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Rotordynamic Modeling and Equivalent Stiffness Calculation of
Interior Permanent Magnet Synchronous Motors

LYU Shilong', SHI Cenwei', QIU Jiangi', GUO Liyan®, SHI Tingna'
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China;

2. Advanced Electrical Equipment Innovation Center, Zhejiang University, Hangzhou 311107, China)

Abstract: Addressing the heavy computational burden and convergence issues inherent in full-scale finite element modeling of
complex permanent magnet motor rotors, this paper presented a hybrid method for equivalent stiffness calculation. This ap-
proach integrated finite element analysis (FEA) with analytical techniques to construct an efficient lumped parameter model for
rotordynamic analysis. Initially, local FE models of the rotor core with discrete lamination counts were subjected to four-point
bending simulations. Through curve fitting, the relationship between bending stiffness and lamination count was derived to ex-
trapolate the equivalent elastic modulus for the actual rotor stack. Subsequently, a system-level dynamic model was established
using the Riccati Transfer Matrix Method (TMM) and validated via a custom modal testing rig. Experimental results demon-
strate that the relative errors for the first two natural frequencies are 1. 4% and 0. 7% , respectively. The proposed methodology
effectively characterizes rotor stiffness, significantly improving both the efficiency and reliability of dynamic analysis.

Key words: rotordynamics; silicon-steel laminated core; riccati transfer matrix method; equivalent elastic modulus;
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Optimization Design of Windings and Rotor Structure for Synchronous
Reluctance Motor Based on Remanufacturing of Asynchronous Motor

LI Qingxu', SUN Baoshi’, LI Yunpen®, LI Yanchu'
(1. Tsinghua University, Beijing 100084, China; 2. Jiamusi Electric Motor Co., LTD., Jiamusi Heilongjiang 154004, China)

Abstract: Synchronous reluctance motors are characterized by their simple and reliable structure, the absence of high-value
permanent magnet materials, and no risk of demagnetization. However, they also have disadvantages such as large torque ripple
and low power factor. Asynchronous motor remanufacturing refers to the use of some materials from old and inefficient asyn-
chronous motors, through the redesign of some magnetic circuit structures and windings, to improve motor performance and effi-
ciency. This paper explored a optimal design method for remanufacturing asynchronous motors into synchronous reluctance mo-
tors, and under certain constraints. With the goal of reducing torque ripple, improving efficiency, and increasing power factor
while ensuring torque and power, the stator windings and rotor magnetic barrier structure of the synchronous reluctance motor
were optimized. Based on the finite element method, the optimal analysis and comparison of different numbers of rotor magnetic
barrier layers and shapes were conducted. The research results show that the optimization method adopted can effectively im-
prove the torque ripple of the synchronous reluctance motor and enhance the power factor. Compared to the asynchronous motor
before remanufacturing, although the performance has its pros and cons, the overall performance meets the requirements, par-
tially achieving the goal of asynchronous motor remanufacturing.

Key words synchronous reluctance motor; asynchronous motor retrofitting; rotor structure optimization; torque ripple;
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Design and Analysis of a Low-speed High-torque Permanent Magnet
Synchronous Motor for Marine Propulsion
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Abstract: The development of marine equipment is trending toward larger scale, higher efficiency, and greater environmental
sustainability. However, conventional motor - gearbox drive systems suffer from drawbacks such as large volume, low efficien-
¢y, and limited power density, making them insufficient for meeting the requirements of next-generation direct-drive marine pro-
pulsion systems, which demand high torque density, high efficiency, and high reliability. To address these challenges, this
study developed a 3 MW low-speed, high-torque permanent magnet synchronous motor suitable for marine propulsion applica-
tions. First, the motor design scheme was determined by analyzing performance variations under different pole - slot combina-
tions. Subsequently, the influences of four rotor topologies—radial, V-type, Halbach, and tangential—on torque density and
operational smoothness were investigated. Finally, a helical water-cooling structure was designed to ensure reliable motor opera-
tion. The findings provide new insights and theoretical guidance for the high-efficiency, direct-drive design of large-scale ma-
rine propulsion motors.
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Rotor Strength Analysis of High-speed Permanent Magnet
Motors for Electric Spindles

PU Siqiao, ZHENG Xin, CHEN Bo, CHEN Xiaoqgian, WU Yinghui
( Guangzhou Yuexiu Power Supply Bureau of Guangdong Power Grid Co., LTD., Guangzhou 510699, China)

Abstract ; High-speed permanent magnet motors ( HSPMMs) are the preferred solution for electric spindles, owing to their high
rotational speed and ability for direct coupling to high-speed machinery, eliminating the need for gearboxes. This study estab-
lished an analytical thermal stress model for the rotor structure of a solid cylindrical HSPMM, incorporating temperature rise
effects. The model analyzed the influence of interference fit, retaining sleeve thickness, sleeve mechanical properties, and tem-
perature on rotor strength. Measures to optimize stress on the permanent magnets were proposed. The analytical model was pre-
liminarily validated using the Finite Element Method (FEM) , and stress contour maps were generated. A prototype motor (30
kW, 80, 000 r/min) was designed and built. A test platform was constructed for no-load testing. Experimental results demon-
strate that the motor” s back EMF exhibits good and stable sinusoidal characteristics, confirming its capability for long-term con-
tinuous operation. These results provide validation, to a certain extent, for the accuracy of the stress analysis. The analytical
methodology and findings presented in this research offer valuable insights and reference for practical engineering applications
involving high-speed permanent magnet motors for electric spindles.

Key words : rotor strength; high-speed permanent magnet motor; permanent magnet thermal stress; sleeve mechanical proper-

ties
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Control of Full-closed Loop Servo System Based on Equivalent Stiffness Ratio

WANG Qingyang', LEI Li"*, LI Yesong'
(1. School of Artificial Intelligence and Automation, Huazhong University of Science and Technology, Wuhan 430074, China;

2. School of Mechanical and Electrical Engineering, Wuhan Polytechnic, Wuhan 430074, China)

Abstract: The stiffness and backlash nonlinearity in the full-closed loop servo system transmission chain make the system more
prone to oscillation in the high control response. However, due to the complexity of the system model, there is currently no
clear tuning guide, and the determination of control parameters relies on manual adjustment. In the paper, comprehensive pa-
rameter design scheme for full-closed loop servo system was developed based on the equivalent stiffness ratio, providing guid-
ance for practical engineering applications. First, the two-mass transmission model with flexibility and backlash nonlinearity in
full-closed loop servo systems was approximately set-up, and the frequency response method was used to analyze the stability of
the simplified system. The equivalent stiffness ratio was employed to quantitatively express the limitations imposed by rigidity
and backlash factors on the control bandwidth of full-closed loop servo system. Then, a complete parameter tuning process was
designed based on the equivalent stiffness ratio. Focusing on a control structure with three-loop cascade PI control and observer
feedback compensation, the PI controller parameters and observer compensation gains were uniformly designed in a concise pa-
rameter tuning process. Finally, simulations and experiments verifed the feasibility of the proposed parameter design scheme.
The control parameters designed according to the proposed scheme are compared with those obtained through manual optimal
tuning, and the proposed control scheme significantly simplifies the parameter tuning process for full-closed loop servo system.
Key words: full-closed loop servo system; equivalent stiffness ratio; mechanical resonance; backlash nonlinearity; cascaded
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Research on Speed Control Method of Double Y-shifted 30° Permanent
Magnet Synchronous Motor Based on Adaptive Power Approach Law

LI Yongheng', LIU Lingshun’
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2. Institute of Aviation Basic, Naval Aviation University, Yantai Shandong 264001, China)

Abstract: This paper proposed a new adaptive control method based on double Y-shifted 30° PMSM sliding mode control. By
introducing a power term, the speed control system converges faster when it is far from the sliding surface. When the system is
close to sliding surface , it adjusts sliding mode chattering. The reaching condition was satisfied by adaptive power reaching
law. It can reach sliding surface in finite time. The theoretical derivation was provided accordingly. The paper established

double Y-shifted 30° PMSM system model , designed adaptive power reaching law speed control. The results show that sliding

mode speed control method can effectively improve rapidity and reduce overshoot.

Key words: adaptive power reaching law; speed controller; double Y-shifted 30° PMSM; sliding mode control

0 3

LGPt S 8 R SR V815 XL Y #% 30° PMSM %%
M, JrkfE R R, H5 2 IS K
FANEREEh S o AR AR 4 ey 2 ) 3 v o A A
JEESRANES, A5 2 NSBB8
T XY % 30°PMSM ™, SCER[7 15| A RS &
FEUCITAIXUN TESZ AR, 48— R T R B
TOM AT, P RS, SCHER (8 TR
SRR T T DR 25 L 25 iy UL e o 2 A
RS, ARG e R E M, SOk (9] TE1L S
ARG A5 5 BRSO AT R e, A RIS BHR . SC
TR 10 ] 452t — ol T 1 3 37 e 0 0 250 e e 1

T

YrFsHHEE. 20251125
ELTiH: BRAKHFEAL(51377168)

B R 7k o 2O I N R OC R
PR R G H IS BT RE T .
TEARSEIN R G BHRFTRE T, Ptk R4
EE, ASSCHEH — R0 L TR A A RO
TR SR i, A AR R LS R A 2 5 A
L], P m i
1 BENSX&LEROMER RS
H A AR 52 B N e ) 1 2 i 508 3T 8 AR I
I, Beekikrnlh
s =— ks — gsgn(s) (1)
s =—k |s|*sgn(s) (2)
A, ZHE>0, £>0, 0<a<l, NHMHEITHE,

EZEE . FA18(1990), F, W, T8I, Fii @b eidzsl b TEmmi,
BOR(1969), F, 4, iz, FRLH @A BaEH



.38 - @ L 9%

BB A AR IR s (0) >0, W5 Bl 3 3 A R
DI R ARIERAIRES s (0) BRI s =0 AYFE
6] 7351

- %111[%5(0) +1] (3)
1 I-a
t = ms (O) (4)

R AT AR R U AT ) 2K AR A e T
JEWER, 5RGEBAEmERLT AT, B
SRR A . PRI A A L Z AL,
RO OIS B IE B SOHBR RSBk . RGBT
TGP i MEHIR Z [ A 5 2R

HFEARR G R, SCHRL 11 ] 42 H —Fh o 78 i
B, BeeRak
§ = —W%sgn(s) (5)
eaﬁﬁ>=g+(ﬁﬁ_g%*M (6)
AP, E>0,e>0,9p>0,68 >0, YEEEHHIm
B, AT (S) e oA
s = —isgn(s) (7)
&
MEE R RIS R, BTG (5) ik
§ ==y Jsgn(s) (8)
n

ATLVE Y, BER By, ARIE R GRS
T RGERHR . H RS WA B R, e
g, ERANFERUEE AT

BN R G, A SCHESCHRL 11 ] A
ISR H R Uil S P VED 3/ @ SRl E

) k,
s = sgn(s) —

" eq(x,,s) by |s]sgn(s)  (9)

KX, 28k >0, k>0, a>1,eq(x,,s) Fik\ I
H(6) . YE ARGy, K (9) A

. k
s :—jsgn(s) —ky |s|*sgn(s) (10)

TR R BT (5), AICBIHY H & R
YOBIT AL d THER O, i AR RIAR AR Tt

MEpEmEeimar, K (9) /s
k,
s :——‘xl‘sgn(s) (11)
n

AIRNIOY S Piie S WIS B VF < Bl e el ap:
PJ/IECSY el NSt I N TN TR W4 AS
EWﬁ%%%%u% P AR o

WORYL, ARSI X B KB B i ok,
ﬁ%ﬂ%&%%ﬁ?ﬁﬁoﬁiﬁﬁﬁﬁﬁfﬁm

IS A RGNS «,,
Ll RGBT A
TE X5 R PR AL

V_TS (]2)

K, FHROMUA, REF

ARGr A5 W Sh B B, #

V:sé:

“«

[- o gsen(s) ke [slsen()] =

k,
eq(xl ,S)

NESTANEE

k, ]
- [s[==k [s]*" <0
(]_ea\ ‘)8+JL =5 |

‘xl‘

(13)
RN A WM E BRI VEZ 2V SBURE T Pk I Bue S £ 08
TCE R 4R A s (0) >0 JREL s (0) <0,
BRI ERAF IR Rl H RS AR s (0) >
0, K2 EmS (A :

W4 (9), fhfEfs
k
%:_ ! Skt (14)
t &+ (i - g)e_‘Sx
‘xl‘
w4
(0)
0= . ! ds  (15)
0 ! + k,s®

8+(T;L‘_E)e

ISR AR B K], FF15) Bhs =1 S dkife

AT B . MRS E BRI (s <1) I, FFR
T RS, 2R, Mfﬂﬁﬁ%ﬁ

5(0) \xl ) !
t —ds +
<J jﬂDDD]EDDD]D
DDlDﬁDD

[0 % x

=1 +1 (16)

(1) 3 BRI TA] ¢, SK AR T7 12 Bl o BUEAN ] 7
AN AL a=2 W, (1) F53BR I ] ¢ 1Y
KT, HARER AR TR A4, e, (1)

it
s(0) 1 e k s(0)
t, = d's = e 278
! f| li+k A ki k, ,/klsl
&

_ e [k kye
= klkz{arctan[ ]:93(0)] — arctan ﬁ}

(17)




6 1 AR T IR N RO ALY B 30° 7] 25 B HLIR 7 i Oy e B -39 -

BT EEET, RERE [ > B It
i, (2) ity

M _ e
l, <f18+(:3k 8) ds
= st +kL( )j e ®ds (18)
= l‘:+k13(%—8)(1 -e?)
Zi b, SRAEFMHIIRIRZS s(0) >0 2 2k ¥ 4 1 4
FARFE (0 =2) g
L <t +i,
k k {arctan[Fs(o)] - arctanﬂ
+lf+k15(ﬁ )(1—e5)
(19)

MRS B3, X TARSCER A A 3E W RO A,
B WA BORE B, A FH A ] 3 Rl eoRG o
2 XY %% 30°PMSM % %t 22 42 03 i = 5l 25

®it

ARSCHFFERI XL Y % 30°PMSM A G >4t 37
R, AR O FOT, O S =AH%E4] ABC AL, O
A= AHHZE4 DEF ki, Il =AH%E4 ABC 5%%
2 DEF AH# 30°, 45t 1 for,

B 1 MY 30°PMSM EFLEHLEH
BOSEE T-HL A TSR REEE N B 5% o0 A, 2%
WEARFE RN B G, ZWE 58 4 T IR R f5 1 BHL JE 4%
20, WY F2 30°PMSM 7£ H SR AR FR R T BUBCABRL R

di,
us = Rsis + Ls £ - wlpl"}/G (20)

u, = [U’A Ug Uc Up Uy uF]T H

i, = [LALBZCLDLELF} H

Yo = [0050 cos(e - %ﬂ-) 005(0 + %ﬂ-)

)

cos(a - %fn-) COS(O - %’IT

P, u, NETHIE, o NHEMAHE, R NEZEAHHH,
e REETREEE, i NE THIR, 0 N TRISES E T
A MIHEE I fl . WY B8 30°PMSM R G0 AU 15 76 T
HLECL, , PMSM HLJBS L, k3 x 3 4EF%, MY #£30°
PMSM HiJg& L}y 6 x 6 4[4

L, L,
LS — [ sl 312] (21)
Lle L522

A, MR L, XFRERE, L, A5 ABC Z a1
BB B, L, %41 DEF Z[a] () B B B,
L, F1 L, “H%4H ABC Hl DEF Z [a] il B, A S
FERIL Y % 30°PMSM i A 4544 dq HI%FU‘E

i—%‘; EB”Z%—U\T {EZ I)_”JEE‘”ZL“ N 22 j‘j—t
i)
or -+ _lpo
O 2 2
O 1 &
L, =1L,1 +L0E|'7 1 —jlil (22)
O EI
r 1 | |
= 2 2 [
0B _B , O
) 2 O
O I
lez = LMII% +L0%0 ? —\/255 (23)
™ O
03 0 3 0O
LT 5 L
or -+ _lpo
O 2 20
O 1 &
L, =Ll +L0E|'? 1 —?D (24)
O [
r 1 | |
= 2 2 [
A, Ly NE TSN AR, L, o ERBSEHE, 1
jﬂﬂiu‘ﬁﬁlﬁo
AR 2K 1 25 (8] fff #5722 3 ( Vector Space De-
composition, VSD), FER N
R S BB, O
- 2 2 2 2 S
q AT G
g 2 2 2 2 E
T, = L% _17 _L _é “/j 0 ]
3 2 2 2 2 O
I:I O
g IRA T T U N
2 2 2 2 |
O
% 1 1 0 0 0 5
d o 0 1 1 1 U
(25)
FRFEZEIN of TV THB 2 dg T F 1A 4



.40 - @ L 9%

FELB
cosf sinﬁ]

(26)

T, = [
— sinf cosf

MREELL B, FEEXUY §% 30°PMSM 4% il 248
W 2 fs .

=

"'II: I e
= -
we Lo ]
~ i Y
o | A Muaotor
by | gy
[ 11
- fapcper| # W,
151
j’: 2, ',‘:E#:: ]
L] g o
iy inrrll'ﬁ.:w.l M ﬂﬂ'ﬁ_-ﬁ't

2 XY # 30°PMSM $=H R

TR LY 5 30°PMSM 545 51 56 2
fErH7. it
XY 7% 30°PMSM ULTJRJ?@J?J“?T‘%%J

Te_L_J

Ao, T, e, T, ﬁﬁﬁ%%ﬁ, J He i,
B HNHIEREL, o, AFTHUMMELE
FWizC PMSM 1) dg A AR TR, S e 3k

* + Bw,, (27)

T, = 3pL//fiq (28)
Krpr, p WRAER, i, Mg %Eﬁﬁﬁﬁﬁo
/—\HEXQH =W, 5 %X =C;)m )I%‘it(zg)/fjt/\
A(27), RAFFEEESIZ By «U(?Sﬁ{l‘lﬂﬁﬁzﬁ
X, = %,
B 3p, 1.
jet e gh
BRI RZE €, = 0y — o, ,
. ASHENMMBE . I Em

s U =1,

(29)

e, = e =-w,,

s =ce +e (30)
X(30) 5K, (29 MA, 7
S BY. 3p¢g 1.
s—cel+62——(c—7)a)m— ]u+]T"
(31)

WRIEE(9) , SREFHEHIVEH w K

sl (= o~ ) ke sl ]
(32)

XE(32) B, SRAG ¢ ik

__ B 1
‘e 3P¢f(c - J)wm * 3P‘//rTL *
k,
%J[msgn(s) +ky |s \“sgn(s)]dt (33)
Pl T A 2 A S A BB, RS 1Y g B
R i I 55 B, AR R RGAR S

3 i B

RS UEASSCHE 0 8 38 N R U I A v
factE, 53005) Bp G T i, s
V65, 5T W8y =2, HBrusy, =
0.07Wh , d. ¢ BifUR L, = L, =5.5mH , & T-Hibl
R, =1Q, HEhHE T =0.07g-m* , GFEEHET, =

m , FMEEELRE U, = 300V, SHHUH A HE
B o, = 1000r/min , [&] 3 PP a6 0%
WAL, K4 ﬁﬁﬁﬁﬁfifﬁ?ﬂ’]%%%%ﬁttﬁ
(SRS S Sl E e ooy I RO SR = A
PRI A ST 0 B W o B AL, BT j‘?
PR AR T 098 FREBE R Sl LA

| HY e e e
1 (kb
1]
[E1H]

ELIH]

rir min)

2(H}

— MEEEXEER
=+ i LGk

L]

=N

o 0.1 620304 0% 06 0.7 0809 1
ris

B3 #iEk



6 1]

ZRKEAF T H SRR AR Y B 30° kG R A5 L LI 5 ) 5 TR BT S <41 -

14

= iR nRE
1 ceer EREEIR
1k

0 0] 02030405 060708089 1

Irs

4 FEHERIELLR

50

40 [

10

20

10

{. (1}
T
-0
1]
]
11

— ARMERBER | |
ces WA

BELELLLY

O 0l020304 0506070809 1

f AL

5 oHAERSELR

1]
40
E11}
0
1o
= 1]
AT
i)
1]
=i
-5

0 ol 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

Is

Eo6 BIBERSELLER

-0.1 L] i 0.2

"
() By VST

0.2 -1 L1] [N 0.2

W
LYNENT iR i T S HUR

B7 EFHEEXEHTILE

W AR AT LA, B, R
FOAR SCHR B0 3 R OB I A T, e AL
WICHE, I RN TS B EE . K,
GiEla s o iRl < BURE S S BB IVE 279 <RI E iE o) 1/
UL RN SO LR, R EEOEH, MR, o
B BRI E T REEE R BEPLE Rt —
Bk 1A R

4 & it

ARSCE XY £% 30°PMSM 45l R4, 12 AL
Sl 2 i S i ey L SPRIVET 3V ¢ <l e S 4 7R P S
AR OB B A, AN SCHR A T A OOk A A
77 VR AR R T F IR 2 2 A R BN (], 4R e a0
B, D5 EARUEM T Ok A R

S 3Lk

(1] FFEE, Z2 A%, X0, 55 GKREIR D i HLG R —Fh
ALK PLEERI AR [T ], BT HOR SR, 2015, 30(12) .
237-242.

(2] XUy 7 PISE A B K BER AP B pLAE IR 3R e 91
HSBID]. Kb: #IRRY:, 2013.

(3] QK. ZEMPAS. BT S 7 O A S A5t AM B ) R R TR] 2
LA 45 PT#EHI[T]. B THOR 4, 2016, 31
(23): 38-45.

[4] Moon H, Kim H, Youn M. A discrete-time predictive cur-
rent control for PMSM[ J]. IEEE Transactions on Power E-
lectronics, 2003, 18(1) ; 464- 472.

(5] A%, WAt s B LIm) 0 bl B Ak R R 4R T
AR [T]. B T HOR 4R, 2020, 35(08) .
1634-1641.

(6] REBER, MES =, m2e, . KEER LB HLICIL BREs 5
A BHOT B #E [T ]. T R4, 2015, 30
(02) . 106-113.

(5 62 11)



B59% HoH
2026 4

i € L

6 H MICROMOTORS Jun. 2026

— Fh ¥ i SMO B9 PMSM {5 B S = 43 A

ERA, A, W=, WEL, T84
(PRI K2 AEhk2BE, 1M 510006)

W OE: M EERS AR, SIS R TS R R B BRI S, (R R A% A B
ARG IR0, i s T 5 7 B W LIRS B TR o A DB R 5 AR L (P, SCRE R Y — o et 70 o A
MES . E5E, RAFBUMEEOE, HRTH—F Ty 52R 0 ROE L R B S Ak T M FF 455 s gk, il
oo Hk, AR B HHE AERINES, FRIY B R ARG SRR SR, WM 5 A—F gt
IMRBAZ SRR 0 S IE ) BRBIO LI s B S A TR AT, 1 — 2B 4 o e i 5 0 T LIRS B . )5 i 3 Simulink fjy
.5 dSPACE SL56-F- 55 S50 UF B I $2 4 1 SR s 1 A et o

KR EEOINES; GRS SIS AERINES ; E B ER

mE4 %S, TM341; TM351; TP273 XERERAERD: A TEHE: 1001-6848(2026)06-0042-08

An Improved SMO PMSM Sensorless Control Technology

HONG Junjie, RUAN Guanming, HU Yuncong, HE Yilong, LI Hongwei
(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: In sensorless control technology, the traditional sliding mode observer causes chatters due to the use of symbolic
functions, and the application of low-pass filters introduces the problem of phase lag, resulting in a decrease in the observation
accuracy of rotor speed and position. To address the issues of buffing and phase lag, this paper proposed an improved sliding
mode observer. Firstly, an integral sliding mode surface was adopted, and an inverse sine function of the adjustable boundary
layer was designed to replace the switch sign function in the traditional algorithm to suppress chattering. Secondly, an adaptive
counter electromotive force observer was used to reduce the harmonic content of the extended counter electromotive force signal
and minimize phase delay. An improved phase-locked loop was introduced to replace the arctangent function of the traditional
algorithm to analyze the observed back electromotive force, further improving the estimation accuracy of rotational speed and po-
sition. Finally, the effectiveness of the proposed control strategy was proved through Simulink simulation and experiments on the
dSPACE experimental platform.

Key words: sliding mode observer; phase lag; adaptive counter electromotive force observer; improved phase-locked loop
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Abstract: This paper conducted in-depth analysis and test verification on the problem of temperature rise of a certain type of
spaceborne integrated dual-motor driver for pumps under thermal vacuum conditions. It comprehensively analyzed the heat con-
duction structure and heat dissipation path of the driver, and finally determined the root cause of the excessive temperature rise
under thermal vacuum conditions. After taking corrective measures and optimizing the thermal design, the problem of tempera-
ture rise under thermal vacuum conditions of the driver was successfully solved, which significantly improved the reliability of

the product working in extreme environments. At the same time, it also provided a reference technical idea and practical experi-

ence for the thermal design link in the initial stage of similar space product design.

Key words: integrated; thermal vacuum; temperature rise; problem analysis; measure
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Enhanced Model Predictive Current Control of Permanent
Magnet Synchronous Motor

CAI Jiaxi, ZHANG Jinliang, PENG Chen, LIU Xuhui
(School of Automation, Guangdong University of Technology and Education, Guangzhou 510450, China)

Abstract: Model Predictive Current Control (MPCC) is a high-performance control strategy for Permanent Magnet Synchronous
Motor (PMSM) drives, offering fast response and simple computation. However, traditional single/double vector MPCC strate-
gies are limited by the fixed voltage vector directions, which inherently restrict the set of selectable vectors, leading to signifi-
cant current ripple. Although the three-vector MPCC strategy offers a broader range of selectable vectors and reduces current
ripple, it still suffers from noticeable ripples as the number of predictions and computational load increases. To address this,
this study proposed an enhanced three-vector MPCC strategy. The core process begins with the precise identification of the sec-
tor to which the target voltage vector belongs. The first candidate voltage vector, which minimized the cost function JJJ, was se-
lected based on proximity characteristics. Next, the remaining non-zero vectors, which do not overlap with the first candidate
voltage vector, were combined and optimized to form the second candidate voltage vector. Finally, the zero vector was chosen
based on the optimal switching loss principle. The optimal vector combination, formed by the selected candidate vectors, was
used to optimize the three-vector MPCC. Based on simplified calculations, the proposed enhanced three-vector MPCC further
improves the performance of the current loop. The feasibility and effectiveness of the proposed method have been validated
through simulation results.

Key words: permanent magnet synchronous motor; triple-vector; simplified calculation; model predictive current control
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Coal Mill High Negative Pressure Vacuum Pumping Unit Motor
Deviation Compensation Control Method

JIANG Fan, LI Binghao, SUN LIJun, WU Sitong, YI Tongzhe
(State Grid Corporation of China Hami Coal&Energy Co., LTD., Hami Xinjiang 839000, China)

Abstract: Aiming at the motor synchronization deviation problem caused by dynamic working conditions such as raw coal parti-
cle size fluctuation and negative pressure load change in the coal mill, a self-control method of synchronization deviation com-
pensation was proposed for the motor of high-negative-pressure tandem vacuum pump group in the coal mill. The mathematical
model of multiple permanent magnet synchronous motors of high negative pressure tandem vacuum pump group of coal mill was
constructed, the virtual motor was introduced to build a coordinated control structure for synchronous deviation compensation,
and the synchronous deviation compensation control of multiple motors was realized by integrating the speed tracking and com-
pensation controllers. Experiments show that: under the shock load, the motor can resume tracking 800r/min command within
0. 3s, the steady-state deviation is < 5r/min, and the peak angular difference is about 1.2°; when the motor fails, it can
guide the faulty motor speed to decay linearly in an orderly manner, maintain the dual motor speed linkage, and the angular
difference is stabilized in +1°; under the asymmetric startup, the maximum difference in the speed of the dual motors is only
100r/min, and the synchronous deviation of the dual motors can be accurately synchronized to the speed of the dual motors
within 2. 5s. Under asymmetric startup, the maximum speed difference between the two motors is only 100r/min, and can be
accurately synchronized to 800r/min within 2. 5s. This method effectively guarantees the synchronization accuracy and operation
stability of the high negative pressure tandem vacuum pumping unit.

Key words: coal mill; high negative pressure series connection; vacuum pump motor; synchronization deviation; motor speed
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Active Power Optimization Control of Wind Turbines Considering
Turbulent Wind Speed

WANG Chao, XU Rongpeng, YUAN Wenbo, HU Haiyan, LIU Kangkang
( Guodian Power Xinjiang New Energy Development Co., LTD., Urumqi 830000, China)

Abstract ; Existing wind turbine models often ignore the buffering effect of transmission chain inertia on power fluctuations when
describing the dynamic interaction mechanism of wind speed pitch angle electromagnetic torque, resulting in delayed power con-
trol response and increased control error of pitch angle. Therefore, a wind farm wind turbine active power optimization control
method based on turbulent wind speed was proposed. By using the sliding window method to dynamically capture real-time tur-
bulence data in a wind farm, the wind farm turbulence wind speed was discretized to obtain noise free and time continuous wind
speeds. Introducing a dual PI ( proportional integral) controller to achieve active power optimization by actively controlling the
operation of the unit. The experimental results show that stable control can be achieved for P and I parameters corresponding to
different pitch angles under different turbulent states; When the turbulent wind speed changes, the active power can be main-
tained around the optimal active power of 1. MW, with a maximum error of only 0. 3MW. In addition, this method only takes
1 second to adjust the electromagnetic torque to the ideal state, providing a guarantee for stable power supply to the power grid.

Key words: turbulent wind speed; wind farm; wind turbine unit; active power; PI controller
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Architecture Design of Ultra Short Term Wind Power Prediction
System Based on FPGA Parallel Computing

LYU Jiping', WANG Heng', LI Huaxi', WANG Sijia’, JIANG Liyang”, CHENG Shuiming’
(1. Wuling Power Corporation LTD., Taiyuan 030000, China;
2. Hunan Wuling Power Technology Co., LTD., Changsha 410001, China;

3. Shanghai Yuanjing Kechuang Intelligent Technology Co., LTD., Shanghai 20000, China)

Abstract: In order to optimize hardware resource utilization, improve system acceleration ratio, and achieve accurate prediction
of wind power, an ultra short term wind power prediction system architecture based on FPGA parallel computing was designed.
Real time monitoring data of wind turbines was collected through devices such as gateway meters and wind measurement towers,
and stored in a local relational database. The wind power observation data of each wind farm was aggregated through an intelli-
gent gateway, and together with the key variables that affect wind power selected by distance analysis method, they were input
into a vector autoregressive based wind power prediction model. All wind farm wind power vectorization representation tasks,
coefficient matrix operation tasks, and model training tasks were completed in parallel on a dual ping-pong FPGA. The task op-
eration efficiency was improved using an FPGA hardware accelerator based on RISC-V architecture, and the ultra short term
wind power prediction results were transmitted to the dispatch center using 5G wireless network. The experimental results show
that the system can achieve accurate prediction of ultra short term wind power, and the optimal VAR model order is 4; When
the number of parallel computing tasks is 4, 16, 32, and 64, the R2 index reaches above 0. 92, the MAPE index is below
8.5% , and the F1 score index reaches above 0. 88, with a maximum acceleration ratio of 12. 2.

Key words: FPGA parallel computing; ultra short term; vector autoregression; distance analysis method; double ping-pong

structure; RISC-V
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