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Performance Evaluation of a Mixed-Mode Type ER Engine Mount (II)

- Performance Evaluation Via HILS -

Young-Tai Choi and Seung-Bok Choi
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Abstract

This paper presents vibration control performance of a passenger vehicle installed with the mixedmode
type ER engine mounts. The performance is evaluated via hardware-in-the-loop-simulation(HILS) method.
As a first step, a dynamic model of a vehicle featuring the ER engine mounts is formulated by taking into
account the engine excitation forces. A new type of the fuzzy skyhook controller isthen established in order
to control both engine and body vibrations. This is accomplished by adopting a weighting parameter between
two performance critetia which is to be determined from the fuzzy algorithm. Vertical displacement and
acceleration of the engine mount obtained from the HILS method are provided in the frequency domain. In
addition, vibration control performance between the conventional hydraulic engine mount and the proposed
engine mount is compared in the time and frequency domains.

[

1. M E

A OB AFB upe} Pol duvieE
Agatel sARFL E FFE WA W
23 9L o} wady A FA9d B9 A
2¢ AAUSI Fh durkeEd g A
o] @3 AyYHolem on HIME ER
(electro-theological)§- A & ©o]-&3 <A} E o
3 AT B2 AP T Yok-9 g} S
7R 3¢9 ER AR ES dFE ER A}
E ¥ O JsAIHTTS nFHLES
2, 47 ER dVsEES} $2d AelAe 3
FANG 5 AT AFE AFHIHH AxAY

* Qlstoishi ek A F S
&
34, Asa 7] A gk
E-mail : seungbok@dragon.inha.ac.kr
TEL : (032)860-7319 FAX :(032)868-1716

9] Z7FAAQl HILS ¥ (Hardware-in-the-Loop-
Simulation) & HE% AFunFe FYLHo=R
Fad Bust gloh

HILS W2 33 $3 Hopilq 7Ese F
2ol o8 AoJA g dAF, JEe] &3
HEH1 glE drrigelth HILS WYL iz
NGARE A A2dlF o] Rdg A
A A 7Hreal time) A EHOIRE T3t A28 A
TE GBIER o) RYS EdZ 3 AFH A
EdolAdnc} AR ANzde Fso A A
e & ¢ glon, AA Az Bl ee &
AL vig gelsie gL 27l A7 + 3l

CTh ER, A AU AR 2ARN BBHL

2 4PUAN NPT 5 YoBE A A2

gl A2k v18E FY F 9T Bl YrhoY
2 AFAAE A BN At BPREY

ER AZWHeES 3RAAPHE v3Y 39



2152 H Ay -z

gAY AeHANES HILS HEE 5
o) nFsuA it ol A Agd ER A
AnLEE FaAg AAAFRLE FATT T, o
AFEde] g FHANNGALE =Z3HTh
=29 AR Hozyey AR e NEL
Aol 1std Aste N2 FH FHxA
7o) Z Ao 7)(fuzzy skyhook controller)E A A)851
o ojFEA AAY AANE ER AL ET F
23t 2] g3l HILS S 5% A%
%S nFsY

2.ER HZIOIREE T2fst
M xtge 24

2.1 A 243
2 =804 A¢td ER dAAVLEEZ HLd
2 42 Fig 1904 BE 8l o] 104 H%
g e AFer mdd 3d e AL
FF(Front-engine-Front-drive)3 4] o], <}#1n}&E 7}
3 AA B oz RaEon AR Hxz}
© T30 HEE 3 g AANLEE <
2o A7 FAFAIG dxjste A
A&, 287 3 dArtEEE A $=
of AAFFFA el Nz thFe] HES)
A8k A Yol wiXE FrF A= BER
FAHA SgEPEAoE TR AR, F
A a2a agd BF AR fAsigod, 7t
APdoze A SAHE 7t go] B gh
3 2EHE. Fig 19 TAH AF 22 RE
FAHANRAEAE Fedd o g

meEe ="Ja —f;l —'fe3 —FERtl —FER(Z (1)
~Fppy + F,
‘]56 = _terfel gt e Tyt _terFERzl (2)

o Fepy + 1 Fgpy +T§

J;é.; = _lerf;Z + leffe3 _lerFER/fl + lefFERI_’: + T; (3)
mi, =—f=fo-Sa—Sutfatfa @
* St Foga + Fpo + Fipg
Jp =ty fa =ty Lo ttufattyfu e fa
=i Ser ~tarSos + oo Fer ~ Lot Fippn 5)
“toerFens
SO =ty fa—lnfo -l fa oo fo by S
_Iberfez —lbeffe3 —lbemFERll - lberFERIZ (6)
- IbefFERB
Mazy =fy-kaz, U
= f:Z - kuZZul (8)

M2z,

Fig. 1 Dynamic model of a vehicle installed with ER
engine mounts

MpZin =3~ Kz ®)
MysZia = foa = KiaZug (10
o71A,
fo=k(z, - Z;:)+Cei(éei _‘é;i)’ =123
fa=ky(zy —z,)+e 8y - 2,), i=1,2,3,4
£ Q7 ALH A7 Nad wsse 284
438 VIR AAsAR, Zwse 4y
ZHEE Table 1] Y3l

2.2 gizofl ol Jixiy

221 TAEy

FHANRA A et AR 94§ AR
T VAL UEFH o] I aPaZe] o
A &5 0 2 A3 g f dP9) FE
e BEYE 2RIWANA Y FHA% Fgat
= Y3 FA2EAMY FrHEAZ 2HEde Fol
Atk 2y, ARl ZYI FAE A 2
W2 We] W] F3 S (balancing weight)S
Zato] PF] ALt P& FANIES
o et Zga B9 AR o3 BA
HE 022 H3, FxgdNe) FriAZ o3
THRAGY o] Azlefr BASA Hoz 1749
AN HAHE FHHE g Po) 7
F 4.0

ir

oA

% e

2 2
D cos2ar  (11)

- 2 04 r
F,=m,ro"cosot +m,

A71H, m, & ALEANAS FAAR, & 29
2 g9 Ao, 1 & AU 2E9] dojot}. A



(IHEFEH AAHELE 3Y39 JAEE 09 2
e FH5 AES 2 1R ARE 39
3 JAAEEY Fule FREE 2E 2P EY

HuEez 74RE ¢
WY A% dde #Ee a9a% A%
4,8 st} et 2ol £ 4 Ut

Table 1 Specifications of a vehicle

Specification Variable Value (unit)
Body mass mg 868 kg
Engine mass m, 244 kg
Front unsprung mass m,,m, 29.5kg
Rear unsprung mass My, Ny, 27.5kg
Front suspension damping Co15Cyy 3200 N-s/m
Rear suspension damping C25Cs3 1700 N-s/m
Tire stiffness k, 200000 N/m
Front suspension stiffhess ksl , k 20580 N/m
Rear suspension stiffness k 2> k 3 19600 N/m
Rolling moment of inertia of body J¢ 235 kg'm?
Pitching moment of inertia of body Jy 920 kg'm?
Rolling moment of inertia of engine J ¢ 25 kg'm®
Pitching momeflt of inertia of J; 34 kg'mz
engine
Engine mount damping Cei 610 N-s/m
Engine mount stiffness k,; 133240 N/m
Lateral distance ﬂ:om eng.lf\e CG.tw t, 025m
left mounting position ¢l
Lateral .dlstance frf)m eng.lrfe C.G.to ¢ 0.52m
right mounting position e
Longitudinal distance from engine / 0.19m
C.G. to front engine mount o ’
Longitudinal dlstanc'e from engine I 021 m
C.G. to rear engine mount er
Longitudinal distance from body / 13m
C.G. to front engine mount bef )
Longitudinal distance from body I Lilm
C.G. to transmission engine mount bem )
Longitudinal distance from body ! 09m
C.G. to rear engine mount ber g
Lateral distance frqm body C.G. to ty 072 m
front suspension system
Lateral distance frc.Jm body C.G. to 1, 072 m
rear suspenston SyStem
Longitudinal distance from body ! 14m
C.G. to front suspension bf
Longitudinal distance from body ] 14m
C.G. to rear suspension br ’
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