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Abstract

In this paper, the powertrain mounting system of a vehicle was studied. By simplifying the model
appropriately, a parameterized model of powertrain mounting system was established in ADAMS,
and the static vibration simulation of the model was carried out to obtain the natural frequency
and decoupling rate of the system. Then the parameters of the powertrain mounting system were
optimized, and the sensitivity analysis results were obtained. The mathematical model was estab-
lished by using genetic algorithm to seek the optimal solution, and the optimization results of the
powertrain mounting system were obtained. The analysis and test results show that the vibration
isolation rate of the optimized mounting system is greatly improved.
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Figure 1. Schematic diagram of Powertrain Mount vibration isolation
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Table 1. Range of excitation frequency
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Table 2. Basic parameters of powertrain mounting system

®2 NEHBRERGELSY

s B 5 1R kg-m2

I |yy I |><y Iyz I,

I paApSYE 2 45.19 124.3 116.3 -17.8 1.81 -15.99
JiiEE/kg JCAARR/m
543 (~0.07, 0, 0.08)
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Continued
I E R N/mm J& = A RIE N/mm
X Y z X Y z
60 60 450 60 60 300
B EESH
AR B AL FR/m JE BB A bR M
X Y z X Y z
—0.701 +0.170 —-0.130 0.564 +0.282 —0.253
Table 3. Natural frequency and energy distribution of powertrain mount system
# 3. WHEMBEERGEBNERSEHEDH
RS 1 2 3 4 5 6
B Hz 2.49 3.00 4.52 7.01 8.33 16.66
X 0.09 81.92 15.23 2.66 0.00 0.00
y 72.85 0.28 0.76 0.33 24.81 0.99
z 21.88 0.07 0.07 0.02 73.04 4.93
AEE D%
Ryx 473 0.07 0.26 0.24 1.90 92.93
Ry 0.36 17.06 78.69 3.27 0.09 0.52
Rz 0.09 0.61 4.99 93.48 0.16 0.64
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Figure 2. Main vibration mode of powertrain
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Figure 3. Amplitude frequency response curves with different damping coefficients
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Table 4. Value range of mounting coordinate position
i 4. BESREIESEE

B B AR /mm J 5 B AR mm
X Y Z X Y Z
—[671, 731] +[140, 200] ~[100, 160] [534, 504] +[252, 312] [222.5, 282.5]

Table 5. Value range of spindle stiffness of mounting element
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i B NI N/mm) Jei = BN N/mm
X Y z X Y z
[24, 96] [24, 96] [180, 720] [24, 96] [24, 96] [120, 480]
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Figure 4. Sensitivity of position and stiffness to vertical energy distribution of design target
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Figure 5. Sensitivity of position and stiffness to energy distribution in design target roll direction
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Figure 6. Flow chart of genetic algorithm
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Table 6. Optimized suspension element stiffness and position coordinates
= 6. MULEEE THRIEFILE S AR

Il EE iR E NI N/mm Ji & E NI EE N/mm

73 1A X Y z X Y z
pastl| 60 28.4 7115 60 60 430.4
P&l 60 39.3 537.1 60 60 478.8

Table 7. Natural frequency and energy distribution of optimized powertrain mount system

®1.MUEHNEHBRERGHNERNERSEENT

B4 1 2 3 4 5 6
B IHz 2.86 3.06 4.55 5.46 9.61 15.18
X 0.00 85.99 11.70 2.31 0.00 0.00
y 75.17 0.04 0.56 0.39 19.32 4.49
z 19.46 0.01 0.15 0.00 80.25 0.13
REE 3 A1 %
Ry 5.08 -0.09 -0.38 0.39 0.41 94.58
Ry 0.12 13.70 80.77 5.53 0.01 -0.14
Ry 0.16 0.34 7.20 91.38 0.01 0.93

MR A, UG B A BIASTE 9.61 Hz ALRIRER 1 80.25%, FERZMA S, %77 1M fIREs
55 H Al 5 1) RS AR AR AR R, AR TARAG AT 73.04%, fRFARRIRE T 9.0%. MIMBIREASTE 15.18 Hz 4t
RER i 94.58%, MRS 5 HoAth ) LM O MR RS L LU A e IR 7 AT U U, ARAG S I A B,
REAERLS, AL RE B A AI7E 8000 LA 1, BRIABIATE 75% UL 1, ARG IHART ARG . ASCRAK
BT BL SRR ) B s B RGN TTIRA RIFHIBCR .
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Figure 7. Layout diagram of measuring points of front and rear suspension of powertrain
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Table 8. Powertrain mount acceleration and vibration isolation rate at idle level

% 8. BFEKETHNEREEMEE KRERE

MEEE ISR
(VA=
B ENE vl FH H G vl
BB g m/s? 5.31 0.89 2.80 4.02 1.03 2.92
BB RN E m/s? 0.26 0.13 0.25 0.59 0.39 0.24
M=% % 95.1 85.6 91.1 85.3 61.9 91.7
JAEEE JEhBHE
(VA=
FH s EH EH miE o
BB g m/s? 2.67 0.85 2.86 3.30 0.58 3.08
BB RN E m/s? 1.00 0.14 0.69 0.81 0.14 1.12
MR % % 62.4 83.5 75.7 75.5 75.2 63.6

N RREE T1E 30 km/h. 40 km/h. 50 km/h. 60 km/h, 70 km/h BF SRR, B ) B E F A E
TN EA RE, 500 B =7 A A BUEREAT DB, R IBUIN 8 FE v SRR 41k 22 4t 1 A% 33 R MIRR IR =%
THEEE RN 9 PR B0 B BT G & B R R B 22 AR a0 8 .
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Table 9. Summary of transmission rate and vibration isolation rate of powertrain mount %

# 9. NEHBRERERRBIRELCERY

(DA AR B E R E JifiEE JRlERE
HE km/h flidi & (TS g (TEES g (TS fRid % (TS
30 48.6 51.4 29.4 70.6 383 61.7 54.2 458
40 54.9 45.1 332 66.8 353 64.7 49.9 50.1
50 57.6 42.4 34.2 65.8 36.6 63.4 58.9 411
60 51.0 49.0 31.6 68.4 39.7 60.3 58.2 41.8
70 36.0 64.0 23.0 77.0 43.0 57.0 61.0 39.0
2 1 BT B R IR R b NEE BB R
2 — WA RE — iR JatEE JakE
o L 60 T —
;jr 60 \/ Ji /\__\
(;ﬁ 20 ,%E 40
20 T2
0 0
30 40 50 60 70 30 20 50 60 20
HEkm/h HEkm/h

Figure 8. Variation of vibration isolation rate of front and rear mount of powertrain with vehicle speed
E 8. R KRIEERERREMEERT(LE
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277 8 R IR AL KT R A RER L RRIR VTR, B TR B ) B E B, fESEG %
BT AUAL JE 4 R BEL N3N ) i E B R AT I ALY, A B E R AT S T A R IR 61.9%51,
HoAhT7 bR IRFAE 85% A L, J5 /e a B AR BT RS IRF Y 62.4%, J5 4B e AT FIBE R FAE N 63.6%,
HIGEZBEATIR, JafsE5EEARTE 7 [ KRR LIAE 80%LA T . fiib)E, s/ BlaE R 5k
REA THERRI, AEERREEER T 88%Ll L, HEEERNRIREAR T IRIRTT, K75 80%
PAE. DRALRTFIAL G 3) ) S e B R G R R IR Z N e an 2 10 Fros, XN iE 9 pros. A ARALHT
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Table 10. Vibration isolation rate of powertrain mount at optimized idle level
F* 10. MUBRRKETHAZRBRERRE

MA=E MasE
A E
i m G vl FEH il v
BB g m/s? 5.06 0.93 3.26 451 2.06 2.29
BB T s m/s? 0.24 0.11 0.33 0.29 0.15 0.27
MR =% 95.2 88.4 89.8 93.6 92.7 88.1
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JEEEE EheE
(VA=
i mfE vl B A E v
BB g m/s? 2.41 0.56 1.99 2.72 0.61 2.89
BB R m/s? 0.44 0.09 0.21 0.54 0.12 0.22
MR % 81.9 84.4 89.3 80.3 80.3 92.4
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Figure 9. Comparison of vibration isolation rate of powertrain mount system at idle level before and after optimization
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