Kx3)] 1‘)}2 500hrs

SERe XA S00nELE4S00rpm  E4HEHAE S L E%il4%5: 1
R B RIH | RBE |[RBWE EERE EL £ E
il %8 /W 86.26 | 86.24 | TH< 5 % B 0.20 % Atk
BN /W 48. 3 48.13 | FH< 5 % B 0.35 % o
"RE/dB(A) 38.5 3.6 | kA< 3 dB(A) | FH 0.90 dB() | A
Mo V361 8, L/ SH 2 6 F#A< 11 SH t# 4 sH &1k

Ky -
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Motor Control

—_— ; A} ’
ot 'IE /J]l?l =23

Example of performance obtained 43°C — 187V

Result is function of testing equipment

 Long Run, 6 fridges in parallel: PASSED

Energy efficiency .
assessment = -

” Competitor R
ON OFF ON OFF ON OFF ON OFF

4500RPM -~ 4500RPM 4500RPM 4500RPM
Power 237 W 254 W
measurement at
20min 3hrs 3-5min 20min  |3-5min 20min  |[3-5min time of assessment

 Restart test after 5 minutes stop: PASSED

Lys

life.augmented
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Motor Control

Competence
Center

= N nH S P ==+t~ P
i S M A, — ARz
Example of performance obtained i = Sy A ==
Result is function of testing equipment {I% I PE‘E"_‘L:ZIQ:

Better than
"Fridge 1" Target 1200 1600 2500 3300 3900 4200 4500 Avg. competitor

‘ , ’ *%42 44 39.72
life.augmented 992.86 839.34

2l 39.35 39.31 40.11 39.98 39.83 41.51 43.04 40.45 3/7
HB 7 %8 1(Rxx) 875.52 | 528.53 1050 | 770.97 | 818.84 988.6 1030 866.07 1/7

"Fridge 2"

Lo gugmentad

padl 40.38 38.44 42.8 41.11 40.76 42.59 43.14 41.32 4/7
e )7 %82 (Rxx) JIIpEYES 2040 518 705 639 888 952 | 933.92 953.70 1/7

Ky 39
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9 STHEAH figif:

500/700W IPM - STHJIGBT Trench Gatefi &k — STM32G030K6/8

6x ACS108-8SN
ACIFR, T

RN

DCH#ia3
VIPER26LD

STGIF7CHG0TS-L
SLLIMM™
STM32G030K6/8 a
ADC1 d T8
-
BRI
2/1shunt

life.augmented



A(wr) (digit)

life.augmented

RSP 57 kR 3 $1200g
o« HELR GRS P 1A 15009 (R 61 4k < 5000)

90
80
70
60
50
40
30
20

Average Speed max/min diff vs weight

o
<
®

1 o

[ ] [0}

¢ t° =

g ¢ 3

F 2

’ i >

*

i ! =

e ! =

$ =

§ i <
$ =

' g
0
| vy
]
=3
(9]
=

500 1000 1500 2000
Weight (gr)

3000

2500

2000

1500

1000

500

S

n}

Average passing time VS Balante weight(unbalance weight=0)

A YA MK E

0 300 1000 1500 2000 2500 3000 3500 4000 4500 5000 5300 6000 6300 7000 7500 8000

Balance weight(gram)
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« 18045 RPM, 0.33 Nm, control freq @ 16kHz |+ 434 H & 13 FOC -5

« AC mains: 230V, 50Hz

)
an
OF

g5 05

o AASAEHALAUE FE

JEI 3!

1
uc obser\i[led rot

or

[—

Stator ¢
(probe)

caf

angle (DAC outp

»qt)

]

éHaII sensor
output

I3
Measure P1:rms(C4) P2freqiC4)  P3phase(C1,C4)
valug 32084 1.203521 kHz
status v 4

1.00 Widiv 2.00 Ardiv
-40.0 mA

LeCroy

Lys

life.augmented

P4:rmsiC3 P&--- PE:pkpkiHarm)

imebase 0.00ms] [Triooer HEGHED
500 psidiv) Stop 187V

500ks 10 MSis]Edge  Megative
424/2008 6:10:12 PM
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RS F A

ANRIRIAT Wi WA ] ) S F

RRYIRZ /A

X

s

X % Xk

]

i [

\|
§0}|
A
Q99—

oL s PR

PWM
BKIN —> EiViEey ) -

ol

Two different inputs programmable

Digital filters *{ On over voltage

Disable WM generation =

Polarity STMC e Tum n I'il:;n.ars';"rttc‘;l;as |
r Active on CSS, PDV, SRAM parity Workbench T
’l error, Core Hard fault 43
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Motor Control
Competence

Center

EERE

S P YE B B AT I KRB LIR S AR 7 52
(ZRZSRIL. ZA R, X, fE, TILXEE)
¥I4H L B K WlInitial Angle Detection (IAD)

T BEMFALJU IR 3% XS 30 (32ms)
A2 1] 2]1.6HZ

100% RLIIER - 305K JBR. 38R)5 3
R 3% M ZE i B
RERARR T i e

a2 United States Patent (io) Patent No.: US 8,816,616 B2
Costanzo et al. (45) Date of Patent: Aug. 26, 2014
54y METHOD OF CONTROLLING A FOREIGN PATENT DOCUMENTS

THREE-PHASE PERMANENT MAGNET
SYNCHRONOUS MOTOR FOR REDUCING :
ACOUSTIC NOISE

IXTDERD 1272007 s GO 21002
2012425 172006 HOZP 21/D0
a1 A ELOD Y

Lys

life.augmented

= XL, K

Speed is so high [* Speed is high

that ramp down [enoughto sense
will cause DC |'speed and angle
over voltage

Speed is high enough to
switch to FOC run

|| FOC Run On The Fly

Ramp up with sensed speed & angle + FOC

Low side on brake + ramp up + FOC run
|| Ramp down with sensed speed & angle + ramp up + FOC run

Il Periodically low side brake with current shock suppression + Ramp down + ramp up + FOC run

44



BN e AR B s SR

« ST LAFIL "HFP, o] LB ESAT 1 1-PMSM ML 1 DA Rr v, AEARGE AN Z i 5 4% HH 4 0 .

i

o fEd-q2br R MBS IALE, IR BOE M HEAN — R4 (200Hz-1kHz) 1IE52 S 5 (F R )

— Measured : '
rotor speed ! J|

] 1k Phase
A (0, 1) lcurrent | |
Angle detectior|} | [11H LA GRRILERA LA
(200ms) 4\ || -
5

THURRRE

:+ -‘..:I-!'w!w.l
¥ Injected

Vo
Rotor :
Angle  }
test signal ‘

o PRI TR TR, dA TR B AJREFHR (KTl s A ERMERER , nT A EIF, g (FESE brd Al
ERrE) KT Fhg (FESEPRQHI L/ 728D

o PSS RAE, B L N, T TERTE T R 2 R H BN ARALAR fa, AN R (A, fEQTHhED

— @é{ﬁ% a2 United States Patent (10) Patent No.: US 9,325,263 B1

r Costanzo et al. (45) Date of Patent: Apr. 26, 2016
/4 ___ 45

(54) hl_t\si_l)_ll_l.hbfz l_{(:)_IE{!{_:E\_(y_L_I:. DETECTION SPEEDAM 2008, International Symposium on Power Electronics,

life.augmented



i il R 7 kb (KWL 7 2R 1 T

Aapl =

G

o N T IADWruEERs ,  A] UEN FLOUN-EIE 2 25 5 3 LA A I HH R FRTH 78 G R R R i

5]

. *E%Eﬁﬂ?ﬂi@ (ST A , fEPARKZZ#H:Z25 R, e LU AE— T LSRN
K

iq ref i +
TORQUE AND ! - REFERENCE FRAME
FLUX controller REVERSE motor
CONTROLLER | 'dref V4 current
TRANSFORMATION
'y . rid | > feedback
controller
- B A4
iq ;
. PARK abc CURRENT
la TRANSFORMATION SENSING
Tar el e -
®, ROTOR 6th IRk H i
. SPEED/POSITION |
FEEDBACK ’
a2 United States Patent (10) Patent No.: US 8,816,616 B2
Costanzo et al. (45) Date of Patent: Aug. 26, 2014
(54) METHOD OF CONTROLLING A FOREIGN PATENT DOCUMENTS

THREE-PHASE PERMANENT MAGNET

v EP 1870680 1272007  ............. GOLD 21/02
’l ACOUSTIC NOISE L N P L S P T Anna LTATD A1 AR

life.augmented
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WG B A IIAD (initial angle detection)

o [EFFIEFBRRHIEE T, JLT=n USRI FRVIGAE (A , LGSR ARREEN,
AN B

- NHAE (LEO
1. JBEIT AR, 00 M. KE. ATMEE
2. YUk fEEh: KR HlASE (R%PL)5E

c & 500mA W) ([Z 80
J120M points || >136us
(16 Mar 2020]
‘ /4 47
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IR e MV 4% i A SR L AL
A R

ACIM SDK #iiA&

« ACIM SDK & —/N 3T 22 it B8 LT A B R R B e X A e
A& T —ANIRE) RN L N A sz 5], FETFNUCLEO- Bk ARG A

F303RE F1 STEVAL-IPM10B HIBELF AL & (G o X-
EERHIE . Motor Control .
. %?STNBZ FBE@@ZE\Z %*ﬂﬁgﬁ Mlddleware UART_serial_com
o EMERERY O B HI IR BN T 1 Hardware
o HMAPIFOCH] (LSO-FOC)
PR EE b B 3 ] DR Bh 7 20
o A VIF il
o fHHST #HALIEH Workbench T4 1% o N FH 1 BC i AP ER 55k
o PR ETEAL AR AEIC B A R i B RN LI & FH S 2 (ACIM
GUI)
KYI

« T X-CUBE-MCSDK/{HANZ H A1 —3 4>
o R AR RS IFOCH I (1-FOC) Abstraction HAE
S HENIKEEE AT
life.augmented
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L% il il

Inverter .
Control + Power (Complete Drive) MC Kits

Eval/Nucleo + Power/Expension

Control stages

MC Connector h{'— ;
(L. s
o=
_n“/‘
Power stages

>

P-NUCLEO-IHMO001

IHMO002 or IHMO3

STEVAL-CTMO010V1

Ky 49
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L b

| R B
LI L

P-NUCLEO-IHM001 , IHM002EZIHMO03 support: FOC & 6-step
o KM AMCEY o [KAMCEH:
. FTLLSEEBLDCHINLEZ RN T ik o FLLSEAHBLDCHINLE I (7~45V,
36V, 1.4Arms) HJSTM32 1.5Arms) HJSTM32
o NZ: Eg)r\éagnl\éugﬁg FI)—“UCK &7 . HNZ:
+ NUCLEO-F302R8 i i @ + NUCLEO-G431RB

o FLT-STM32G431 (K fadas il 25
«  X-NUCLEO-IHM16M1
« JLT-STSPINS30[/ LK 5h 25 ki

« BLDCH#HL

«  FETSTM32F302 11 4dz il #e i

* X-NUCLEO-IHMO7M1
« HTL62301 KB B

« BLDCHL#L

F3 ries

G4 series

50
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PR 455
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