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ABSTRACT

In this paper, a computer simulation method for dynamic analysis of the hydraulic
engine mount system is proposed. The hydraulic engine mount system controls the
damping characteristics using the viscosity of fluid flow. The complex stiffness of the
main rubber of the hydraulic engine mount system is computed by finite element analysis
for the viscoelastic materials and hydro-static elements. A numerical analysis method is
presented to solve nonlinear equations of the hydraulic engine mount system. which is
composed of an engine mass, fluid in inertia track and a vertical inertia force of
reciprocating mass in the engine. Also, dynamic properties of the hydraulic engine mount
system are analyzed in the frequency domain. Effects of the hydraulic engine mount
system running over the rough road are investigated using a vehicle dynam'ic model.
These results are compared with those of the rubber mount system.

JAME Bl 248 Fo £, I FREE
1.4 = AEo] Z2 Yol WANE B A4L AT

AZo] 2 Yo dsiNE B FHES FAS

AAcLEEE AJF AAE AZdS AWE A Aot gt sze 1RrlEEE AFF 3
A dRozHE sNPE Ffde L Zo| T@HEA A QA FAAF FHE AT
ot Qo z ANoTREe NEL A7 goiM elM 7gs F 7N d8e THAINE
AsME A EEL o] W Aol FAW dols REgo] gtk old GHE Heds] A
A9 AL 2T vlLEY WTHE FAF A f¢ AAoteESF §4HT gk 4 A
SEE #Al9 ¥AL ol THSYLe 2EY

T RAY, FARRR AAATATAY # Q= B4l YoM TETEERTGE 4ue 2
S S e AEHE 2T 4+ YT B AFAAE F33 4%

*** A, MUty ZUIALATETATA

42/3222XE3EEX| /A 9 A A 1 Z, 1999



¢ AW B F5A AN FFH ANEdId ¥y 47

Aot B dfate, FIF FE H2HG4E A
B4 Al & (viscoelastic materia) ¥ HEE EFT
FR2LHHE o) &3 Pt F¢ AWUnLES
#RE 2 FHE 18T 2 AREY F8FH 2
2 2 35gn o] 2dE o] A FAHW
¥ Ao ¥ A AFS vAdy APWAH
of ot FAMH S FMAM FesL A2 Ag
HE 13 &Kok AAvELESY F oy BE F5
Ae AP HE A g dAXepES gF
S

¢ ®aals) el gEA SHEA AzEdoel
DACSE o83t A2 xWe #9¢ o 7ol
=29 3 AASLES Aol DAL § 2
2 B,

2. 9% ANol2ES] 1Y

Fig. 12 % 7l2EY Mz oltt ¢ vLE
B ou9td R F3¥X(main rubber), FFEH4
(uppe’ chamber), 3}% &4 (lower chamber), ¥2
7 (decoupler), B#AEZ(inertia track), 819t
(bellows) 522 FAHAAG, FIAFE AL
2 g:ia¥oln, AN HAsFE AT 7EH

ol 3-3& 2T FEolt AFRAS R4
2 F4971% BHYFEE Al F1 #£8H A
. ¥Erle FE dWHE A ¥(plate) 22 A
A2 %o §5& F4E & U BHFEE &
A :dg ol & AHE dod F A= F
Bos UMYEoR AR /AR R R 4=
A FF 74 = (dynamic stiffness) & ZH &
. FEEHe IdFRAY #AE EIs:e qE€s
skt

ZFEdde AFHAS AR Aeld /A

<+ Engine side
Main rubber

Upper chamber
Decoupler

inertia track

Lower chamber

. Bellow

J

l . BOUY side

Fig. 1 Layout of HEM.
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Table 1 Physical properties of the rubber

Shear modulus [kgf/cm®] 10
Poisson’s ratio 0.5
Density [g/cm’] 0.92
Loss factor 0.08

x—— Hydro-static element

Fig. 3 Constraint and load condition of the FE
model
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Table 2 Complex stiffness of the main rubber

) Stiffness
Vertical [N/mm] 393
complex stiffness -
Loss factor 0.077
) Stiffness
Horizontal [N/mm] 116
complex stiffness
Loss factor 0.05
Stiffness
Bulge [N/mm] 110
complex stiffness
Loss factor 0.077
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I'ig. 4 Mathematical model of the HE.M.

Table 3 Parameter values of the HE.M

Ar=1 of equivalent upper chamber

A, [mmz] 1250
Area of inertia track 9
A; [mm?]
Length of inertia track
125
L [mm]
Hycraulic diameter of inertia track
3
Dp [mm]
Minor loss
K 1.5
Density of fluid
o [kg/m’] 1040
Kinematic viscosity _
v [ m2 /S] 18E 6
Ver-ical stiffness of main rubber 393
K: [IN/mm]
Buige stiffness of main rubber 110
Ky [N/mm]
Losi fac;or of main rubber 0.077
Equivalent piston mass 167
M, [kgl )
Lenzth of crank
R [m] 0.0445
Lenzth of connecting rod 0.155
L [m]
Mass of engine 75
Men [kg]

t TeistA gt

FHEZAMY FFHLS PR HUF BT
Aole] A&y} BHFRAMY A B4
3, Aol w2y, e O B
gt $7t AFH 57 BT 44T F 9
Fig. 404 A,z ARFUe1M B8 A9,
A,z BAEZAN BAS W, M, Fod
Axel AT FuAB] A S Y
o

:,
o
&
oo

oL,A;x, = pA— A,
—(fﬁ +K)120’|u|uA,

(5)

4 (5)9 HFRAANMY HYS 1HHHE A4 (6)
3 5ub 24, 57 22E 42 & An?

M,x. + C,x. — Kjxey + K;xc =0 (6)
- 4 L
Ce_ 37l’(fD +K)PA( )Xw

Al

M, = PL:—E

4 ()3 AWM FYL T 4 (N

Fo = m,wz—’{— cos2wt

o 714 r< Elag:?i..g] 7&0]' L& y.]\d]%] 2 C 9
Zdo|, ot APAY AAF m,= Tt FEAY

ol

A (B)NAN F7b Zalel FAAS 4 (NS WA
3 APwAAe Heyrt go= AR F FHAFo o
3 Sge& 971 98 Newton-Raphson¥ & T
FA&HHE ol g3t ThE A2 AFAE AU

HIAZUESEX /A 9 A 1 &, 1999/45



d F A3

g-0 4 W

Displacement of engine

~—— RUBBER
woee HEM

Xen °°I

[mm]

02}

00

Fig. 5 Displacement of the engine
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Fig. 6 Transmitted force
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Fig. 7 Dynamic stiffness of the HE M.
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Dynamic loss factor

Fig. 8 Dynamic loss factor of the HE.M.
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Table 4 Specification of the engine

Mass of piston 1.34 [kg]
Mass of connecting rod 1.13 (kgl
Moment of inertia of "
___connecting rod 0.00349 [kg - m']
l.cngth of crank 0.0445 [m]
L.:ngth of connecting rod 0.155 [m]
Instance of engine c.g.
. from center of cylinders 0.0563 [m]
Distance of crapk pin 0.045 [m]
___from connecting rod c.g.
Distance of piston pin
_g__from connecting rod c.g. 0.1 [m]
Engine mass 225 [kg]
M oment (?f inertia of 851 [kg-m’]
__ =ngine : Ixx
M ment (?f inertia of 2418 [kg - m*]
___engine : Iyy
Moment o'f inertia of 19.09 [kg - m*]
__:ngine : L
M >ment c?f inertia of 054 [kg - m*]
___:ngine ° Ixy
Mboment of inertia of M
___angine . 5.39 [kg - m’]
Mbment o'f inertia of 027 [kg - m?]
__*ngine : 1z
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Fig. 9 Vertical acceleration of the engine

Body vertical acceleration [mm/s"2]

Time[s)

Fig. 10 Vertical acceleration of the body
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