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Decoupling  Optimum  Design of Motor

Suspension System for Metro Vehicles

XIA Zhanghwi, GONG Dao, ZHOU Jinsong, SUN Wenjing
(Institute of Rail Transit, Tongji University, Shanghai 201804,
China)

Abstract: The motor was considered as a rigid body with 6
degrees of freedom, the free vibration equation of the
suspension system was established. Taking the decoupling
degree as the optimization goal, the motor traverse and
floatation frequency as the constraints, the three-dimensional
stiffness of the rubber elements of the motor suspension
system is optimized based on the genetic algorithm. Combined
with a subway vehicle dynamics model and field tests, the
vibration and stress of the bogie and car body were analyzed
when the rigid suspension scheme and the decoupling optimum
elastic suspending scheme were adopted. Results show that
each rigid mode of the motor can obtain a good decoupling
degree, the highest decoupling degree reached 100%,
frequencies distribution and expected value are basically the

same. Compared with the rigid suspension scheme, when the

ks H . 2016—-11-28
HEEWE . “TZH7EFPHE R (2015BAGL9B02)

motor adopts the elastic suspension scheme with optimized
decoupling, it can effectively reduce the vibration and
dynamic load of the critical parts of the bogie, which

effectively reduces the fatigue damage of the bogie.
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decoupling degree; frequencies distribution
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Fig.1 Schematic diagram of the motor

coordinate system
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Tab.1 Frequencies and damping ratio of bogie

PR $% /Hz BB/ %
Jllke 9, 067 47. 87
sk 7. 845 19.73
pEATH 4,551 30. 92
R 3,075 42,51

R2 BETHRNETEER
Tab.2 Stiffness calculation results of

suspension elements
THFES ks/(MNem™1) kb /(MNem™1) k;/(MNe+m1)

1 1. 670 0. 780 0. 780
2 1. 820 0. 780 0. 780
3 1. 960 1. 090 1.090
4 2.200 1. 090 1. 090
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Tab.3 Calculation results of motor modal

frequencies and decoupling degree

Jlh FEWR/H  HEFR/He SRRBIE/ %
x 17.2 100. 0
12.0 12.0 95. 6
% 12.0 12.1 94.1
- 6.2 98. 4
y 17.7 100. 0
e 11.4 100. 0

2 MERILERNRRER TN

N T SRR HUR R OL AL R PR IR PR BE, K R
BT AN e S T N2 TR I
W fr e R P ML I ST A B s R i R U R
IR RIGA R ML B TR, Horps, 3 R #E
FRHIF 2 RIS B R BT RS (9 Bk 4= 49 50
EIVIES 2 8 - SRR T EAuSSIPIE )R Sy U
B BRI 1R 2 R A 4 MR
AR 4 A5 HL (TR R R 2 ). R 5%
5 X AR LIS 5 BB R, BERL AP 8 T L
TARZMER R PR AR LN LA Rr AR ek 4%
T FTRNER Y S = AR I AR P BB W BE A L R
ARV &/ e R[5+ d X

2 EWMEHIHNFHEER

Fig.2 Vehicle multi-body dynamics simulation model
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Fig.3 Comparisons of RMS values of lateral vibration

acceleration of frames
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Fig.4 Comparisons of RMS values of vertical

vibration acceleration of frames
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Fig.5 Comparisons of power spectral density of

lateral vibration acceleration of frames
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Fig.6 Comparisons of power spectral density of

vertical vibration acceleration of frames
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Tab.4 Sperling indexes of two schemes

Fi BEFE 40kmehl 60kmeh! 80 kmeh!
bk 2.016 2. 660 2. 889
]
R 2,017 2. 661 2. 896
e 1. 869 2. 405 2. 452
o)
R 1. 873 2. 409 2.472
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Fig.7 Suspension element basic structure
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in motor sling
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Tab.5 Measured point 6 {motor) vibration

acceleration RMS values (m e+ s™2)
Fim BEFE 80 kmeh ! 100kme+h! 120 kme+ h?
e 1. 849 2. 009 2. 280
B Wl 2. 558 2,794 3.788
bk 1. 958 1.971 2. 027
il Rl 2.174 2. 441 3. 000
%6 W& T(EBIGE)IRSMEE RMS &
Tab. 6 Measured point 7 { motor sling) vibration
acceleration RMS values (me*s2)
Fim BEFE 80 kmeh ! 100kme+h! 120 kme+ h?
bk 1. 968 2. 060 2. 458
i LS 2,091 2. 493 4.598
e 1. 955 2,374 3.227
il Rl 1. 955 2.374 3.227
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