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Abstract: An equivalent analysis model for an engine mounting system is built with the ANSYS software. The
engine powertrain is idealized to an equivalent composite body composed of one inertial body and one elastic
body. Every mounting component is simplified as one spring along its three principal elastic axes and the
powertrain mass, and rotational inertia and exciting-force loading locatiosn are accurately embodied. The modal
analysis, optimization of energy decoupling degree and resonant frequency of an equivalent model were carried
out in ANSYS. Results show that the equivalent modeling method is valid and feasible. For an engine mounting
system, this model provides a new simplified modeling method for the modal analysis and optimization of
dynamic response and vibration isolation rate in ANSYS.
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Fig.1 Engine mounting system
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Fig.2 Inertial body in principal-axis-of-inertia coordinate system
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Fig.3 Inertial body in the vehicle-body coordinate system
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Fig.4 Equivalent body model in ANSYS
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Fig.6 Mode shape calculation model
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Table 1 Mass of an engine powertrain and its centroid
position in the vehicle-body coordinate system

R B X Y Z
109.22kg —161.06mm 36.0lmm 222.05mm

R2 ERINHNBREESLIRRNENRE (kg -m’)
Table 2 Rotational inertia of an engine powertrain in the
vehicle-body coordinate system
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Table 3 Results of various orders of natural frequencies

B E 1 2 3 4 5 6
$i /Hz 7.9 8.2 9.1 11.3 15.5 15.6
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Table 4 Results of mode shape corresponding to various
orders of natural frequencies

Bi# Hz P M
79 27x107 6.5x1072 —4.5x107%  6.4x107° —2.8x107* —5.6x107°
82 —7.8x107° 6.6x1072 4.8x1072 2.6x10° 2.7x107* —-3.2x107°
9.1 8.9x107% —1.6x102 2.1x107 —1.1x107° 5.5x10° —8.6x10°
113 2.6x107° —2.6x107° —6.5x102 —7.5x10° 3.9x10™* —6.8x107°
155  1.8x107% 43x107° —62x10° 1.0x10* 1.8x107* 4.5x107*
156 5.9x10° 1.6x1072% =5.0x10°> —4.0x10* 8.2x107° 1.4x107*
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Table 5 Initial coordinate values and their upper and lower
limits of mounting components before optimization

Abbz/mm 1# 24 3#
X 77.03 —205.32 -152.03
X X 69.33 22585 -167.23
XY 84.73 —184.79 -136.83
Y 30.62 430.01 -372.83
Y Y- 27.56 387.01 —410.11
e 33.68 473.01 —335.55
z 114.17 411.59 295.70
Z z* 102.75 370.43 266.13
zv 125.59 452.75 325.27
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Table 6

limits of mounting components before optimization

Initial stiffness values and their upper and lower

NIl BE/(N/m) 1# 24 3#
Ky 170 75 130

Ky Ky 60 60 60
Ky 500 500 500

K 75 140 90

Ky ks 60 60 60
KY 500 500 500

K 120 155 140

Kz K 60 60 60
K 500 500 500
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Table 7 Various orders of natural frequencies before
optimization and corresponding decoupling degrees

Jiln X Y Z RX RY RZ
A7 [Hz 9.1 8.2 7.9 15.6 11.3 15.5
fift R 87 48 46 90 49 84
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Table 8 Coordinates of elastic center of mounting

components after optimization

Abb/mm 1# 2 3#
X 69.33 —225.85 -167.23
Y 33.68 391.10 —410.11
z 121.64 370.43 266.13
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Table 9  Stiffness coefficients of mounting components after

optimization
NI /(N/m) 1# 24 3#
Kx 120.0 61.9 63.0
Ky 60.0 123.2 130.3
K7 60.0 164.0 131.8

R 10 MRS B E A INE R RS
Table 10  Various orders of natural frequencies after
optimization and corresponding decoupling degrees

X Y Z RX RY RZ
B Hz 7.5 8.4 9.1 15.0 7.1 12.0
fiFRaRE 99 96 99 99 99 99
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