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Abstract: With the development of motor drive system of new energy vehicle and the increase in complexity
and integration, testing of motor drive system has become an important part of vehicle development. But high-power
motor drive testing is more difficult and has higher risks, especially for motor control system, traditional bench and
real vehicle tests often fail to meet demand. An overview was provided from the three aspects of signal hardware-in-
the-loop and power hardware-in-the-loop simulation structures, real-time simulation models and applications. By
comparing the advantages and disadvantages of hardware-in-the-loop simulation and traditional bench testing, the

advantages of accuracy and flexibility of motor hardware-in-the-loop simulation were clarified, and the superiority
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of the motor hardware-in-the-loop simulation test method was reflected.

Key words: motor emulation; motor drive; hardware-in-the-loop test; power motor emulator

BEE BT RE IR A SR I, AR TN
I AILPE BT RE TRV 0 o LA I S, o T A ik
DA LB B A R B F ML A R BT, RS HE Y
F AL ASE B R R 1 B 1 AL O R e AN T
X HL AL BRI TER A - 1) W2 4 e HLBR 3 &R
et A B LB T A SR, AT R %
THEEE A i BT ] 5 2) B AL ARSI S

E&WHE: HEARFERERTIH (51775042)

BLBR Bl 2% Z (8] (45 A5 5 s L S YR 28 5 3)
TETF 5% 200 P 3 560 B ML T R 48 R IE
B P AT AT A 3k S i B 22 1) U YR 21 R ]
A, LAt e b B R e b T
B A Do 70 38 T R B A 3 2 22 Wi A TR T B TE A
MRy F 2 TR B2y R 7R AR T
(5 B, TCTE BRI FE HL 2R 48 S Prag £ 7 1

TEEE N Ll (1977—), it S ieIf, Email . wangzhifu@bit.edu.cn
BIEE . 222 (1994—) , 5 4, Email : Ihlforeversuccess@qq.com



WA AR 20224F H 52K H 1

I 54, H A RA F IR B AR A SR AR R 4Rk

W7 AR AT P AF R i AR A ) R
F AL A 7 B 5 2 T DA DL I B3 A A IR k2%
1, CRRIE AT 7RO 25 0 PEAG 4 ] e 5K 2l
O s = NI R i =Ne s 2N TR 7 P i RN e
15 B LA S B AE R S 5 LT

Wy B S L S ) L BIL R G A TR L 19
INKE B AT i PR SE BR 0 4 2k O Ut AT i
e ALY I R G . W BB R G WAL
FHAN YR Wb R ELAT S A4 1 O v I HL L R e A it
T E AT EE RO HOT AR RO A B, e ik
RGPS BONY Pk 22 B, S 30 3L B
AR R T 332 BR o 07 07 L AR BRAR PR T
b HENT ALY SRS 1S A RS A L
FLRRY AT 5 s o HBCA 7 5 2 T4
AR X L AL RE A FHL O R T S W, O Tk TR L
I BLAE 1 2R 0 1) i 42 S A, T VE L L S 1
MLEYIEATARAS . B 7E 5 (hardware-in-the-loop
HIL) 47 02 AR 4 0592 o ML 0 B o v i Sy 52
IF 7 ELASEAL A ) R AL T 2 D F AN 4 L5
HLBL, T2 5 RE RS B B SC i LB AT RS B
VAT AH I B S B 14 F AL Tl 4 T p S
T B @ 1 B LR GE h A TP AT
AL AL i i A A i R AU R GE 5 HLSE
R R0 . XA RE S ALl LS LB AT R
SR ARG , WAFR N AL IS . HIL {5
I MG T AEFAE IR (signal hardware-in-the-loop,
SHIL) {}5 B 55 ) 5 34 432 B 44 78 24 (power hard-
ware-in-the-loop , PHIL) =N

TE SHIL ™, Bl B o8 (A1) s BILAZS i 45 ) S 55
PRAFTERY , HULAI S A g 07 OB U . P
WA LI I AT M 400 L AILASE AR 4DL B S L AL AR
GEPIRASAT BRI IREE | X w5 4% AT 2 g
MK . SHIL LS 3 B w5 W) BRI 3 % 52 5
() e M5 5, DRI, B B N 152 4 — i A L L
O 2 R0 AR P 2 B H ML ] 48 (motor control
unit, MCU)"™ ™4 . PHIL J& SHIL (44 J& , PHIL ffY
U5 BRG] P 2 6] 52 5B S W BRI, JF RS
R R IR MRS T T T RPREFER
T X 0 15 5 344742 5 T k.

AR SO Fe A 43 i LRE 1R TR 2005 TR i B A5
F, 53 A 1 B ATLAE A7 A B 0 L %) AR P B HE I H
ol , e S ARl IR R ML AR A B L 1Y [ A
FE R HATLRE AT E B LG SRR S e O ) i AT
TEE,

4

1 455 BRIy A

B A B TR B EC RN 3L LG
GRS 05 Bk . O B s SEatis
AT HUALASE Y | A5 A 400 B S L LA 45 Pl T 00 T 19
REAFE 3T 10 F0K I 3 5% 1% 2 B B3P
Sy, 38 5 S A A 50 OGS R 35 A% ) e A I
R WA PR 5 4 R R 45 A il
(A A5 38 2 ST L 58 BSR4 I 35 % ) g 1
I PR B R . B A A0 ELRE A T i A B
52 BRI 5 £ 4 TR I, R LML R G F
b R o 7 = D 0B g el
1.1 EFEBEYEGFERMIE

ALY SHIL AT R 36 Hb & s HLA 3R 1 2
B, AT DI SAS 56 UF H AL A ) S o 2 B S
RGBS R K TCE T I, SHIL £ Bk
AT LA 4 A B AT A o 2R AT I . SHIL
B4R 38T AT AR RO B B ML 18 3 ER L4 i
AN 56 T 1 B R AP & A 3 A | [m] e
B 130 S PR 2R G xR A S, B R FL AL
e B Z R, BT DL BRE 7R A5 B R G
T o AN TRV FP S 8 HLAIL L 1 B R O EORG JE
RESCHHE R HLAN T 30280 T B gk 7 ra L
R BR300 000 3R R ML I L o B AR A B
RE NS 7E T J2 W 3 7E O3 0 R B8 T X s ML T
RN P 1 S W 1 A BEME R AT 56, FRAR BT & K
A AR T A B[R]

P AL EE {2 76 B0 B 2R 0 4 At 2 B A R A
ARG RN R GEWTH A I FE 2 Wi R Gt
F5 R 00 AL A ) 2 A AL S Bk .
BEA H CPU, 1/0 M1 T PN 3545 5 Ak 8 b, J66 2 ol o
A 2R e A 45 ML S B 0 L 2R 0 R A B
T, HL L5 B aE 5 /0 T Al e b s2 B 5 ok
DU S5 5 1 28 5 a4 P A T ) T e A (i
I 4 e L ATLRIT £ 48 1 S8, DS A T — i
WA R PR, 7 X s A T . H AL
PAEAT B R G R AN B 1 R o

SHIL AT B A A2 FH S e L AILASE 250 o 5 A5 400
FLALTEAS B T 00T B REM: , DRI B AL ) B 2 A 7
A E LR DL v A 10 S 2 SRR [25 1A
TG [R5 LB R X 2 48 T r LK Bh 4 il R 40
FIREFEA BV R, g IR AR R T
{4 7K R T A6 BTS2 A AR | L3 A 28 i Y P R
A A . AL R A A



I AR, F HRRA LIRS ARy AR KGR

WA AR 20225F H 524 F 1

dsPACED; Hli R 48
B il [ — —
{1 28 1L 5
IJ?EIIUM‘ZCL B A ™
3K A — .,.
/ b
PWMI1-6 J
N P
ML i JE e I
P ay (L 2L
3
= > o
i
{5} {oh e i < BT
B 1 BRI R G A

Fig.1  Connection diagram of motor hardware-

in-the-loop simulation system
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Fig.2 Signal transmission process of SHIL simulation platform
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