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A Study on an Optimal Design of Engine Mount System

ABSTRACT

The major effective factors on the ride quality of a vehicle are the vibration and noise of the en-
gine and drive system. Engine contributes about 80% of the vibration and noise in the vehicle, and
exciting forces of the engine are transmitted onto the vehicle frame through the engine mount.

This paper studies the vibration reduction of a vehicle through the improvement of the engine
mount. A computer program for optimal design is developed and the engine mount conditions are
optimized to reduce the WRMS of PSD of acceleration at the driver’s seat, which are caused by
the exciting forces at the idle speed. Design variables are selected as the stiffness, mount angle
and the location of the engine mount rubber. It is shown through computer simulation that the
PSD of acceleration at the driver’s seat can be improved by redesigning the engine mount systermn,
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Fig.2 Flowchart of Engine Mount
Optimization Systemn

mount Left Right T/M

Design lower upper lower Upper lower upper
variable bounds bounds bounds bounds bounds bounds
X 104.4 3044 104.4 304.4 —935.4 —735.4
y 226.3 266.3 —242.8 —202.8 80.0 120.0
z 184 58.4 18.4 58.4 954 135.4

@ 30 70 —70 —30 —10 10

a —10 10 —-10 10 —45 45

U4 -10 —10 —-10 10 —-10 —10
Kx 1x10* 1% 10°
K, 1x10¢ 1x10¢ 1x10° 1x10° TX10° TX10°
K 1I'x10¢ 1x10¢ 1x10! 1x10° 1x10¢ 1x10°
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Table 3 Data for the Exciting Force Analysis

A2 3)A&E 750rpm
38 A4 0.955ke

Table 2 Mass and Moment of Inertia of En- AAge) 7hAgR 9.7E-dkg/mi
gine+T/M and Body (kg - ni) ETEE LY 0.034m
Mass | 315kg Adela o] Ao 0.128m

Engine | Ixx 9.78 | Ixy —1.56 5 AE A 70.888-4ni
+T/M| Iyy | 2651 | Iyz | —5.12 Adezee) g4RidE 0-2kg-mf

Izz | 2379 | Iz 0.46 Ao 43 Ske

My 1,744 | . 910.38 A7 C.G HAEH Alojo] Az 0.13m
Body |mp,me| 74 | Iny ]4,625.84 A7 CGst adaz Aole Al 0.07m
mp 142 . 5.51 A2 CG% #4344 Aolg] A 0.03m

Table 4 Locations and Angles of Engine Mount

X y z
. Left 204.4 246.3 38.4
A () (A2 cg A Right 2044 | —222.8 38.4
vl E )X - . .
A D Transmission —835.1 0.1 115.4
Left 60 0 0
227+ e (deg) Right —60 0 0
Transmission 0 0 0
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Table 5 Properties of Mount Rubber

Location Axis Stiffness Damping Coefficient
Qk = dF g 67.34 x 10°{N/m 4,983.5[N - sec/m
Left /Right gt & J [N/m] [ /m]
A o 8 & 9.38 x 10'[N/m] 4,983.5[N - sec/m]
xZ 24.16 x 10'{N/m] 3,541.4[N - sec/m]
T/M yv& 6.31 x 10'[N/m] 3,541.4[N - sec/m]
z& 29.91 x 10{N/m] 3,641.4[N - sec/m]
100 100
50 50
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Table 6 Optimized Design Values for Case 1

Optimize design value
Left mount |Right mount | T/M mount

X 104.4 304.4 —735.4
Y 226.3 —242.8 120

Z 18.4 18.4 —95.4
1] 30 =70 0.17
/) 10 10 1.01
' —7.85 10 —-0.17
Kx 93,730 93,730 299,014.3
Ky 241,600
K, 673,340 673,340 63,100
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Table 7 Optimized Design Values of Mount

Location

Left Right T/M
X 0.10 0.30 —0.74

0.23 —0.24 0.12
z 0.02 0.02 —0.10

Table 8 Optirized Design Values of Mount

Angle

Design | Optimized || Direction | Optimized
variable design cosine design
. 0.57 6x" x 33.87
6. 0.17 6y'y 35.50
U —0.17 6z 2 14.11
P —1.22 Ox’ x 70.32
Ox —-0.17 Oy'y 68.94
L/ 0.12 Oz’ z 12.17
&r 0.17 Orx’ x 66.30
Or 1.15 6.y'y 19.56
v, —0.17 0.7 2 66.30

2o 7bAQzte] Azl M Ao M2
AEHE L"?ﬂ Fow v ¥4H A A
ek 1 69 AN &
PSD& E"lﬂﬂmﬂ HAgET Al
7 Ak &34 7Mg e
Z71%%el| vlE A

A

SIS -
%9

o] wold g &
H=z9] A7|E vz H“ﬂ
LS & 7 Atk

Zazbeghs dAMSsR 2% A

elgle gAREUe JANEE a3

se sRaQT LS AAT At &R
/su 4w Asle) vAE Il e
& 9tk 2§ 69 £84 sl4=e) PSDE ¥l
REAT £94 NMEE A7 ANERE
v|Rake 271} AF A ko] Ag Wbt ¢l
88 ¢ & ok B 8& 2/)4Ae) BARE
s ARUALS AR PPl RE MaP
Rolch. Z7\elN WS} & AAESE 2%
sheEe] xZo diE AAAE Woln), yrix]
= WE} vnjst. BRARE H$ oleEd
ge x3d g FRAse 2 2T 9
on, HAZE AANS F 7VE VA 95

DRSS

case 3 |

.L>t£

case 4 . ZHAAFNE AANTE 2R A

e} FRAEE e Fn FAASs
ghg AW

A4 aedte] HH3E FUNe wf

1\

o MAAAAMAY

0 02 0.4 0

0.2

04 0 02 0.4

time(sec)

Fig.8 Transferred Forces



A otEEA Y HHLA N B¥ AF %

Table 9 Optimized Design Values of Mount

Stiffness
Left mount |Right mount| T/M mount
K. 239280
93730 93730
K, 241600
K. 673340 673340 63100
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