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Analysis of the Influence of High-order Electromagnetic Force Waves on the Vibration Characteristics of
IPMSM for Electric Vehicles
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Abstract: The main vibration of interior permanent magnet synchronous motor (IPMSM) with integer slot multi-
pole pair for electric vehicles is the vibration at 0-order and 2p-order natural frequencies, which are generally believed
to be caused by the spatial electromagnetic force waves of 0-order and 2p-order. In order to study the contribution of
high-order electromagnetic force waves to these two vibrations, a unit force wave harmonic response analysis method
was proposed to analyze the contribution of higher-order electromagnetic force wave to the vibration of IPMSM with
integer slot multi-pole pair for electric vehicles. Taking a 48 slot 8-pole IPMSM for electric vehicle as an example,
firstly, the harmonic source of high-order spatial electromagnetic force wave was analyzed theoretically, and then the
finite element simulation model of the prototype was established to analyze the influence of each high-order force
wave on the vibration at 0-order and 8-order natural frequencies. The results show that 48-order and 40-order spatial
electromagnetic force waves have great contribution to the vibration at 0-order and 8-order natural frequencies
respectively. The experimental results verify the correctness of the simulation model and theoretical analysis.
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Tab.1  Source table of 48-order electromagnetic force wave of stator and rotor magnetic field interaction of 48 slot 8-pole motor

Poming - siA, Pomin, - sit, Pomin, - sin, Ppmin, - sia,
(w+v)p (w=v)p (w+v)p=z (w-v)p=z (w+v)p+2e (w—-v)p£2e
wh wh wh wh wh wh
of 5/7,5/-17 7/-5,7119 5/19,5/-5,5/-29 7/-17,7/7 5/-17,517 719,7/-29.7/-5
12f 11/-23 13/1,13/25 11/13,11/-11 13/-11,13/13 11/1,11/-23,11/25, 13/1,13/25,13/-23
18/ 17/-5,17/-29 19/7 17/7,17/-17 19/-5 17/19,17/-5 19/-17,19/7
24f 23/-11 25/13 23/1,23/-23 25/1,25/25 23/13,23/-11 25/-11,25/13

R2 A3 SIMABHE FEFREAIAELE A 40 M BB RE T BSRIRR

Tab.2  Source table of 40-order electromagnetic force wave of stator and rotor magnetic field interaction of 48 slot 8-pole motor

Ppming - sin, Ppming = sia, Ppmin, - siA, Ppmin, - sin,
(mw+v)p (w=v)p (w+v)pxz (m—-v)p=z (w+v)p+2e (w—-v)p+2e
v 7 u 7 o )

2f 1/-11 3/13 1/1,1/-23 3/1,3/25 113 3/-11
4f 3/7 5/-5 3/-5 5/7,5/-17 3/-17 5/19,5/-29
8f 7/-17 9/19 7/-5 9/7 717 9/-5
10f 9/1 I 9/~11 11/13,11/~11 9/-23.9/25 11/-23,11/25
14f 13/-23 15/25 13/-11 15/13 13/1 15/1
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Fig.1 3D finite element model of stator core
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Fig.2  Schematic diagram of each order unit

spatial force wave excitation
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Fig.3  Vibration acceleration spectrum of

each order unit spatial force wave
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Fig.5 Spectrum comparison of vibration acceleration

25 BRI 0 B [ A AR R AL Y IR B 2 0
By 48 B HL T T R 7 A 5 8 B I A AR R AL 1Y
P2 2 8 B .40 By B4 7 I PR 7 AL O By
FH AR [543 40 5 4k 1) % 3l 3222 £h 40 B 48 [ I %
PR I H % 1 48 By 1S, 0 B [ A AR
AR HR R HE N T 46% , 0 B P [ 47 451 53 Ak 41 1 34
T s, A0 By T35, 8 B [ MR R AL 4k
RGN T 14% , 0 B HH i 151 A4 40 22 A0 4 iR 184 I 1
2748 o I, TET 50 L G 7 i o 4 B8R 22 4 Xt
B HE [R) 20 B LR 2 0 52 e B R B i R RN
A Z W& 1Y o

3 SEIRHAT

T BAERL B BTAS R B IE B AR SCRRE
PLEEAT R B L H o Hr o AEPLIR 3 52 30 Ik
By A 6 B, Rk 3R 1 DP 82545 5 20
ASC, = rm i AR SR ] 502 ARG B BLSE e

11



wAEF 2022F £524K H 134

fTSH, 2 B v B ok 5, 3 4 TPMSM 3R 3 4% 1 % vl - 7

T AR S ) i 1 A5 5 i B AR S R AR AUAL
U F IR B S W 15 o

[ W/
L\ /

o FEHLIR S S g

Fig.6  Vibration test diagram of prototype
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