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Design and Implementation of Permanent Magnet Synchronous
Motor Drivers Based on FSB50760SF
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( College of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: A controller has been designed for permanent magnet synchronous motors based on FSB50760SF, with

its verification circuit applied to the controller of washing machines. The results show that the design of PMSM based

on FSB50760SF can fully meet the desired requirements.
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Fig. 1 Main circuit structure of the driver
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3 EAITE

IPM F30UFE 24045 IGBT Il W45 A2 S e
A RIIHE. RIS T M IhFEn] LI ZBE AT, R
BN, AUEE AR R /NG BT BCR mifa T
Bz IPM PR Y IGBT A1 W 45 114 3 D) #E 5 1 56
TIFERI RN
3.1 BB

IPM &R IGBT FI A 1 @ IHE, FEK

A B IEH T AR, 2 h sk S g R 1) I ) R R
DB R, HBORUEEPE AT L2 B A A R 2R 2
U,=U,+R, i,
{UD=UD+RD i (D
K i A ER; U A IGBT WBIEHLE; Uy, M
TSI LR s R, M IGBT SHiR A 10 8 A B
HLBH s Ry S WA P RAS M Sh 25 B AR L BH
A VORI AT LIRS, 1% IPM H ) U=600 V.
Up=20 V. R=530 mQ. R,=460 mQ.
FEFFSARRAFR S I IE LT, PWM A8 281
R AT DOE U ISR IR, BT
i=1sin(0-9¢), (2)
Ao, @ Rk e R LR AR 255 L MR
IR AR ; 0 ARIR .
1E¢ =0 BF, ALAFFH i=1.,=9.4 A, U=605V,
Up=24.3 V, SRS BN IGBT Ml S AE T
YRR R IFE, HARWF .
vl 2t
p==! "“k j £ cos(6 — $)dO +
3

T[

RI_’>
Lpak jgcos (0 —¢)d0, (3)

2n
,E+¢

7[

ljil k E
p, =k j(l £)cos(6 — )0 +
_,+¢
RDIPcak ZJ' (1 g)COS (9 ¢)d9 (4)

_,+¢

K (3) ~ (4) &R TA BN, R
14+ MI cos6

é:fo (5)

K (5) o MR PWM BT R %, R M H5E
SRR L PRV S B 2R e 2R E L, okt
TIZ IPM, ETTRMSH MI=1.4,

i, A (3)M(4), [FmRE MIAAR(6),
AFENUNN S AR 2 I IAE

P=P+P, =

I I
éL;:‘(Ul +U,)+ *’;‘k (U, ~U,)MI cos ¢+

2 2

[ea Iea
pek (R + Ry +=2 XX (R —Ry)MIcospo ()

EBJ:I'?E?Q?\JCTL/{ AL, R S I AR Y
SR BN IGBT IHFE P 1Y 6 £ . 4 TAREZAF



553 4

WIIEE, % JEF FSBS50760SF SRSk f ] A i ALIK shas 03835 52 B 45

R 25 C. HIEHRHE RN 310 V B, # Bkt
B ESER A (6) , B U=600 V. U;=20 V.,
Ia=94 A, MIF1.4, R=530 mQ, R,=460 mQ, 1[i}
S BN IGBT BIIHAE N P=145 W, BRI EES
WINFEN 6 x P=6 x 14.5 W=87 W,
32 FFRINFE

IPM 7 A2 B FF S& D FE | N 38 09 IGBT 5 )%
BRI, B IGBT 5 W8 M L Th e A Fr A
[, BXEHPIE IR AR 80, tksh, hF
IGBT 5 A Bl A e . B 3 1 R/ INAS [l i
HIIARE . TR I CIFERE TSI, RN %%
JETAEPREEIRLEE 5 45 0 WA e R AR AR, TR CThFE
WA AR FE— DR TAERN, 2R

Ui i 2 Rk
W= (E, +E,)xi, (7)
E =E o +E o | (8)
Ep =Ep ontEp orr o (9)

K (7)~(9) o wHIFXREEINFE; E M IGBT
HIFEEINRE; Ey N AT CINFE, E A E, nTLL
ER—DHEG B ons Erowe A IGBT JFRAETE |
ST ZHBR B Ep on B, ope NIFIETE S |
SRS ZI451 2 ) BB

TEIE % TAE4 1T, FSB50760SF %! 5 f#] IPM
I E =120 W E, om=10 WJ, Ep =30 W Ep or=3
wl, FFLLE=130 W, E;=33 wl. 7EZ = (2) b,
i R R (O IR SE T, TR IR R TAERE, A
PWM JEIIAR S JF ke, 1 HE S A
U, BRI MR—E, A EIRN fy, BT
HIFFRIFE R (10) -

T
E +E 1 2
( 1 ;)f;w peak J' COS(9—¢)d9=
1

_g+¢
(EI+ED)-/;w[peakO ( 10)
T

B A B3 W fy=15 kHz, 1,,=9.4 A, E=130
4 MR R

R T BUE ) D FE E TS IPM B
B A B, ST T Ul 3 s R SEBR E i

FR R FTEVEAHL b0 BEXF AR AL PCB Az,
SEHALUT 2 e 1) BURATESEAHL BRI, IR IC /Y
TAERE 5 TAEIREE 26 IPM A4 H 445 200 It
HEPIARFE R T 2Z TR 2) il
BRI A2 i) PWM S5 502 1 252 IPM N ERIT 5%
DA FERI

b) I
3 PCB#R
Fig. 3 Physical map of PCB plate

4.1 BAZEEMITELSG

BERENLY FZEBEARHL B, HIR IC By T A IR
5 TAEPR RS0 IPM A H i B A 28 O - 5 2 0
R — S, TSRS T A R
K 4 fif7n . e IGBT 5 4 ERYHLE U=300 V,
] IF 24 IPM B BT Upe 5B A28 2 EAGH
& Ugs FHAE e, Rp Ucc=Ugs=15 V;  [AIB] I K46
FERCMLAYE, APk AT LIAS 1, X F FSB50760SF
i, YIREEIRAE 7=100 CH, % IPM N #8454
IGBT #1 MR AE ERYZE AR BRI T=125 CAA

A



46 Wom Tk ok % % M 2018 4
100 PEpeAr 2= [9]0
AR, RAME N 13.8 kHz, [R]IRFH moks B

FSBB30CH60

::::::::1/ 3
\/ FSBB20CH60
-——-——-_-~“-~_\\\\\~‘f/—FSBBISCH6O

FSBS15CH60
%ﬁ FSBS10CH60

\FSBSSCHGO
FSBS3CH60

HRBTRIA

1 10 100
FEREES, /kHz

B4 BURBERSHEMENHE
Fig. 4 Characteristics of effective current

and carrier frequency

TEA AL RS T, AR S 3k
RS IR . AL, SRR T AR SE IR
BE T=100 CAAF T AT MR 4 25 1 iRk
Mk, TR RIS I FEREIZIRE T TAERY AR
{HSRAEMEIEH TAE . X RIAME LS BT, FEpkd
A S A T AR R

5 Al 75 H R i PCB AR FI AR A e A
RIEH TAERES R IR . mEAH, EIER T/EM
B, SRR ETRE R 67.2 C, fKTF 70 ¢, fEiS
AR E I Y, R ESK, IPM IR
TAE, RZENRE R,

ks d o
C PP

B S5 AGANK ICIRE

Fig. 5 Test of IC temperature by the thermal imager
42 ERALR

IR A AL TARIS , B3l L I s |
LA R, (R — R 22 PWM {5 545
PRI PWM 55 B0 i 2 75 F Rt 2 S e A AL LA %
%4%%%%%Eﬁﬁmomﬁﬁﬁkm,%mu

ARG Z AN TSRS, AR 1PM N
%%%%$£%5% USRI ARG, A AL S
BB R I R R AR AR R, AR LIS TS

AR (ZE 58 M3104 /R ) SR, sor Rk
DR EE S0 IE A . 28 mos PR 19 CHI s,
152 IPM Hrh—A~ 2 FWRE R AG S E 6 s
mW6Tu§m i BIE LU ABCERR, BER PWM {5
SRR

| S m— = > —_—

Tmmmmmmmmmmr
R L

by - e el
@ 2.0V )(20.0ms 50.0MR/% @B /S ] 511 F2016
v0.0000005  10M & 240V 09:03:31

6 LEHERHESEE
Fig. 6 Output signal waveform of the upper bridge arm
DT, I8 ve R P 09 CHI . CH2 i3l [ i
M, 536 IPM ] —2A BV A LG S
K7 e tilE 7 aTLUCE 1, MR AR S 08

F R, [RIBE X BRI ZE 1 ops N, 220 IPM P

TR AAEIFEARIE K

Tek FL 4L [ i - — : L

s :
@ S0V 8 =55V : o ou T2 sosuu@

N ] L fm&*l@ 5

B7 ETHEBLESEE
Fig. 7 Output signal waveforms of the upper

and lower bridge arms

WET, FHZE v m A5 1Y CHL . CH2 3 if [A] i)
Mk, 35 IPM PRSP AT R 4 PWM 15 5 8
Kl 8 s, M 8 il LAIE H, i BIE AT, Ul
B PWM {55 7E1EH T AR

AT RFENLIEA T, IR T2 FERIT A543
BIEHMRZE R T LUE ), 3% IPM e85 7 1 3 45
Tl PRl A e R AT AR, TR L BB AR e i A
o X4 EIIZ IPM FF AR, WL BTk,
KRBT HHIRRCR



SAIERE, 4 3L FSBS50760SF URah 74 R A B AR Sl (4 i 115 S B 47

%

25054X/i9 @/
@ S0V 500V 2.40V

| i
FAEINACOE AF 363

8 HABAHELE PWM ESHEE

Fig. 8 PWM signal waveforms of two adjacent bridge arms

5 Z5ig

A T HT FSB50760SF R i 7] A Ha AL
RO a . IR Bl A Y AU S50 R, i
RAEAFARAIPE A, T HAZ FTETRAHL - RERS AR 4
H T AR R LS T ARRIR” R s
T, Ebrs AT, iEhlss i TiRE nE, B
B RAF I shZS R Fs i 6 (B, (EASHE

S
(11 R &R SBHAHECERTE

2012(3): 61-64.
ZHU Jun. New Type of Energy-Saving & Environment-

ERLHTHLAL[T). RHLECR,

Proof Motors Equipped into the Washing Machines[J].
Electrical Machinery Technology, 2012(3): 61-64.

2] XIZWE, & 1E . EEEARPUSRE AR & E 7). L
TR, 2013(4): 41-43.
LIU Jiafeng, JI Weixi. The Development of Vibration
Damping Techniques About Front-Loading Wash
Machine[J]. Mechanical Engineer, 2013(4): 41-43.

B] sk B, & &, £ K, % AETHIEATBHFER
Mo R R B LA S AR RIS (D). TR Tl K
e, 2016, 30(5): 22-26.
ZHANG Kai, QING Bin, WANG Xin, et al.
Research on Vector Control of Metro Permanent
Magnet Synchronous Motor Based on Voltage Feed-

Forward Decoupling[J]. Journal of Hunan University of

Technology, 2016, 30(5): 22-26.

[4] Z&$E5, THEH, %ﬁ%ﬁi, ff JEF BRI PID (1 7k
T R) 20 AL i P2 R 48 (0], W Tl K227 4,
2015, 29(4): 40-44.

Gong Shiyin, YU Huijun, SONG Yijie, et al. PMSM
Vector Control System Based on Fuzzy PID[J]. Journal
of Hunan University of Technology, 2015, 29(4):
40-44.

[51 KR o, XBEIR, 0L . akmg R A iRk R e

REBFSE [J). A3k, 2005, 27(2): 16-19.
CHEN Rong, DENG Zhiquan, YAN Yangguang.
Research on Low-Speed Performance of Permanent
Magnet Synchronous Servo System[J]. Electrical
Automation, 2005, 27(2): 16-19.

[6] REWI, IR R . BT RGO BN A K R 25 i gl

HL (PMSM) SRR HIDEFY (1], B THUREBIHOR
2004(2): 22-25.
SONG Juming, SU Yanmin. Study of Efficiency-
Optimized Control Based on Accurate Modeling
for PMSM[J]. Advanced Technology of Electrical
Engineering and Energy, 2004(2): 22-25.

(71 %A . IPM R BEDD A it UK Sl 42 ] H % [T
HARZEE, 2004(1): 51-52.

YANG Bishi. Driving Control Circuit of IPM Intelligent
Power Module[J]. Electrotechnical Journal, 2004(1):
51-52.

(8] JHSCIL. HUE PWM i
2009(7): 37-39.
ZHOU Wenwei. Research for Direct Current PWM
Regulating Speed System[J]. Electrical Technology,
2009(7): 37-39.

[9] CIMINI G, CORRADINI M L, IPPOLITI G, et al.
Passivity-Based PFC for Interleaved Boost Converter of
PMSM Drives[C]//11th IFAC International Workshop
on Adaptation and Learning in Control and Signal
Processing. Caen: [s.n.], 2013: 128-133.

[10] ZHONG L, RAHMANMF, HUWY, etal. Analysis of
Direct Torque Control in Permanent Magnet Synchronous

R GEWESTE (7], AR,

Motor Drives[J]. IEEE Transactions on Power
Electronics, 1997, 12(3): 528-536.

(RS 7 &)



