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Investigation of Torque Proportion Coefficient Impact on

Torque Enhancement in the Asymmetric Rotor PMa-SynRM

ZHAO Xiaokun ", HUANG Zixu, GUO Qichao, WEI Jian, WANG Weinan
( College of Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: [ Objective ] The permanent magnet-assisted
synchronous reluctance motor ( PMa-SynRM) has been widely
adopted in industrial applications due to its excellent speed
regulation performance and cost advantages. However, its
further development is constrained by insufficient torque
density. To enhance electromagnetic torque, the asymmetric
rotor PMa-SynRM  has become a research hotspot.
Nevertheless, existing studies have failed to establish a
quantitative relationship between the permanent magnet torque
to reluctance torque proportion coefficient and electromagnetic
torque enhancement capability, while also lacking systematic
analysis of pole offset angle. Consequently, rapid evaluation
of motor torque performance through torque proportion
coefficient and pole offset angle remains challenging. To
address this, this paper systematically investigates the impact
of the torque proportion coefficient and pole shift angle on
electromagnetic torque. [Methods] Based on these findings,
this paper proposed an asymmetric rotor PMa-SynRM and
evaluated its electromagnetic performance using the finite
element method. [Results] The study revealed that as the
torque proportion coefficient increases, the electromagnetic
torque improvement initially rised and then declined, peaking
when the ratio of permanent magnet torque to reluctance
torque was 2. Furthermore, as the offset angle increases, the
torque enhancement capability gradually strengthened. The
results demonstrated that the proposed motor achieves a
7.82% increase in electromagnetic torque and a 57.73%

reduction in torque ripple. [Conclusion] This study provides
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critical theoretical foundation for optimizing the torque
performance of asymmetric rotor PMa-SynRMs.

Key words: asymmetric rotor; permanent magnet—assisted
synchronous reluctance motor; electromagnetic torque;

permanent magnet torque ; reluctance torque
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Fig.1 Space vector diagram of PMa-SynRM
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Fig.2 Torque characteristic curves of two PMa-SynRMs
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Tab.1 Variation of torque and current angle with

k; and offset angle
(a) HLREFEHERIE

TmASFRE/(°)
ky 0 5 15 25 35 45
LR SRR H/ (N - m)
1 26.40 27.13 2836 29.26  29.81  30.00
1.5 2605 2687 2821 29.21 29.80  30.00
2 2598 26.81 28.19 29.19  29.80  30.00
2.5 2603 2684 2821 2920 29.79  30.00
3 26.14 2693 2826 29.22  29.80  30.00
35 2627 27.04 2831 2924 2981  30.00
4 26.42 27.15 2838 2927 29.80  30.00
(b) LA
WM/ (°)
ky 0 5 15 25 35 45
HLAA/(°)

1 36 38 40 42 44 45
1.5 32 34 36 40 42 45
2 30 32 35 38 42 45
25 28 30 34 38 42 45
3 25 28 32 36 40 45
3.5 24 26 30 36 40 45
4 22 24 30 35 40 45

B3 FEFEERTIRER L, BTk

Fig.3 Curve of electromagnetic torque enhancement

versus k.
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Tab.2 Variation of PMa-SynRM performance with

offset angle under different k, values

(4)

(a) ky A1
TF AL/ (°)
SR TR
0 5 15 25 35 45
T,/(N'm) 1213 1258 1359 1434 14.82 15.00
N,/% 45.95 46.37 47.92 49.01 49.71 50.00
M,/% 80.87 83.87 90.60 95.60 98.80 100.00
T./(N-m) 14.27 1455 1477 1492 1499 15.00
N./% 54.05 53.63 52.08 50.99 50.29 50.00
M./% 95.13 97.00 98.47 99.47 99.93 100.00
(b) ky H 1.5
T B/ (°)
BRI
0 5 15 25 35 45
T,./(N'm) 1526 1574 16.80 17.39 17.87 18.00
N,/% 58.58 58.58 59.55 59.53 59.97 60.00
M,/% 84.78 87.44 9333 96.61 99.28 100.00
T./(N-m) 10.79 11.13 11.41 11.82 11.93 12.00
N,./% 41.42 4142 40.45 40.47 40.03 40.00
M./% 89.92 9275 95.08 98.50 99.42 100.00
(¢) ky H2
A8 AL/ (°)
SRR
0 5 15 25 35 45
Tpm/( N-m) 17.32 17.82 18.79 19.49 19.85 20.00
N,/% 66.67 66.47 66.65 66.77 66.61 66.67
M,/% 86.60 89.10 93.95 97.45 99.25 100.00
T,/(N+m) 8.66 8.99 9.40 9.70 9.95 10.00
N./% 33.33 33.53 3335 33.23 33.39 33.33
M./% 86.60 89.90 94.00 97.00 99.50 100.00

(d) ky H 2.5
WFE AR/ (°)
SHAK
0 5 15 25 35 45

T,,/(N-m) 1892 19.42 20.26 20.88 21.27 21.43
N,/% 72.69 7235 71.82 71.51 71.40 71.43
M,/% 88.29 90.62 94.54 97.43 99.25 100.00

T./(N-m) 711 742 795 832 852 8.57

N./% 2731 27.65 28.18 28.49 28.60 28.57
M,/% 82.96 86.58 92.77 97.08 99.42 100.00
Ok

WBME/(°)
EEA
0 5 15 25 35 45

T,,/(N.m) 2039 20.71 21.52 22.09 22.41 22.50
N,/% 78.00 76.90 76.15 75.60 75.20 75.00
M,/% 90.62 92.04 95.64 98.18 99.60 100.00

T,/ (N-m) 5.75 6.22 674 7.13 7.39 750

N,/% 22.00 23.10 23.85 24.40 24.80 25.00
M,/% 76.67 82.93 89.87 95.07 98.53 100.00
(f) by M35

B AR/ (°)
SR
0 5 15 25 35 45

7,./(Nem) 2131 21.78 22.53 2290 23.24 23.33
N,/% 81.12 80.55 79.58 78.32 77.96 71.77
M,/% 91.34 9336 96.57 98.16 99.61 100.00

T./(N-m) 496 526 578 634 657 6.67

N./% 18.88 19.45 20.42 21.68 22.04 22.23
M. /% 7436 78.86 86.66 95.05 98.50 100.00
(g) by J9 4

. R ffE /()
SHHHK
0 5 15 25 35 45

T,,/(N.m) 2225 2269 23.18 23.63 23.90 24.00
N,/% 84.22 83.57 81.68 80.73 80.20 80.00
M,/ % 92.71 94.54 96.58 98.46 99.58 100.00

T./(N-m) 417 446 520 564 590 6.00
N./% 15.78 16.43 18.32 19.27 19.80 20.00

M./% 69.50 74.33 86.67 94.00 98.33 100.00

X} FK PMa-SynRM (% £ 0°) BE& k, 35K,
M, BEZ 3 M, BEZ 98/, AXFR PMa-SynRM
() ky ANAZ T B 1 BEAE 0° 2 45° Z [A] i), B
MBS FEERE R, T R T, IR F A b 2 1
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Fig. 6 Asymmetric PMa-SynRM structure
B4 M, 5 M, ERE k, THAEBHENSTLHE
Fig.4 Variation curves of M, and M, with

offset angle under different k, values
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B R Ay i ORI FH R WA 3] T He B KA
ky 5T, AT, BT AL, W 5

No B k3K, ANXFFK PMa-SynRM /) T, 42
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Fig.7 Conventional symmetric PMa-SynRM structure
%3 PMa-SynRM FES#
Tab.3 Main parameters of the PMa-SynRM

SRR ZHE
BE %/ (remin™") 3 600

_ FEF AR/ mm 100

B 5 HESESRFABER L, HEWL
SE FHhME/mm 158
Fig.5 Variation of torque component enhancement
. ABRKEE/mm 0.7
with k.

K/ mm 90
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FEFREEL 48

Yk ST 15 B 2.5 Z RN, HLREHE A R T
WREZIREN 15% LA L. PR, RSO AT FR PMa- ot
SyaRM 0 k. 9 1.5, Has gt 6 pis, bl 3 PRI RE ST T
Fer iy 1 BURERE I A I AS , DA I AR 4.1 RHSRHE
T AREATE R RES AR B A5 B0 a2 At AXEFR PMa-SynRM % AR ks , Hok
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Fig.8 No-load air-gap magnetic flux density

and its Fourier analysis
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AN , T SRR DY e AR AR IR AR
WL AR FREL LR T 7.67% ,9 R 13 K (15 1K
TR, AR B IR I I A R o
4.2 FTHRBHHE

PRI L HIL I 25 2R HL Bl 3 an &l 9 R, fi ]
9 RIHL, AXIARELALAZ 2 #E 7 IR B 1 52 i), HL R H
BP0 ZE AR RS I HL I KA G =, AH EE X AR R
B, L0 L sh B 29 7.36% ,3 .5 LT IR
WA AR B UG AR
4.3 HEHME

PP AILAG S R 2R AN 10 Btz 4 w5 F AL
V%) FEL 0 2 o 4 8 A B8 AR B e RV L R
gy, W 11 FTR,

I P 10 AT %0, S X Bk F AL 9 H G % 4R
33.10 N-m, AHE X FRHLALAY 30.70 N-m, $2 55 24
7.82% , LA ik 3l 5 6 FR F AILAH LR AIG 57.73%

H L 11 AT AN SRR FL AL %) % L 18] 3R 4
290 1.5, IF B FS /A /N T 450, Btk KRG

B9 ZHREHNBREEEMHSHR
Fig.9 No-load back electromotive force and

its Fourier analysis

10 FEREEEFE R
Fig. 10 Electromagnetic torque waveforms
W 5 T L 7 LR A AR [ LU AR T JK B R OR
(6L, FL TG B R 92 s 4 T R B2 /N T B e R R T
R EE  SiE T i AL X FR L 7Bt A B
AN R ML R B LA P I A 2 22
45°45 /N2 23° | RV AL R A PR RE S TH B B I
HL LA DGR RE XS L AN 4 I/, AN Xk L LK 7
SRR FH 2R 4 780 21 96.5% , Bl BEL % 2 R P R 4 v
#100% , i — L UER] T AXR AL AR A
FT7 A OLH
x4 BEHIEREXTLE

Tab.4 Motor performance comparison

e EA X R ELAIL ARSFFREHL
T,/ (N-m) 30.70 33.10
KRR KB/ % 7.24 3.06

M, /% 87.20 96.50
M./% 91.00 100

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, %5 8

Electric Machines & Control Application, Vol. 52, No. 8, 2025

885

11 AHBENEESEE

Fig. 11 Torque separation of two motors
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