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provided by executing an optimization process.

Abstract—Optimization of engine mounts has been Optimization based on modal analysis has been
performed in several studies; some of them investigated single performed in several studies for rubber engine mounts [3]_
mount model, some studied mounted engine model, and others [5]. But there is no guarantee that the system designed to
discussed on full-vehicle model. The goal of this study is to S
determine which model is more appropriate for the decouple _modes exhibits t_he best performance, e.g. the
optimization of Hydraulic Engine Mounts (HEMs). A full-  System will have a better ride comfort performance if the
vehicle model is difficult to be modeled, and simulation of the Optimization objective is ride comfort than if it is to
model is time consuming. On the other hand, a simple model decouple system modes.
cannot express the exact behavior of vehicle system and the |n some studies [6]-[8], optimization of HEM has been
optimization may not result in the desired performance of the performed using a model of a single mount (a model of a
vehicle; thus, it is desired to optimize the engine mount in the 1DOF-body supported on a HEM). Some other optimization
simplest model capable of achieving approximately the best : . _y PP ) P
performance. In this study, hydraulic engine mounts are investigations on rubber mounts have been preceded for an
optimized to improve the vehicle ride comfort using a global engine model mounted on their mounts [9], whereas some
optimization method called Directed Tabu Search (DTS) studies have been performed for full-vehicle models [10],
method. A full-vehicle model is used to evaluate the [11]. Although several kinds of models- a simple single
optimization results, and to determine whether it is enough to engine mount model to an intricate vehicle model- have

optimize the HEMs in the simplified models to achieve the b d f timizati d but it i t k
desired performance, or it is required to precede the een used for optimization proceaure, but it IS not known

optimization for the vehicle model or even a more intricate yvh_ether it is required to optimize the_ engine mounts in an
model. intricate full-vehicle model or some simpler models can be

adequate for the optimization. The main goal of the current
Index Terms—Optimization, Directed Tabu Search (DTS), study is to find the answer of the above mentioned question.
Hydraulic Engine Mount (HEM), Full-Vehicle Model. The system of interest in this study is a vehicle system
whose engine is mounted to the chassis via three HEMSs. It is
desired to improve the ride comfort, and the vertical
| INTRODUCTION acceleration of the driver position is used as the ride comfort
The main role of engine mounting system as one of thgdex. A 13DOF model (Fig. 1(a)) called model No. 1 is
principal vehicle vibration isolating systems, besidegsed as the reference model of the system. Two simpler
suspension system, is to reduce the Noise, Vibration anfbdels are also investigated. An appropriate simplified
Harshness (NVH) perceived by driver and to improve th@odel for optimization of the HEMs is a 6DOF engine
ride comfort. The main vehicle NVH sources are lownounted to the ground via three HEMs (Fig. 1(b)) called
frequency road roughness and high frequency engine foregedel No. 2. Besides, a simplification in model No. 2
Thus, engine mounts should be capable of adequate isolatggults in a 1DOF body which is mounted to the ground via
in a wide range of frequency. Almost constant stiffness argthe HEM (Fig. 1(c)) called model No. 3. Optimization is
damping of rubber engine mounts with respect to frequengyerformed for these three models, and for each model, the
leaded vehicle industries to develop Hydraulic Engingptimized parameters of the HEM(s) are obtained. The
Mounts (HEMs). A HEM equipped with inertia track andresulted optimized parameters are used in the reference full
decoupler performs a desirable performance in a wide rangshicle model. The ride comfort indexes of the three
of frequency [1]. The unfavorable high stiffness in fluidcesultant reference models are compared to clarify whether
resonance frequency motivated the development of belbtimization in model No. 2 or model No. 3 can result in a
plate. Equipping the HEM with bell plate provides a googavorable performance, or the optimization have to be
performance in all working frequencies [2]. A betteperformed for the model No. 1.
performance will be achieved if an appropriate HEM is |n this study, a global optimization method called
Directed Tabu Search (DTS) method is used, which is the
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other global optimization methods. decoupler [1]. In high frequencies, the decoupler disk, which

The structure of the paper is as follows. Initially thdies on one of its limits and blocks the decoupler passage in
mathematical model for each model is obtained. Next, law frequencies, stands in the middle, and the pressure
study on HEM parameters is performed to determine thiifference between the upper and lower chambers causes the
most effective parameters to be used as design parameterfiuid to flow through the decoupler —which is a short wide
optimization. Then, DTS method is explained and objectivgassage- instead of the inertia track. Undesirable behavior
functions and constraints of the optimization are determinedue to resonance of the containing fluid, which causes high
Finally, optimization results are expressed, thstiffness in fluid resonance frequency, motivated the
corresponding results are substituted in the reference modidyelopment of bell plate.

and comparison between three models is done.

Bell
Chamber

Upper :
Chamber —

Lewer

Chamber ﬁ

»

Frt) o)

m ]
'y I ——

oo - ®
K/ B 7 Figure 2: (a) Cross section of HEM, (b) Lumped parameter
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system model of HEM [13].

P — Continuity equations for the three chambers are:
CoPp = Qp — (A — Ap — Ap)X, (1)
(b) (c)
Figure 1: Optimization models, (a) Model No. 1 - 13 DOF full-vehicle CiPy = (A — Ap)Xe = Qp — Qi — Qa @
(reference model), (b) Model No. 2 - 6DOF engine mounted to the .
ground via three HEMs, (c) Model No. 3 - 1DOF engine supported on C;P, = Q; + Qq ©)
a HEM.
in which C,, C;and C, are the compliances of bell
. MATHEMATICAL MODELS chamber, upper chamber and lower chamber, respectively.
. P,, P, and P, represent the pressure of bell chamber, upper
A. Mathematical Model of HEM chamber and lower chamber a@j, Q; and Q, are the

The HEM of interest is structurally similar to theflow passing through bell passage, inertia track and
conventional HEM except that a bell plate is added to it. Thfecoupler, respectivelyd, is the area of bell plated,
improvemer_n in the behavior_ Qf conv_entional HEM bYepresent effective pumping ared,, is the area of the
supplementing bell plate to it is studied by Ohadi andigm, andx, is the displacement of the upper end of the

Fakhari [2]. Cross Section and lumped parameter systgfEm. Momentum equations for inertia track, decoupler and
model of the HEM are illustrated in Fig. 2 [1]. Aspg| plate, respectively, are:

demonstrated in Fig. 2(b), the HEM contains three

chambers: bell chamber, upper .chamber, and lowpr _p — 1.0, + (R +RI0:DO; (4)
chamber, and three passages: inertia track, decoupler, and
bell plate. . (ﬂ) arctan(ﬁ)
e _ . —p, = ' X Q (5)
Excitation causes relative motion of the two ends of tHg ~ P2 = fala + (Ra + RalQal + Roe™ ")

HEM; thus pressure varies in the chambers which motivatgs_
the fluid to flow through the three passages. The fluid"

passing the inertia track, which is a long narrow passagg. which I represents the inertia of each pass&yed R’

causes a high damping. But in high frequency behavior, 10, et the resistances of each passage due to laminar flow
damping is required which motivated the creation of the

Py = 1,Qp + (Ry + Rp|Qp + Ap X ) (Qp + ApXe) (6)
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and turbulent flow, and, d and b indices represent the

inertia track, decoupler, and bell passage. First, second did Tr = a;w? sin wt + a,w? cos wt + azw? cos 2wt (11)

third terms on the right side of (4)-(6) demonstrate

momentum resulting by fluid inertia, resistance due t which a; i = 1,2,3 are determined for each torque or

laminar flow, and resistance due to turbulent flowforce component. Newton's second law results in the

respectively. The last terms on the right side of (Fpllowing equations for the wheels:

represents the additional resistance created by decoupler

disk when it approaches any of its limits [1]. Myi%y; = ksi (x5 + 2505y — Vsi0sz — %) + ¢si (%5 + 12)
Transmitted force to the base of the HEM is: Z5iOsy — Vsibsz — %ui) — ki (i — ) i=1,..4

Fr=CXe + KXo + (Am — Ag—pnc)(Py — Py) + APy + (7) in which M,; and x,;; represeni-th unsprung mass and its
Aq(Rg +R41QaDQq — (Am — A,)Py vertical displacement, respectivelyk,; and ¢;; are i-th
suspension stiffness and damping,;,indicates the-th tire

in which K, and C, are the stiffness and damping of rubbeptiffness.x;, 5, and 6,, are bounce, roll, and pitch motions
part of the mount, respectively, andA, . is the of vehicle body, respectively,; is the vertical displacement

equivalent decoupler area defined in order to express t _Ethe lower en.d of the tire that represents the road
transmitted force in a continuous equation for bot isturbance and is assumed to be zero in this study. Also,

occasions when the decoupler disk blocks the passage &Ff .nd Zsi represent the position of each suspension fr_om

when it does not [1]; vehicle coc_)rdlnate Iocate_d on center of mass of vehicle
' body. Vehicle body motion originates from the forces

transmitted from suspension system and mounting system:

2 P1-P3
1 - (;)Xd arctan o )=Xd—max
Ag-fnec = ~Aa [E - arctan( a3 (8)

Mxs = Zz‘3=1Fmsxi + 2?=1sti (13)
Moreover, the force acting on the upper end of the HEN, 6, = Y3 (FuusxiZimi — FimsziXmi) + Li=1 FsxiZsi (14)
differs from the transmitted force to the base:
Iszgsz = 2?:1(Fmsyix;ni - Fmsxiy;ni) + 2?:1(_stiYSi) (15)
F=CXe+ KXo+ (A — AP+ (Ap — (A — AP, O _ _
e " ! ( P " ) in which My, I, and I;, are the mass of the vehicle body
Equations acting on model No. 3 (Fig. 1(c)) are the san@@d momentum of inertia of it iry- and zdirections,

as Egs. (1)-(9) except that because of the mass placed on!fRPECVely Xy, ym;, and z,,; represent the position of each
upper end of the mount, Eq. (9) changes to: mount in vehicle body coordinate, arg,; is the force
T ' transmitted to vehicle body from suspension system:

o . B _ 10 ~

F=mX,+ KX+ CXe + (Am — Ap)Py + (Ap (10) FSXl: = _ksi(xs + Zsiesy — Vsibsz — xui) - Csi(xs + (16)

(A — Ab))Pb Z5iOsy — VsiOsz — J.Cui)

in which F is the excitation force exerted to the mass. Inclined HEMs lie inx-y plane, and are oriented at angle
B. Mathematical Model of Vehicle a,; related toy-axis. ThereforeF,,,;, which is the force

Reference model of vehicle investigated in this Stud}tgansmnted from engine mounts, can be formulated as
: : . ollows:

consists of an engine body mounted to vehicle body, an

four wheel bodies jointed to the vehicle body via suspension )

system, as demonstrated in Fig. 1(a). In this system, engﬁwexi = (kmaxiXei + CmxiXer) + ((Ap — Aq—pnc) (Pri —

is modeled as a 6DOF rigid body, mounting to the vehiclg,) + A,P,; + A4(Ry + R&IQdiI)Qdi) sin ap;

body via three similar inclined HEMs. The engine roll axis

can commdg W|_th mount eIast|c_aX|s, if HEMs lie in ANXy; = (X + ZmiBey — Ymibez) = (Xs + Zmifsy = Ymibsz)  (18)

appropriate inclined manner, which decouples roll engine

mode from other engine modes, and reduces vibratiqpnsyi = (KmyiYei + CmyiYei) + ((Ap_Ad_fnc)(pli _

17

amplitude [5]. Vehicle body and chassis are modeled as_a ) (19)
i . . i A,Pyi +Aq(R R i i i
unified body capable to move in bounce, roll and pitc 2i) + ApPai + Aa(Ra + dedll)le)COS“ml
modes. Four wheels are connected to it via suspensign ,
p 9 = (ye + xmieez - Zmieex) - xmiesz (20)

system; each is assumed as a rigid body travels in vertic&l

direction and is connected to the ground through the tirg. _, e g 1)
. . . L MmsSzi mzi~et mzi~et

Suspension system and tires are modeled as linear springs

and dampers' . ) . . . Zeoi = (Ze + YmiOex — xmieey) + xr’niesy (22)

A V-shape four-cylinder engine is studied whose engine

force arises from the motion of engine inner bodie which ki, Kmyir Kmzis Cmxis Cmyi» and cmy; represent the

including piston, conrod, crankshaft, and balancing systemtiffness and damping of each mount »n y-, and z-

The engine force acting on the engine body is the onljirection, respectively,X,;,Y,;,and Z,; are the relative

source of excitation. The forces and torques acting on th&splacement of each mount in each direction,

engine can be expressed in the format [2]: Xe» Ver Zes Bexs Bey, and 6., are the displacement and rotation
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of engine body in each direction, aix,,;, Ymi, and z,; HEM parameters including,., C,, Cy, C,, I;, R;, I, Ry,
represent the position of each mount in engine | (¢,, I,, R, and 4, are s$udied to determine the desi
coordinate, which is located on center of mass of er parameters. As a sampkeg. & shows the influence of two
body. Engine body motion is causeg force transmitted effective parameters on driver position acceleratiotthe
from engine mounts H,,;) and engine excitation forc range of 0-5000 rpnof engine rotating spe. For each
(Fg, Tg): value of parameters, the simulation is formed for
different amounts ofngine rotatingspeed, and the peak

o 3 . o .
MeXe = = Xic1 Frmexi + Fix (23 value of the driver positioracceleration at steady state
condition is determined taonstruc the plots. It is clear
Mejo = = X3 Freyi + F, 24 , .
eJe Ziz1 Fmeyi & Fry (24) from the figures that these parameters have a great infli
M,%, = — Y2 Fyopi + Fa (25) ©On vibration behavior of the system. Thus, de:

parameters are chosen tolye C,, I;, R; andCy,.
Iexéex = (Iey - Iez)éeyéez - Z?:l(Fmeziymi -

(26)
Fmeyizmi) + TEx 9 —_—

.. .. B e U5 K
Ieygey = (Iez - Iex)gezgex - Z?:l(FmexiZmi - (27) & ! 2Kr
Fmezixmi) + TEy E: :

5
Iezgez = (Iex - Iey)gexgey - 2?:1(Fmeyixmi - (28) % ;
FmeXiymi) + TEZ & ? \,//\wm
in which M, I, I, and I, are the mass of the engine bc : L A e

and momentum of inertia of it in each direction. o 1000 000 3000 4000 000
mentioned in the previous section, the force transir
from the mount to the vehicle bod¥,(;) is different from

I'mgine Ratating-sp eed (\pm)

the force exerted to the mount by engifig{): @
6 — 1
. s | L e 0.5C1
Fexi = _(kmxiXei + meiXei) + (Am - Ab)Pli + 29) _ v
(Ap — (A - Ab)) Pbi) Sin ap; E !
s 3
Fmeyi = _(kmyiyei + Cmyiyei) + ((Am - Ab)Pli + g :
(30) 1
(Ap —(Ap — Ab)) Pbi) COS @y
0 -
. 0 1000 2000 3000 4000 5000
Fmezi = _(k‘mziZei + sziZei (31) EngineRotating-speed (rpm)
The equations acting on model No. 2 (Fig. 1(b)) cal (b)

Figure 3: Effect of twalesign paramete on driver position acceleration:
(a) rubber stiffness, (b) upper chamber compli.

achieved from Egs. (23)-(31) vid the displacements ai
rotations of the vehicle body in Eqgs. 180) and (22) are
zero.

IV. OPTIMIZATION PROCES!

Ill. PARAMETER STUDY A. Optimization method

In an optimization processirst of all, design paramete ~_ 1he oOptimization method executing in this study
which are the most effective parameters, must be spec Directed Tabu Search (DTS) method being a devel
In this study, it is desired to optimize HEMs in order Version of Tabu Search (T®)ethod. TS is n optimization

improve the vibration behavior of vehicle. Thus, a paran Method benefiting memory elements to avoid searc
study is performed to determine the most ctive visitedregions, and DTS is the result of combining TS \

parameters of the HEM on vibration behavior of vel. some direct search methosisch asAdaptive Pattern Search
Several researchers have investigated the d (APS) methodDTS is a global optimization method \ch

parameters through sensitivity analysi], [4]. This paper perfor_ms Ioc;al search from pllenty of initial points instea
goes through a direct way to do so. The procedu ©nN€: in which the best point among the resultant |
performed by varying eacharameter while others rem: ©OPtimized points is the global optimized pc

unchanged, and plotting vibration behavior of the syster ~_ 1hree search procedures are used in DTS: Explor:
three different amounts of the param [6] (the original Diversification, and In_tensn‘lmon. In the e_xploratlon
value, half of it, and double of it). The plots clez Se€arch, local search is performed by ploying APS
illustrates how the vibration behavior alters aach Strategy to lead the searchand introducing memor
parameter changes; so, by studying all change elements called Tabu List (TL), Tabu Regions (TRs),

parameters of the HEM and a brief look at the plots, Semi-TRs to preventycling. The diversification searc
most effective parameter can be speci generates new #i points to be used as initial points of
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exploration search. It benefits another memory elemecapable to optimize the HEMs for vehicle or optimization is
called Visited Regions List (VRL) to diversify the searctrequired to be executed for more intricate models. The
from the visited points. Eventually, the intensification searcbbjective of model No. 1 is minimizing the driver position
performs local searches from the best points arisen frameceleration. For the two other models, the objective has to
previous search procedures, to intensify the answer. be chosen such that the resultant HEMs can afford the
The main loop of DTS consists of exploration anabjective of the reference model (which is identical with
diversification searches. It starts from an initial poigtand model No. 1). Since transmitted force to the chassis is the
exploration procedure starts from this initial point in a loogource of vibration of the chassis, the objective of the two
called inner loop. After the inner loop is accomplishednodels No. 2 and 3 is selected to be the transmitted force to
diversification search generates another point to be usedtlas ground. In all three models, the objective function is the
initial point of the inner loop in the next main loop iteration.least mean squares of the mentioned objectives in the
In the exploration search, memory elements including Tlfrequency range of 0-200Hz. Besides, the excitation of the
TRs, and Semi-TRs are introduced to prevent searchingdpstem has to be modeled appropriately so that the
neighborhood of visited points in order to avoid cyclingoptimization results in proper HEMs for the vehicle. For
The most recent points and the best points resulting fromodels No. 1and 2 it is the engine force acting on engine
exploration search are stored in TL. TRs are defined to &, and for model No. 3 it is chosen to be one third of
regions around each point of TL with radiyg, and Semi- vertical component of engine force acting on the mounted
TRs are defined to be surrounding regions around TRs witllass. The engine rotating speed (the frequency of the
radiusrgr > rr. Thus, if the trial points do not enter TRs,excitation force) sweeps in time from 1000 to 5000 rpm in
exploration search has avoided cycling. So, if the curretite simulation of the models.
point is in Semi-TRs, the direction of generating trial points The designer cannot assign any desired amount to the
will be outward from the center of Semi-TRs. Otherwiselesign parameters. Thus, constraints which must be held on
trial points are generated in a random direction along eadbsign parameters and their limits have to be specified. As
axis. In the both abovementioned procedures, if one of thtiee length and area of the inertia track can vary
trial points is better than the current point, it is chosen as thelependently,l; and R; can alter independently; but the
resultant point and this iteration of the inner loop isength and the area cannot get any amatjnand C, can
accomplished, otherwise local points are generatedter by changing the chambers walls materials. Similarly,
employing APS to determine the resultant point of this innehey cannot take any value, because of the limitations in
loop iteration. Simply said, TL, TRs, and Semi-TRs excludmaterials.K, changes by changing the shape and material of
the visited regions from the search area, and the searchhis rubber part of the mount, and should have limited
directed to the local optimized point by APS. The resultamalues. In this study, it is assumed that all design parameters
point is added to TL and VRL, and is used as initial poirtan vary in the range of half of their original value to double
for the next inner loop iteration. of it in the optimization. The design parameters used in DTS
The inner loop is terminated aftef, iterations, and then are the ratio of the design parameter to their original values
the diversification search is executed. It introduces @ be non-dimensional.
memory element called VRL to diversify the search. VRL is
defined to be a spherical region around each resultant point.
The center of sphere as well as frequency of visiting the V. RESULTS

point is stored in VRL. In the diversification search a |4 this study, it is desired to determine whether it is

random trial point is generated; if it is not in th&gqyired to precede the optimization for an intricate model
neighborhood of visited regions, it will be the resultant poing¢ yepicle to achieve desired ride comfort performance or it
of the diversification. is enough to optimize the HEMs in a simple model. A

The main loop is terminated aftii, iterations have been 13p0F model is used as the reference model (model No. 1),
performed. Assuming that the procedure has searched is simplified twice to constitute two other models (Fig.

entire optimization region, the best points of TL can makf)_ A procedure is performed for each of the three models;
the best local optimized points if the intensification search jg¢ optimized HEMs of the model is obtained via DTS, and

performed for them. Thus, in the intensification searchne griginal HEMs in the reference model are replaced by
some local optimization processes are performed WhOggs HEMs to create three resultant reference models, then

initial values are the best points of TL. The best poiRferical acceleration of the driver position- as the ride
among the local optimized points is the global optimizegymfort index- of each resultant reference model is

point. evaluated to determine which model is more appropriate to

B. Objective function be used for optimization.
One of the main indexes of an appropriate vehicle is itsOptimization results for the three models are expressed in

ride comfort. In this study the vertical acceleration of thiable I. Sdlnce. queIhNo. lis thﬁ refefrence model, 'tls globz;:l
driver position is chosen as the ride comfort index, and tPtimized point is chosen as the reference to evaluate the
objective of this study is to reduce it. HEM in the thre@Ptimization result of the two other models. For each of the
models is optimized and the resultant HEMs of each mod¥l® Simplified models, five of the best points resulted from
are replaced the original HEM in the reference model. Rig®timization are chosen and shown in this table. These
comfort index of the three resultant reference models aPQINts are selected such that the distance between every two

evaluated to determine whether simplified models aféf Fhe_ five pomts IS 6_“ Iea_lst_ 0.2 n order that five local
optimized points from five distinct regions are evaluated.
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The distance between every two points can be calcu
as follows:

J(Krl = Kpy) H (Coy =€) (1, = 1) + (R = Ry)* + (o, — G,)" <
0.2

(32)

Since thedesign parameters are the nondimensional
can be added to each other. DTS makes it possible to
best points from distinct regions, since it searches al
design area for local optimized points and provides the
points in every region wrel other global optimizatio
methods do not obtain the best points of each region.
the simplified models are structurally different form the
vehicle system, and acceleration and f- the objectives of
the reference model and simplified modrespectively- are
different in nature, the global optimized point of
simplified models do not coincide the global optimi:
point of the reference model, and even may exhibi
undesirable response in reference model. But if the
points of a simgfied model exhibit a desirable response
resultant system (resulting from replacing the orig
HEMs of the reference model by optimized HEMSs),
simplified model robustly performs well, and can be se
used instead of the reference model in thtimization
process. Thus the average of the five best points of
simplified system tabulated in table 1 is used as the ind
effectiveness of optimization tfie simplifiec model.

TABLE |
OPTIMIZATION RESULTSFORTHE THREEMODELS

Optimized parameters Improve
Global or Improye -ment in
-ment in
chgl optimized resultant
optimize Kr C; i Ri Cp reference
) model
d point %) model
(%)
Model No. 1
G |o051]139] 068 1.60 0.84 71.09 [ 71.09
Model No. 2
G 0.57 | 1.14| 0.77, 156 0.7y 40.07 67.74
L#1 0.56| 0.85| 0.84 194 0.6D 39.54 67.20
L #2 059 | 0.65| 0.81] 1.62 0.78 38.89 66.13
L #3 054 | 0.90| 0.76f 1.53 0.7p 38.29 69.56
L #4 054 | 0.65| 0.78 1.43 0.7f 38.08 69.19
ave=68.0
Model No. 3
G 051| 141| 0.68| 091 0.72 75.38 66.72
L#1 0.50| 0.82| 0.76| 0.94 0.56 74.83 64.08
L #2 0.60| 1.41| 055| 0.921 0.70 73.08 60.32
L #3 0.59| 1.09| 055| 0.92 0.70 72.87 60.14
L #4 0.52| 0.67| 0.52| 0.72] 051 72.66 59.07
ave=62.1

For each point, thegercentage of improvement in t
objective function of the modehat the point is resulte
from optimization of it, and the percentage of improven
in the objective function of the resultant reference mod
shown in the last two columns of the tabAll percent
values are determined with respecttie original values of
objective functions.Moreover, the first columrindicates
whether the point is global optimized point (G) or Ic
optimized one (L).
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Table | shows 71.09%improvemer resulting from
optimization of the reference model demonstrating tha
optimization is necessary for the system. Besides, ¢
optimized point of model No. 2 results in 67.7
improvementin the behavior of the resultant referel
model; and the average dfetimprovement due to the five
best points resulted from optimization of the mode
68.0%. This demonstrates that small variation in the
system parametersnay result in another optimal poi
which will perform similar to the current optimal nt. It is
noticeable that the point L#Bakesa more improvement in
the resultant model in comparison with global optimi
point, which is because of the different structures
reference model and model No. 2. The similar observ
for model No. 3 show that its global optimized poi
performs 66.72%improvemer in the behavior of the
resultant reference model, atié best five optimal points
the system exhibit an averaigeprovemenof 62.1%.

Obtained results indicatthal, for the optimization, the
reference model (model No. can be replaced by model
No. 2 with an insignificant loss of about3% of
improvement Moreover, if nodel No. 3 is used for the
optimization, an average loss of ¢ will be occurred in
improvement of the systemyhich is also acceptable. The
loss is because of the different structures of model No. :
the reference modelut since he mass is chosen one third
of the engine mass and the excitation force is selected
one third of the verticatomponent of the engine foi in
model No. 3, the model can somehow simulate the beh
of the intricate reference mor and the results are somehow
acceptable.

The vibration behavior of the reference model resu
from global optimized point of each model is compare
the orignal reference model in Fig. 4. Both pl
demonstrate the improved behavior of the system di
optimization of each model. But it can be noticed from
plots that though the objective functions of the resu
reference model of global optimid points of the three
models are so close (as table 1 demonstrates),
maximum values of the driver position acceleration
transmitted force to the chassis are widely differen
indicates that different objective functions result in diffel
global opimized points e.g. if the maximum value of -
driver position acceleration in a range of engine rot-
speed is used as the objective function the optimized f
will be different.

origina
3.5
----- Model No. 1
o3 — — Model No. 2
_,E, 2.5 Model No. 3
c
2 2
ol
2 1.5
@
g
< 1
0.5
9] 1000 2000 3000 4000 5000

EngineRotating-speed (rpm)

Figure 4:Driver point acceleration versus engine rotating s-Optimized
systems in comparison with originone.
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[10] T. Wang, F. Sturla, V. C. Salazar, “Mount rate robust optimization for

v, (]

Ride comfort of a vehicle is desired to be improved bMZ]
optimization of its HEMs in this study. A full-vehicle model
(model No. 1) is a highly nonlinear model with many
degrees of freedom, and if its engine is mounted by HEM&3!
its nonlinearity makes the simulation more intricate; so if a
simplified model like an engine mounted to the ground
(model No. 2), which only contains the degrees of freedom
of the engine and nonlinearity of its HEMs, or a 1DOF body
mounted to ground by a HEM (model No. 3) can afford the
optimization and result in an acceptable performance, the
optimization is preferred to be done for these simplified
models.

Different structures of the models make the optimal region
of the reference model different from those of the simplified
models. However, if the optimal regions of a simplified
model coincide with not the best but appropriate enough
regions of the reference model, i.e. best local optimized
points of the simplified model result in good enough
behavior of resultant reference model, the optimization can
be done for the simplified model instead of the reference
model. The obtained results indicate that both simplified
models exhibit a good performance, and can be used for
optimization process instead of full-vehicle model. Model
No. 2 shows an insignificant loss of 3% in improvement of
optimization if it is used instead of the reference model,
which makes it completely reasonable to be preferred for the
optimization. Besides, model No. 3 causes a loss of 9% in
the improvement of the optimization if it is used for the
optimization instead of the reference model. Thus, it is
rational to use model No. 3 for the optimization except that
the optimization improvement is more important than
optimization cost, in which case model No. 2 is to be used.
As a conclusion, instead of the complex full-vehicle model
which is too hard to be thoroughly modeled, a model of a
1DOF body mounted on the ground via one HEM can be
used.

CONCLUSION
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