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strut noises are extremely small at the time &fasing cars and

Abstract—When cars are released from the factory, strutesois therefore it is difficult to detect such noises.thiine increase
are very small and therefore it is difficult to peive them. As the use in the travel time and distance, however, the molsecome
time and travel distance increase, however, stises get larger so as bigger to the extent that users feel anxiety. Exisstudies on

to cause users much uneasiness. The noises gehatatke field
include engine noises and flow noises and therdfasedifficult to
clearly discern the noises generated from strutis Jtudy developed
a test method which can reproduce field strut moisehe lab. Using
the newly developed noise evaluation test, thislystanalyzed the
effects that insulator performance degradationfaitdre can have on
car noises. The study also confirmed that the atsuldurability test
by the simple back-and-forth motion cannot compyeteflect the
state of the parts failure in the field. Based bis,tthe study also
confirmed that field noises can be reproduced tiinaudurability test
that considers heat aging.
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|. INTRODUCTION

S passenger car users demand improved quietness,
design focus has been put on improved comfort a

reduced noises and it is needed to reduce noisksilarations
generated during driving. Recently, as car weigbtsease and
their outputs increase, engine exciting forceséase and car
bodies become vulnerable to vibrations, requirimpagced
NVH performances [1]. The noises and vibrations tio¢

struts and dampers mostly concentrate on initiahadyic
characteristics of struts and dampers and noisévedgl
characteristics during driving [4]-[6]. These sksli in
particular focus on initial characteristics and ghfail to
approach the durability quality with which user® amainly
dissatisfied.

Most suspension system noises do not come fromggesi
part but they are caused by the coupling actiowéen related
parts, making it difficult to clearly identify thexact causes. In
particular, it is difficult for car and part manafarers to
identify the part noises about which users compgldim the
field. This is because it is difficult to separdite suspension
system noises as the signals measured throughgireists
ipflude both engine and flow noises. To resolvedieability

Mpise problem of the suspension system, it is sacgsto

develop a new test method which can clearly confirennoise
causes. It is also needed to improve the produalityun the
right direction based on the results obtained by tewly
developed test method. This study developed a eswniethod
which can confirm the field noises in a strut madsiate or at

suspension system are the major sources of noigishw part makers. Then the study identified the strigmoauses and

undermine comfort and cause anxiety from drivelsTgpical
independent suspensions

Macpherson strut types. Many automakers have rgcen

adopted the Macpherson strut type as its strudtusemple
with the suspension system in the front wheel pad its
maintenance is easy owing to the one-body type $&uts
absorb shocks generated from road surfaces andatdiethe
noises and vibrations which are generated at thie tand
delivered to the car body. Prior to this study,aaalysis was

made on the customer complaint data collected by tl?unning on normal

automobile repair industry for the past four ydarselation to
Macpherson strut malfunctions (3,420 cars;
2005-March 2009). The analysis results show thateg8ent of
the complaints were about noises, 25 percent weoetaoil
leakage and 6 percent were about other problendgaiting
that much more problems were related to noisesdst cases,
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reproduced the noises through a comparative evetugtst.

include double wishbone ahRiS comparative test was conducted on the partshalient

through a durability test and the strut parts whigmerated
noises in the field as their service time increased
[I. FIELD NOISEAND ROAD SURFACEMEASUREMENT

A. Noise Measur ement

Suspension system noises occur when cars are gionia
specific road surface. Noises seldom occur whers eae

conditions. To reproduce the noises consumers’requee, the

Januagys: thing to do is to examine the road surfacewdrich cars

made noises. The maintenance records of automodyilair
shops were checked to find out the characteristidhe road
surfaces which made noises. The results show tis¢swere
often made on the road surfaces which have relgtiverrow
grooves (width: 8 cm; depth: 3 cm) after sufferipgrtial
settlements following pavage as shown in Fig. 1cdivert the
noises consumers experience into data, the noisa® w
measured using a microphone and acceleration ses®for
the sensor positions, acceleration sensors 1 aref@installed
in the insulator and damper of the passenger sedtvghich
makes noises and acceleration sensor 3 was placedei

road surfaces with good pavement
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damper of the driver seat strut. A microphone wesailed in
the passenger seat to measure the noises occuitirig the
car (Fig. 2). To check that noises are made oratieal roac
surface concerned, driving with used part which receiw
claims was conducted on the surface in question reoise
occurrence was confirmed.

Fig. 2Sensor installation positir

B. Measuring the Road Surface Generating Noises

The road surface exciting noises measured withicag
represent noises caused by the road surface axdibirce
delivered through the wheels. Ultimately, they e=@n!
structural noises below the lofrequency band (general
400Hz) formed by the chassiibration [7].

Fig. 3Installation of the strain gaugsatached strut module on the

Experiments should be conducted under the samétimom
in order to evaluate noises quantitatively. In canagively
evaluating various parts of a car, howetke data values va
depending on the car speed and tire positions enehe sam:
road surface. To reduce such variances, it is meEdmeasur:
the actual strut movements and it is difficult tisogrn the

noises generated by the road surface eig as the signals

measured through a driving test include both engoises an

flow noises at the same time. Strain gauges weaetsd tc

strut parts to observe the strut state during ®givon the
noisemaking road surface. Fixed jigs were made
calibration of sensoattached parts. Each part was fixec
material testing system (MTS) which read load, ldispmen
and data.

Parts which went through calibration were assembilzda
strut module and this module was installed on Hrg[ig. 3) tc
measure the profiles of the no-generating road surface (Fig.
4). Sensomttached springs were installed on the car be
conducting the experiment. Fig. 4 indicates thetstrovemen
profiles measured on the nc-generating road surface.
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Fig. 4Profiles of the nois-generating road surface

The data measured here rejent spring displacements (Fig.
5; Ds). The spring displacements are divided the damper
displacement (Fig.;3d) and tle insulator displacement (Fig.
5; Di). The relation can be summarizin (1).

Ds=Dd + Di (1)

Here, Dss spring displacemerDd is damper displacement,
and Diis insulator displacennt.

Insulator

ol —

strut ass’y

Damper

road surface
reaction force

Fig. 5Diagram of the relation among spring displacemiasylator
displacement ar damper displacement

lll.  LAB-BASED NOISEREPRODUCTIONEXPERIMENT IN A
STRUT MODULE STATE

The following experiment was performed to reprodtloe
field noises in a strut module state. The experimseas
conducted in an anechoic room. The motion of theSMastr
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was given using the profiles measured on the -generating
road surface (Fig 4). To compare the noise deg
acceleration sensors were attached to the upper ehthe
damper rod and insulator in the same way as théguosof the
actual car test (Fig. 6).

A" ‘actuator

Fig. 6 Composition of spring displacement control experihtevices
in a strut module state

Fig. 7 shows the data measured by the accelero
attached to the upper end of the insulator. Itespnts the siz
of acceleration measured gite and in a le-based experiment.
It can be seen that the l&#lsed experiment propel
reproduces the acceleration size measur-site.
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Fig. 7Comparison of acceleration data measure-site and in a

lab-based experiment

To reproduce the noisewith an insulator, it is needed
divide the spring displacements into the dampepldeemen
and the insulator displacement. To this end, ang
displacement control experiment was performed isingle
strut module state. The displacement meas device LVDT
(Linear Variable Differential Transformer) was iakkéd on the
end of the damper rod to measure the insulatofatisment
The measured displacement data are shown in |

In Fig. 8, (a) represents the experiment with thlgination
of a new damper and a new insulator and (b) indgcahe
experiment with the combination of a new damper anec
insulator (82,000 km; 4 years). It can be seen thatnew
product displaceent (2.266 mm) is greater than the u
product displacement (1.108 mm). Natural rubber )(N&
mostly used for the rubber material of the insulafo find out
the difference between the initisiate (new) insulator and t
used insulator, the strut mators were disassembled and

rubber shapes were compared. The rubber thicknesse:
initial-state insulator was 37.8 mm and that of the usadator
was 30.9 mm, showing a difference of 6.9 mm (F)¢
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Fig. 8Comparison of displacement and eleration data for the
insulator noise section: (a) new insulator; (b)dissulator generatin
noise:

Upper plate

Failed hight :30.9 mm
Failed hardness : Shore A 69

:37.8 mm

Initial hight
Tnitial hardness : Shore A 55

Fig. 9Insulator rubber thickness and hardness change

Compressed hight(D) : 28 mm

As shown in Fig. 11, the insulator rubber is corspes by

the upper and lower metisheets to prevent vibrations and

noises from reaching the car body. The compresainaunt
can be expressed as in (2).

Ci=t—t (2
Here,C, : rubber compression height (m, t,: rubber thickness
30 minutes after insulator disassembling (i, t, : rubber

thickness compressed by metal sheets |

It can be confirmed that the rubber compressiormgttte
which represents the height difference between
disassemble rubber and the compressed rubber, changed
9.8 mm (the new product) to 2.9 mm (the used prjyd

To compare the rubber hardness, the hardness wesinee
using the durometer (KS M 6518 Shore A type). Taalhes:

value of the initialstate insulor is Shore A 55 and that of the

used insulator is Shore A 69, indicating a diffeeof +14.
The insulator degradation was caused by the hétitd@ngine
and the air) and the repeated loac-10]. An experiment was

conducted to measure the insules temperature changes

during driving and stopping. The experiment's cdods
included 30 °C in the summer and downtown drivirgd
stopping (Fig. 10). It can be confirmed that theuiator
temperature rises up to 50 °C during driving andap3 °C
during stopping as there is no air circulation and ¢heiron
plate temperature increases due to the engine tatope anc
the solar heat.
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Fig. 10Insulator during driving in summer (30 °C) and damr
temperature data

IV. INSULATORNOISE CONFIRMATION TEST

In general, the insulator movement is affected
acceleration and the load coming from the road aser
Therefore, the stroke measured in Fig. 8 shoulddmvertec
into a load to conduct an insulator reproductiopegiment.
The conversion of the stroketo a load was performed |
recording the load change depending on the straoka the
load cell after installing the new insulator (whiglas uset
when measuring Fig. 10(a)) on the subcomponergrtesig.
11 shows the experiment device composition. nsure exact
noise measurement, the reactions which occur dutig
insulator operation were measured by repeating
noise-generating section 1359 seconds (Fig.8) 10 tim
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Fig. 11Composition of insulator noise confirmation expesitt
devices

With the newly developed noise confirmation tedie
acceleration data of the new insulator and the ussalator
generating noises were compared (Fig. 12). Thdatmunoise
confirmation test was conducted in a general lai,in an
anechoic room. Awordingly, both the new insulator and 1
used insulator generated additional £0.15 g ofewdue to th
noise occurring during the hydraulic operationtHe case @
the used insulator, the noises were generatedsitiqrs with
greater operation loadand frequencies. As a result, the t
test method developed in this study could reprodheaoise:
generated by the used insulator in the f
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Fig. 12Comparison of insulator noise generation degregaigw
insulator; (b) used insulator generg noises
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V. Discussion

A. Effects of Insulator Performance Degradation on Noises

An insulator is a core part which prevents the readace
vibrations and noises from reaching the car bod], [12]. The
noise evaluation test method developed in this ys
quantitatively confirmed the effects of the insalk
performance degradation on nois

TABLE |
THE CHANGES IN THE RUBBER HARDNESS AND COMPRESSION £
Mileage Production Hardnes: Compression

No. Acceleration(g)

(km) date chang set(C)
A-1 25,678 2008, 10 14 78.9% 1.24
A-2 25,758 2008, 09 8 56.7% 0.55
A-3 66,898 2005,12 17 78.9% 1.79
A-4 80,010  2005,10 17 68.9% 141
A-5 82,353 2006,02 17 72.2% 1.07
A-6 114,922 2007,12 9 48.9% 0.49
B-1 39,315 2007,07 9 57.5% 1.55
B-2 59,615 2007,01 13 55.0% 1.73
B-3 66,507 2006,11 7 45.0% 1.40
B-4 85,773 2006,07 13 70.0% 2.15
B-5 97,070 2006,05 14 77.5% 2.77
B-6 123,612 2006,12 1C 65.0% 1.60

Strut modules for each travel distance were cabbéor two
types of cars (Type A and Type B). The mor-state lab-based
noise evaluation test suggested in this study wea®pned tc
confirm the insulator noise characteristics. Aflee test, thi
insuator was disassembled to measure the hardnesge(8h
and the compression set (Tahl). The compression set
calculation method is shown in the followi(3).

c=Y"h 100 (3)
th—t,

Here,C : compression set (¢ t,: initial insulator rubber
thickness (mm),t,:
insulator disassembling (m, t,:
thickness (mm)

rubber thickness 30 minutes af

compressed rubber

The insulator temperature measurement data (Fig.
indicate that the temperature during stoppingghér than the
during driving. This means that, even when thedliag time is
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the same, the severity of a car with a long pedbdtopping
time (sut as a commuter car which drives on a downtown
with a traffic jam) is greater than that of a caithwlittle
stopping time (such as a car continuously runnimgrmexpres
way). The changes in the rubber hardness and cesiprese
summarized in Table konfirm that the insulator rubb
degradation is affected by the driving environmewtre thar
the simple travel distance or the time of car

Fig. 13 shows the results of comparison betweemuhber
hardness change and the acceleration charpending on the
compression set. The experiment results indicate the
acceleration, that is, the noise increases asuthiger hardnes
changes and the compression set incre
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Fig. 13Comparison of hardness and compression set: (& Ayfb)
Type B

B. Effects of Damper and Insulator on Noises Delivered

To see how the state of the damper and insulatachy
constitute a strut affects noises, an experimerst ezaducte:
with use of a used part of Type A. A moc-state lab-based
noise evaluatiortest was performed using new strut p
except the damper and insulator so that the effddise part:
other than the damper and insulator can be excludethe
experiment using a used damper and a used insul®out
of eight samples showed log greater vibrations which we
delivered to the car body through the insulatog(B4(a)). In
an experiment using the same damper and a nevatosugver
when the damper generated vibrations with greatatiens
between 5 g and 18 g, only vibratidmestween 0.35 g and 0.€
were delivered to the car body through the insul@w. 14(b)).
The experiment results show that the insulatorquarénce ha
greater effects on the vibrations and noises caet/éy the ca
body than the damper performance.
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Fig. 14Effects of insulator performance on noises: (ajlussulator;
(b) new insulator

C.Improvement of Insulator Durability Test Method

Existing insulator durability tests are carried bytapplying
certain repeated compression and tension loadhe insulator
at room temperature. In this case, rubber softetdkgs plact
due to the repeated loads, failing to reproducbeubardening
which occurs in the field. In addition, noises ao¢ confirmec
even with the insulator noise confirmation tesig. 15(a)). To
resolve these problems, a cyclic reproduction tests
developed by considering the insulator's use emnwirent
condition, that is, the temperature condition. @& obtaine:
through the newly developed reproduction test eafion the
naise reproduction as shown in Fig. 15
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Fig. 151Comparison of insulator noise generation degrgex@ting
durability test; (b) cyclic durability te

VI. CONCLUSION

This study developed a test method which can eta
noises in a module state of the suspension stmi$ pad it
confirmed the effects of the insulator performanocesoises
The results showed that the structural noisesel@i/to the ca
body weregreatly affected by the insulatc

According to the analysis results of the n-generating
insulator parts, the structural noise deliveredh® car bod»
increased as the performance degradation of thigerupart,
that is, the hardness change and compressioncseased

The insulato durability test based on the application
simple and mechanical repeated loads fails to ceielyl
reproduce the rubber hardening phenomenon occuimitige
field. The cyclic test considering the temperataomdition
could reproduce this phenomencdmost completely and the
noise evaluation test could confirm the noise répation.

The noise evaluation test developed in this stadxpectet
to be effectively used as a method that can red@id claims
and identify problems occurring in the ial period of strut part
development.
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