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Optimization methods to enhance vibration isolation performance

of a powertrain mounting system at key-on/off conditions
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(1. School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou
510640, P. R. China; 2. Ningbo Tuopu Group Co., Ltd., Ningbo, Zhejiang 315800, P. R. China)

Abstract: Hybrid electric vehicles often experiences key-on/off conditions. Increasing vibration isolation
performance of the powertrain mounting system (PMS) under key-on/off conditions is one of the important
measures to enhance NVH (noise, vibration and harshness) performance of the vehicle. A model with 13 DOFs for
PMS was established, and acceleration of the mounts at active side was estimated under the key-on/off condition.
Also, vibration acceleration of the mounts at positive side, passive side and the seat rail were measured. The
comparison between calculations and experiments validated the proposed model. Deterministic and uncertain
optimization methods for reducing the vibration dose value of longitudinal acceleration of the powertrain were
proposed, and the mount parameters were the design variable. Key on/off experiments were carried out to validate
the proposed methods. The experimental results show that the two optimization methods can effectively enhance
the vibration performance of the PMS, and the uncertain optimization method can make the PMS more robust and

effectively deal with the influence of parameter uncertainty.
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Fig.1 A vehicle mode with 13 DOFs
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Fig. 2 A photo of torque strut
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Fig.3 Seat rail acceleration
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Fig.4 Adjustion for the torque struts
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Fig. 6 Longitudinal acceleration of the active side of right mount
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Table 1 Design requirements of the PMS
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e i) 57 BB XA [ - 95 mm, - 55 mm |o b T 43 Hr PMS B R Al 1, 75 B OAR B B 0 S BOR PE M 1k 2 5L
MR . NI R Bk UE e B B T ) 0 B A A5 I AT RIA R S 5l ARG
TSI A P A A Rk O T R Ry DX TS B AR B R R Y B Y R O 319 mm, 329 mm |, A7 B E
JE B BUE VL A [ 413 mm, 428 mm |,

4.1 PCDM BYI&IE

0T B E PCDM SR fif AN 2 M i 7 40K BE IR K PCDM K i (19 25 1 5 MCM K fif 189 45 SR #4740 L
MCM Y AR YCECH 100 000 7K o 0 22 73 5 1Y SN2 AR 36 B oY, 0K 0.001 mm o 352 2 2 Fh 07 25K ik 31 1Y
A FEPENE R . 2 30 2 Bk BR300 20, YU . 5 MCM A9 45 JE A L , PCDM R fiff 51] 119 [ A5 45 2R 11 gt 4%
SR Fe KM X158 22 S A0 5 o) A1) A A R R 25 (M 0.352% ¢ &7, M e KM X 12 22 4 3.63%. PCDM 1514
4 0.144 0 s, 1T MCM B35 FERT Ry 2 212.3 s, [H K, PCDM H A 5 m 19 11 50KS B2 AT H 55 8008 10 5505 vl A
R IS SRR AR
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Table 2 The range of inherent characteristics for PMS

75 1] Fik EASRIEE/Hz BARREE% | T FEASRNE/Hz R %
X MCM [10.078,10.180] [87.27,89.61] a MCM [14.600,14.651] [96.62,97.78]
X PCDM [10.078,10.181] [87.04,89.30] o PCDM [14.600,14.650] [96.67,97.83]
Y MCM [4.596,4.608] [99.57,99.63] B MCM [11.180,11.607] [88.52,91.22]
Y PCDM [4.596,4.608] [99.57,99.63] B PCDM [11.178,11.606] [88.30,90.90]
VA MCM [7.807,7.809] [99.09,99.15] Y MCM [15.743,15.840] [96.22,96.61]
VA PCDM [7.807,7.809] [99.09,99.15] y PCDM [15.739,15.836] [96.23,96.62]

R3 FABKAEMEE VDV HER
Table 3 The VDV range of powertrain longitudinal acceleration m-s”
J5 ik ol A
MCM 0.9395 1.2920
PCDM 0.973 6 1.3202
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42 MMUER
AR 2 C13) FEAT B E PEOL AL, DL K 5 B BEAT 2 8- WIS 237.9 N/mm, B 7 5 B i 0 1) 3 [ 437 8
—80.9 mm, MG (21) BEAT A0 E VR AL, DAL IS B HEAT 2 8 WIEE 9 239.0 N/mm, 8 3 8 i o o f)
o] 37 0y — 87.7 mm . 3K 4 R LA Bh 7 8 BN 1o i B 0 S A I AN A M R o 2 RO ik AR R R
B B0 151 A7 931 3 1 X ] BT S AT I A 2 R, LR AR A R A T SRR
R4 RIS PMS EH M8 AW IE 140

Table 4 The range of inherent characteristics for PMS with optimized parameters

JriE o ffkdr: SRE/Mz ESRE% | e fidkorik BRIE/Hz SR %
X T 5 [10.19,10.21] [97.16,98.01] a Wi o P [14.60,14.65]  [96.86,97.97]
X A#ErE  [10.21,1022]  [97.21,97.41] a AWErE  [14.60,14.65]  [96.90,98.02]
Y 1l [4.60,4.61]  [99.59,99.64] B WiEME  [12.04,12.37]  [97.73,99.35]
Y AT [4.60,4.61] [99.59,99.65] B AHENE  [12.40,12.70]  [96.66,98.99]
Z i 2 M [7.74,7.74] [97.38,97.42] y i 2 [15.74,15.85]  [95.99,96.64]
Z AN E T [7.71,7.71] [96.46,96.58] y AufEME  [15.74,15.85]  [95.67,96.54]

250 2F R IS B9 PMS [E A5 e 6 T L. 0 e AR AR E PMS BB A PR RS e B BN, Hi s
SN ] N FE () VDV oA 0.118 5 m/s* Q1SR % 18 2 BURN B P, A8 1 PR A Ak 5 PMS 18 A 1 5 1 Dk 4
W) i 3¢ B B 4, 50, F B8 0.253 7 m/s

x5 MUEHA AN ENEE

Table 5 The response of powertrain longitudinal acceleration with optimized parameters m-s”

(RN VDV VDV (3 [l
JERLAT 0.939 3 [0.937 5,1.289 8]
e P A 0.118 5 [0.118 5,0.403 7]
AW E WL 0.253 7 [0.092 8,0.253 7]

4.3 SLIRIIE
ST B UEAR A 2 B A A At R R AR AR T A B A 1 e B R PN RS R Bl . H 2.1 I v L 3
2 P KT AR N B A] — 395 4 LR R AT S8 . X 3 AL AT RE AR iE M BLAT A BT B BT Co BT
SR H R R S i E LA S5 A E LR S8 IR 6 TR .
®6 RFHGHSH

Table 6 The parameters for torque strut

By HHLRLAT /(N -mm™) 2y 3 S 1) 3 18] 37 /mm
FiAF A 248.0 -59.7
$FF B 237.9 -80.9
FiFFC 239.0 -87.7

W RIS AT T T AR & S LS K S BT 2 s 3% 4 R AR SN 1 i B A 3R B L an Rl 7~9 TR .
R 7~9 TP S S RS R AR, R TN o HP LO-R14 40 B R A2 B B R m A A BB R
14 mm. [fif LO-RO I L7-R7 43 MK 3% 5 22 A7 28 B A 40 Pl [R) B 9 445 7 mm
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Fig.7 Seat rail longitudinal acceleration with torque strut A
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Fig. 9 Seat rail longitudinal acceleration with torque strut C
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Table 7 VDYV of seat rail longitudinal acceleration m-*s

i FH B AT L0-RO4L VDV LO-R1441 VDV L7-R741 VDV
FIAF A 0.360 8 0.391 1 0.435 6
$IAT B 0.2409 0.360 5 0.401 4
0.322 0

ikt C 0.256 9 0.353 4
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