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Variable Bus Current-type Inverter for High-speed Per manent
Magnet Synchronous Motorsand Its Control Srategy
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(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: High-speed permanent magnet synchronous motors have characteristics of small stator inductance and
high fundamental frequency, and using traditional voltage source inverters to drive them may lead to large stator current
ripple and high torque ripple. Variable bus voltage-type inverters can be used to reduce the current ripple, but the
traditional variable bus voltage control strategies have numerous parameters and complex calculations. In response to
this issue, a relatively simple variable bus current control strategy is proposed, which directly adjusts the DC bus current
output from the previous stage to achieve the motor speed control and reduce the stator winding current ripple. Zero
d-axis current control is achieved through magnetic field vector amplitude control and phase angle allocation. First, the
topology and working mode of a variable bus current-type inverter used were introduced, and the mechanism of
reducing the stator winding current ripple by this topology was analyzed. Then, based on this topology, a relatively
simple variable bus current control strategy was put forward, and its computational complexity was compared with that
under the traditional variable bus voltage control strategy. Under the proposed control strategy, the amplitude and angle
of the magnetic field vector were separated, and a control model for the system was established, in which the amplitude
control was used to adjust the motor output torque and the angle control was used to achieve motor rotor traction and

torque angle control. Finally, the effectiveness of the proposed
i B 2024-03-29; &EIBH: 2024-07-29; FABHY:  topology and its control strategy was verified through

2024-09-02; MZEHEAZBH: 2024-10-11 simulation and experimental results. Specifically, the stable
BEELWE: HE QAR E TN H(62073247) control of a high-speed motor at 80 000 r/min was achieved in
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of China under the grant 62073247 effectively reducing the stator winding current ripple.
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Fig. 1 Topology of variable bus current-type motor drive system



330 i, b

E 4 %524 %

EIWNET; Uy WETARE; LRI
Cy WHEHIMBHRAS; L, WEIRBHL; Uy N
HBFRHE; S, Sy S¢ AEH =M LB
555 Sy Sg. Se WEH =AM FERNMES; u,.
ug uc N=AHHE; e . ey ec A=A HLBNH
IX B IS TR A 3 e P B, 3 e 4 o 2 R
RSG5 I B2 L A - A 1, Rk B 71
#HAL, ARSI R i 5 ) o Sk = AR
ASHL K, PSS AT OCE ERT, XL R R
FABEFEA TR IR, 4 Fir g A e R R 00
e H bR RETT W) .
1.2 SRABREUES T

23 [8] 25 1= Ik w8 PH ] SVPWM(space vector pulse
width modulation)d A& 2w N FH oA )1z B R |
JiikZ—. SVPWM SRR R Gk, A
[Fi] F, Hs < g 22 [) ) v A7) 4 S 3850 o 400 L I S0
(77 o 2T R X SR HL I SCIE (M I LA T
N

S, ASRMPRR T KBERIE AL A A

4
u, =Ri, +Lsﬁ+eA (1)

e R LA FLA AR i
A M

Horp A MBS u, 7] 3780 o 30 L
U, R RBG R uy , 2L, R

®
uA = UA + uA,ripple (2)

2% S B B AR 1 AT ARk, F X
O EPTIES
di, di,

U ripple = Up _U/: :Rs(iA _1/:)+L5 [E_Ej

€)
Kb, 1 A REERR
% SR A LB L RS B, Wi (3)
kG
Aiy o= Aiy — AL LAT
-T1pple L

S

(u, =Uy) (4)

R Ady N A SO Ady A A

ML 5 ALCH A ARG f i s AT AR
(] 4k

7 Btz SVPWM il 75 2 b i A2 8 18 - OO
JHRRELS, . Sy S . Fom. XS, =10F, A ML
B R W 4 S, =0RF, A MR
Wr. FHE S, B, C MAHRIEL, HEA A
U,~U, 8FPEARERE, MIEAR R U, £
IRFFFRE S, =1, S, =0, S. =0, BHEHIER
HAAE 0 AT 0~60° I INIA 2 Bk,

+* +
R
u Ug< Uc U
Uf“ A37B3C [c Uy ue
Yo y
U,(000) U,(100)
e U
T T i
u U g 2 g
Uy A 19) B Up Ua<ug3ic
l Uc l o
= ——

U,(110) UL(111)
(b) ZHFFRRERE

2 ZEXEIAFIRE
Fig. 2 Principle of space vector modulation

I 2(a) AT UL, S T X S B HL R R U H
DAEERARRU, U N 2AHAERRU, U, &
BAE], Rp

U =TU,+TU,+TU,+T,U,)/T, 5)
K. U AMSFHIEKE; U, U, . U, U,
J9 7 B SVPWM AR ERE; T VT, . T, . T,



56

Bk, S5 ST R K AR AP AL S B F IR AL e B S 331

FEFEART A T2 1A R

ASE T DX R 1, 3 A AN ] B, s AR 2k A
B, AMHEEY, SMAREU, WEECR, D=
GRS O SR NSHEZ WAL, HIE 2(b)
AL BHEREU, . U AEHR, A HEE
uy=0. uy,=0; U AN, A tHEEu,, =
2U,. /3; UANEHR, AME Ky, =U, /3. H
AR X A B ARG 7 Beal SVPWM JE i JE L, 1]
Ao 565 T Jd DX 19 & BEAS Hy O s AR TN B) 2855
K@) EA(S), MK A ML R
B, AT

U; = (T()”Ao + T4“A4 + T()”Aﬁ +T7”A7) / Tq

T, . [U,, —~BU, sin(60° + O)IT,
=5 Wm0 = AU, L ‘
s dc™s
(0-Uy)

. . T * .
Iy =lp +i(”A4 —Uy) =iy + WL

s de™s

U, .
( 3d'_U‘j

. . T * .
I3 =l +ﬁ(uA6 —Uy) =iy +

\/gU: sing-T,

s 2Uchs
U c *
(5-)
. . T * .
Iag =las +j(um _UA) =l t
U, —~3U, sin(60° + 6)]T. .
Uy ~3U, sin(60°+ O, (1

4U,. L,

Aimax = max(| iAl |a | iA2 |a | iA3 |a | iA4 |)

(6)
e gy o iy day s G WEBORISUE; A, A
FL IS0 fe K AE
H1 (6 FT JN5E T it X, 7 2 s AR 25 0 14
FEP R U, KRR 0 HRIME T, iy,
50, B L B0 A A i AN 5 R R A T
T,. T, A, MEFHAER, Amso 22 b K,
i, 5 iy, B L TS0 A8 A i 5 AR O S FH A 1]
T,. T, % AW Eu,, . u, A% FLMTERE,
FL LS PTIEARC EEk A% B M T SO AR Ak i
ZHH 0, Bii, =0, Hi, 5i,, BRSO R

\3U, sin(60° - O)T;

RNGFEL, i, i, BRSO R IER
W, ANFAER TR EEARR T, . 7, RIAT AR
LR HL IS0 o AR SR F B AE BR300 AR 25
AR ARIE, NU, EU,, (HP U, =
UL, RdisE R E ], S T S e
TRBCH IR, & 3 s

T, |

L LI L L L L L

2 2020 02 2 2,2, 2

SyfF———- : —
! [

e i bl el 1——J—<

|
| Lo |
+ +—— =
Lo Lo \
0] o | R It
. L] e l Lo |
Iy A | oA |
i | I A
LA ling VA \
T T T T T T “
NV | | |
| Almax | :\/ | |
; b | Lo \
Al | I I 1 I I |
0] N t
(a) HERLEAS 28
TS
7, T, 7, 1, T, T, T, 1,
2 2 2 2.2 2 .2 2

(b) A5 REZR MR R A 2%
B3 ABZEABRREHE
Fig. 3 Phase-A winding current ripple

SRR IR U R TR 2 R AR JEE 0 T A
B BLE T 40T L AT 250 m Semsti e e
U S AU, 6 F, B

BU;
m:_ézi )

HRAES(6) . 2(7) T A i IX Fh P 2 B e 2R
AL U | PR R AR O 25 T S R
4 i BT P, TR B A KL 008 B 4 M
LTI 5 H S BT 4 T



332 i, b

s

Eie o524 %

0.08
0.07f
0.06
0.05F

0.04 HLJE R
0.03k

0.02} o
ook A

0 60 120 180 240 300 360
0/(°)
(a) m=0.25

Aijo(pou.)

0.08
0.07F
0.06
0.051
0.04
0.03
0.02
0.01

R

Aimax@-u')

4 VAR R LR AN :

0 60 120 180 240 300 360
0/(°)

(b) m=0.50

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

Ai(pou.)

| Iﬁ‘%'ﬁ?ﬂuﬁ .
0 60 1 20 1 80 240 300 360
0/(°)

(¢) m=0.75
B4 FAEMEBERREAETH A HSEEBRRLUK

Fig. 4 Phase-A winding current ripple under different

output voltages and vector angles

40 0L, AFEO T, Mm=0250F, 25Kk

LR AL AR R A BOSEIIE R 0.009 8, /NFHE
JERIGEAS R Ai BFEEIE 0.021 35 2 m =0.50 i),

max

ﬁrﬂ%%%oﬁi” WARES AL TPEIER 0.019 6, H

FERLY AR 8% A, B9 R 0.032 25 2 m=0.75
b, AR B 2R R R AR AL I E N
0.029 3, MR AZLS A Eﬁﬂﬁi’a{ﬁﬁ 0.035 4,
AL, PEERE m B, R R UL
JINEF AR RE 2R R U TR0 A g R AT I S0 R
BAF. BEE m (UHE, RV H BR B i U, K
A, AR 2R L AT TR 30 AR 2 1 R U S0 A T A A T
B, i AR 2%

2 TEEREEE RS Hl R g

PSR A 5 s, BH. Uy IR
RRHESHE: u,. u, /3000 o, B IR
BHAY; I, WETFFERHRRSHE; o, MM
FESCBME; o, MRS i, i, 730 d,
q%%ﬁmﬁ%%l‘T{E, ld\ l /\D'inld qi-FHEIEE/JILﬁ

BHAH; . u, SR d. g RS RS
0, ﬁ%?ﬁ&;&ﬁ/ﬂﬁ- O, WEETFRESHAH; i, i,
G0N a. BRI SEPRME; i A AHFLISEPR
fH; i, B AHRLTRCPRE; p, ARSI K 5@)
GG AR BRSPS T SRS, J5 R IR B ok
el d MBS g B, AR ESH 1,

@ |SMO [« of
+PLL ]~ abe

Iy ig (ﬂ
o R —— 4w 7

1
\ -t aff £
N 1 - M

[ r!+ bus+ IE
| R "% {r] ?"D
NELL Tous

(b) A5 RELR LI SR e
B 5 ¥=HIRmEXTLE
Fig. 5 Comparison between control strategies



56

Bk, S5 ST R K AR AP AL S B F IR AL e B S 333

T2 9% e P %R FH L i v 3 RSP B o S A B 2k
HL S 425 o AR SO Y A R R 2k v A 45 A SR 4
Kl S, Ja it ok e BB S T O i A
SYTC, ATGCE IR R S i (R

T 5 AT DL, AR SCHRE H A ZA8REE H e 42 T SR et
I d A, JoRe iR ¢ Fh, dIows st
d LR e g SR IEAT I Park 325, [T 25
T g B R SRR IR 2 S i 4 PI
(proportional integral /45 il di o ST HE45 il MG AL
DT IR NS, His B e s, A
THEEFERIR, SIS RGP, #E—
A R e G [R) A AL FRL ST o T SCREXT B
FRASBELL F U A T SR A TR AR ST S 34
2.1 HiEEH 55K EREE

e ARG TR) A LAY R | 6 20 A
Rtk LB R SR A G, PRI LR 2
W) T4y, FEH NI N it PN PR TR
Wi, BOE R o] 5RO 2845 2
PR o, M 2215 BV IR A, e P
HRTH AR TRBEE 1, o

X< R 70 s 4l A TR A 20T o 3R
ity X7 G ) 20 i AL fEL I O T R M P B LT
535

by =1, +Ji,

{te = Po¥¢ J Iy = Dol 80 J5, ®
Kb i, AHPLHEGRR S ¢ MBS p, i
MU w, W TR R w, N THEY)
RME; 1, WHRAPLRARIEE; B hilE i
TR ST R R R R A

i (B) AT, HLRE A A AL P L i Ok R 1,
KA R A B OGE ., ZIERAETH, S
Kl B.=90°, HISEELi, =0 &ilt, BLit iR
RN g Sy, AIFRAS# R = IR(EILH
HL LR B MR 1, DR

HR X0 390 702 85 14 P O o R (LS T 3 00 A T R
GitasE o, fAEFERIRERIANE 6 Fras, [
U, AP ;e A FLedl i g3,

B 6 HiRXEREEHIER
Fig. 6 Block diagram of current vector amplitude control

AR EAME I R N

1

bus

s(k, —e)+k,

I, S (L +R)+s(k —e)+k
Ao, kL kPRI BUME.

M AR E B R BT, ZRGE N —D W &R
Ge, ACEWTTLLE] . B g R AT SC R GERRE .
2.2 #IARERERET

X O A B o A i R AT A T 0
B, HKEERIL AL A SRR R T A = AL TS
FEn IR A bR 2 N UL T R h

uw, =Ri +joli, +e (10)
AP w, WHRHLHEIER R o HHAUABIE; e
LN ERSIE TS o

R0 KRBT, ARk R L
AR NI 7 B B o, AR S LR
Rt Z A H R

)

e
i\
i)\« 1

B 7 ®MXk#ETBRILXE
Fig. 7 Vector of surface-mounted permanent magnet

synchronous motor
1 2.1l AR AR SRR R A B A
K, BRI AR, RIEAR ] v i < 1 A 2
£,=90° . I 7 WL, IR B bR



334 i, b

E 4 %524 %

i, 5 dRRIIS, ISR B,=90° , B
SRR SE AL T g WsE], d RO 0.

B 7 Ry, WRER S g Sl g,
TR B PR S G R AR R A A
M d T LT O B, B R S HL R 2 ]
MR @ SREMy, HA . FEXERER @ 1K
INEEAT T . ARG TRASH, iR S
g WS, B FL A B R oS
Y g S A, SRR B R R B AT T ¢ 4
90° . K o, FIFRH

ws Ls lbus ]

Q, = arctan{ -
Rslbus + wsy/f

an
iy, = C. 0

K, C L

BERTA SR UK BE AL L, SR S
PUFE A OE L, BUEALH R & i, S HLBL
FIIRR o, I UE L . B LR 1 g
LB, A R 8 e SRR T IR B o, I
A 8(@)ff7n. M 8(a)rT WL, Kigf o, Bife
T miR SR, BALAET 30 000 t/min i,
i 9, =4.03° 5 HLHLAL T 80 000 r/min I, A ff o,
HENZE 25.96° 5 AR AR R g AR TR R R
A o, & —E R, LA T 80 000 r/min i,
LB K 20% 2 F B o, 390N 4.33°

®1 BEXERTEISE
Tab. 1 Parameters of high-speed per manent magnet

synchronous motor
2R Ky
By EY 3000
Tt i 4/ (r-min 1) 80 000
S OOE: 1
FHELBH R, /Q 0.15
AR L, /mH 0.262
TS v, /Wb 0.010 406

HEAR LS E S B E d il I
IR RS, AR SCER AR £ 43 Be A s —Fh R i A
B B2 T SR e, 4 Tl AL Tl G ] 8(b) K & S(b) T o
A BRI R M B U AN - PR TSy

BEOTL, BEAFHL DUAE N, AR A
A 7, RPN PULIEFE d R
B SEHHEOHR, ZE 1A PR,
B ST AR 7, o B d BV T 0 B, SRR
Al 7,5 d BAVNT O B, FERANER 7,
UM T O, B A, A UL, (2
T IO K, . BMRRE K, BIOTSCE
BB R 9% R 7, TS

|

30l —e—JEIR{E
—a—HLBLHER100%
—e—HUER20%

FEAMI(°)

5E38/(10* r-min™")
(a) FRIZE TR EABIE

o| stk
s

abc

(b) B AYHA PR HIRER
B8 XERBEREHIRE
Fig. 8 Vector angle value and control strategy

3 (FEMTHER

31 HEERLSH

SRy 9 UE AR SC i SR FH B 4 ) SR W %) T
PE, R T ECHE R AL Ly A
5 LN 50 v TR FH 1) v T R ] 2D H LS O
= 1,

B EAS ST SR AR FNE AR S8 20 H I S0 1Y
ERfE, B JofE MATLAB/Simulink #45H, 4341
P& T AL S0 TR 0 A 2 R AR BRI TR A
2 i ELAEAY SR 53 A ] e K R TR P L 2
80 000 r/min. [l 9 > 2 Fiidfi A5 25 b B RS A H 1Y
AR BT, b AR B2 R 1 e
HH A = A PR IR S P /N T A e R T AR 2
TEBH T 78 SCT R AR R H i T A8 88 4 AT A



56

Bk, S5 ST R K AR AP AL S B F IR AL e B S 335

R EARR v S K W () A0 LA SR 2 r TR S0, AT
R R AR Ik 2l o

30

A

ip i T
LN LN \
NN

20

\ "

- 1
4.900 4.901 4.902
t/s

(a) HJERLHEAS 45

in, Iy, Ic/A

=30 1
4.900 4.901 4.902
tls

(b) B RRLL MR B AR 45
B9 %% 80000 r/min ZtHM KR
Fig. 9 Waveforms of three-phase current at speed of
80000 r/min

R B AR S L A AR R H U A R A AR
IR RN, e B b T sh S PEREXS LT . 7E
3 s N2 B HVBOE MR, 45 sk 4 ) 20
HLHLAA 30 000 r/min I 2 80 000 r/min, HLALFEH
KB ANE 10 PR .

HI /& 10 FTUL, 2 Al sens T e pLsL s n) gl
SYERETCHI 22 5, i TAS SO P45 i SRm v 1 3|
RELR R S AR KR AR 43 BE , DR AE LU AZ S i
RUARES , A SO RN 1 AR . d Bl
R N R EB -2 24 B = 13U Y & VA T B 2 ER R
HL I S SRR ZOR AR, FEshAMERE 8K
FeBEEORE R, IR RS ML s, R
ARG RS AR 8%, AR SO S 47 il SR m T 5 T
e KR R AP HL AL
3.2 LWERH

SRy itk — 20 B UE A SO SR P Ah I S 45 1] R 1)

BRME, SBHETWE 1 FURMEEILSERE S, B
IS SRS 3, WR 1L BN 1 &
3000 W. 80 000 r/min At 02 i A % [A] A6 Ha,
B, ZBBEH ALY AR SR TR %R 3 1> 28 pH
1) R R B R B2 LR, HIZS S 200 pF A
HLZS, DR A IR AR A R AL B BT R
B, B AR ST A IR STM32H750VBT6
BN, TEACRAE T W 3R K5 AR s F DGR R 34y
50 kHz, [k5EiE% PWM(pulse width modulation)4ii
HER D SR, E BRI S HUS 0 B
—3

A6, AEERTR R MR AL S0 1Y)
AR, 435I R 78 336 0 i 5 A B2 P T 3
ARSI SRR, AT A AR
BRI 12 FiR.,

Hrr, AR g RGuH A HER R EHI 400 V,
30 000 r/min %3 N I HLEL R 42.7 V, T
AT AR R B m = 0.185 , [A]FH 60 000 r/min %5H
T A% m =0.315, 80000 r/min ¥% 3 N H] R
Bom=0.435, HE 12000, AFEEHET, R
PRI R BT, AR e 7 780 306 705 28 P o R e 0
W RV B0, ATA s L R K S
M HL L AL, RIS R B m BN, SRR
T TR 336 7R AR X T L TR 396 A 2 ) L I S0 AR
BRI b WA FMLEE SR T, RV R 5 m K,
SRR 2 e UL R 30 IR 2 1 L R SO A TR T
I R AR AR R, SOiiE 1 AR SR AR B2 i i A
ARG M) I AP S AR

Shy 565 UE AR SC T 8 A8 B8 L 3 45 1) SR ek 1) 1 A
P, B IREEEIER, W RGNS AAPERE
&l 13(a) fr7n S SE B FEHLAN 30 000 r/min K &
80 000 r/min FYAHHELFEIEIE , &l 13(b) A BN 2%
R ENOFRAGHE, Wi H s, PL100 ms
J R 2 EAHLA RO . IR 13 AT0L, W
PUHHL B AL O, S505 BB AT, [FINFERS
5.8 s FEHIRBIRRE , JOUE T A SR AR RELR L i 4
Tl S s 1) L A o



336 S S 5524 %
8 8
Y 7 " 7
£ 6 £ 6
‘é 5 S s
5 4 ‘ 1 5 4
# 5 3.0 sIRpEE 2 AR I BR EE
b1 2
60 0 60 30
40+ K cilil N 40+ L C
¢ 03{7;?&(\3 0 Ok <1< SN
fo 201 0:- ULV AN AN .ifu 20 :;8:1}3
B 2.995 3005 3015 £ ok /7%9995 3005 3015
S tls 5 | tls
=20 -20F
—40 -40
30 - 30 .
i, Iy
201 ] 201
— \ e { \
0F ()] P—
-10 i i i | -10 1 1 1 1
25 3.0 35 4.0 45 5.0 25 3.0 35 4.0 4.5 5.0
t/s t/s
(a) HLRELAS 2% (b) A5 BR2 LR AL A 2%
E 10 hisMEaexfLt
Fig. 10 Comparison of dynamic performance
AP FEEKEFES WA BRLRRESER g RARRIIRR SRR
11 XWFEE
Fig. 11 Experimental platform
v 1) )
£ £ £ AA AN A
S AVAYAYA aYAVava VaVa NI A VAVAVAVAVAVAVAVAVAY IS ANV GRS A S A R
s TV = Y \/\z V'V \/\\/ V'V 2 1\ [N i
= = = VNN
/(2 ms/H%) /(1 ms/#%) /(400 us/#%)
(a) HLJEEEAS 2%, 30 000 r/min (b) HLEEGEASZS, 60 000 r/min (¢) HiJEEAS 2%, 80 000 r/min
A3 ) v
@ % g"g N T A N
2 LAAAASAAANAA S MAAAAAANN S PN
- = AV EAVARV A VARV VAR VALV AR VARY =i Y o \
% '\\_:t VAR VA - IR SR v A AL | A ¥ i ':; \/ \J \/ \/ \
1/(2 ms/H) (1 ms/k%) 1/(400 us/F%)

(d) 725 REZG HLI AL AS 2%, 30 000 1/min

(e) A RELG R ALEAEES, 60 000 r/min

12 EFRIRERE

Fig. 12 Wavefor ms of stator current

(f) A B)4% LR 25548 2%, 80 000 r/min



CA ] sk, 55 &M

TR AR R [ 2 H BTG 7 R L AT A i B HLAS i SR 337

2.0 sIEEHE R R

\lll‘f

||1 '|”< H]l

(10 A/f%)
(]

" v \nﬂl‘

(M

1(1 s/k%)
(a) FHHL
8_
7_
Tg 6 7.8 shtFEILEIRE |
Y 95
2 3
#,
1F 2.0 sIfEE BE (AR BR
0 1 2 3 4 5 6 7 & 9 10
tls
(b) AL T
B 13 RS HEE
Fig. 13 Dynamic performance of system
4 ZHiE
B 5% v AR ) 2D FELBTL R BN | T e T

S ARSCHRE T — A Ay AT S 2 B2k H A A T OR
W o BT SEXS LR FL TR SO Y HE LA T T 48
BT, A5 R A R0 H 7 A0 AR 2R T A R AT F 3
SO . SRIE 5L G A PR L AR I SR AT T
o, A5 e g S 8> | BB,

AR TERE R, P S oK sl RGEE

E—2 AR AL HL R SCE o PR G % S R S5
Yy ff B oy s e T TR ARG 5530, i
P18 RS e 32 1 T SE B F AL B R R e s (s 1
ISRV SRR e Ha i o X TR A e
AT R R R R AEEC R, $Eh
TP B A BRI RS, AT SEBHALIE 4
AR A, FJE i 155 80 000 r/min = K
RETRIE LA T T 05 B SEBR IIE , GIESE T 4R 4
Fo ) SR A S R, 78 R0 e 3 4 ) SR ek
Rt FL RSO N B RT, ATSEIE J R

P, Fed T SRS TERE R, ST i

TR ]

ARAHLERE 1T,

SE K

(1]

BN, F e,

6870.

WIHMr, & S E LK ek R
. PEBEALT AR, 2022, 42(18): 6856-

Bao Xucong, Wang Xiaolin, Peng Xuheng, et al. Review
of key technologies of high-speed motor drive [J]. Pro-
ceedings of the CSEE, 2022, 42(18): 6856-6870. (in Chinese)
SRRUE, HOLHE, XM, 55 mEui LR RS BT
R[], HTHEARZ:AR, 2016, 31(7): 1-18.

Zhang Fengge, Du Guanghui, Wang Tianyu, et al. Review
on development and design of high speed machines [J].
Transactions of China Electrotechnical Society, 2016,
31(7): 1-18. (in Chinese)

Huang Ziyuan, Fang Jiancheng. Multiphysics design and
optimization of high-speed permanent-magnet electrical
machines for air blower applications [J]. IEEE Trans-
actions on Industrial Electronics, 2016, 63(5): 2766-2774.
Song Xinda, Fang Jiancheng, Han Bangcheng, et al. Ada-
ptive compensation method for high-speed surface PMSM
sensorless drives of EMF-based position estimation error
[J]. IEEE Transactions on Power Electronics, 2016, 31(2):
1438-1449.

TR, FRENAS, BPEEL AE. ARG UK REIR D B L
RS RS Ok LR (0], IEAE R, 2016, 14(5):
24-32.

Wang Shuo, Kang Jinsong, Zhong Zaimin, et al. Over-
views of torque ripple suppression method with per-
manent magnet synchronous motor used in electric
vehicles [J]. Journal of Power Supply, 2016, 14(5): 24-32.
(in Chinese)

wE, JEk, TRA, . KRR AL s AR
SIRETE RIS, ALUREAAE, 2024, 22(2): 378-385.
Zhang Huixuan, Fan Tao, Ning Puqi, et al. Flux-
weakening control strategy for permanent magnet synch-

ronous motor used in electric vehicles with high perfor-

mance [J]. Journal of Power Supply, 2024, 22(2): 378-



338 i, b

E 4 %524 %

385. (in Chinese)

(71 XLEIK, J59, TEB, S8 52T m il BRI A ik i

[R5 B L AR LR P mEAE HEIR D). FVR2AHR, 2024, 22(3):
172-181.
Liu Zhongyong, Fan Tao, He Guolin, et al. Nonlinear
magnetic flux identification of permanent magnet synch-
ronous motors based on gaussian process regression [J].
Journal of Power Supply, 2024, 22(3): 172-181. (in
Chinese)

(8] XK, Judk, fIlEAk, &5 wrERb KA LB pL R

AR T 4% ] S A WE ST (0], F T ROR SR, 2023,
38(22): 6039-6058.
Liu Zhongyong, Fan Tao, He Guolin, et al. Research on
high-performance explicit model predictive control algo-
rithm for permanent magnet synchronous motors [J].
Transactions of China Electrotechnical Society, 2023,
38(22): 6039-6058. (in Chinese)

(9] FBIHI, #EE, B, 55 ST REMA A IR

H) LC IEP RG] A ML AR GE P e VR A R (7] F
THARFR, 2023, 38(22): 6059-6069.
Zheng Changming, Dong Xuanxuan, Xiao Ziyu, et al.
Virtual resistance active damping based predictive current
control of LC-filtered permanent magnet synchronous
motor system [J]. Transactions of China Electrotechnical
Society, 2023, 38(22): 6059-6069. (in Chinese)

[10] 5KREF, JHER, 581, & BT ILRY™ R0

i 9 P9 B KRG [ A0 i BIL G — 4 U A A

PRI, B TR AR 2R, 2023, 38(22): 6070-6081.

Zhang Yanping, Yin Zhonggang, Su Ming, et al. Unified

full speed sensorless control of interior permanent magnet

synchronous motor based on resonance extended state
observer [J]. Transactions of China Electrotechnical

Society, 2023, 38(22): 6070-6081. (in Chinese)

BHCE, VR, PRI, €TI0 R BETT R B AL

RSN BT SR X L[] LT HOR AR, 2023,

38(24): 6619-6631.

—
—_
J—

—

Li Haoyan, Xu Haiping, Chen Xi. Design and comparison

of drive topologies for stator-ironless permanent magnet

brushless DC motor [J]. Transactions of China Electro-
technical Society, 2023, 38(24): 6619-6631. (in Chinese)

[12] LIS, 53k BT o LA D I R (D). W
IJRIE: WEIRIEE Tl K2#, 2020.

Du Pengcheng. Current harmonic suppression technology
of high speed permanent magnet synchronous motor [D].
Harbin: Harbin Institute of Technology, 2020. (in Chinese)

(13] e, BT, BSCRE, 2. ARERDL LT AR ARK

T P LR PR VR SO AL T S e 51 i i Aemis (7], v AL
T 2=, 2024, 44(23): 9422-9430.
Ji Jinghua, Qian Yuanfang, Zhao Wenxiang, et al. Variable
switching sequence modulation strategy with low current
ripple for dual three-phase PMSM operating at low
switching-to-fundamental ratio [J]. Proceedings of the
Chinese Society for Electrical Engineering, 2024, 44(23):
9422-9430. (in Chinese)

(14] TBFFE. 5 LCIBIEAR I gt Kk mE R A5 LR Sl o F

FE[D]. BB AEHPRHERE, 2022.
Yu Heyang. Research on drive control system of
permanent magnet synchronous motor with LC filter [D].
Wuhan: Huazhong University of Science and Technology,
2022. (in Chinese)

[15] Li Chushan, Lu Rui, Li Chengmin, et al. Space vector
modulation for SiC and Si hybrid ANPC converter in
medium-voltage high-speed drive system [J]. IEEE
Transactions on Power Electronics, 2020, 35(4): 3390-
3401.

[16] Wang Weiqi, Gao Feng, Yang Yongheng, et al. An eight-
switch five-level current source inverter [J]. IEEE Trans-
actions on Power Electronics, 2019, 34(9): 8389-8404.

[17] Xu Yang, Wang Zheng, Shen Yinzhen, et al. A CSI-fed
PMSM drive system with single-stage operation for
extended constant-torque range [J]. IEEE Transactions on
Industrial Electronics, 2024, 71(9): 10389-10401.

[18] Zhang Jindong, Huang Yunkai, Peng Fei, et al. Pole pla-
cement-based current control method for CSI-fed PMSM
drive with eliminating capacitor voltage sampling [J].

IEEE Transactions on Power Electronics, 2023, 38(8):



55 6 39 POHE, S T RE KR A EUALAR A B2 F U AR R S A ] SRt 339

9409-9420.

[19] e4flE, 223, Pk, 55 WHLEEHIE B0 AT E X
JEHF DC-DC A& 28 AR BRI T 15 1 g £ Ak iR & 42 il
0], FL T H AR, 2024, 39(12): 3787-3801.

EEEN:

HEQ2000— ), B, BEBE.
WFET5 18]« e 2 H ALK gl 42 1 e AR o
E-mail: jin.huang@whu.edu.cn,

ZWEUE(1999— ), F, WE5E
Az o WFSETT 18] : R A ATLAR B AR
E-mail: ginhaobang@whu.edu.cn,

FEA1992— ), B, EEEE,
M BT T, ek
HR, md g MRS RITAR . E-mail:

39(12): 3787-3801. (in Chinese) gaoxran@whu.edu.cn,

[20) SIS, AT REL i TR HUBL RGeS MERERF 52 D). X980~ ), %, M, HT
T WRFE7IE: POEHLIEIERIEAR, M2

i RHERCIE A, 2020. fk#7) . E-mail: wenshan hu@whu.edu.cn.,
Zhang Mingyuan. Design and loss reduction reasearch of HIEHE01996— ), B, wit, f
FERNER, W55 IR I, JoEkAm

HIEOR, E RS RIEOR . E-mail
Shanghai Jiao Tong University, 2020. (in Chinese) ht006763@whu.edu.cn.,

Guan Weide, Li Tao, Zhong Jian, et al. Hybrid control of
model prediction and current stress optimization for dual

active bridge DC-DC converter in motor drive systems [J].

Transactions of China Electrotechnical Society, 2024,

motor syetem with variable bus voltage [D]. Shanghai:

(CRER LAY

IEHIE R

g R P ESCUIM



