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1. WEiA

RN %

AKX T M TN LCM32F037 %41 MCU 7KL E2E L (PMSM)

R FE R B4t (FOC) JEAJFHEAIPER 7775, LCM32F037 & —3k 32 kT
ARM-Cortex-M0 W KRl s TAFSZE AL 96 MHz, TA/EHLE
N 1.8~5.5V; WH 32K ¥ Flash Memory, 4K 7% SRAM; Zik 18 ili& K] —
12 FikEE ADC; £ 30 MR 10 3w 1, AIACE 6 JEiEMRA PWM LUK
WX AT E AN PWM; N 3 ARG S Nk BERIZD AL FOC %
HITE T 3 AN TR SE 25 IS UL K 1 AN R S AR FE . H AT O R T 5
WA g R, RS, KIE . TR A

vV V V VYV V

vV V. V V V V V

& R

32 fii. ARM Cortex-M0 1% MCU;

M E 32K 775 FLASH, 4K 777 SRAM;

TAEREN 1.8~5.5V; fm LAESIZ 96MHz;

WESFEE LB, #BEEL (POR PDR);

NEACER I B (LVR), 8 MEEEAA: 1.6V, 1.8V, 2.0V, 2.5V,
2.8V. 3.0V. 3.5V. 4.0V;

Al gmAE R BRI #S (LVD), 8 ANHEIRMI A 2.0V, 2.2V, 2.4V, 2.7V,
29V, 3.1V. 3.6V. 4.5V;

W H 24 LDO;

M & 4MHz~20MHz [f) 5% & (OSCH), LK N B H Kk 16MHz
RC #R¥% %% (RCH, 1%f&/E);

M & 32KHz P sk (OSCL), VAR W E W) ikt i) 24KHz RC #R3%
2 (RCL, 10%H5RE);

ME PLL, St 144MHz, £130/NT 100ps;

7 AN 16 AL E B 485

1™ 8 12 WT sEHT 2%,

WE 1 MMSLE T E R 28 (IWDG). 1 ANE L& T IER 28 (WWDG);
NE 1A 24 7 HIREL R Gil 5 I 255

B % SCFF 30 MU 1/0 v

S5AEEEEIT (2 % UART £:0, 18 12C #:11, 2 # SPI@EIIT);
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WHE 21 10 17 D/A ¥ #:2%;

B BB R A L

vV V V V V VY

WE 3 MBI RS (ACMP);
WE 3 MBI EBCRES (OPA);

NE 18 WM 12 k55 ADC, & iE#iE % N IMSPS;

(HALL MID);

IRTIFE: IR, f#HL. HACTIFEIEHL
TERLE [ AL e A F & AR, SR LCM2102. LCP2103 &% LCP7B32A
ThERIRENCFr, FF U8 MOSFET. Bhah, N T LR H r ZRITF RS
N, ¥ MCU 5IR BT AT, %R 52 32 A1 AL A HL
P23 1) S5 S AT ) S P BR AL B AR, [RINHER B 7 = AR AR DR Bh A, ] B4 K

Zh 6 AN N ek # 3 N+3P %) MOSFET.

1.2 THRE

(1) TSR

i PERAT: Keil

fiE#%: ST Link /J Link
{74 : DEMO JF R
(1) FmiFasicE

KA Options for Target 'PMSM_FOC'

Device lTarget ] Output ] Listingl Uszer

| cricts | dam

] Linker ] Tebug I Utilitiesl

|Softwa|e Packs
Vendor: LCMicroelectronics

Device: LCM3I2F037

=

Software Pack

Pack: |Kei|.LCM32F[h(x_DFP.D.4.52
URL: https://lcppt zitee. io/pack

=18 LCM32FD3x

&1 LCcMm3zF03s
@ SILAN

el L CM32F037 Eial

Toolset: ARM
Search:
¥ ARM FI3% : 32{uARM Cortex-M0 MCU
=% LCMicroelectronics :ﬁ%ﬂ%&%ﬂiﬁi
=T LCM32F0 Series AR

B . . .
-32KBytes h FiFash {{EEEI2bit) » EIFFRENITIRCHE /S8
-4KBytes SRAM ( fuBE32bit) » AR TEZTE. EM0E

i e
-1.8VE(5 SVRER F01/0

FALD0, — AT IRV i, — AT R
ETEIEE R

BT . DR S (POR)

SHEELF . A Bl (POR_PDR)

W

0K | Cangel | Defaults | Help
B 1-1 TEXHERIER
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KA Options for Target 'PMSM_FOC' X
Tevice ] Target ] Output ] Listing] User I CAC++ ] hsm ] Linker Debuz |Utilities ]
" Use Simulator ~ with restrictionz  Settings * Use: |ST—Link Debugaer ﬂ Settings
[ Limit Speed to Real-Time
IV Load Application at Startup [V Run to main{) IV Load Application at Startup [V Run to main{)
Initialization File: Initialization File:
Restore Debug Session Settings Restore Debug Session Settings
IV Breakpoints W Toolbox v Breakpoints W Toolbox
IV Watch Windows & Perfformance Analyzer v Watch Windows
v Memary Display [V System Viewer v Memary Display [V System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
|SARMCM3DLL |-REMAP |SARMCM3.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
|DAF~!MCM‘I.DLL |-pCMI} |TARMCM‘I.DLL |-pC|'\"||}
[~ Wam if outdated Executable is loaded ™ Wam if outdated Executable is loaded
Manage Component Viewer Description Files ... |

OE | Canesal | Defaults | Help
B 1-2 T#2 Debug i%H

1.3 FHiEWER

SR 7 32 8 FEAT ORI T I R B 475 1) QUK 5 L M B K HE AT ARy
= mPERE E X, AR RIESRAE FOC Jold. A . XCH BH F LI il 7
PR B 2 E O o 7 UL 65 i, T PRI SN,  EE BRI XG5l . 12
e AT B AL TR BE R AU SRR s B e VSRS R O S A R, T
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2 FOC =] JR #

R E TR us BIMEAE . 7 35 6 K W 1R 25 B LI — Fh A 40 B ) 425 il
TNEM R EBEREOR, Wi € M| (Flux Orient control, FOC), HSE
5T A2 M FH A AR AR 3 A —AH E - IR B UK B i e R 31 % 1 G 08 1m) [F) 8 i (d-
q) MFRRY, SRR B i MR e, EWNER S &,
B BISR LT B L B, AR 5 07 HE LR FEATL IS I 70, 0 il kAT 15
HilZZ T ENLI G5 T FOMESRE Wro SR B TSI SRME I QB AE T80 I A AR AR 46 S
LT 5E - AR E IR AR A A A B CRUAEAS ARG Wz dsh], FEORIE
HH = A 7 LR T B R L 54 I 1 B 35 5 7K AR B e I i 3 R e AR E LRIy
T3 7€ [ 5 o

2.1 WE3 e 4 ) S B S B

NSEIAN bR R A EE AR ], A RGHERE] 2-1, Wi I dE ]
M ) FARSEIL AR A -

ORI TH5L = A0 T L SEPRME iav ip i, WIS Clarke #1532 F 1E Ca-p)
AARR R NI & o ips

@B B Al TR B4Rk A B ORI AT 0. 5 iy i HHEE S, I
Park AR TTSEIAG 2 [F] 20 ey (d-¢) AAPR R TR iav ig, XA
BB, ia A ig 70l PR 1 i - o s RN 40 i

OMRHEZS E W LA R o' SMTHATRE o. Z AR ZEE Ave, BITHE
IR PLAZHIGR AT, W B RS HE o MRS EAE iy HESHLEE P
BEHlgE . R, BSEHIR i 7y 5E 3L E o i 47 RS
PN ERI B FIHIN Ai'as Ai'y, 20t PLISHIZS I H R R & uas ugs

DOFAFENE ian ig M uas ug IR BATTHEIE VIR, AlTh H 2S00 S ) Al
FE Oy R 0. #E4T Park WA HAF B 1L (a-B) ALFR RIS HEIE uas ups

OX M IR HIEE EHBES 5 SVPWM RHHE, HEm S 2507 R ahs
5, AR AR AR 2R @ S O, XA T AR SR I A W AR AL
SAHIESZAZTR A, BN E i, R AERDE e iy, Sk AR |
ER, IRBhHLIES:, X2 76 B AL E A il A .
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- SVPWM Dee
Iy =0 + Aiy U 5 u, o
—»?b—>|_|—> a /R A\ >
W, + i + ] A I IR v = J
gLl o— [P daN— >
-l 1
W, Iy o,
v i Ja
dg,/fe af o
of ¢ Abc| e
A\ 4 \ 4
|~
— U,
B D)
L B U,
PMSM

2-1 B4 RE [T HI R G HE

2.2 FALEA R
R RIOHN R AR we s ueo SERAEHIHAN AR, fEHBHLE

T B AR R R, RV e A ] o Tk T LA R R A B R L T
PR 5E [ 70 45 D42 1) 1] FELVAL o

PMSM

& 2-2 BHER

2.2.1 AEARAR

AR 80 2 T8 Ak 7K R TR A5 LB S AR (1 B B B e 5 — A & 1k (abe)
AATR Z8 IR AR AR 4 B R AH B LE (oB) A5 2R I Clarke 2848, LLRCK W AH B 10 A
P F H A AR 4G 21 PR AH [R] 28 T e (dg) A4 s 2 R I Park 2846t

(1) Clarke 7%

PIAHR AR R EEEE T L, fakhS afliE S, SHOISE @R T


https://www.zhihu.com/search?q=%E4%B8%89%E7%AB%AF%E7%94%B5%E5%8E%8B&search_source=Entity&hybrid_search_source=Entity&hybrid_search_extra=%7B%22sourceType%22%3A%22article%22%2C%22sourceId%22%3A435537003%7D
https://www.zhihu.com/search?q=%E5%AE%9A%E5%90%91%E7%A3%81%E5%9C%BA&search_source=Entity&hybrid_search_source=Entity&hybrid_search_extra=%7B%22sourceType%22%3A%22article%22%2C%22sourceId%22%3A435537003%7D
https://www.zhihu.com/search?q=%E5%AE%9A%E5%90%91%E7%94%B5%E6%B5%81&search_source=Entity&hybrid_search_source=Entity&hybrid_search_extra=%7B%22sourceType%22%3A%22article%22%2C%22sourceId%22%3A435537003%7D
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ol 90° HIffIE. HL=#H abc HhL LIRS BIPIM (af) Lk I, 455 abe
XN = HE THTER A, R R A T AL A IR, HSCPR A
= HLUE A AT

4 B ﬁ
b \ A
[ A . i
. il ——~
| > . 1 - \
1 3 Iq i \\ id d
| 99
3 ] » o
& 2-3 Clarke ZFi%t & 2-4 Park iRk
i =i,
i, = (i, +2i,)/V3 @-1)
Clarke [z 25k
ia = ia
i, = (-, ++/3i,)/2 (2-2)
i, = (-, —/3i,) /2
(2) Park A%

[0 gt A s AR [ 52 T4 1 b, RBUKHESR N BRPTERINLE Dy d Bh, H
o@)4liZ B RN O CBeT#ARE), q Gt eHiese Iy T T d %h 90° , W]
BRD e (dg) HMabrza,  F TS LG BE AT R0 Y A R

{id =i, c0s6, +i,sing,
. : (2-3)
I,=-1,8In6, +1,c0s06,
Park A, B[R0 i Ad b 2R A2 e 2 P AH LR AR AR &R
i, =i, c0SE, —i,sing,
i, =i, sin6, +i, cos o, @-4)

2.2.2 Bep Ay
W R B 2-5 AT N KGR S LR AL Y AR T, 45 T K BETR) B AL & e
TG DL KRG A ) TR AL FR AR Y
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& 2-5 PMSM I {L4ERIEEY
7t abc AAH5 R, K a AHEGRH AN Nz AL bR RIS H R, PR K
T AA = A T , AT @ il 1) ) e A 9 FETL ) % T L, TR O CHAR DD,
we NG T IS S I H A, R W D7 TR e 1 7 1)
(1) abc A4FR &R T I EC AR
T N B T ARy IR T W), H R AR T 1A S B T AR TR, AT A
PMSM 1E = AHE 1EARAR 2R N HE T B R TT RN

. d
u, =R, +—
a aa dt'//a

. d
Uy = Ryl +a!//b (2-5)

. d
u=Ri +—
C cC dtl//c

A vas uns ue PRV ZMGAG GBI dov ips i NN ZAHGRH LI Ras
Rps Re 3P HIN=MGAM B, H R~=Ry=R=Rs, Ry F/RETLMHIAME: Vi
o Ve N =HHGR A SE o SEPR b T8 TSR 4 R BLRAAAE , SR s 7
FRAEH ST A%, TR =AM S 1R A bR R T BT S IR i B[R] 20 B LB BT — AN 2R
AR A Z L EE R RS

AR AL R GBI B AT T, 5T — 9 BT AR FR AR R AL T RS
P AL.

(2) aff HAbR 2R T I E ALY

(2-5)il1d Clarke 484k, AT LATS3H 1L B AHALHR 2R F HIE 7 U T 12
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ua:RSia—i—%l//a
u,=Ri,+—
p = Rlg dtWﬂ

s o ups dan ips Par Ppod IR A S E R LR L LA DA S BB 70 5
23R, of AhR AR LTI

v, n I, \ cos 6, 0
v, | li, || sing, 7
Hrp, Lo RE, HnTRisw .

L L, L,| |ZL+ALcos(26,)  ALsin(26,)
“ 1L, L,| | ALsin(26,)) XL-ALcos(26,)

A, sL=(L, + L) 2 RAIEBE: AL=(L, - L,) /2 FREEAE: L L
A dy g BEREE

(3) dq AbR AR T AR

X (2-7)fEH park AR H, 1520 [FD ek AL bR & Y R T R

(2-3)

. d. :
uy =Ry + L ald —aw,L,l,

q (2-9)
u, =R, +L, alq +ao,Lyl, + op;
IR, RERETTRE N
=L, +
{‘//d e Vs (2-10)
l//q = quq

S an vgn g~ ign Pas Wo 73 MFRoR d $FD q F 0O . R DL SR REBE 7 &

RIEE2-9) LA (2-10), FTLLEH, =AH PMSM FIECEAR R SLIL T 58 &1
i, BRI o B EE P AR i B LR Te. FHL
SRR T B 2-6 PR

. L, -0, L1, . Lq oL, + oy,
d d q q

& 2-6 PMSM Z3e8 3R E]
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HLRE R T RE N

n=gp{w&+aﬂ—%mg] (2-11)
X, p, BoREE PR MSRQ-10) AT LB H, 7K HEF] D AL HRE RS HE 5 A
PHIRSY 43 AR KR e R L6 4 o 8 ER K R A RN 52 - e 20 P T 1 e
WisH M EAE P 4, RS g SRR/ N ERIE L J5 38 B L S AR M (L>La)
Slie, 5d. g MR ZEEMC, S FRMZKBFEDS B, BT Li= L, %
WA N .

HALEsh 2N

do,

dt
A, I ROREEN IR T RORTREE; B RO R AR AL

ot P RE TN R TR

J

=T,-T, —Bo, (2-12)

azngm—%m (2-12)
WNA DT
P =2 (U, +uji) (-13)
BANT IR
Q=g(uqid —Uu,i,) (2-14)
2.3 PI #5245

FOC FEHIAAAE =AM B RERE PT IR, 2 milf2 il A B i) =2 &,
BB T HeE . B T REEA 7570 5 B A PT ABdz . Horr, SRIAJEH
HUPLELE, P A2 B B ERE S5 1 s dgo

SEhRf Hu
—

KPR EE =
{ MRk |

& 2-7 PIiTHIE
TEHMLEERI R G, X = PL g4 SEPrAE 2 1E N B 5 RS IE TS,
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R RGP R BHE S NFE R 4 € S H . Hd, HHIS 8 K FT ik
N, RS KT HBRRSIRE e.

u=K -e+K -Jed (2-15)

2.3.1 A SH U €

2.2 Tk, dq AAkR R T SE A MARTE L ) PMSM £ 2E B A v SR —
A HE (R-L) Y, X2 T LRG0 S B3 35T BE 5 8t A kM 58
M. WE 2-8, LLdHCAB, FiamRdiiERAE RGHEA

CER/EIN HLAL
L REE i
T T T T T T T T T o I et 1
| I I
I u, | 1 I
pla KooK 24 1 g |
| . s o L.s+R, |
|
| |

2-8 d HH R RGIER

£ Ro-Lo B0 PLRY T AR SO 1 — N RGEMIAR A DRI B (1) P 3%
BR BT AT B MR IR A, U AR ST % iR s 9 A TR IR

K, (s+ i)

i K.
G«s){&wﬁj- - - . (2-16)
s ) Lis+R, S La(3+fa)

a

K, Kip WEOIREL K AR 28, LN ERHE, ROVETH. 2

Ki R
K, L (2-17)
JUP A% 38 e N
Gi(s) = P (2-18)

RIE |G (w)|=1, wi NHETRIARIBUETER, 5
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G,(i@) % | 2-19
Al )| = = -
1 1 La . ja)l ( )

45 N(2-19), FITHEL IR LU R K AR R K

Kip = La ’ a)i

K. =&-K. -R -w (2-20)
ii I—a ip a Wi

232 LN SUE E

FEBLHE FEA R 2F S B R, AR AR A R W] S RO — BB 3R,
FARHIRE RGN 2-9 From. BEFE PT Y g% ok S i bL M E K

q@=K+ﬁl (2-21)

wnE 2-9 fion, BNEERRGRE NN T MRS, 2% To, HHEHL
ISR E J BEE RS 2, PR s BN

K, , 3 p.v.
G (s)=| K +2si|._Pee 2 Fn¥y )
«(S) (sp s)s+@02 v (2-22)

:‘T,tt':‘, wcc%%?)ﬁﬂ:%ﬁiiﬁg’ EI:I Wio

T 344 FLAL
etilE CER/TEZN A
————————————— i [ttt | ety Dl
AR NE TS ANE o
Ksp + SSI X S+CaC) _H-» Epnl//f e+ J_ T e>
I ce I S |
_________ YV — e 7t L1
& 2-9 #RMHARGIEE
WCE I IR P15 28 AL IR wpi € XON:
. = Ksi
pi K (2-23)

sp
EL}%_H‘%E% PI ?ﬁ%ﬂ%ﬁlﬁ, é'\ QWpi /J\a:%ﬁ%gﬁ%u%éﬁéﬁi}ﬁﬁ% Wses %B/Z\ﬂi.
FEIR P 8L R G UL IR @y BT A A% 15 R BRI -
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G, (s)=Kg+ KS ~ K, (2-24)

K, fERGBUEIR opc MY F % ] 2 G AT 0% 34 o6 An] PLTRIAE

3 pnl//f
(S) Ksp 2 Js (2'25)

SRIGA |Gy (o )| =1, L7550 451 s e S 2 o DI R 496 e B
[R5 95 . TR PT R S5 L4 25 K, (35

_E Jo,,
%3 v, (2-26)
AR R R ose /DT IR T 0y — b
1
w, < Ea)cc (2-27)
H—J7, JHEERS PLIE ISR AR wp /N T ose, — K L
1
wpi = ga)sc (2'28)
DRI, #REER P 4% 28 AR 0 G 28 K AT LB N
K, =K 0, =K (2-29)

24 SVPWM

FH T = AHAZ I L 1 6 R N AE 2 ) b — AN, DRI e R R B L
IRIEIRl, BR85S 7R E - din A\ = A 1E 5% B 5 gl T DAYE 8 T BB RGN
MAFRN BB . 72 FOC #EHlId R, Wi b ARPR RS E WL ua up AT 25 1A]
% 22 ik 5 I Hill (Space Vector Pulse Width Modulation, SVPWM), i3 1My £5 21|44 7 0K
AET, HHE L Tl RS RERE TR, A RETE R .
SVPWM Fi AR B R AL T-TH B 1B I I ROR B, DUARE Ry, E3R AR 28 B A
FERHZ B, et BALIEAE RS, B & T B iz R s,

WE 2-10 i, — M EPRHAF =AM SR 730 VT VTay VT3, VT,
VTs. VT ANDIIRIFRLZMA . H Sas Sy Sc 2 HF R A. B. C =HAR
ATFRRAS, Hr “0” METHE FE, “17 /AR BB 38, Sa. Ss. Sc
A \FRHARZS, 38 uo(000), us(001), u3(010), us(011), ui(100),
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us (101), w2 (110), wr(111). Hp, HERE ui~us NAERTAERE, BHE

RE uow ur NERE

VT, *é Vqu"% VTMJZ];

* A aﬁhﬁn_:vv\,_
Udc_-"- bfWY\_l\N\,_ N

B
C

VT, VT6-| % VT2-| K?S

[E 2-10 ML= REANE

B )\ B TAERES T R R &, XA 8 R R =A% & 1525 ]
ERTR RSN B B X 8 an &) 2-11 7 R LR R B AR T AUR BB W 2-11(a)
7 AT BT AR J B X H (1) U S e 350 A B AR AR N R CAE R B sfg 3.
£21 STERETHERE

Sa SB Sc Ua Us Uc
uo 0 0 0 0 0 0
u 0 0 1 -Uqc/3 Uac/3 2Uq4c/3
u 0 1 0 -Uae/3 2Uqc/3 -Uae/3
u3 0 1 1 -2U4c/3 Uace/3 Uae/3
U4 1 0 0 2Uqc/3 -Uae/3 -Uae/3
us 1 0 1 Uae/3 -2Uqc/3 Uae/3
us 1 1 0 Uae/3 Uae/3 -2Uqc/3
u; 1 1 1 0 0 0

PASE— B X OB, i R R B & ORI E 2-11 ()R, id o 0 73l
ARHERE s w FEFIRTE, —A PWM A F A E] 20 KR uo-
u7 I/ﬂzy
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u, (010) u, (110)
Ap
2
3 1
u, (111) u, (000)
u,(011)
4 6
5
U, o
u, (001) u, (101) > >
(a) FERERETREE (b) BEXEESRE

2-11 FEHEEXETESR
RIS — XA, 15L& A :

{urefT =ut, +Upt,

2-30
T=t+t,+t, ( )

X, THAH—APWM AR, o NHEERE w I TAERTE, o AR ERE u )
TAERIE], t0 AFHERE uos ur B TAERIA. KL, fFE—PHEEREE
PWM JA AN, ¥ 58 )\ EEAR R R A . TN, B PWM AR,
HA s 2% [R) 5% B 1) S8 st e 422 30 69

2.5 HyArEAMAE

FOC i fed, &2 ANLEE T ML O REEATHAR,  MITTSEEL A2 ] o
Tl AL AR BOARE & TGO BRSSO TR, FEK T

PSS S S BUlE R INS R R RV N ARG R e X A= Sob Uil = P DA VA =R
i;[‘ﬁa iﬁ*ﬁ?@?”%%1ﬁ§_ Oc o

Pl X

: | s e

uq ﬁ‘zﬁ 1 .

ST W = 6,

U,—> S

& 2-12 BiE R B AR T
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2.6 HKHE R

AR R AR (02 X0 BEL LR AR 5 200 SRR P il i e =4~ M
B[R] S, SRR P R . BT = R RE RIS, AT

S T A —AH
2 % VTa, %} VTs, %}
A a

b
Use = B W N
- C ——"r N A\—
VT VT, VT, szs
R a_sample R b_sampl

& 2-13 X BARAESF R B

i BRI L A ] XA R E MR, TR IR, T
MASITIE, SEBCRFERIM 9 1 ORIEREANTF R B N b 20T, 75 2R A
PN sl =

WA B R SOT A, AR A SR RS 5 S N B, BTG
R, EEFR. R, dERVFEE RO T, 84K s R T RS
MEELEREEANAE, BARRERIALE, MRS, ETRHF Ry 514
L IRIVE S-S PN

KAF RIS PP B 0 R s

K -1 % K B %

Timer Counter /\/\/\

Sa _l |_| l_l |_
sb [ ] L |
[ ] ] [ ]

Sc
ADC | | ﬂ ﬂ ”_
*x—# tfm
AT AT

2-14 W HERHERF
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3 XUHLFH FOC B2 shiER

3.1 B2 E

3.1.1 H¥LZEN =

LS E AR PEXT FOC T 8s AR K I m, PR iR i) 7 5 N Bl
MHEI S E. B LS4

@© d-q HHIR Lo Lg: PR 1kHz $0% S PIARZE UK Lo SRS e+
10 HUB S KAE. Linax AR /IME. Linino 40 ARG 2K HE [F25 AL (SPMSMD, N
d-q I Li=Ly=(LmaxLmin)/2/2; %FF SPMSM, — ki, A5 ELTEHHE T,
BN EREBE L, LeL~L2. TSR W kUKL FE AL (IPMSMD,
M| Li=Limin/2 5 Lg=Limax/2s

@ FHEBH Ry: HLMF DCR #4 NI LA FFH R, 1340 FH R=R/2;

@ WEEE Pr: VR RE AT HNIAHLE, FHN 2R Ik JefE HATE = A
gz —, ¥, AIRRIREIBEIY, NE 3-1 P, H—" N RS
AP LW Viea N 9.76V, HR K 827.8Hz,

J02:03:03

E 3-1 REzhFEREF

TERIE AR LT, FAHCHRE AR A oy, =V, 1N3), T LLSRAFRESE P,

_ﬂi_vpeak/zi_9.76/2 1
" Ba B o, 3 27828

=0.0005423Wh  (3-1)
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@ AN po: ARSI N H LB A2 4 N S Wik, sbLEEHH
AT IR A B o . HOTVAON: JERAL 3 AR AR R AR R R ER
P CRAT R IE fsity, IR AR PR IIZE 0.5A Zcta, R WONBUIN AR (10 5V)
20; TR, HTEEES Rl CEREADD, /NREHRTAN, B2
FRAE IR IR sl R AR R TR B LRI AR KT pie

3.1.2 HIRFESH
XU HA, L BF 2 FE AT KA FH B2 008 N B 38 7C OPAL A1 OPA2, Ui R EZTHEN A
A AHF] B HLIR RAE HLE

MCU | «
2 =t}
muﬂ' - 100nF
ul
sy U2 =
- L vpp vss R
Speed 2 > 23 NRST
CQNI A DD PAD PF2 =55—0p
ML OpAP 3 L pE| |2L_OPALT
AL a1 o0 pro [2L_OPALTP
OPAON il o pE3 20_For
BL @Al - pp7 _1o_RXD
VOL PAS pp |18 TXD
OPA2 IN |55 pps | 1T_FG
OPA2 IT | ],'Bé pAls L6_EN
- TC T 7 15 SWCLK
PBI PA14
i AR g PAl3 14__SWDIO
CON1 BH 12 4o pato 3Gl

LCM32F037

& 3-2 HHEARHERRES /0 Ol
FHERRAEVE R Bl anfE A SomQ KA, W& N HBia B s

BB N 10 175, BACRFEEMAH BRI £4A. BARHEMGT,

_ SAMPLE_AD_MAX 1 4

I = =
g | 2 0.05x10.0 2.0x0.05x10.0

A (3-2)

3.1.3 MRS

£ FOC TR FEH FEZARE N IR R FTHHEEGES, TREL R
ITHEEMIE, WSS BR R TWHREES. &1 ADC Z2H LR
4V, TR EEAE SR TIXNEE, Kb 7 2 Rk i 8 3 e 2 J5 2R
&, BN T IRUERAEREFE, 70 A EUR RER K.

T R 7~ B B HLBRZN AR e 7E 36V LLIN#FRE TAF, R4 Ik HBH R57 &N
10k, R53 %A 100k, HIZJERECN 1/11, BICRFEHIEN 4V, 1 REZEH K5y
J& HLRE AT DARR 8 B 75 B SRR FE 2
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DCIN DCIN R0 10R 5% 1206 N Us_EGI205 12V
0 i I Rl ._J T0R. 5% 1206 T 1 8 T
- Vi vor |-
= Isv vol co
Wire#18-(Redem 100K 1% 0603 Ho oo S
=% e c1 IS Bin |
= s o 1 ca
330uFASV 330uF35V I0uF725Y m:F ‘—F‘PWWV
D =
T ®
W18 BKem =
GND

B 3-3 B SRAFFLBR

0 b P YR AR 2T AE P O R AN HE S, o0 R R %L VOLT _OP A

voLT op=—29K 40909 (3-3)
10k +100K

[ B v B H LT 75 1 B4R LR FE R {H (UPDS_UDC_REAL, 12V HIHLEL %
H 12V, 24V B E 24V)

3.1.4 BEAFAHOCECE S B

Bo & SCH-7E UserParaSetsDefine.h(7E UserHeaders SCAF H 3 F):
1. HHLZHRE
R4E 3. 1.1 LS EON E N &7 20 KR AW T

#if (MOTOR_CHOOSE == MOTOT_TYPE_1)
fdefine UPDS_LD REAL (0.00061F) DEREE/E, H
$define UPDS_LQ REAL (0.00061f) oHEE, H
# ne UPDS_RS_REAL (1.32f) FEEEFH, onm
$define UPDS_PSI REAL (0.00582f) i, Wb
$define UPDS_PAIRS (2u) AT ET

2. PCB H AWM HKE

(1) RHE 3.1.2 iR 2 EU/ N BRSO E A K 3-2, ADC
BB L R e N 4V, HARE BN 2V, IS S SOR R H BRI A 4L
KAF BRI AH TR AFETE ] (22 S brds il ALY G0&E 8k, MRIER
e SRR R D

ne UBDS_SAMPLE_ AD MAX (4.0£)
= UPDS_SAMPLE CURR_R_REAL (0.05%)
fine UPDS_SAMPLE CURR OP REAL (10.0f)

(2) R4 3.1.3 HRREEZ AN S RAE SR TR, K E B
LR AR RN T, PR AR B i I 70 T rELBEL TR BR 2 i R I 2 7

#d=fine UPDS_UDC_REAL (24.0f) BEAgEEE
#define UPDS_SAMPLE_VOLT_OP_MAX (0.0909f) E,L,:?EE KIS
#define UPDS_DEADTIME NS ((ul6)1000) / FEXBI[E], #fiIns, 0~3500ns
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HAZEX ) “UPDS DEADTIME NS 7 & 7 B 1k b 8 [6) i 5 i 1%
BIAEIREE], YERECA (0~3500ns), RIEAFIMEEL S, FREANFEMIEX
I A] ey 2] e BB ORI M 7] LA B DS, PAPRIIE HE A 34 5 B
M. £ 3.3.1 haih, BN BCE ALK I 85 H ) PWM JJE .

(3) LU BFZk FEIR I SRATAECNE F TR o R OR AP DA A S BB 1) e 45 1) 55 Dy e

A i

3L
3L

$define UPDS_SAMPLE DCBUS_R_REAL (0.05f)
#define UPDS_SAMPLE DCBUS OP REAL (10.0%)

{mm} frm}
St 54
e
o M
(i i
St 54

I_I’ﬂ: fi
{v4i i

oy Ry = {1z 3

3.2 FOC F& /5 DI REHE 2L 5 S WL AT TR I

X FE FELRSE e = 2 1 o i S L D AT 55 K
32 ZPWRS FEFRIIR#ER
Hh T pR A 4 it 5E
Bt &l i A e IS S S i ok EIB U
void TIM1_NON_CC_Handler(void) | MILZHAT W PWM AbEE, XT8N R 0
G0 S AR AP
LG W Oy v R TR S5, R IR
PWM [, 1F ADC KAf5e UG Kk
void DMAC_CH1_2_Handler(void ) | 17 FOC #=Hil&ELHALEE, DL LIS E4E 1
R ER, JLAFRESHRERE 5Bk

AT
T2 KT A 3 2 Y R A o B 1)
void SysTick_Handler(void) Ry, CLRRTE NS Es, o adE 2

AT PRI HLE o
M WL “0” R .

R FOCIRSHLARE R, AR 9 MIRE, Wtz pos.

switch (UG_sSysStateErr.sSystemState)
{

casze UG-T_E_SS_IDLE_A: break;
case UGT_E 55 INIT B: break:
case UGT_E _S55_STOP_C: break:
case UGT E 55 START D: break;
case UGT E 55 PRECHARGE E: MDS wPrecharge (). break:
case UGI_E_S5 TRACK F: MDS_vTrack(): break:;
case UGT E 55 IDENTIFY G: MDS vIdentify(): break;
case UGT_E_SS_A_T_IGN}LEﬁ_H: MDS vAlignment(); break:
caze UGT E S5 OPENLOCOP I: MDS vopenloop(): break:

I case UGT E 55 CLOSEDLOOP J: MD5 vClosedloop(): break; I
case UGT E 55 BRAEE K: MDS wBreak(): break:
case UGI_E_S5 FAULT L: MDS_vFault(): break:;
case UGT_E 55 WAIT M: MDS_vWait (U5_sSysStateErr.sSysTime.ReStartTime); break;

default:break;

FVIRESHURI ZhRELE QT R Al -
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& 32 FRSHKIThRERGR

RE4 i)
vldle AORAS, PATEE Pk
vInit WIIEWIRES, RESHWIIRI, ARG HATIREBEE |
vStop R PWM faith, FFHSRHIR ) AD KA & Offset;
vStart JRB R ERIN,  RAAE R LG DUE A REREN T IR
vTrack SRS BRI, SEEGY XS B
vldentify 1 PWM Hith, FEBEEE T KA

vClosedloop | FLLIN IR, A& b1, PLK FOC iz,

vFault YV AR R, 2 HE A Fault IR, <] PWM HiH
VWait EAEEBEENL, AIUAEREN Fault 2 5 WkEE 3 Wait, 2545 —

SEM T, HHFEAGILE .

FAIRES PR SAT W R B s

\

vClosedloop /

[ 3-4 FOC RASHLEE RIZE

)
@
/
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B 3-4 Fros o 3 iR SRS RES AL B R

TN E 3-5 NATTEREFIIREERE], Ryt 5, FEAFE While
FIEI, A1 DMA Hli. Systick H W7 DA K L 2840 22 R b =304 . Hod While 32
FEIR 1 BT AL FARZSHLAT PUASIRAS BBk 4%

Fliatk

¥
y v v v
While . Systick ACMP
LR DMAH 7 i YA 52 ol

O e T s T

Wapl g | [AD L THINE HEECE  AEfE
CILCHEANE TS T R

=T

FOC AT S 17 1
WASHLLFEBE RS IRIHLE
i AE it

[ 3-5 FERFThREtELE

3.3 FOC =Efr TA2 3 s 112

Sebr TARE R SR o A ER 73, SR DR AR AR S i T R 75 IR
H O T RRAE SRR B, B E BRI ia S AL

3.3.1 HIHLIR AR b Dy e e il

FE LA SRR VR IR TAEMISOL T, HelE RGN E & T IR,
ELKHL B E User Peripherallnit.c(fE User/Sources A4 H % Bkt . fFEsb&k
R CEAD . e i 2% Timer 1 /) PWM #itll . i@/t OPA1, OPA2 [it & . GPIO
ML . ADC J8iE. DAC %%, SRJEHE /2 15 nl g B A B0FE 7 it 4 5 33 IR Joe
NP Fr CAEAT 5 B2

Step.1: WAESHEHIEFHEAN, HRESH SR IER.

Step.2: FEFEE A MCU J&, AEANETGE, AEHE, EEEN PWM
P54 DL RS U B S R AR IR R R AR R, ATHHT A
P B D RE IEH 5 A .
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F: KW EDREYES, HFEBEFRE XM #EA, 7£
UserParaSetsDefine.h X447 E -

(EFEHER: 1. EEER, EFESITIA: 2. &R, #EewetH, REF.

#define UPDS_NORMAL PWM (1) /= :
#define UPDS_TEST_PWM (2) /IR E
#define UPDS_OPERATION | (UPDS_TEST_PWM) |

@ il MCU 75#% PWM $E 615 S H 2 5 1Ew

il PWM SE TR 15 IE 8 B3 PWM SR AR R B RS 8, T
DAIHG 0 W7 F- 405 B e 15 IR s 53 7138 FR A I EL RNl T 4 H 2 15 B AR, A6 TG ELdE
DL BEE SEIXIT H],  DABH 1k ELf).

HARERAE T O R I8 RV SRS F 7S PWM Hir & B b |
AN (A0 A AHE “AL A AH”), REgs R & 3-4, TR RN E
) 16K

KEYSIGHT

TECHNOLOGIES DS0-X 30247, MYE1410155, 07.40.2021031200: Thu Feb 17 11:56:27 2022
(== 2.00v¢ 200v 3 4 2000usf  999.9ms Eik 25 3mv [
EREED = .
7.9%5 | ;ﬂ
X( )
999 929800000ms
5 .95
S —— ) PV S—— L T, —— . L
I I I I r I I I "
2 .95 ] b8
I -62.400000us
| 1 18X
’ 16.026kHz
l H YA( ):
nﬁm x . - e . 0.0v
| M v20)
ooe 0oV
AY:
0.ov
=405 AYIAX:
D.0V/s
1.00 1.00 1.00 .00 1.00s
- ( 167 50mA [ 731 50méA, ) 11:56 AM
DC 10,0:1 | DC 1001  Feb 17,2022

& 3-4 EANEER PWM B

HAMBEIE A 500 ns [IZERT, PWM SRS B IEIER, B
E RGN PR IER, CLAFET F & e i 4% Timer 1 DIRERC & 1IEH .
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KEYSIGHT
TECHNOLOGIES DSO-X 30247, My61410155, O7.40,2021031200: Thu Feb 17 11:55:48 2022
== 2.00V/ 200 3 4 2000us/  9998ms  {Eik 253mv
EFEEL -
B AT i .
7.95 ;ﬂ
S5 .95 }Q( ):
L T " it " 4 999 890760000ms
2.95 i ) A
-500,000ns
| 18X
’ 2 D000MHz
I Y1( )
50,0, —— —— — - 0.0V
r Y2( )
0oV
£.035
AY:
0oV
=403 AY/AX
D.0V/s
1.00 1.00 i.00 1.00 i.00s
A 167 50mA [ 731 50mA 1155 AM
DC 10.0:1|DC 1001  Feb 17,2022
3-5 X REHRE

@ il DAC &7/ IEH

LCM32F037 ] DAC #& 10 fi7. 7E DAC % BB R EUh s “5127, Fow
WARERI TXD () Pin ) B2 EHAF—4 2V FHEEH (DAC Z2FEHIER
4V). A 2V IR RoR, ATSEERA DAC fin it IE%, DMETEEHE S0k
ML 53475

DLC SetDac 108 Data (DRCO,DRC Align 10B E,| 512 [):
DAC SoftwareTriggerCmd (DACO, ENABLE) ;

@ i ADC KA RS IEH

£ “Debug” B, il ADC i IE 1)K AEEL H 5500 M2 5 IR, BIEA
“ ADCConvertedRawData[ 1" i % BUE 1H I -

M T % Fakr, SRRFAEZE DR, RIWEERT R B ) ADC liE, e
1278 OPA1 # OPA2 WifmE & IEH, i Ed, wE &N 2V (HT
ADC N 12 7 RAEE, RSN 4V, J2 40965 B IS St 97 A AH 90 R A B
BELRHLRIEIE |, TR “2048” A4 RIMTAME, WHACHEBUER). Hd, B
RELR ISR A AR N T R LU gt AT B A i i AR 4 Y
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Name Value
-} ¥i$ ADCConvertedRawData 0x200005D00 ADCConv...
[ o | i R
v 2061 — R R
v (2]
[ @B —bif TR
¢ [4] 0
¢ [5] 0
v [6] 0
v (7 0
v (8] 0
v [9] 0
[ 3-6 EHECELIE

DU BE 28 B L SRAE 2 A5 1R o BT LB 7E “Debug” #E:0F, A—4> 5V
e, XTI ADC JEEH R RAE “400” LA,

Step.3: ¥ FEHEM,

o6 2 TN FL B (I IK BN ME 5 2 5 IEH . PWM RSN TE R S IEH ; PWM i
AR R E RS ANEER 2T AN, AIEEEN BRER X
AN s LD .

ot “Debug” #i30 T, Wiz OPA1 Al OPA2 K ADC {H /& 75iE /& “2048”
A THRHERFERBIEY, BT C gk, thif B2 AR R 2 RE H
Tt LR AL R A o) T IR 24V (LSS T, ORI ADC e HdE B e 22357
FEAHOX RS 3.3.3 N E R

Step.4: B LML =AM, BN,

3.3.2 BAREFPAIG I SHIC E

AR VEA A 5 B IR AR I S EOR B, BB SUIRE
UserParaSetsDefine.h (£ UserHeaders S 4 H 3% T):

Step.1: FEAMLLK PWM AR 5 E

PWM g LB s W B RS, AR T B shistr, “isirsl—&
M, R Ui A E PWM JFOCHE, 7R B T W B U I = IR )46 i



BLH A B F A R A
Hibk: WTEBMTELXKNEEL K ST 51 RAX 4 2405 =
FLiE: +86-571-86972723 fEHE: +86-571-86972723

®

B F

http://www.Inchip.com/ BR4m: 310051

RGEt

#define UPDS_CKTIM ((u32) 62000000uL) REEM

I /emF 25T (EE80)]|

foefine UPDS_DWM_FREQ ((ulé)2000) IZATA, Unit: Hz
fdefine UPDS_PWM_FREQ2 ((ul€) 16000) ZATH, Unit: Hz

I pWMA = E T E EE I ]

, fpwm2->fpwml

fd=fine UPDS_PWM_SWITCH_SPEED LOW _IQ(0.2)
$define UPDS_PWM SWITCH SPEED HIGH _IQ(0.3) » fpwml->fpwm2

Step.2: SVPWM 47 il 15 30 % £
kLB A EH H B SVPWM i .

+tHERsvewnt] BFEEFFE
lefine UPDS_ SSTAGE SPD_H
$define UPDS_7STAGE_SPD H

Step.3: IERFERE
Al JE I B O LIS T

/IEFEE T E
= UPDS_POSITIVE_DIRECTION (0)

e UPDS_NEGATIVE DIRECTION (1)
ine UPDS_DIRECTION (UPDS_NEGATIVE DIRECTION)

_IQ(0.80)
_IQ(0.70)

&£¥, KEBEHE

$define UPDS_INJECT_D_ CURRENT S Py (0.3) /BENERSE, EEEEEES, o-o.

PR (0 B T A 2% 75 ZE AR A £ A TH R L B, AERE IR R BB EL
& MAE D BRENERH, A THRNLIERZAT. A BRI T

BB IZAE AR/ AT RE

BRI FEAN , KRB G it i, Y2 S8R s R

Step.5: &Ml AL
MR S B B 75 2, e E i Bl 1E D SR A i A =
f“ B/ 1. EEAREM: 2: HEATEH
$define UE‘DS SPEED_MODE (1) / 1¥'“*|'*'TTE~_\
$define UPDS_POWER MODE (2) ZAFEX
$define UPDS_CONTROL_MODE (UPDS_SPEED_MODE)

Step.6: HEM IR RIG % E
25 78 IR B ECH DR 2 — N B A RIRMEAS 5, AR 9L br 7 2k B AN 1)
T F IR R H AR

IR ERESRIEREE
i UPDS_ACC_RATE_1kRPM S (2.0£) // 0->1000 rpm PR ES B, #Bfis, F/o.ss
$define UPDS_| RAMP mx BY (1.0£) 0~1.02Z.[8], IE®IETET1

[/ THEFREEE
§ ne UPDS_ACC_RATE_IQl S (20.0£) >=1.0
$define UPDS_POWER _MAX W 120.0f / EEETHER
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Step.7: I EIRFEA LA FLIRIA 7 08 B B
I T RE PR BESIURT B A A 5 A R T R G AT EAFHI PR RE

EXEEE, 1: ERESEEMR; 2: ETEREEERTE

efine UPDS_FB (200.0f)

$define UPDS_FB PDS_SPEED_MAX_RPM*UPDS_PAIRS/ )

BAFFRE (H2)

efine UPDS_CURRENT_LOOP_BW_HZ  (100.C ) INTEHTEITK, BUEHIIEERARIERZ

/1 EEFPISH

$define UPSD_PI_SPEED KI _IQ(0.0905/60) / 13RS

#define UPSD_PI_SPEED KP _IQ(4.18/20) / B

$define UPSD_PI_SPEED MAX _IQ(UPDS_OVERLOAD_CURRENT/UPDS_IB) / IEIRIR

$define UPSD_PI_SPEED MIN -UPSD_PI_SPEED MAX // FIRME
ThERFrI1SH

fdefine UPDS_CP_KP _10(0.2) /1 EL

$define UPDS_CP_KI _I0(0.01) / 1B Sy

$define UPDS_CP_SPDREF_MAX _1Q(0.99)

$define UPDS_CP_SPDREF_MIN _1Q(0.00)

TR IR Dy AR A ) 28 R B2 PL A%, 45 8 1d 24 1 He g R 30 (KP) AR
N ZEEKDE R T RGRE B AE T, BARKIZSEOE TR AE 4.2 423 Pl
SHOAT 4.3 TR IE P1 S H0M T 3T RGN

Step.9: RIS HKE

e ERRR LS AT, [EREGRPSH, URERIERFE AR,
FEAFE R NRMORY . S RERT . DR G LS m Ry R
WARY s SRR S . RSB ERAE S 5 B T TR U0

g B BRI LA RSB E R, AL IR S A,

WA B I BIE R A AR TR

)

)
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4 SWHFH FOC iz 47

4.1 HRASHOR T

R B 2.3.1 RS HUEE TR IS S8 5 e #ie,  PL #H|48
FILLFIE 25 KP 50825 KT 2 B 250kt B & E,Aﬁ%&%ﬁﬂmm
we BIAT o FIRLIR AT 55 I A0 — ML B 100HZ~500Hz 2 [i]. 5 SR, X T
%%%Eﬁ%ﬁﬁﬁ%%,ﬁﬁﬁwﬁ 2125 M) 3 PR o meﬁﬁ,§W@
MBI Gy RAENIESR) . W EHBUDN, FIRERER AR,  F R RR B

[ERRERE )
$define UPDS CURRENT LOOP BW HZ (200.0)//iX-T-Z#AgEdF., TNEGSIERKAIES

I EIR KRB (FOC) JRILSLHLL R, d MrZSH B —KEEN 0,
HON VSR BNRE S, W1 3.3.2 Tirp TR, REEAE d A EEBR, EF
AR AR T B MR N, TR v 1 I B R S BTN R

_) MDS_SVPWM.c ] User Peripheralinith ] User Main.c = _] User_Interrupt.c 'J MDS_MotorControl.ct I ] User o ] h ] lem32f037_start
442
443
444 if (UG_sSysStateErr.sSoftClose.SoftCloseEn == FALSE)
4450 |
446 if ({(UG_sSyscemCD:scmllers.5C0mandAll.sSZSdese<_IQ(:w.,:w))]&&(UG_sSyscechncxollers.stomandﬂll.SSZSdesa_IQ(:w.,w)))
447 {
448 if (UG_sSystemControllers.sCommandAll.s32IdCommand < UPDS_INJECT_D_ CURRENT_IQ)
449 UG_sSystemControllers.sCommandAll.s32IdCommand += (UPDS_SOFTCLOSE_IQ_DEACC_MS_IQ<<2):
450 else
451 UG_sSystemControllers.sCommandAll.s32IdCommand = UPDS_INJECT_D_CURRENT_IQ:
452 }
453 else if {(UG sSystemControllers.sCommandRll.s325pdUse>_IQ(-0.10) )fa& (UG_sSystemControllers.sCommandAll.s325pdUse<_IQ(0.0)))
454 {
455 if (UG_sSystemControllers.sCommandAll.s32IdCommand < UPDS_INJECT_D_CURRENT_IQ)
456 UG_sSystemControllers.sCommandAll.s32IdCommand += (UFDS SOFTCLOSE ._TIQ_] DEACC M5_IQ<<2);
457 else
458 UG_sSystemControllers.sCommandAll.s32IdCommand = (UPDS_INJECT_D_CURRENT_IQ<<0):
459 | }
460 else
461 [ {
462 if (UG_sSystemControllers.sCommandAll.s32IdCommand > 0)
463 UG_sSystemControllers.sCommandAll.s32IdCommand -= (UPDS_SOFICLOSE IQ DEACC MS IQ>>5);
464 else - - -
465 uG sSystEn‘_CD'}trDllers.SCDmandAll.SSZIdCumtand. MDS_sFW.s32IdEW://
466
s (=] A /\
q%m%%%ﬁ T JSE IR 4 1) 5 ) B 45
_] MDS_SVPWM.c ] User_Peripheralinith ] User_Main.c I_’l User | I_1 MDS_MotorControl.c® ] User_Peript ¢ ] Us h ]
52 wvoid SysTick_Handler(void)
53 E{
St
21 switch (UG_sSystemControllers.sSPD.uléLoopIndex)
56 {
57 case TASK10:
58 £ {
59 UG_sSystemControllers.sSPD.s32Ref = UG_sSystemControllers.sCommandAll.s325pdCommand;
60 UG_sSystemControllers.sSPD.s32Fbk = UG_sSystemControllers.sCommandAll.s325pdUse;
61 if ((UG_sSysStateErr.sSystemState != UGT_E 55 WAIT M)&& (UG_sSysStateErr.sSystemState >= UGT_E_S5_CLOSEDLOOP_J))
62 {
63 MDS_vPIRegulatorIQ24 (eUG_sSystemControllers.sSPD);
64 if (UG_sSystemControllers.sSPD.uléEn == TRUE)
65 &
66 IUG sSystemControllers.sCommandAll.s32IgCommand = UG_sSystemControllers.sSPD.s320ut; I
67 |

dv q Bl B UG HELIL HY = AR FR 2 TS AR FR AR HAT 21, BN PT 21 s am 1
R KRR U Uy SRJE LN 348 T (4 6, 3E4T Park TEAZHAG 2] of PIAHI 1L



'l-‘: PSR FRA
Hibk: WTEBMTELXKNEEL K ST 51 RAX 4 2405 =
SIANEETE  HiE: +86-571-86972723 fEHE: +86-571-86972723

http://www.Inchip.com/ BR4m: 310051
AERR A BRI L U, U, BEAT SVPWM BT 5L

MDS_SVPWM.c* | | User_Peripheralinith ] User_Main.c ] Userinterruptc ] MDS_MotorControl.c* ] User_Peripheralinitc | Usel
7 void MDS_vFOC (void)

-] s32 temp:

10[] #if (UPDS_CUR_IQ == UPDS_CUR_IQ24)

11 UG_sSystemControllers.sID.s32Ref = UG_sSystemControllers.sCommandAll.s32IdCommand;
12 UG_sSystemControllers.sID.s32Fbk = UG_sSystemControllers.sCommandAll.s32IdUse;

13 MDS_vPIRegulatorIQ24 (&UG_sSystemControllers.sID);

14

15 UG_sSystemControllers.sIQ.s32Ref = UG_sSystemControllers.sCommandAll.s32IgCommand;
16 UG_sSystemControllers.sIQ.s32Fbk = UG_sSystemControllers.sCommandAll.s32IqUse;

5 MDS_vPIRegulatorIQ24 (&UG_sSystemControllers.sIQ):;

18

19 UG_sVoltageAll.sVoltageDgUse.sléDr = UG_sSystemControllers.sID.s320ut >> 9;

20 UG_sVoltageAll.sVoltageDqUse.s16Qr = UG_sSystemControllers.sIQ.s320ut >> 9;

4.2 FEJEIR PI SHH T

BT ¥ 57 N k7 n = AT

HEETFE I A Bl 0T 4 MR AL, BUE MU 3000 r/min=50
t/s I, UGB A B AR 45T 50%4=200Hz, B[ 200Hz %3 3000 r/min. A 7EFE
7 H e USRI T

#define UPDS_FB {200.0f)
//¥define UPDS_SPEED MAX RPM ({3000.0%)
efine UPDS FB (UPDS_SPEED MAX RPM*UPDS PAIRS/€0.0)

SRR RS, TR KL S, B E 1Q /& =VE HHH ik
N IQ (1.0) XFMNAEHE, HERIK 200Hz, Wi N HArSHEE#EbR LN
_1Q (0.3), XM AIE N 60Hz, SEZFRELH N 900r/min.

] u eh ] U i p.h | ] 1em32f037 startup.s ] UserMain.c ] MDS_MotorControl.c) ] User | ] usersy c
134 case TASKI: -
135 H {
136 if ((UG_sSysStateErr.sSystemState != UGT_E_S5S_WAIT_M)&& (UG_sSysStateErr.sSystemState >= UGT_E_SS_CLOSEDLOCP_J))
137 H {
138
139 if (UG_sSysStateErr.uSystemError.Bits.OverLoad == FALSE)
140 {
141 TG_sRampGen.sléTargetValue = /UG_sADSampleAll.sléVSPLPF;//
142 | }
143 else
144 [ {
145 TG_sRampGen.sléTargetValue = UG_sADSampleRll.sléVSPLPF;//
146 1
147 MDS_vRampGen (§TG_sRampGen) ;
148
145 H #if [(UEDS_CONTROL_MODE == UPDS_SPEED_MODE)]
150
151 UG_sSystemControllers.sCommandAll.s325pdCommand = TG_sRampGen.sléSetpointValue << 9;// IQ15(0.5)
152 | fendif
153 }
154 break:

FE L PR A7 5k 7 20 RT H P P T AT S, AR VISP s (R
{E5HE). PWM (525 L) &

2. TEPEI PIEEHIER S HOR TR
I BERA P A S A LB 25 KP 50 KT, 7] LAS 204 E 1Y
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LSUSGUIR

1E A PR M Ik 2 FR U R 7R, BRI H 3 “ UPDS. OVERLOAD CURRENT”

Z NIRRT 1B .

/1 EEFPISH
$define UPSD_PI_SPEED KI _IQ(0.0905/60) ;:ft‘
#define UPSD_PI_SPEED KP _I0(4. .‘,/;i) =41
lefine UPSD_PI_SPEED MAX _IQ(UPDS_OVERLOAD_CURRENT/UPDS_IB) IE[RIE
$define UPSD_PI_SPEED_MIN ~UPSD_PI_SPEED_MAX IRE

® 43 BEFSHFHHR

ZHUE X o UREEVES
BER : BROUER BRVOE 1 H ARl s 2803 RN & FEFS
5 RETETHRR, T2 BOR L 2
0 ZHKI: ‘ — ‘
Pl ATR/INCA SO BR A R 2 (FIRER H AR g,
AT Tok /N 2 5 O PR A e SR
B8R < 3 P AR AR 7 A B R B e AR (H
KIS T J3E R I P B
EL5] % KP:
Jilve PRBEEEE HARE N RARNS, H PR e
FUH R IR A

4.3 IHZEIL Pl SH T

15 TR R A2 i LA I iy 1 PR, vl I i R D, BV R T
fEER . TEUPRAERB LR ENZ .

= T SR SR

Els
- 0.1uErsfv 0803
_Z =
1
- '.. a -8 D7
S S 2 E = N SD103AW 11
! = ~vml —
Vb 2 A £ R4 SIR/1246
12 HO1 39 - GCH c15
TR0 9603 25V 08
Yma 13 < las 'EidFY  pownsvol
Tma 13 a1
loect 14 | pypany w ve2 2L 3 &
36 RUS  gmm sDIp3AW
c cr

S DRO/AD HO2 —| == €20
— 5T 03 1§| ;r 7 0305
OPa0 OUT LPF 16 f o0 0 I il
L . 2 5

OPAD_OUT 17

PFG/ADIL

= PFI/ADI12

P-\SI-\DIO

I
o
=]
b
=
TI_CH4PALL

Bal _

o SIR 5% 0603, GAL
7
= R28
= SIR 5% 0803, GEL
- R7S
S1R 5% 0603, GCL
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M T B R L LR BN B, AR BTt D3RP N 75 2 — NS E B HIR
B, PIUHFEE A OPAO i th I BEZR rEIR, &I AN AR K UED fm s FLBRZG
WMEFEMEIR B, 3547 ADC R, HAREBR BT BIZAE AN s .

AR AR P T % B, S8 B AE UserParaSetsDefine.h (f£
UserHeaders 31 H& T):

FER PRI RS T, B e RasFean T P H 5

/EEER 1. EEAREH: 2:. HEAXESH
$define UPDS_SPEED MODE (1) /R EAFER
$define UPDS_POWER_MODE (2) [/ EIEFAFES
$define UPDS_CONTROL MODE | (UPDS_POWER_MODE) l
BOE HARTIA
B ER#
#define UPDS_POWER_SET_W {100.0f) /B JT‘—‘f'— 25E
#define UPDS_POWER_BASE W (JPDS UDC_SAMPLE MAX V*UPDS_ IDC_SAMPLE MAX A)
#define UPDS_POWER_SET_IQ24 _IQ(UPDS_POWER_SET W/JPDS POWER BASE_W)
#define UPDS_POWER_DQ BASE W (UPD5_UB*UPDS_IB)
#define UPDS_POWER_DQ_SET_IQ24 _IQ(UPDS_POWER_SET_W/UPDS_POWER_DQ_BASE_W)
TR 45 S RO -
THEFP1SHL
efine UPDS_CP_KP _IQ(0.05) 244
iefine UPDS_CP_KI _10(0.005) /3RS
efine UPDS_CP_SPDREF_MAX _1Q(0.99) //THEFSHIZH B IRESRE
iefine UPDS_CP_SPDREF MIN _IQ(0.00) /THER BRI RH L IRERNME
&K 42 DNEARSHF IR
ZHUE X SRR
BEOR: PP ERERZE € H AR DDA EI KR 5y i 358
> WIE, TIEEREFSIRE .
FR9r ZEKI: - - N . I .
Uil ATR/NCL RO BR A IR 22 (HERER HART) RS,
B4R SURANE S OPIE S R RIS
FEOR X T4 52 HARTh R AE M NAR PR, B AL T R
. BEACER; (HIE KA 5y i BN R ™
ELA 2250 KP: - _ .
Ul BRBEZD A HARME RN AR, DR E A, T
EJ@PIR SIRRPIAL I

4.4 FGHLEH]

WAR A AL A HATHUE R L AR, B AR FELER R P IR
EE PR T R L AT A AN, 2o B %Mﬁﬂ”ﬁ HL s BITA AR BRIV, TRl L
TFEATL I Jh R R R K B AR = AR TG T, R R IE I YR s A, S B
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LRy R YE R o BUIS AT I R R T AR AP A

FERE BB R R 00 T, 042 25 Aefi Hh I iK€ TS 2 — 2 .
TR % A UL ) R 0O ) A KA i B 2 i 2 5 S R IR Y MR S S B A
HE U, 9 1SRG T8 M A T VE L, RS DL b S B R AR A R IR
UK PR 2E BT it B, b ZBE VA Ao S FEL 3 AN B A 3BT, 5 22080/ FELL Al
B SEEIL 55 R o

1E d-g bR 2, d-g FhR SR RS

Ug +U; =U; <U;, 4-1)

d-q R LIRS AE
I +ig =1 <, (4-2)
H1 20(4-2) T DA H AT R PR B o T4 & F IS TG A (2-9), AT ASRAS K H [A) 20 H
AL B s bR PR 53] 77 7%

.2 u
(L, +v, ) +(Li, ) <= (4-3)
a)e
] A AR R
oy
MTPA [Hi£% o ,
A s R
YA NS // @7
0)/ - C‘ N
i A X
NN A . > >
\\ \ :: ///O// \\
<@ <3<oN_~"] \
o P A N
s PR
(a) IPMSM (b) SPMSM

& 4-2 BESHRIESIPE

AR B AE SVPWM ] Rt S BB U, (u, =u, /3), Kk (4-3)75

"L’—%J(a,—] (L) (@

)
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HRHEREE o L L, BETES w0, WERVERHA] i =0 B0 HRFHH

T EE 7 2 AR IR i B TR AR R TR SRS AT DA vy A LA
R AT ERE ), BB KL A .

R EARE 18T, — € EAE M R AR PR [ 5 AR PR [ Y B 2 XN« X
A-HFTHT, ME T HE umex —ERF,  HEMRPR B ) 5 KME H A E o 8, K
REGE MG E NN d P, RPN TAER A B3h2| TER C, MImiEs
B, AR U R R BT N, T E we 2R R .

%iﬁﬁﬂﬁf UserParaSetsDefine.h (/£ UserHeaders X4 H 3¢ F):

ueDS _FW_VMAX_IQ _IQ(0.8)

ine UPDS FW_IDREF MIN (-UPSD_PI_SPEED MAX*0.1)
efine UPDS_FW_KP _IQ(o ]
fine UPD5_FW_KI _IQ(o 1)

fi / AT ZRBA
fine UPSD PI_SPEED MAX SQUARE IQ(JFDS O'ERLOAD CURRENT*UPDS_ O'ERL ) CURRENT/UPDS_IB/UPDS_1I1B)

e UPDS FW _VMAX 1Q: 1] L\ 5 f 3 ¥ 5 5 5
e UPDS_FW_IDREF_MIN: SUESSWHARIE, (ESSMAARIEAIE 20, A%
B
e UPDS_FW_KP: §5HFF LUA5] R ECH K RLgEE B R, b i )k, H 2
TR K
e UPDS_FW_KI: S5M{FA AR 7 RACE AW SSs BB, RIFRE T S 18 R
th, HERSRESBA, SHIMRETFEERY .
e UPSD PI SPEED MAX SQUARE: PRt fR4" T 38 F5 2142 thil 2% 4 HH 1 B K
fH.
FEFPH, SSRL R AUINAE N AL -

_] MDs_PIDRegulators.c | | ] User_Interrupt.c IJ MDS_MotorControl.c* I _] MDS_FluxWeakeningPowerControlh ] UserParaSetDefine.h
457

458 else

459 [H {

460 if (UG_sSystemControllers.sCommandAll.s32IdCommand > 0)

461 UG_sSystemControllers.sCommandAll.s32IdCommand -= (UPDS_SOFICLOSE_IQ DEACC MS IQ>>35):
462 else

463 UG_sSystemControllers.sCommandAll.s32IdCommand =|MDS sFW.s32IdFW:|//0://

464
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5 XHLFH FOC & 1#9 gk

AT R R DRI R s R R, I WORY CREAF ISR AL i)
BRILORS S SRARDRI . DL RIEORY

] DS Observern (] UserGlobaisypeh | ] User Main.c ‘ T User _User Interrupt.ct I ] MDS_MotorControl.c ] User_Per ¢ ] Use h*
164 UG_sPositionill.PosCountIndex—
165 if (UG sPositionAll. PDSUDJ'JtI‘ﬁdEX::: )UG_sPDs:Lt.:LD'uTall PosCountIndex=1;
166 }
167 }
168 UG_sPositionAll.PosCount [0]= UG_sPositionAll.PosCount[l]:
169
170 UG_:Systém:Dntrwllérs .35PD.uléloopIndex—-;
171 1f (UG_sSystemControllers.s5PD.ulélooplndex == 0)UG_sSystemControllers.s5PD.uléloopIndex = UPDS_SPD_LOOP_COUNT:
172
173
174 [J] #if (UPDS_OPERATION==UPDS_NORMAL_PWHM)
175 if (UG_:Sy:S:a:eErr .sSystemState != UGT_E_SS_WAIT_H} && (UG_:Sy:S:a:eE:r .sSystemState >= UGT_E_SS_INIT_B} )
176 US vSysErrorCheck():
177 fendif

PRI TIRESEAE Systick HWrHHAT, ZHWILAELIET DMA Hlli. R
e (BREEARY) AWk Ih et A vRault IRASHLEATAEE, &L H PWM
Wi, SRS IRYE R BB Sy E S B B
) User Syservorrocessct (1) NS Obsener ) | JREGRESEREER] ) UserMoinc | ) Userinteruptc | ] MDS_MotorControle

287 -

288 //3system fault process in the case FAULT

289 void US vSysFaultProcess(v DJ.:!)

290 H

291 [SVPWM_‘I.‘IMJ._PWH_DISABLE_!-LACRO ]

252

293 1f (UG_sSysStateErr.uSystemError.Bits.OverCurrent == TRUE)
294 |

Bo B SCHELE UserParaSetsDefine.h (£ UserHeaders SCf4 H 3% ).

5.1 HEE KR s ARG R I

Fhinr {23

UPDS_STARTUP_FAIL MAX (ug) (3)
UPDS_RE STARTUP _TIME S (3.0f)
J JPDS STARTLJP SWI‘L.-! FAIL TIME S (L. F)
JPDS STARTUP_FAIL SPEED (200.0%)

rpm(mechanical) ;

Al %HLEI’JJU?%L%%WEE?&EB’Jﬁ'&)ﬂﬁ ﬁi?yii%%%%)“mﬁﬂ MR T
BB SRR ), A BURE R FF SN [RE R S kM PWM, JR A 4id <5 %%E‘u
RO 1) 3R AT BT R Bl R S R e RO 5 AR G v s R R

R

VBRI AR
uﬁttix%&ﬁPLﬁHE”\?ﬁﬂ“ S e it MCU W3 b 3
(ACMPO/1) FfFfhk PWM R DR, %EJUJEI@: B B (L bus) TR KAE
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P (R AN Vb, SITIBHEIBOKEE OPA0/1/2 HAT(E STHREHEALL
s IE (B EAIE N TR Bs 160 ). LRIR BRI i DACO/1 fr, WIAR¥E
ZEMIE Veer AATHCE . MEFZHRRR T —EEN, e RELEES 1) I H
s, MCU P AE LB, filk PWM R ZEDhRE, M SEBLE it R
s

! i emp_seq_mode=0:ACMP2_MUXCR.P_AMXU_CFG[2:0]
PFLIANL)  CPP14 [(d—-0 | € mp_seq_mode=1:ACMP2_MUXCR.P_AMXU_CFG[7:0]

OP20  CPP15 [B—1 ana
I

OP10  CPP16 [R——2 MuX
2 ACMP1_CSR.CP_PS

Comomr s . -
1

]
PAl(AN2)  CPP10 [0
PA3(ANL) CPP11[—1 ana
I
PAS(AN1) CPP12|Z|_:_2“"”" i [ BUF —io
|
PBO(ANZ) CPP13 [}—3 " 106t pacy

—— e = = —— ! 1
ACMP1_CSR.CP_NS
PASIANZ) 1 o DACOUT BUFF1 - -
PB7(AN1) } - & —
PA3(AN1) CPN10 E—lf’

PBO(AN2) cpn11 [G—1 ana
PF7(AN2) cpn12 2mux

PASIANZ) cpn13 [K—3

PN /(R SVRN 7S /A
A SIS FL = AR F, 2 L e KA I e (K DR B iR Bt
Hitryr. HAASHIT .

1

i

| PA2(AF6)/

PAMAFG)/ ((Tima_Tia/TIM1_TIZ/TIMI_TI3/TM1_Ti4/

PAZ(AF3)/ | TIM1_BKIN/TIM1_BKIN2/

PAI13(AF6)/ | TIM1_OCREF_CLR/

PB3(AFG) | TIM3_TIL/TIM3_TIZ/TIM3_TI3/TIM3_Ti4/

TIM3_OCREF_CLR/

TIM15_TIL/TIM15_T12/

Interrupt | ripmas gkin/TiM1s BKINZ/
TIM16_TI1/TIM16_BKIN /TIM16_BKIN2/
TIM17_TIL/TIM17_BKIN

Polarity
& Filter &
Blanking

$define UPDS_OVERPHASECURRENT A (2.0£) 7 SREE o R

fdefine UPDS_OVERPHASECURRENT TIME MS  (50.0f) /1 BT REFFENE (ns)
R T 2 i B A S S R A 2 1 e B R A SR AR N R B

jdefine UPDS_RE_STARTUP OVERCURR TIME S  (20.0f) //MEMEFIAGFrESHEENTE Unic: s;

5.3 PRUORT
HAZH T

#define UPDS_OVERLOAD CURRENT (2.0f) /1 TEIRFARET (2)
#define UPDS_OVERLOAD CURRENT TIME 5 (1.0f) // BEESTE R FTEE] (9)

AR RIS, BIFR S q BN, PLp Ik RSt #0i817. R
WARYME “UPDS_OVERLOAD CURRENT” LLHLALA & i A S UE AT W &

5.4 GAHLRY

B R TR LS ATIERE T, = A s D — A B AR, A R R R %
N0, A B a] (fih e AT DRI A TR)) N BEAH s — BN 0, filt R SR R 3
B o
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EFFEFAEZESTE] (me)

II’i‘I

#define UPDS_OVERISUM TIME MS (500.0£) /1 REEWR

AT7 SR Al v E A W AT B LB AT E S

5.5 S RIERS
£ vStart IR AL LIS, A AEBDEEE A, IREPAE F AT,

FEIBATIREET, BRI 308 B R AN SRR AR, 23d #I Wit A\ vFault IR
FFFERL, BEN vWait IRZS, S5 @R RIFEAGIIAME vinit IRES, WEREF. A

SR

#define UPDS_OVERVOLTIAGE VOLTAGE (UPDS_UDC_REAL*1.2)
#define UPDS_OVERVOLTAGE VOLIAGE TIME MS (200.0)
#define UPDS UNDERVOLTAGE VOLTAGE (UPDS UDC REAL*0.8)

e UPDS_UNDERVOLTAGE VOLTAGE TIME MS (200.0)

#define UPDS_RE_STARTUP_OVERVOLT TIME S5  (5.0f)
fdefine UPDS RE STARTUP UNDERVOLT TIME 5 (0.5f)
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6 XLHFH FOC /&l %

1. MRYESZFRIEE R BEP], 52/ User Peripherallnit.c(fE User/Sources H % T)
P RTIKENEE . FraliER, ADC KFEECE 0 K A 8 8 i 7 A1
User ADSample.c([F]7E User/Sources H 3% )3 A A X B 185 2 2L DT A K 5

2. ZM 3.4 MV OCHL B 20 B /NG BT B, RS BT ) AL AN S
B FH AR 42 AR, B AH SR B 24

3. 2 3.3.1 WHLIEHIR SN DI Re I /N A R, A e R4 ]
R B % 13 A8

4. ZM 332 PARETFYISWSEIECE NG R, RIS SEBRIEH 7K
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