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Torque Control Strategy for Dual-Rotor
Motor for Vehicles for Torque Reserve
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201804, China)

Abstract: In this paper, a torque reserve control strategy
for dual-rotor motor for vehicles is proposed to address
the issue that the rate of change of motor stator current is
limited by the inductance of the stator windings, which
affects the rapid change of motor torque. Firstly, the
mathematical model of the dual-rotor motor is derived,
and the basic expression for the spatial rate of torque
change is analyzed along with its relationship to the
torque-angle displacement characteristic. Next, a current
control strategy considering the torque reserve is
formulated based on the torque-angle displacement
characteristic of the PMSM. Specifically, the stator
current is preloaded before the rapid torque changes,
while maintaining the stator current constant during the

rapid torque change stage, aiming to achieve the rapid

ks HiM . 2023-12-15
FAWH . R ARRBFIET H (52202448)

torque output by the change of the torque angle driven by
the rotation of the rotor. Finally, a simulation model and
experimental platform for the torque reserve control
strategy are created, and the correctness and feasibility of
the proposed control strategy are verified through

simulations and experiments.

Keywords: dual rotor motor; vector control; torque

reserve; motor model
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Fig.1 Structure of dual rotor motor
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Fig.2 Physical model of dual rotor motor

& = i+ ¢t T LLR BB 7 i L G T
KR AL G BRI UM IR o XL R , WU+
HLAIL AT LR AL K i o HILA 2 7 30 26T 3CRik
TR 3R 4 i 2 s s B S 30, vl DU B RS
JE TR T REAE -

d
w e = iR Ay 3

el =—jop HER & al = uy + ju,; BITR
Wi =1y i EEER B w =g+ ¢, RIRE, XU
Tk Hg ALY FE R RE T LA R L BB X e B Y
It ES R, RTRE, A SCE S R =
P25, BV S T e e R BE IE 28 i 2 BV
zgzgp{@@+{L(—Lqu} (4)

K po A ML XS B TEMR AR TR T 2 4=
icos B, 1, =isin A, W AU HAIL 1Y) 5% 1 24 AT LA
5H

q—gmpmmw+;uﬂ—gﬁ®ﬂ@]6)
b BN EHE A

2 FEFEfEEIRIE

2.1 BEMTETHE

FEL AL I i 7 30 3 2 D2 R () ) 28 o3 e
P A Ryt AR . (X & Sh AL U, 6 1Y) AR
b5 1l ) 23 TR 67 A DG, TR IR 2 A3 A e R iy 5
() A5 1k % 55 3 AR B B (R AR A 3 2 [ ) E R o HPILIY)
23[R HL 1 0, = w,¢, WG RN 23 (8] W £ B 0, 119 D 5
AT AR R A

dt. dt. 1

W (6)
Al

at. 0t

87[_ aer W, (7)



298 [l o K 2 2 MCH 9K BE 2% O

%52 %

PRk e shAILRA o 2 R R 5 it g 2 Tl 2 A7
K, BT LARAGE e B 25 R A AR T E 1 . 25X
(7) AT LA B, B T Sk 18 TR R I 1] 2 {3
R, I FL ML S A PR AR A AR T B i B K
RG22 (4) , X 25 ] A JEE 0, 1) fi 5 1T LA 3R
N

02 L0 B3
aer—zp()l:glff (9],+<Ld Lll)(ldaer—'_zqa&r :'(8)

R SCHR [ 12 ] H 3t A b A8 46 i #E w2, =X
W14 0iy/00, = i 0i,/00, = — iy, W /A 2 (8) W] LA i
=)

dt. 3 ) o |

Tazgpo[ 7¢}[Zd+<lld7[4q)( 7Zd+lq>:| (9)

TEMAEAR T, B 50 0 T 55 56 A 19l 2 0] A 3R
TR

g;j_;Po[‘,brl.d_’_(lzd_llq)(iﬁ_iﬁ” QL))

XA (9) F(10) AT LA A& R HL MILEG S 1) 2 [

AU 3R R T A R A P O B A OB, R
. dt.
., R

A1) R W, B B pLE 1 Z AL
B 0 URE LI I B S
2.2 HEEfEERE

HRAE A (5) , T AR SIS 7] o gt e 8T A e
PLIRE AR e, & 3 i o (RBeRE IR 3 R A
SO SEAEIS R B SRS AR, FIE S MTPA
PR, L 2 ) SRS, B IAERE T A ] 3 TR A SR N 7 B R
B ino AR EOR AR PR, B0 2 i T A R
(B S B PR i 22 A, (H L i A8 A 8 25 52 B SR 2 Hy,
BRI H 2 o FE 3 HIRAEAE 5y A — i i Aa )y
2, JokE A SURHLI 0 UM AR C s ML i, i
PR o AR5 0 A5 e A A S B C iR R
H3] B R MR, PR s 5 i B IR (A 55
JIT LA Z ok P e A PR A A 2352 B B8 20 Hi )
2 o BN A SO B C i B O R
fitt 55 F C AR RIS K3 B U R I i B Ry
SRR
2.3 HRIEfEEAIRIRIE SRR

DABAGT U P #2 A SBL— A TAETEER A5 SR
AT HR D O FEAS 2 H IR A SR . BRET A Bh AL —
A TAEPEIR B th 2 4 7R . TR AR
FEZR v LR Hh R B 28 A0 00 1y 2 1 5 A it oz
o FETIX AR T AR Y H A AR

(11

[N
G
S

200

73
S

HHite(N-m)
2 B

1%
S

=]

FHMBC )

E3 AFEBRIEETHERRFE
Fig.3 Torque-angle displacement characteristic at

different current amplitudes

— bRl 2%
150 -~ il h 2%

100 200 300 400 500 600 700
i ()

4 BETIMIER BN 2k

Fig.4 Torque curve of single-cylinder four-stroke

internal combustion engine
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Fig.7 Torque reserve control framework
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Fig.8 Simulation results of the direct and quadrature axis current
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Fig.9 Simulation results of three-phase current and torque
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Fig.11 Experimental results of the direct and quadrature axis current
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