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Analysis and optimization of vibration characteristics of

planetary gear transmission for electric vehicles

ZHANG Qingyong, CHEN Shanyou, YUAN Yiqging, XU Saiyun, SONG Changhuan
(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract ; Taking the planetary gear transmission of an electric vehicle as an example, the vibration character-

istics were studied. The dynamic model of the transmission system was established by using the multi-body dy-

namics method. The vibration state of the planetary gear pair was analyzed from the perspective of internal ex-

citation. The optimal scheme of gear micro-modification was determined by orthogonal tests. Through optimiza-

tion and comparison, it can be seen that the modified gear improves the meshing state of the gear teeth and

significantly reduces the acoustic vibration response of the system, which provides reference for the

optimization design of transmission noise, vibration and harshness (NVH).
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Tab.1 Basic gear parameters

v g M WRiEA
/mm  /mm /(°) /(%)

(A <SS

KBH%E 38 25.5
WAR ITE®% 17 245 155 200  27.09
| 70 26.0

NGRS 41 28.0
] 2% 2.00 17.5  28.00
Kk 56 26.0

INER 17 40.0
gk 2,55 17.0  33.00
Ktk 69 38.0
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Tab.2 Force components on each bearing seat

. T St AR Ak Ji v 7R 2 Ak
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TR
1.804 -7.320 -3.905 — — —
|
WAH — — — -1.114 -0.449 0.00
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i H
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Fig.1 Meshing stiffness curve of planetary gear pair
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Fig.2 Transmission error curve of planetary gear pair
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Tab.3 Orthogonal test factor level of modification factor

wm
FES
oL K
A B C D
1 6 8 18 -5
KRG 2 7 10 20 -7
3 8 12 2 -9
1 6 -7 9 0
115t 2 7 -9 11 2
3 8 -11 13 4
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Tab.4 Orthogonal test results of sun gear-planetary

gear meshing pair wm
BN s A B C D TE

N, 1 1 1 1 0.195 7
N, 1 2 2 2 0.239 0
N, 1 3 3 3 0.247 3
N, 2 1 2 3 0.290 4
N, 2 2 3 1 0.190 0
Ny 2 3 1 2 0.151 0
N, 3 1 3 2 0.3857
A\ 3 2 1 3 0.324 3
N, 3 3 2 1 0.294 5
T, 0.6820 0.8718 0.6710 0.680 2
T, 0.6314 0.7533 0.8239 0.7757
T, 1.004 5 0.6928 0.8230 0.8620
K, 0.2270 0.2910 0.2240 0.2270
K, 0.2100 0.2510 0.2750 0.2590
K, 0.3350 0.2310 0.2740 0.2870
R 0.1250 0.060 0 0.051 0 0.060 0
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Tab.5 Orthogonal test results of planetary gear-ring

gear meshing pair wm
BN s A B C D TE

N, 1 1 1 1 0.161 0
N, 1 2 2 2 0.187 4
N, 1 3 3 3 0.2459
N, 2 1 2 3 0.140 7
N, 2 2 3 1 0.148 5
N 2 3 1 2 0.1359
I\ 1 3 2 0.266 0
Ny 3 2 1 3 0.187 4
N, 3 3 2 1 0.226 5
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L%

SIS A B C D TE

i 0.5943 0.5677 0.484 3 0.536 0

P 0.4251 0.5233 0.5541 0.5833

K, 0.198 0 0.1890 0.1610 0.1790
0.1420 0.1740 0.1850 0.196 0

S

i

T
T
T, 0.6799 0.608 3 0.6604 0.574 0
K
K

3 0.2270 0.2030 0.2200 0.1910

R 0.0850 0.0290 0.0590 0.0170
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Tab.6 Gear micro modification scheme pm
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Fig.3 Transmission error curve of planetary gear pair
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Fig.4 Contact spots before and after modification
of sun gear—planetary gear pair
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Tab.7 Maximum structure noise before and after modification

at the left bearing seat of the planetary frame shaft

\ W7 B K ff/dB

5 — - BT %

EIEHi B E

X [ 144.6 134.8 6.78

Y [n] 144.6 135.0 6.64

AL 136.5 126.0 7.69




572 M T R 22 4 %21 45
" 160 1
“‘:;ﬁfj ]
sk ) B¥IE
'.‘!n -
£ 3
2 L
" s
bl ' I, R
E ! -
I I \
:‘\ i "
N
412 80 I
1.5 2.0 :
S /kHz 0.5 1.0 1.5 20
() XIe Jonnsekd J32 e 1y $i#%/kHz
8T (a) X1 Z5H4 M
i ) - {60 -

16 ' B —
Suar ! 5
£ ol " 140 |
5 "

% 10F ! g
g | 120
w =
= z
=6 &

4 100

2

0 80

. 0.5 1.0 1.5 2.0
$i# /kHz $i % /kHz
(b) Y i 78 B 1 S (DR EETAL
7 140 r
‘ . -t o
6 "| s | 0’
| il 120 |
2 > 1" %
E 4 F :I I‘ &
= \ ] & 100 |
gl b £ -
= AN A
S 1 \
. 80
0.5 1.0 1.5 2.0
FF /kHz

3% /kHz
(c) ZIFy 112 J3E i b7

Bl6 UBIENAA XY Z (550 B A
Fig.6 X,Y,Z direction acceleration responses of

measured points before and after optimization
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