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KYB Corporation

(Kayaba Industry Co., Ltd. employed “KYB Corporation” as the popular name from October 1st, 2005.)
World Trade Center Bldg., 4-1, Hamamatsucho 2—chome,

Head Office

Overseas Subsidiaries and Affiliates

KYB Europe Headquarters GmbH
Kimpler Str. 336, 47807 Krefeld,
Germany
TEL: (49)2151 9314380
FAX:(49)2151-9314330
KYB Europe Headquarters B.V.
Godsweerdersingel 77, 6041 GK Roermond, The Nether-

lands
TEL:(31)475-3863-53
FAX:(31)475-3863-40

KYB (China) Investment Co., Ltd.
Wei 3 Road 121, dingmao,
Zhenjiang New Zone,
Zhenjiang, Jiangsu 212009, China
TEL:(86)511-88882057
FAX:(86)511-88887615

KYB Americas Corporation (Indiana)
2625 North Morton, Franklin, IN 46131, US.A.
TEL:(1)-317-736-7774
FAX:(1)-317-736-4618

KYB Americas Corporation (Detroit Branch)
26800 Meadowbrook Road Suite 115 Novi, MI 48377,
USA.
TEL:(1) -248-374-0100
FAX:(1)-248-374-0101

KYB Americas Corporation (Chicago)
180 N.Meadow Road Addison, IL 60101, U.S.A.
TEL:(1) -630-620-5555
FAX:(1)-630-620-8133

KYB Suspensions Europe, S.A.
Ctra. Irurzun S/No,
31171 Ororbia (Navarra), Spain
TEL:(34) 948-421700
FAX:(34)948-322338

KYB Advanced Manufaturing Spain S.A.
Poligono Industrial Perguita Calle B, No. 15, 31210 Los Ar-
cos (Navarra), Spain
TEL:(34) 948-640336
FAX:(34)948-640328

KYB MANDO do Brasil Fabricante

de Autopecas S/A.
Rua Francisco Ferreira da Cruz Street, No 3000, Fazenda
Rio Grande, Parana, CEP83820-000 Brazil
TEL:(55) 41-2102-8200
FAX:(55)41-2102-8210

KYB Suspansiyon Sistemleri Sanayi ve Ticaret, A.S.
Reysas Lojistik i¢i Yukar: Kirazca Koyii Eskisehir cad. No:
21/A Arifiye/ADAPAZARI, Tiirkiye.
TEL:(90) 224-4429112
FAX:(90)224-4429113

KYB Industrial Machinery

(Zhenjiang) Ltd.
Wei 3 Road 38, dingmao, Zhenjiang
New Zone, Zhenjiang,
Jiangsu 212009, China
TEL:(86)511-88891008
FAX:(86)511-88886848

KYB Manufacturing Czech s.r.o.
U Panasonicu 277,
Stare Civice, 530 06, Pardubice,
Czech Republic
TEL:(420) 466-812-200
FAX:(420)466-812-281

KYB Steering Spain, S.A.
Poligono Industrial de Ipertegui No. 2, nave 12, 31160,
Orcoyen (Navarra), Spain
TEL:(34) 948-321004
FAX:(34)948-321005

KYB Steering (Thailand) Co., Ltd.
700/460 Moo 7, T. Don Hua Roh,
A. Muang, Chonburi 20000,
Thailand
TEL:(66) 38-450076
FAX:(66)38-454313

KYB (Thailand) Co., Ltd.
700/363 Moo 6,
Amata Nakorn Industrial Park 2,
Bangna-Trad Road, K.M. 57,
Tambol Don Hua Roh,
Amphur Muang, Chonburi 20000, Thailand
TEL:(66) 38-469999
FAX:(66)38-458331

Minato—ku, Tokyo 105-6111, Japan

KYB Manufacturing Taiwan Co., Ltd.
No. 493, Kuang Hsing Road,
Pa Teh City, Tao Yuan Hsien,

TFI (886)3 3683123
FAX:(886)3-3683369

KYB Manufacturing Vietnam Co., Ltd.
Plot 110-11-12,
Thang Long Industrial Park,
Dong Anh Dist,, Hanoi, Vietnam
TEL:(84)4-881-2773
FAX:(84)4-881-2774

KYB Hydraulics Industry

(Zhenjiang) Ltd.
Wei 3 Road 121, dingmao,
Zhenjiang New Zone,
Zhenjiang, Jiangsu 212009, China
TEL:(86)511-88897200
FAX:(86)511-88897222

Takako America Co., Inc
715 Corcy Road, POBox 1642 Hutchinson, KS 67504-1642,

USA

TEL (1)620-663-1790
FAX:(1)620-663-1797
TAKAKO VIETNAM Co.,Ltd.
27 Dai Lo Doc Lap, Vietnam Singapore Industrial Park,
Thuan An Town, Binh Duong, Vietnam
TEL:(84) 650-378-2954
FAX:(84)650-378-2955
Wuxi KYB Top Absorber Co., Ltd.
No. 2 Xikun North Road,
Singapore Industrial Zone,
Wuxi New District, Jiangsu 214028, China
TEL:(86)510-85280258
FAX:(86)510-85280616
Vinh Phuc Jing Long Industrial Co., Ltd.
Khai Quang Industrial Zone, Vinh Yen City, Vinh Phuc
Province, Vietnam
TEL:(84)211-372-0146
FAX:(84)211-372-0147
KYB Mexico S.A. de C.V.
Circuito San roque Norte 300, Santa Fe II Industrial Park,
36275 Silao, Guanajuato, México
TEL:(52)472-7489192
KYB Motorcycle Suspension India Private Limited
F1 & F2 Block-B, Ameen Manor, No.138 Nungambakkam
High Road, Chennai-600034, Tamil Nadu, India
TEL:(91) 44-2833-2051
FAX:(91)44-2833-2050
KYB-Conmat Private Limited
702, 703, N.H.No.8, Por, Vadodara-391243, Gijarat, India
TEL:(91) 265-2647276
FAX:(91)265-2630763
Chita KYB Manufacturing (Zhenjiang) Co., Ltd
No.8 Building-1F, New Energy Industrial Park (North Park),
No0.300, Gangnan, Road, Zhenjiang New District, Jiangsu
Province, China
TEL:(86)511-83172570
FAX:(86)511-83172590
Changzhou KYB Leadrun
glbratlon Reduction Technology
0.
19# Shunyuan Road, New District,
Changzhou, Jiangsu 213125, China
TEL:(86)519-85967282
FAX:(86)519-85105485
KYB-UMW Malaysia Sdn. Bhd.
Lot 8, Jalan Waja 16,
Telok Panglima Garang,
42500 Kuala Langat,
Selangor Darul Ehsan, Malaysia
TEL:(60) 3-3122-6222
FAX:(60)3-3122-6677
PT. Kayaba Indonesia
JL Jawa Blok ii No. 4,
Kawasan Industri MM2100,
Cikarang Barat 17520, Indonesia
TEL:(62) 21-898-1456
FAX:(62)21-898-0713
KYB CHITA Manufacturing Europe s.r.o
U Panasonicu 277, Stare Civice, 530 06 Pardubice, Czech
Republic

Tel : (81)3-3435-3511

PT.Chita Indonesia
JlJawa Blok i No4 Kawasan MM2100, Cikarang Barat
17520, Indonesia
TEL:(62) 21-89983737
FAX:(62)21-89983428
KYB Europe GmbH
Kimpler Str. 336, 47807 Krefeld,
Germany
TEL: (49)2151 931430
FAX:(49)2151-9314320
KYB Latinoamerica S.A de C.V.
Blvd. Manuel Avila Camacho No. 32, Int. 403,
Col. Lomas de Chapultepec, Del. Miguel Hidalgo, DF,
11000, Mexico
TEL:(52) 55-5282-5770
FAX:(52)55-5282-5661
KYB Trading (Shanghai) Co., Ltd.
B1008-1009 Far East International Plaza, No. 317 Xianxia
Road Shanghai 200051, China
TEL:(86) 21-6211-9299
FAX:(86)21-5237-9001
KYB Asia Co., Ltd.
105/1-2 Moo 1, Bangna-Trad Road
K.M.21, Srisajorakaeyai,
Bangsaothong, Samutprakarn 10540,
Thailand
TEL:(66) 27-400801
FAX:(66)27-400805
KYB Middle East FZE
261819 LOB16-302 Jebel Ali Free Zone Dubai, UAE.
TEL:(971)4-887-2448
FAX:(971)4-887-2438
KYB Eurasia, LLC
BC “Cherry Tower” 56, Profsoyuznaya Street, Moscow
117393, Russia
TEL:(7)495-781-88-52
FAX:(7)495-781-88-53
KK Hydranlics Sales (Shanghai) Ltd.
A2913 The Place Tower, 100Zunyi Road, Shanghai 200051,

Chi
TEL (86)21 -6235-1606
FAX:(86)21-6295-7080
KYB Panama S.A.
P.H. WORLD TRADE CENTER Piso 17, Oficina 1705,
Marbella, Panama, Republica de Panama 0832-00759
TEL:(507) 213-8300
FAX:(507)213-8301
KYB Technical Center
(Thailand) Co., Ltd.
700/363 Moo 6,
Amata Nakorn Industrial Estate,
Bangna-Trad Road, K.M. 57,
Tambol Don Hua Roh,
Amphur Muang, Chonburi 20000, Thailand
TEL:(66) 38-46-8251
FAX:(66)38-46-8252
KYB International America, INC
2625 North Morton, Franklin, IN 46131, US.A.
TEL:(1) 317-346-6719
FAX:(1)317-736-4618
PT. KYB Hydraulics Manufacturing Indonesia
JL Irian X Blok RR No. 2 Kawasan Industri MM2100, Desa
Cikedokan, Kec. Cikarang Barat 17845, Kabupaten Bekasi,
Indonesia
TEL: (62)21-29922211
FAX: (62)21-29922211
Comercial de AutopeCas KYB do Brasil Ltda.
Rua Cyro Correia Pereira, 2400 Suite 07-Cidade Industrial,
Curitiba-PR, 81460-050, Brazil
Tel: (55)41-2102-8244
KYB China Analyst Co., Ltd.
Ist Floor, No. 12 Building, 2.5 Industrial Park, New Town
Of Science and Technology, New Area, Zhenjiang, Jiangsu
212000, China
TEL: (86)-0511-88880691
FAX: (86)-0511-88880865
Chita KYB Manufacturing (Zhenjiang) Co., Ltd
No.8 Building-1F, New Energy Industrial Park (North
Park), No.300, Gangnan,
Road, Zhenjiang New District, Jiangsu Province, China
TEL: (86) 511-83172570
FAX: (86) 511-83172590
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Friction Reduction Effect Through Alternative Lubricants on
Aluminum Alloy Coated via Plasma Electrolytic Oxidation
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protection, technical innovation for our hydraulic
component is required as well. Focusing on
material techniques, environmentally acceptable
lubricants (EALs) and light weight material
would be applied for new design hydraulics, in
order to protect the environment against oil spill
or leakage and to reduce CO, emissions. Many
researchers have been studying lubricants on
steel for many decades, however the lubrication
research on light weight materials (e.g., aluminium
alloy) is very limited. For example, novel surface
treatments using plasma electrolytic oxidation

(PEO) technique significantly improves wear
resistance of aluminium alloys, however systematic
study on the interaction of EALs lubricating
aluminium alloy coated by PEO remained so far
limited. Since a hydraulic system using PEO and
EAL is expected, it is essential to investigate the
tribological properties of such material
combination.

In this paper, the friction and wear properties of
an aluminium alloy coated by PEO under
lubricating with EALs (polyalkylene glycol (PAG)
or TMP-ester additivated with common anti-wear
additive) are reported. The lubricity of the EALs
on the PEO was better than polyalphaolefin with
ZnDTP.
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- INTRODUCTION

Hydraulic fluids/lubricants are an element of
mechanical parts and they are composed of base
oil and various additives. The lubricating
mechanisms have been studied for many decades
mainly for frequent materials used in industries
such as steel and cast iron. A well-known anti-
wear additive is zinc dialkyldithiophosphate, which
most effectively prevent wear of sliding parts”.
Recently, due to the environmental issues,
functional additives with low aquatic toxicities are
required for environmentally acceptable lubricants
(EALs) in order to develop new lubricant

29 with equivalent performance. In

technologies
the aim of promoting and distinguishing EALs
from “classic” lubricants, environmental labels are
used (Fig. 1). In order to meet the environmental
criteria, esters are commonly used as base oils,
which are ready (ultimate) biodegradable and less
toxic to aquatic species. Polyalkylene glycols

(PAGs) are also used in specific applications and
meet the eco-tox criteria. The functional and
environmental profile of PAGs can be individually
tailored through the backbone of the base oil
molecule”.

abel

www.ecolabel.eu

Fig. 1 Environmental labels

In mechanical parts, various materials are used
like steel, aluminium alloys, titanium alloys,
polymers and their composite materials, and so on.
Except for steel, aluminium alloys are most
commonly used light-weight material, which
possesses excellent mechanical and physical
properties for machine parts. However, aluminium
alloys are soft and limited due to the poor wear
resistance. When aluminium alloy is requested as
sliding material, anodic oxidation processes can be
applied. For further high wear resistance, the
novel plasma electrolytic oxidation (PEO)
represents an additional option. The PEO can
increase surface hardness of aluminium alloys up
to HV2000° by forming a dense and thin nano-

crystalline alumina-type ceramic film. In general,
alumina is chemically stable against most liquids,
whereas it might specifically interact with polar
molecules of lubricating oils due to its ionic
bonding6>.

The aim of the present study was to investigate
influence of EALs on aluminium based alloys to
identify candidates for high loaded sliding parts
under boundary lubricating condition. In this
paper, the effect of formulated oils with typical
anti-wear additives on tribological properties of
PEO film on A6061 alloy will be discussed.

EXPERIMENTAL

2.1 Lubricants

A polyalphaolefin (PAO), a polyalkylene glycol

(PAG) and a trimethylolpropane ester (TMP)
were used as base oils for test formulations used
in this study. The same ISO viscosity grade (ISO
VG46) was selected for all base oils.

Esters and polyglycols contain molecular
oxygen. TMP has three ester bonds (-COO- in
triesters), which are located mainly in the center
of the molecule. In contrast, polyglycols have an
“ether” link (C-O-C), e.g., an oxygen polarity, in
each monomer of the whole backbone.
Consequently, it is likely that the polarities of the
ionic bonds of the alumina will interact with the
polarities of the oxygenates in the backbones of
the esters and polyglycols.

In order to investigate the effect of additives, a
widely used anti-wear additive zinc
dialkyldithiophosphate (ZnDTP) and an organic
sulfur containing additive dibenzyldisulfide

(DBDS) were selected and blended each by Iwt.-
% into the three base oils to make 6 different

Table 1 Oil samples
Code Base oil +ZnDTP +DBDS
PAO PAO
PAG PAG
TMP TMP
PAO+Zn PAO +1wt-%
PAG+Zn PAG +1wt-%
TMP+Zn TMP +1wt-%
PAO+S PAO +1wt.-%
PAG+S PAG +1wt-%
TMP+S TMP +1lwt-%

_5_
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additivated test formulations (Table 1).

2.2 Plasma electrolytic oxidation coatings

A plasma electrolytic oxidation (PEO) coating
was deposited on A6061-T6 by Keronite
International Ltd. The thickness of the as-
deposited film was approximately 45 um. The
polished disks were used for tribological tests. The
surface roughness and thickness of the film after
the polishing are listed in Table 2.

Table 2 Plasma electrolytic oxidation coating

Coating | Phases Hardness | Thickness | Roughness
[GPal* (um] Ra [um]
/y-Al,05*
ppo | YT g 32 0.30
polished

*Characterization from XRD
** by Fischerscope at 1000 mN

2.3 Friction and wear evaluation

A roller-on-disk oscillating tribo-test (SRV™)
was made to evaluate friction and wear behavior,
according to DIN 51834-4. The test condition is
listed in Table 3. Specimens were ultrasonically
cleaned with petroleum spirit. A roller made of
bearing steel (SUJ2) was fixed with a holder,
where the roller was deflected by 10° to the
oscillating direction (Fig 2). Disk was made of
A6061-T6 aluminium alloy coated by the PEO.
Lubricant was dropped onto lower disk specimen
and formed a meniscus at the edge of the roller.
The normal load was controlled by electric motor.
The averaged coefficient of friction (COF),
maximum COF and several friction hysteresises
were recorded during the test by a digital data

Table 3 Test condition

Normal load [N] 50
Frequency [Hz] 50
Temperature [°C] 80
Test duration [min] 120

Fig. 2 Standard inclined roller in SRV" tribometer

acquisition system. After the test both upper and
lower specimens were cleaned with the petroleum
spirit. The wear scar on the roller was measured
with an optical microscope and the disk with a
profilometer.

RESULTS AND DISCUSSIONS

3.1 Wear

Fig. 3 shows the result of wear evaluation by
the standard inclined roller SRV" test in steel/
PEO lubricated with the various oils.

The wear rates of SUJ2 rollers were in the
order of 10 ’mm®/Nm and one order of magnitude
higher than that of disks due to the contact
geometry. The lowest wear rate on roller was
obtained for PAO+Zn. PAG base oil also showed
comparatively low wear on roller. DBDS, as a
sulfur carrier, tended to increase in all base oils
the wear on roller.

The wear on the PEO disk was very low
regardless of the lubricant type, especially
extremely low wear rates of less than 10 ®mm?®/
Nm were obtained when lubricated by TMP
series.

1.00E-06
E
Z 1.00E07 1
3t
E
2
© [ |
= 1.00E-08 Roller
3 HDisk
H
1.00E-09 +— - -
S o [7:] S o [72] S o [72]
s12/8|g/2/8|g(28
gINlelginlelglinle
PAO PAG ™P

Fig. 3 Wear rate of PEO coatings

3.2  Friction behavior

Friction behavior was much more influenced by
the additives. Fig. 4 to Fig. 6 show the evolution of
COF as function of stroke position (as hysteresis)
over sliding time for PAO, PAG and TMP blended
oils, respectively.

The COF of PAO base oil was initially
approximately at 0.11 and slightly increased by
sliding time. ZnDTP increased friction for PAO
and PAG (average COF of 0.12 and fluctuated
friction hysteresis), but did not influence friction

_6_
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0, I ——— COF (max-min)/2 (] ~——— COF (max-min)/2
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—— COF average
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——— COF average

éu_zn ] —— COF (max-min)/2
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N
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(c)PAO+S 5360 (c)PAG+S 500
Fig. 4 Friction behavior of PAO blended oils Fig. 5 Friction behavior of PAG blended oils
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Fig. 6 Friction behavior of TMP blended oils

in TMP. DBDS had a friction reduction effect for
all base oils after rubbing for 2 hours, but initial
COF's were higher than that of the base oils.

The lowest COF at test end was found with
TMP+S combination. TMP+S showed 45% lower
friction in comparison to PAO+Zn (reference).
Furthermore, a positive effect with regard to
friction behavior could also be achieved by oil
formulation of PAG+S which showed 30% lower
friction than the reference oil.

3.3 Tribochemistry of the blended EALs in
SUJ2/PEO system

The anti-wear mechanisms of ZnDTP and
DBDS have been studied by many researchers in
hydrocarbon base oils, such as mineral oil and
PAO for steel/steel tribosystem. Tribochemical
reaction will build tribofilms composed of complex
reaction products from additives and surface
oxides. The tribofilm will protect the sliding
surface and improve wear resistance and may
reduce friction. In order to produce tribofilms,
additive must initially adsorb onto the surface.
When a polar base oil is used as carrier fluid, the
base oil and the additive will compete with each
other. Consequently, base oils with higher polarity
showed different wear and friction behavior by
use of steel/PEO in the present study.

Scanning Electron Microscopy/Energy
Dispersive X-ray Spectroscopy (SEM/EDX)
analysis on wear scar was conducted to
understand the mechanism. Tribofilms from
ZnDTP can be detected through zinc, phosphorus
and sulfur, whereas the metal-free DBDS only
through sulfur. These elements are not present
either in the tribomaterials or the base oils.

Observing the wear track of the SUJ2 roller
lubricated with PAO base oil (Fig. 7 (a)), micro-
damage and oxidation were detected which can
be the evidence of the relative high friction and
adhesive wear. This may cause seizure when
more severe contact condition is applied. The
addition of ZnDTP into PAO prevented such
micro-damage by tribofilm formation containing
Zn, P and O, whereby the friction value was at the
highest level. Smooth sliding surfaces with sulfur
containing film were yielded by PAO+S.
Additionally, the friction was reduced.

_8_
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Fig. 7 SEM image and EDX spectrum on SUJ2 roller lubricated with PAO blended oils
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Fig. 8 SEM image and EDX spectrum on SUJ2 roller lubricated with PAG blended oils
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Fig. 9 SEM image and EDX spectrum on SUJ2 roller lubricated with TMP blended oils

It was expected, that due to the polarity of PAG
and TMP, the PEO sliding surfaces were to
protect against wear. Fig. 8 (a) shows that PAG
base oil lubricated the surface better than PAO
base oil, as less or no micro-damage was observed
on the wear track of the SUJ2 roller. TMP ester
provided much smoother sliding surface as shown
in Fig. 9 (a). For this reason, PAG and TMP are
also used as lubricant additives in combination
with base oils offering insufficient lubricity.

Both blended PAG oils formed tribofilms, but in
contrast to blended TMP less additive elements
were found within the wear scar. In Fig. 8 (b)
shows the EDX spectrum of PAG+Zn. Zinc,
phosphorus, sulfur and slight oxygen-level were
detected nearly in the same range found for
PAO+Zn. For PAG+S, a small amount of sulfur
was detected.

Considering Fig. 9 (b) and (c) it would appear
that any tribofilm for two blended TMP was not
observed by EDX analysis on the sliding surface
of the SUJ2 roller. Thus, the TMP base oil
probably has very strong interaction onto surface

of metal and metal oxide. In terms of wear, TMP
itself proper lubricated the PEO surface resulting
in extremely low wear. It is known that esters can
form anti-wear aluminium soap on alumina
rubbing surface” .

Fig. 10 compares FE-SEM images of the wear
tracks on PEO lubricated with PAG+S and
TMP+S. Sulfur and iron were detected for
PAG+S, while no sulfur but only small amount of
iron was detected for TMP+S. Pad-like tribofilm
can be observed for PAG+S as shown in
Fig. 10 (a) (recognized as relative white contrast
arrowed in the image). This might be compounds
containing iron and sulfur, as these elements were
detected by EDX (Fig. 10 (c¢)). On the other
hand, TMP+S did not form such a solid tribofilm,
only sub-micron size particles (arrowed in Fig. 10
(b)) were observed. These particles might be the
soap-like triboreaction products mainly caused by
TMP base oil, containing no sulfur (Fig. 10 (d)).
These films formed on rubbing surface probably
reduced the friction.
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(a) SEM image of PEO lubricated with PAG+S
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(c)EDX spectra on PEO lubricated with PAG+S
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(b)SEM image of PEO lubricated with TMP+S
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(d)EDX spectra on PEO lubricated with TMP+S

Fig. 10 SEM image and EDX spectrum on wear track of PEO coating

n CONCLUSION

In this paper, the influence on the tribological
properties of PEO by EALs was investigated
compared with PAO formulations”. The following
conclusions can be drawn.

(1) On PEO sliding against steel, the base oil type
significantly influenced the friction and wear
behavior.

(2) PAO had the highest level of COF when
either base oil or ZnDTP blended PAO was
used, whereas DBDS had friction reduction
effect. Hydrocarbon-base oil needs to be
additivated with anti-wear additive to protect
sliding surfaces.

(3) PAG base oil lubricated the steel well and also
PEO comparable to PAO. Both formulations
with ZnDTP and DBDS formed tribofilms.
PAG+Zn showed similar high friction as
PAO+Zn. DBDS reduced the friction by forming
sulphur containing solid tribofilm on PEO.

(4) The best tribological performance on PEO
was obtained with TMP regardless of the
formulation.

(5) The different influences of the tested
formulations on the tribological properties of
PEO can be interpreted by chemistry of the
backbone type of the base oil. The polarities
of PAG and TMP strongly influenced the

friction and wear in steel/PEO tribosystem,
while PAO has no polar part in the molecule.
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. INTRODUCTION

Biodegradability, toxicity, renewability and
bioaccumulation are the key words which are

Abstract

Due to restrictions, such as European regulation
EC/1907/2006 (REACH), substances for
environmentally friendly and biodegradable
lubricants getting more in focus of passenger car
OEM’s and suppliers R&D activities. Eco-tox
properties are now mandatory in the U.S. Vessel
General Permit. Goal of the present investigation
is to characterize the tribological performance of
different shock absorber fluids, including those as
environmentally acceptable lubricants (EAL)
declared. Therefore, four lubricants differing in
their base oil were tested under laboratory
conditions, in bench tests and finally in vehicle
tests. The oils tested are composed of Group III-
mineral base fluid and polyalkylene glycol (PAG)
based oil, which is classified as readily
biodegradable EAL. All oils are fully formulated
with standard additives for shock absorbers.
Friction properties under oscillating sliding
conditions and Stribeck-curves were determined
besides damping force in real applications.
Subjective car evaluation and sensor-based
objective data recording on public roads gave
good conclusions how the oil and its tribological
properties can influence the driving characteristics
(vehicle stability and comfort).

closely linked to the environmental impact of
lubricants such as engine oils and hydraulic fluids.
These issues of bio-no-tox properties are getting
more and more in focus of original equipment

__13__
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manufacturers OEM’s in automotive, marine and
hydraulics sectors. Over the last 30 years
European, American and Asian governments
released several regulations which address the
toxicity of chemicals (1907/2007/EC REACH) or
provide the legal basis for lubricants classifications
(EPA Vessel General Permit) and so called
Ecolabels (2005/360/EC). The European REACH
regulation (Registration, Evaluation, Authorization
and Restriction of Chemicals) communicate
information on chemicals ensuring that
manufacturers and customers are aware of health
and safety characteristics of the products. Many
countries worldwide offer eco-labels for several
industrial product categories including lubricants
and their additives. These labels provide a
definition which product have a low environmental
impact, do not affect aquatic organisms or other
animals and furthermore consider the aspect of
biodegradability and renewability. Unfortunately
these legislation vary in a wide range from
country to country and indicate a lot of “bio and
eco” terms such as':

- EAL for Environmentally Acceptable Lubricants
- ECL for Environmentally Considerable Lubricants
- EFL for Environmentally Friendly Lubricants
- Hydraulic fluids for environmental impact

- Biodegradable fire resistant hydraulics fluids
- Eco-evaluated/eco-friendly fluids

- Oil respectful of the environment

- Eco lubricants

In comparison to other existing national eco-
labels, such as the Blue Angel (Germany), the Eco
Mark (Japan) and the Nordic Swan (northern
European countries), the EU Ecolabel intensified
the criteria for an approval as environmental
friendly lubricant. In order to get the approval by

EU Ecolabel regulation, the lubricant has to fulfill
several criterions. The following points listed
below are valid for hydraulic fluids (listed as
Category 1 lubricants)?"®:

- No R phrase triggering materials (Risk phrases)

- Cumulative mass percentage <0.1% of
substances categorized ‘very toxic (G)’ with
acute aquatic toxicity <1 mg/L

- Readily aerobic biodegradation > 90%

- No halogen or nitrite compounds or heavy metals

- Renewable carbon content > 50%

- Impact on CO, emission as outlined in the
standard

- ISO 15380 standards for technical performance
criteria

Environmentally acceptable lubricants are
commonly classified according the type of base
fluid used in the formulation. Beside vegetable oils,
produced by use of canola, soybeans or sunflower
crops, synthetic esters and polyalkylene glycols
(PAG) represent the major share of these base
fluids. Group I, II, III and IV base oils which are
mainly related to mineral base oils cannot be
classified as EAL or environmentally friendly
lubricants due to their high toxicity against
organisms, inherently low range of biodegradation
or not given renewability. The United States
Environmental Protection Agency (EPA)
summarizes the major factors of different base oil
types regarding their biodegradation, toxicity and
bioaccumulation potential. Comparing these factors
the majority of currently used lubricant base oils
have a low grade of biodegradation, a high
potential for bioaccumulation and a measurable
toxicity towards marine organisms“. PAGs, esters,
and vegetable oils are candidate base stock for
lubricants with low environmental impact (see

Table 1 Comparative environmental behavior of lubricants base oil type. &
Base 0il Base 0Oil Source Biodegradation Bioaccumulation | Toxicity
Mineral Oil Petroleum Persistent/Inherently Yes High
PAG Petroleum - synthesized hydrocarbon Readily No Low
Synthetic Ester Biological sources Readily No Low
Vegetable Oil Naturally occuring vegetable oils Readily No Low
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Polyalkylene glycols offer an attractive
alternative to conventional hydraulic fluids due to
several special oil characteristics described in the
following context. The long history of PAGs goes
back to the early 1940s where it was developed as
one of the first synthetic base oils. The big
advantage of PAGs is that they can be chemically
designed to meet a wide range of performance
characteristics in industrial applications. There is
no other base available on the market which offers
such versatility.

The manufacturing process of PAGs includes
the reaction of an initiator (for example butanol)
with one or more alkylene oxides (EO - ethylene
oxide, PO - propylene oxide or BO - butylene
oxide) under alkaline conditions and elevated
temperatures (see Fig. 1). It is possible to add the
oxides as single oxides forming a homopolymer
such as polyethylene glycol (PEG) or as random
oxides creating a copolymer of ethylene - and
propylene oxide (EO/PO copolymer) for example.
The choice of initiator and alkylene oxides and
their different ways to react gives PAGs a wide
range of intrinsic properties and makes the
creation of tailor-made products possible.
Additionally, PAGs have excellent lubricant film
forming characteristics. The reason for this is the
oxygen rich chemical structure of PAG (high
polarity).

In comparison to PAG, mineral base oil,
produced from crude oil or by synthetizing
petroleum components, consists of a long chain
(backbone) of hydrocarbon molecules without any
oxygen. Every third atom along the backbone the

Polymerization
—_—

Functional Fluids

- POLYETHYLENE GLYCOL (PEG)
- Random EQ/PO Copolymers (PAG)

abatnactes
cat. - POLYPROPYLENE GLYCOL (PPG)

H,
H H
CH
mc/‘“*/“" /\.%/\. u"

- POLYBUTYLENE GLYCOL (PBG)

. A

Polymerization process of different polyalkylene glycol base oil types. Red colored atoms rep-

PAG polymer is an oxygen atom (see Fig. 1)
which results in a high affinity to metal surfaces.
This feature contributes moreover mild antiwear
and extreme pressure properties”. Typical oil

characteristics of PAGs are:

- Wide viscosity range (ISO VG 7 to 10000)
- High viscosity index (up to 300)

- Water solubility and oil tolerance

- Hydrolytic stability

- Oxidative and thermal stability

- High flash point and low volatility

- Good additive compatibility

- Biodegradability and low toxicity

The high hydrolytic stability of PAGs makes
them a good choice for industrial equipment used
around waterways. This is caused by the ability to
act as polymeric sponges binding the water, which
entered the system, through hydrogen bonding
and rendering it inert even at levels of up to
20,000 ppm (mineral base oil <500 ppm).

KYB is one of the world largest manufacturer of
shock absorbers and hydraulic systems. Therefore
a huge interest in improving these system is
always given. By definition shock absorber are
hydraulic or mechanical devices attached to car
chassis and car body structure. The main function
of the device is to damp the kinetic energy of road
shocks, caused by road conditions or severe
impacts, by converting it into another form of
energy (heat)?. Beside a high level of comfort for
driver and passengers as well as driving
performance and stability, car shock absorbers
make a significant contribution to driving safety
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(braking distance). A typical passenger car shock
absorber undergoes 75 million shaft cycles in
approximately 80,000 kilometers, which means 900
cycles per kilometer at various sliding speeds of
piston and piston rod. Using the shock absorber
longer than recommended by the passenger car
OEM several problems could occur and influence
the car security. Poor steering responsiveness,
lack of control, noises and a significant increase in
braking distance are the results of bad shock
absorber performance related to mileage and wear
reasons. Nowadays, a large number of shock
absorber is designed as so called ‘twin-tube’ shock
absorber, which means that it consists of two
cylinders (working or inner cylinder and outer
cylinder). Fig. 2 shows a sectional view of a
typical passenger car twin-tube shock absorber
including piston, bushing, and oil seal as main
sliding parts.

Piston rod

Qil seal
N, gas Bushing
chamber

Outer tube
Inner working |}
lind
et Compression
chamber

Fig. 2 Sectional view of a twin-tube shock absorber.

The outer cylinder serves as a reservoir for the
hydraulic fluid (approximately 300 ml per shock
absorber). The fluid valves in the piston and in
the stationary bottom valve control fluid flow
between both cylinders and regulate the damping
force. The valves in the piston have the highest
proportion of shock absorber damping
performance. The material combinations of the
main sliding parts in a shock absorber, which are
mainly influencing the friction force, are the
following:

- NBR-polymer (oil seal) - Cr®-plating (steel
piston rod)

- PTFE/Pb covered bronze (bushing) - Cr®"-
plating (steel piston rod)

- PTFE (piston ring) - steel (inner surface of
working cylinder)

Thus, the damping force itself consists of two
influencing forces, the hydraulic force (oil flow)
and the friction force of sliding parts. Since the
shock absorber fluid affects the damping
characteristics by its viscometric properties and
the lubricating properties of various sliding parts,
it has a huge influence on vehicles driving, comfort
and stability characteristics.

DEVELOPMENT AIM AND BACKGROUND

Aim of the present study was to investigate
influences of a PAG-based hydraulic oil on the
single tribological interacting parts of the shock
absorber in comparison to fluids with mineral base
oil. Therefore, four different types of shock
absorber oils with specific adjusted tribological
properties were selected. The lubricant is one of
the major influencing factor of the shock absorber
performance. For this reason several bench test at
KYB Basic Technology R&D Center were
conducted to evaluate the interaction of the main
sliding parts and oil, mentioned before. Bench test
of assembled shock absorbers (ASSY) by use of a
servo-hydraulic test machine should show
differences in damping force curves. Finally, the
oils selected were tested on a public road circuit
in a 3 liter rear-wheel drive car. Main target of the
test series was to analyze the influence of the oils
on driving performance (car stability) and
comfort during driving. Currently the influence of
shock absorber oil properties, friction between the
main sliding parts and the resulting car
performance is hardly understood and underrated.

TEST OILS AND -PROCEDURE

Four fluids were selected for the tests. Oils No.
23, No. 26 and No. 33 consists of a Group III
mineral base oil, whereas oil PAG 1-4 uses a
polyalkylene glycol as base stock. Additionally, the
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Table 2 Key properties of shock absorber oils tested.

No. 23 No. 26 No. 33 PAG 14
Base Oil - Group III Group III Group IIT Group V PAG
Kinematic 40°C| cSt 12.66 12.82 12.76 12.83
Viscosity 100°C| cSt 443 4502 4478 3.637
Viscosity Index (VI) - 317 321 320 184
Flash Point °C 140 140 148 208
Anillin Point °C 924 91.9 91.6 n.m.
Total Acid Number (TAN) - 2.06 1.74 142 1.46

base oil of PAG 1-4 can be classified as
environmentally acceptable lubricant according
Ref."”,” and” which means it is readily
biodegradable (OECD 301B/F).

The viscometric properties such as kinematic
viscosity, viscosity index and flash point are listed
in Table 2. Comparing the oils it becomes clearly
visible that the kinematic viscosity is nearly in the
same range of maximum 12.83 ¢St at 40°C. The
shock absorber oils based on Group III mineral oil
all have a viscosity index above 300 whereas PAG
1-4 shows with 184 a much lower value. Reason
for this is that PAG itself has already a
comparable higher VI than mineral base oils.
Thus, viscosity index improving additives are not
needed for many application where PAGs are
used. Furthermore, due to the chemical structure
of PAGs the flash point is much higher at around
200°C. All lubricants contain additive packages
including friction modifiers, antifoaming agents,
antioxidants, metal deactivators and antiwear
additives (for PAG 1-4 approximately 1.8 wt% in
total).

The oils can also classified by the frictional
impact. No. 33 and PAG 1-4 have very low friction
properties, which will be shown more in detail in
the following context. In comparison to these oil
No. 26 has the characteristic of increased friction
whereas No. 23 oil has the highest friction
properties of all oils tested.

The test procedure for the development oils can
be consists of three testing steps:

(1)Laboratory tests (pin-on-disc and ball-onthree-
plates test principles)

(2)Bench tests (damping force curves by Assy)

(3) Vehicle tests at KYB Suspensions Europe SA. (KYBSE)

Laboratory bench tests were conducted by
means of a self-constructed linear oscillating pin-
on-disc tribometer at 30°C oil temperature.
Thereby, the pin consists of the same rubber
material which is conventionally used for the
shock absorber oil seal. The disc counterpart was
made from a hard-chrome plated (Cr®) SUJ2 disc
representing the piston rod. The tests run for
approximately 40 minutes whereby the sliding
speed was reduced in eight steps from 30 mm/s
to 0.06 mm/s. This tests support a fast evaluation
of the shock absorber oils as well as the oil seal
materials and their frictional properties.
Additionally, Stribeck-curves were measured with
the tribology cell (T-PTD 200) of Anton Paar
rheometer MCR 302 at 20°C and —20°C (ball-on-
three-plates). Using the material combination
PTFE (plate) and steel (ball) the tests can
display the characteristics of the shock absorber
piston sliding against the inner surface of the
working cylinder. In these tests the sliding speed
was raised from 4.7E-5 up to 1.4 m/s sliding speed.
Damping force characteristics of the test oils were
determined by use of mass production shock
absorbers with identical setting (valve design) in
a servo-hydraulic bench testing machine (Kayaba
System Machinery Co., Ltd.). These test were
performed with a preconditioned shock absorber
at a temperature of 20°C £ 3°C and a stroke of
Ax==25 mm. A force sensor directly above the
piston rod, placed on the mounting point of the
machine in z-direction, detects changes in the
damping characteristics caused by different oils
and increased sliding speed over testing time.

In order to evaluate the oil influence on driving
performance and comfort, the four oils were tested
under authentic road conditions on a public circuit
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in Spain. Therefore, a 3 liter rear-wheel drive car
was selected as test vehicle. KYB Suspensions
Europe S.A. currently supplies the front and rear
shock absorber for this car. The shock absorber
were disassembled and the standard oil was
replaced by the oils described before for the tests.
During the tests several subjective parameters,
such as noise level, harshness, car-, steering- and
impact feeling were evaluated by the tests drivers.
Additionally multiple acceleration sensors and a
microphone inside the vehicle cabin measured
data to compare subjective feelings with analyzed,
objective test results. The sensor position in the
car are illustrated in Fig. 3.

rod:
- wpr-acceleration sensar PCH KV}
* haterieration saser [KTRSE)

Fig. 3 Sensor positions inside the test vehicle for
shock absorber oil evaluation tests at KYB
Suspensions Europe S.A.

n TEST RESULTS AND VEHCILE EVALUATION

(1) Laboratory tests

The test results obtained in KYB pin-on-disc
tribometer (Fig. 4) showed a significant difference
in coefficient of friction between the four oils.

Oil No. 23 (pink graph) showed, as might be
expected due to the additive package, the highest
friction in comparison to the other oils. Especially
in the low speed area of 0.06 mm/s the friction
value u of No. 23 is approximately four times
higher than of No. 33 (blue) and PAG 1-4

(yellow). PAG 1-4 itself has the lowest friction
up to 30 mm/s sliding speed. The u-values of PAG
1-4 range between 0.01 (at 0.06 mm/s) and 0.11
(at 30 mm/s), in case of oil No. 33 up to 0.19.
Beside the friction modifier, which is included in
the additive package, the higher polarity and
therefore better lubricating film formation
properties of PAG contributes a reduction in

friction. Furthermore, the low friction of PAG 1-4
and No. 33 contributes a reduction in sliding
noises. If oil seal material and lubricant are not
compatible a so called stick-slip phenomenon can
arise. Stick-slip can be described in that case as
alternating between sticking of oil seal and piston
rod to each other and sliding over each other, with
big variations in friction force. This includes in
particular the occurrence of noises in low speed
area of shock absorber movement and needs to be
prevented at any time.

0.3 KYB Pin-on-gisc tribometer

+ Line contact, ascillating siiding
= Sual palyear (pin), Cré-

025 piated 5LU2 d92)

« Sliding speed: 0.08 - 30 mmvs

= Temparsture = 30°C

+ Normal load Fy = 20 N

= Stroke Ax = 5 mm

o
g °
o L

Coefficient of friction p
-]

-
o
@

——

0.01 0.1 1 10 100
Sliding speed [mmi/s]

—No. 23 No. 26 ~—No. 33 PAG 1-4

Fig. 4 Coefficient of friction over sliding speed of
shock absorber oils tested with KYBs pin-on-
disc tribometer.

In addition to the pin-on-disc tests, a second
tribometer based on linear sliding principle was
chosen to investigate the friction of PTFE-piston
and steel surface of the inner shock absorber
working cylinder. Furthermore, the influence of
reduced temperature on oil friction was evaluate
by Stribeck curve recording up to 1.4 m/s sliding
speed (see Fig. 5).

Considering the Stribeck curves the different
friction characteristics at 20°C are not clearly
visible as in the pin-on-disc tests, but rather the
high friction oil No. 23 showed comparable low
friction when movement starts. All oils were at
nearly same friction level and did not show any
significant difference in Stribeck-curve
progression. The interaction of piston ring and
lubricant is of same high interest as the interaction
of seal and piston rod as mentioned before.
Considering the test results obtained in the
rheometer it became visible that the coefficient of
friction at the starting point of movement is
comparatively high. Especially fluid No. 26 showed
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and —20°C.

this behavior. However, PAG 1-4 offered lowest
friction up to sliding speed of 0.05 m/s. The area
of EHL regime (elastohydrodynamic lubrication)
of Stribeck-curve could not be mapped because of
a sliding speed limitation of the rheometer used
(14 m/s). Significant differences in the frictional
behavior became visible by an oil temperature
reduction to —20°C. Hereby, low the friction oils
PAG 1-4 and No. 33 had by far the lowest friction.
On the other hand the Stribeck curve progression
of PAG 1-4 has a small difference to the curves of
mineral base oil samples. Due to molecular
interactions PAG changes its cold temperature
viscosity faster than mineral oils. This leads to a
faster lubricating film formation with increasing
sliding speed. Thus, the transition in lubricating
regimes between solid, boundary and
hydrodynamic lubrication occur faster. Result of
this behavior is an obviously higher friction over
1.0 m/s sliding speed.

(2)Bench tests (ASSY)

Furthermore, low friction properties define also
the damping characteristics of shock absorber in
tests servohydraulic controlled bench tests (Fig. 6).
A sensor in the test machine measures the force
which is necessary to compress the shock
absorber as well as to rebound. Both force values
together result in the total damping force
depending on damper speed.

Especially the oil behavior in low speed area,
from 0.01 to 0.1 m/s sliding speed, is strongly
depending on low or high friction properties of the
oils. Oils with low friction in laboratory tests
revealed also lower damping forces. Here again,

Fig. 6 Damping force test results of rebound and
com pression side (ASSY).

low friction has a strong influence on the comfort,
perceived road contact and feeling of vibrations.
By increasing the piston speed, the damping force
increases progressively and the influence of
viscometric oil properties raises.
(3) Vehicle tests at KYBSE

Target of the vehicles tests performed in Spain
was on the one hand to evaluate the stability and
comfort characteristics of the shock absorber oils
and on the other hand to compare this subjective
data with measurement data recorded by various
sensor in the test car. In order to analyze comfort
and stability representative test tracks on the
circuit were selected. These test tracks showed
some clear differences in the cabin noise level
recorded by a microphone and also in the cabin
and shock absorber acceleration in z-, y- and
rolling direction during driving. In total 11 test
tracks were selected to evaluate several subjective
test parameters and to compare the oils
respectively. Fig. 7 shows the results of one
selected test track with high level of vehicle
dynamics and therefore predestinated for stability
analysis. The sensor raw data was prepared by
use of LabView and a PSD filter (power spectral
density). A PSD-spectrum describes the power
variation of a signal over frequency in an
infinitesimal frequency band. Considering the
diagrams in Fig. 7 and Fig. 8 a lower PSD value
indicates higher stability or lower acceleration
respectively. In the frequency area of 04 to 4 Hz,
which is mainly related to greater movements of
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the vehicle, the high friction oil No. 23 and PAG
1-4 revealed highest cabin stability (Fig. 7 top)
and less rolling characteristics (Fig. 7 bottom).
This coincides with the subjective evaluation of
the track. No. 26 and No. 33 oil were less stable.

The diagrams in Fig. 8 are recorded at a test
tracks with very rough and noise-/vibration
producing road conditions. Here, the
measurements allow conclusions to be drawn
about the road contact of the tire. The data
reveals less accelerations of the shock absorber
and thus of the cabin. Due to the higher stability
and low friction characteristics of No. 33 and PAG
1-4 the road contact and therefore steering
response could be improved in comparison to No.
23 and No. 26.

Beside stability and driving performance
comfort characteristics for driver and passenger
are essential. Similar to the car stability evaluation
representative test tracks were selected to
measure the cabin noise level under different
conditions. Hereby, the influence of a sharp road
impact (bridge expansion joint) on a highway at
120 km/h (Fig. 9) and a test track with rough
road surface at 70 km/h driving speed (Fig. 10)
were chosen.

As the test vehicle passed the sharp, metallic
bridge expansion joint a clear increase in the
cabin noise level could be recognized (see Fig. 9).
However, there was a big difference between the
four test oils. No. 23 and No. 26 oil were nearly in
the same noise range, whereas the oils PAG 1-4
and especially No. 33 could absorb the impact
better. This is reflected in a reduction of the cabin
noise pressure level by 15 dB(A) for PAG 1-4
and 2 dB(A) for No. 33 respectively.

Under continuous driving on a road surface
which occurs a high noise level inside the cabin
No. 33 and PAG 1-4 oil showed their benefits once
again (see Fig. 10). Whereas the noise pressure
level over time could be reduced by 25 dB(A)
with PAG 14 in comparison to No. 23 oil, No. 33 oil
were nearly an the same level. This effect became
perceptible in the frequency area of 2000 -
8000 Hz, which is still audible for the human ear.
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Fig. 9 Bridge expansion joint impact noise (cabin
noise pressure level) at 120 km/h.
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Fig. 10 Background noise inside the cabin: Noise
over time (top) and sound power over fre-
quency (bottom) at 70 km/h driving speed.

SUMMARY AND CONCLUSIONS

Aim of the study was to evaluate the
tribological performance of a polyalkylene glycol-
based oil (PAG) as new type of shock absorber
fluid. Beside of several chemical and viscometric
advantages PAG can be classified as
environmentally acceptable lubricant, which takes
this oil to a special position on the sales market in
comparison to mineral base oils. The laboratory
and bench conducted draw the conclusion that
PAG 1-4 as fully formulated oil offers very low
friction characteristics in combination with the
main sliding parts of a shock absorber.
Furthermore, the vehicle tests under real driving
conditions at KYBSE (Spain) showed a highly
promising performance with regard to vehicle

TARGET
X
Valve

modiﬁcatiuy

Stability and Controllability

Riding Comfort

Fig. 11 KYB oil classification regarding stability/con-

trollability and riding comfort.

stability and comfort.

Fig. 11 shows a summarizing comparison of all
oils tested, No. 23 as high friction oil, No. 26 as
medium friction oil, No. 33 as low friction oil and
PAG 1-4 as low friction oil with an alternative
base oil. It is clearly visible that the change of
mineral oil based shock absorber oil to PAG 1-4
can have a positive effect especially on the vehicle
stability and controllability. In order to improve
the comfort characteristics of this kind of oil a
modification of the shock absorber piston valve
setting would be necessary. However, a very good
compromise between riding comfort and stability
could be found. Whereas the other oils could only
be classified as oil with higher comfort or higher
stability, but without improvement in both
directions, PAG 1-4 improves both characteristics.

The range of applications for PAG-based fluids
is manifold. For hydraulic systems with high
stability demands or special requirements on the
base oil (flashpoint, hydrolytic stability) and even
for shock absorber systems in the motorsports
sector PAG can offer a promising alternative to
commonly used oils. Furthermore, the use of an
environmentally acceptable oil based on PAG
could in future be a useful sales argument with
regard to the global environmental awareness in
many industrial areas.
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Abstract

The proportional solenoid is used in many types of
industrial equipment. However, when it is used as a
hydraulic solenoid valve, for example, variation in the
attractive force characteristics of the solenoid (re-
ferred to below as “characteristic variation”) leads to
variation in flow rate and pressure characteristics,
and this hinders energy-saving performance. Charac-
teristic variation occurs due to machining/assembly
tolerances in the manufacturing process and usage in
the market (referred to below as “problem factors”),
and in the worst case may result in a market claim.
In recent years systems incorporating proportional
solenoids have come into use in many markets for
the purpose of saving energy, as noted above, and
thus it has become increasingly important to prevent
this sort of characteristic variation before it happens.

Therefore, this study was carried out to develop
optimal design technology for proportional sole-
noids, so they can exhibit stable function (robust-
ness) under various usage conditions. This was
done by considering the problem factors which
cause characteristic variation.

For optimal design, the relationship between pro-
portional solenoid design parameters and character-
istic variation due to problem factors was ascer-
tained by applying quality engineering to magnetic
field analysis. Simulations were then used to im-
prove robustness against the problem factors. Fur-
thermore, the improvement in robustness was con-
firmed by carrying out various reliability tests in
order to check effectiveness using actual equipment.
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Abstract

Rod packings used in automobile shock absorb-
ers are an important part which not only seals in
the oil or gas filling the inside of the shock, but
also plays other roles such as assisting sliding of
the piston rod by holding grease onto the inner
circumference of the cylinder. At KYB, 100% in-
spection is carried out using commercial inspec-
tion equipment to check for defects in the appear-
ance of these parts. However, performance is not
really adequate for complex shapes and diverse
defect modes, and quality is ensured by also car-
rying out visual inspection.

A new appearance inspection technology was
recently developed to resolve issues relating to
the previous inspection equipment. Basically, the
new system performs imaging from both a per-
pendicular and oblique direction, and an inspection
algorithm was devised taking into account the dis-
tinctive features of each type of defect mode. The
developed technology enables inspection for de-
fects in all products, without any omissions, and
the result is improved quality assurance.
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Discovering the Land of the Rising Sun
HIO5ETOXHE
Christian Scholz
JURFATY Yany

Y,

g

1. Background

“What are your thoughts on working in Japan
for two years?” This question in 2013 altered my
family’s life and took us in a direction that we had
not considered before.

First of all, I would like to introduce myself,
before telling you about my experience of living in
Japan and working at KYB. My name is Christian
Scholz and I came to Japan with my wife Janett
and our two daughters, four and two years old,
respectively. I started my professional carrier at
the Federal Institute for Materials Research and
Testing (BAM) in Berlin by writing my doctoral
thesis (PhD) in the field of tribology in 2009. I
gathered my first experience in Japan during a
one-week stay in Hiroshima for a conference.
There I met Nakase-san from KYB’s Basic
Technology R&D Center for the first time. Shortly
after this visit, Nakase-san and I became
colleagues (see Photo 1) at the BAM and over the
3 years he stayed in Berlin also friends. At the
end of my temporary employment contract in

Photo 1 Dr. Takuya Nakase (right) and me as col-

leagues at BAM.

Berlin I was faced with the question: “What's
next?”.

Surprisingly, I got an exciting and interesting
job offer from KYB. After a short discussion with
my wife and our families and much longer
discussions between KYB human resources
department and me, it was decided that we would
start a two-year adventure in Japan in 2014. One
of the things we did first was to buy several books
about Japanese culture and tradition and some
guides for living in Japan. Many of the situations
described in these books sounded very curious,
funny and in some ways unbelievable in our
German minds. We started learning Japanese and
had a lot of questions which were always kindly
answered by Nakase-san and his wife. Still, there
were many more things to do in preparing this
new experience, including moving and storing our
belongings in Germany, finding accommodation in
Japan and many small but time consuming and
nerve-wracking matters. Luckily, we found a nice
house in Yokohama, which I was able to look at
when KYB invited me for a look-and-see-trip and
final discussion of my contract in November 2013.
This was just one of the many helpful things my
new company did for us as we prepared for the
big move. As we recognized that many families
with a German background live in Yokohama, we
had fewer worries about moving to a country
which is so different from Germany and whose
language we do not understand.

Finally we were ready for take-off and on
March 16th, 2014 we started our adventure in the
Far East, approximately 9,000 km away from our
home country. After a long flight we arrived at
Tokyo Haneda and received an unbelievably
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warm welcome by my new colleagues and the
first Omiyage (Japanese souvenir) for our
daughters and us. Directly after arrival at our
hotel, despite being overtired, I went directly to a
furniture retailer together with my new bosses to
buy and arrange the delivery of furniture for our
new house. It took a week to finish all of the
bureaucratic matters, including getting a Japanese
Hanko (official name seal), which is necessary to
proceed the registration at the citizen’s bureau,
opening a bank account and getting mobile phone
contracts. We were ready to move into our new
house. Thanks to the support from KYB, my new
colleagues and some expats, Japan started feeling,
very quickly, a little like home.

2. Living in Yokohama

Our new home is just a 10 minutes ride by
subway away from the Shinkansen station Shin-
Yokohama and very close to the German School
Tokyo Yokohama, the center of the German
community, located. We decided to send our older
daughter to the kindergarten of the German
School and our younger daughter to a Hoikuen

(Japanese kindergarten). We hope that by doing
this she will understand and speak Japanese much
better than my wife and 1. We have already seen
great progress from her and sometimes she even
starts little conversations with natives.

Before coming to Japan we made it a priority to
see and experience as much as we can during our
stay. We use the time on weekend or during the
Japanese holidays of “Golden Week” (end of
April), “Obon” (mid of August) and the first week
of the year to discover many places (Photo 2). Not
far from our home there are two idyllic places and
one of my favorite regions in Japan: Kamakura
and Enoshima. Approximately 800 years ago
Kamakura was the political and religious center of
Japan and you can still see signs of this period
when entering the Hachimangu shrine or looking
at the Great Buddha statue, Daibutsu. Directly on
Sagami Bay we can enjoy the beach and its many
surfers and sailing boats as well as delicious, fresh
sea food - a contrast to the mega city Tokyo with
millions of people, shops and skyscrapers. You can
get a spectacular image of Tokyo from the Tokyo
Skytree”, located in Sumida-ku. With a heights of

634 meters it is the tallest tower in the world.
Whenever walking through the streets of
Yokohama, Tokyo or elsewhere in Japan as a
foreigner with two blonde girls you will
experience the very curios “Kawaii-phenomenon”.
“Kawaii” means “lovely”, “cute” or “adorable” and
seems to have an important position in Japanese
culture. Especially Japanese women love cute
things such as smartphone or bag pendants from
famous cartoon, anime or other Manga characters.
Walking through Tokyo with our children we can
hear this word many times a day. Of course it
makes us proud to hear such compliments for our
daughters, but it is sometimes a little bit too much
for children. That being said, we have also started
integrating this word into our German
conversations.

It is quite hard to describe what kind of things
represent Japan best, but one of these many
things contributing to our image of a fascinating
and manifold society is Japanese food. When I ask

Photo 2 Discovering Japan in Himeji, Kamakura,
Kanazawa, Miyajima, Hakone, Kyoto and
Nikko.
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my colleagues what sightseeing spots are famous
for Kyoto, Takayama or elsewhere they always
give me some nice suggestions highlighting local
food or drink specialties. You can find travel
guides for each region in Japan where only
restaurants are described. Once listed in such
guides or named in a culinary TV-show most
restaurants are fully booked for several months in
advance or people are willing to wait for two
hours in the front entrance to get a table and try
food advertised. Of course, sometimes we do the
same. We learned much about Japanese food and
really appreciate it as one big part of Japan. Going
back to Germany we will miss dishes such as
ramen (noodle soup), okonomi-yaki (savory
pancake), yakitori (skewered grilled chicken) and
not to forget sushi and sashimi, to list only a part
of countless types of delicious and super fresh
Japanese food.

Whenever someone travels in Japan, whether
privately or for business reasons, one thing should
not be forgotten before returning: buying omiyage.
Omiyage is kind of souvenir, but with a different
meaning compared to Western souvenirs.
Souvenirs in Europe or America are things a
traveler buys for him- or herself to remember the
trip, such as key rings, clothes or other things. In
contrast, Japanese omiyage typically consist of
food produced in the area the trip was taken to.
Biscuits, chocolate, mochi (rice cake) or anything
you can pack separately into beautifully designed
boxes are suitable as omiyage. Normally you can
buy these boxes everywhere, but especially in
Shinkansen stations (Photo 3). Omiyage is not
intended to be consumed by oneself, but rather as
a present for colleagues or friends. From my point

Photo 3 Omiyage products at Kanazawa station.

of view, this is a tradition which should be adopted
in Germany as well.

3. Working at KYB Basic Technology R&D Center

Currently I am working in the Materials
Engineering Section at the Basic Technology R&D
Center of KYB in Sagamihara. Every morning
after arriving at the office I go to the locker room
and change into a white outfit, just like all other
employees. This consists of a white shirt, white
trousers and white safety shoes for the office

(black safety shoes for testing and production
areas at the plant). The first days after entering
KYB this was really strange for me, but now it is
business as usual. Work starts every day at 8:00
a.m. with a special daily routine at the office: music
is turned on and everyone in the office starts a
stretching routine for 5 minutes, after which
there is an audio signaling the start of the official
working time. Lunch time from 12:00 p.m. to 12:
45 p.m. begins and ends with an audio signal as
well. Before everyone starts his work again, a 10
minute meeting in each section is held in which
the group members are reminded to take care of
their health during working time, a short
statement in English what everyone is doing for
the day and some official notices by the
supervisor. Officially the working day ends at 4:50
p.m., but usually most people work until 6:00, 7:00
p.m. or in urgent cases longer.

In my section there are 20 or so members
working on different R&D projects all related to
materials science, analysis and testing inside of
KYB. My tasks are mainly related to automotive
shock absorber development. I do a lot of technical
research on environmentally friendly oils for shock
absorbers and hydraulic components. In par-
ticular, I already learned many things about the
development process of shock absorbers. This
process includes many material tests and analysis,
shock absorber evaluation by using a servo-
hydraulic bench tester and also vehicle tests
under real road conditions. Fortunately, my
colleague Ito-san and I have twice had the
opportunity to visit the KYB Suspensions Europe
plant located in Ororbia, Spain for shock absorber
oil evaluation tests (see Photo 4).

During this time we were kindly supported by
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Photo 4 Vehicle tests at KYB Suspensions Eu-
rope S.A. in Ororbia/Spain.

the Japanese staff sent from Japan to work in
Spain and of course by the Spanish staff, especially
Fernando de la Cal, Victor Bariain and Alex
Alonso. We drove several kilometers per day to
get an impression how the shock absorber oil can
influence passenger comfort and driving stability
of the car. It was a great experience for me to see
how good the staff of KYB Japan and Spain can
work together and to understand the different
requirements of the Japanese and the European
car markets.

Working in Japan is in some ways really
different from working in Germany. In my
experience, it seems that it is important for
Japanese employees to have many meetings a day
as well as technical pre-reviews and reviews.
Especially technical pre-reviews held by technical
staff and their line managers, which often end in
discussions about presentation slides that were
already discussed several times before. Apart
from the fact that I rarely understand discussions
in Japanese, I was always wondering why they
are discussing the same content numerous times. I
think this may be the way of Japanese business.
This is similar to formal business meetings
between companies, where it often takes several
meetings to discuss everything, plan a cooperation
in detail, clarify where necessary and develop a
cohesive plan before starting work on any given
project. Sure this takes a lot of time, but in the
end the cooperation works-unless unforeseen
difficulties arise and the discussions have to start
again.

After a long meeting, intensive working day, for
special events, if a new colleague joins KYB or big

Photo 5 Young Engineers Nomikai in Sagamiono.

changes happen in the department, it is time for a
Japanese “nomikai”. The word nomikai stands for
a typical Japanese business tradition and means
after work drinking party. Mainly around train
stations you can find many different types of
casual restaurants suitable as a nomikai location.
Normally the first nomikai (a nomikai evening
often consists of more than one drinking party) is
held in an izakaya (drinking establishment that
serves food beside of drinks), yakiniku (grilled
meat) or seafood shop, where you can enjoy a lot
of delicious food and for sure a lot of drinks

(Photo 5).

One curios example of Japanese food you can
get in yakiniku restaurants is nankotsu or “soft
bone”, consisting mainly of animal cartilage. Before
coming to Japan I said, that I will try every food I
get served during a nomikai even if it looks a little
strange... I have thus far. The second nomikai
primarily consists of drinking and some small
snacks or Japanese noodle soup such as ramen.
Sometimes the final location of these evenings is a
karaoke bar. The nomikai ends just in time for the
last train back home. During events after work
the topics of conversations change from business
matters to more private ones and you can learn a
lot about what the Japanese do in their spare time
or on weekends.

4. Japan compared to Germany

Comparing Berlin, Germany’s largest city with
almost 3.5 million inhabitants on 900 km® with
Tokyo, and its nearly 10 million inhabitants on 600
km? the first big difference becomes visible very
fast: less space and three times as many people
than in Berlin (not taking the other 30 million



KYBH# #51% 2015—10

inhabitants of the metropolitan area including
Yokohama into account). One question suddenly
comes into my mind: “How do millions of people
go to work every morning without a total collapse
of the city?”. It works, and it works much better
than in many European metropolises. Trains,
subways and even buses are in most cases on
time, and on time means punctual to the minute.
In my first year of living in Japan only once have
I had a train in the morning be canceled on my
daily commute and the next train arrived 6
minutes later. I cannot count how many trains
were delayed or canceled when I worked in
Berlin, but it is not possible to compare it with
Japan. This becomes even more apparent when
you look at the time table of the Japanese bullet
trains, the Shinkansen (high-speed train).
Departing nearly every 15 minutes you can trust
that you reach your destination at an average
speed of 250 km/h on time, even if it is 1100 km
away (Tokaido/Sanyo Shinkansen operating
between Tokyo and Hakata), which is an amazing
feeling. Operating with nearly no delay within a
day, these trains are very reliable. That is why
many people use these trains for business and
private reasons, even if the ticket price is
relatively high and no discounts are available. You
can only dream of punctuality like this when you
use the high speed train, the ICE, in Germany.
When we arrived in Japan, we recognized one
thing which is, in a very positive way, completely
different to Germany, the service in shops.
Whenever you enter a shop all shop clerks start
to say “Irasshaimase” often with very amusing
voices. “How can I help you?” is not just an empty
phrase. The entire staff does everything for you in
a shop to make you feel comfortable and to guar-
antee you the best service. “Always helpful, kind
and smiling” is the philosophy of Japanese clerks.
When paying for your items the cashier always
makes sure to give you enough plastic bags for
transportation to get them back home safely, even
if you bought only a chocolate bar. The plastic
bags may have one more practical use. Since
public garbage bins are very rare, you can use
them to take your trash back home and keep the
streets clean. This attitude of high service is

visible eve-rywhere in Japanese culture. Even
when dealing with public transport, there are
many people in each station helping you with all
problems which might occur. They take care of
the passenger’s safety on the platform and
organize the flow of people during rush hour by
instruc-tions via megaphone.

Sure there are many things in Germany we
miss a lot besides family and friends. German beer
is one example, having a higher variety of tastes
compared the leading Japanese brands of the
three largest breweries. Also watching and
enjoying German football. Moreover the different
opinion of work-life balance is sometimes difficult
for us. While Germans take their holidays to relax,
regenerate (get new ideas for the job) or spend
time with family and friends, the Japanese seem
to be always worried about taking days off and
missing a day at work.

5. Future plans?!

We have now been living in Yokohama for one
and a half years and not much time is left.
Summarizing our stay here, we would definitely
say that it was a very good decision to come to
Japan. Getting in touch with a culture so far away
and different from Germany was and still is a great
experience. There are so many things left to see,
discover and taste that the time will run out and
the end of our stay will come too soon. Of course
in the future Japan will be still a part of our life - a
time and place we like to remember with many
exciting memories. I would like to thank all
members of the Materials Engineering Section for
their help and understanding that it sometimes
took a little time to understand how things work
in Japan. This applies in particular to Kato-san,
Kobayashi-san, Tamura-san, Nakase-san and Ito-san
who have always supported my research work.
Otsukaresama deshita, BJE AT L 72! I already
learned a lot about the things described above and
I am very happy about this experience.

What we do in future is not yet certain. Our
plan is to improve our Japanese language skills
more and go back to Germany when my contract
ends next year. I really hope that there will be a
possibility to continue my work with KYB.
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KYB Corporation

(Kayaba Industry Co., Ltd. employed “KYB Corporation” as the popular name from October 1st, 2005.)
World Trade Center Bldg., 4-1, Hamamatsucho 2—chome,

Head Office

Overseas Subsidiaries and Affiliates

KYB Europe Headquarters GmbH
Kimpler Str. 336, 47807 Krefeld,
Germany
TEL: (49)2151 9314380
FAX:(49)2151-9314330
KYB Europe Headquarters B.V.
Godsweerdersingel 77, 6041 GK Roermond, The Nether-

lands
TEL:(31)475-3863-53
FAX:(31)475-3863-40

KYB (China) Investment Co., Ltd.
Wei 3 Road 121, dingmao,
Zhenjiang New Zone,
Zhenjiang, Jiangsu 212009, China
TEL:(86)511-88882057
FAX:(86)511-88887615

KYB Americas Corporation (Indiana)
2625 North Morton, Franklin, IN 46131, US.A.
TEL:(1)-317-736-7774
FAX:(1)-317-736-4618

KYB Americas Corporation (Detroit Branch)
26800 Meadowbrook Road Suite 115 Novi, MI 48377,
USA.
TEL:(1) -248-374-0100
FAX:(1)-248-374-0101

KYB Americas Corporation (Chicago)
180 N.Meadow Road Addison, IL 60101, U.S.A.
TEL:(1) -630-620-5555
FAX:(1)-630-620-8133

KYB Suspensions Europe, S.A.
Ctra. Irurzun S/No,
31171 Ororbia (Navarra), Spain
TEL:(34) 948-421700
FAX:(34)948-322338

KYB Advanced Manufaturing Spain S.A.
Poligono Industrial Perguita Calle B, No. 15, 31210 Los Ar-
cos (Navarra), Spain
TEL:(34) 948-640336
FAX:(34)948-640328

KYB MANDO do Brasil Fabricante

de Autopecas S/A.
Rua Francisco Ferreira da Cruz Street, No 3000, Fazenda
Rio Grande, Parana, CEP83820-000 Brazil
TEL:(55) 41-2102-8200
FAX:(55)41-2102-8210

KYB Suspansiyon Sistemleri Sanayi ve Ticaret, A.S.
Reysas Lojistik i¢i Yukar: Kirazca Koyii Eskisehir cad. No:
21/A Arifiye/ADAPAZARI, Tiirkiye.
TEL:(90) 224-4429112
FAX:(90)224-4429113

KYB Industrial Machinery

(Zhenjiang) Ltd.
Wei 3 Road 38, dingmao, Zhenjiang
New Zone, Zhenjiang,
Jiangsu 212009, China
TEL:(86)511-88891008
FAX:(86)511-88886848

KYB Manufacturing Czech s.r.o.
U Panasonicu 277,
Stare Civice, 530 06, Pardubice,
Czech Republic
TEL:(420) 466-812-200
FAX:(420)466-812-281

KYB Steering Spain, S.A.
Poligono Industrial de Ipertegui No. 2, nave 12, 31160,
Orcoyen (Navarra), Spain
TEL:(34) 948-321004
FAX:(34)948-321005

KYB Steering (Thailand) Co., Ltd.
700/460 Moo 7, T. Don Hua Roh,
A. Muang, Chonburi 20000,
Thailand
TEL:(66) 38-450076
FAX:(66)38-454313

KYB (Thailand) Co., Ltd.
700/363 Moo 6,
Amata Nakorn Industrial Park 2,
Bangna-Trad Road, K.M. 57,
Tambol Don Hua Roh,
Amphur Muang, Chonburi 20000, Thailand
TEL:(66) 38-469999
FAX:(66)38-458331

Minato—ku, Tokyo 105-6111, Japan

KYB Manufacturing Taiwan Co., Ltd.
No. 493, Kuang Hsing Road,
Pa Teh City, Tao Yuan Hsien,

TFI (886)3 3683123
FAX:(886)3-3683369

KYB Manufacturing Vietnam Co., Ltd.
Plot 110-11-12,
Thang Long Industrial Park,
Dong Anh Dist,, Hanoi, Vietnam
TEL:(84)4-881-2773
FAX:(84)4-881-2774

KYB Hydraulics Industry

(Zhenjiang) Ltd.
Wei 3 Road 121, dingmao,
Zhenjiang New Zone,
Zhenjiang, Jiangsu 212009, China
TEL:(86)511-88897200
FAX:(86)511-88897222

Takako America Co., Inc
715 Corcy Road, POBox 1642 Hutchinson, KS 67504-1642,

USA

TEL (1)620-663-1790
FAX:(1)620-663-1797
TAKAKO VIETNAM Co.,Ltd.
27 Dai Lo Doc Lap, Vietnam Singapore Industrial Park,
Thuan An Town, Binh Duong, Vietnam
TEL:(84) 650-378-2954
FAX:(84)650-378-2955
Wuxi KYB Top Absorber Co., Ltd.
No. 2 Xikun North Road,
Singapore Industrial Zone,
Wuxi New District, Jiangsu 214028, China
TEL:(86)510-85280258
FAX:(86)510-85280616
Vinh Phuc Jing Long Industrial Co., Ltd.
Khai Quang Industrial Zone, Vinh Yen City, Vinh Phuc
Province, Vietnam
TEL:(84)211-372-0146
FAX:(84)211-372-0147
KYB Mexico S.A. de C.V.
Circuito San roque Norte 300, Santa Fe II Industrial Park,
36275 Silao, Guanajuato, México
TEL:(52)472-7489192
KYB Motorcycle Suspension India Private Limited
F1 & F2 Block-B, Ameen Manor, No.138 Nungambakkam
High Road, Chennai-600034, Tamil Nadu, India
TEL:(91) 44-2833-2051
FAX:(91)44-2833-2050
KYB-Conmat Private Limited
702, 703, N.H.No.8, Por, Vadodara-391243, Gijarat, India
TEL:(91) 265-2647276
FAX:(91)265-2630763
Chita KYB Manufacturing (Zhenjiang) Co., Ltd
No.8 Building-1F, New Energy Industrial Park (North Park),
No0.300, Gangnan, Road, Zhenjiang New District, Jiangsu
Province, China
TEL:(86)511-83172570
FAX:(86)511-83172590
Changzhou KYB Leadrun
glbratlon Reduction Technology
0.
19# Shunyuan Road, New District,
Changzhou, Jiangsu 213125, China
TEL:(86)519-85967282
FAX:(86)519-85105485
KYB-UMW Malaysia Sdn. Bhd.
Lot 8, Jalan Waja 16,
Telok Panglima Garang,
42500 Kuala Langat,
Selangor Darul Ehsan, Malaysia
TEL:(60) 3-3122-6222
FAX:(60)3-3122-6677
PT. Kayaba Indonesia
JL Jawa Blok ii No. 4,
Kawasan Industri MM2100,
Cikarang Barat 17520, Indonesia
TEL:(62) 21-898-1456
FAX:(62)21-898-0713
KYB CHITA Manufacturing Europe s.r.o
U Panasonicu 277, Stare Civice, 530 06 Pardubice, Czech
Republic

Tel : (81)3-3435-3511

PT.Chita Indonesia
JlJawa Blok i No4 Kawasan MM2100, Cikarang Barat
17520, Indonesia
TEL:(62) 21-89983737
FAX:(62)21-89983428
KYB Europe GmbH
Kimpler Str. 336, 47807 Krefeld,
Germany
TEL: (49)2151 931430
FAX:(49)2151-9314320
KYB Latinoamerica S.A de C.V.
Blvd. Manuel Avila Camacho No. 32, Int. 403,
Col. Lomas de Chapultepec, Del. Miguel Hidalgo, DF,
11000, Mexico
TEL:(52) 55-5282-5770
FAX:(52)55-5282-5661
KYB Trading (Shanghai) Co., Ltd.
B1008-1009 Far East International Plaza, No. 317 Xianxia
Road Shanghai 200051, China
TEL:(86) 21-6211-9299
FAX:(86)21-5237-9001
KYB Asia Co., Ltd.
105/1-2 Moo 1, Bangna-Trad Road
K.M.21, Srisajorakaeyai,
Bangsaothong, Samutprakarn 10540,
Thailand
TEL:(66) 27-400801
FAX:(66)27-400805
KYB Middle East FZE
261819 LOB16-302 Jebel Ali Free Zone Dubai, UAE.
TEL:(971)4-887-2448
FAX:(971)4-887-2438
KYB Eurasia, LLC
BC “Cherry Tower” 56, Profsoyuznaya Street, Moscow
117393, Russia
TEL:(7)495-781-88-52
FAX:(7)495-781-88-53
KK Hydranlics Sales (Shanghai) Ltd.
A2913 The Place Tower, 100Zunyi Road, Shanghai 200051,

Chi
TEL (86)21 -6235-1606
FAX:(86)21-6295-7080
KYB Panama S.A.
P.H. WORLD TRADE CENTER Piso 17, Oficina 1705,
Marbella, Panama, Republica de Panama 0832-00759
TEL:(507) 213-8300
FAX:(507)213-8301
KYB Technical Center
(Thailand) Co., Ltd.
700/363 Moo 6,
Amata Nakorn Industrial Estate,
Bangna-Trad Road, K.M. 57,
Tambol Don Hua Roh,
Amphur Muang, Chonburi 20000, Thailand
TEL:(66) 38-46-8251
FAX:(66)38-46-8252
KYB International America, INC
2625 North Morton, Franklin, IN 46131, US.A.
TEL:(1) 317-346-6719
FAX:(1)317-736-4618
PT. KYB Hydraulics Manufacturing Indonesia
JL Irian X Blok RR No. 2 Kawasan Industri MM2100, Desa
Cikedokan, Kec. Cikarang Barat 17845, Kabupaten Bekasi,
Indonesia
TEL: (62)21-29922211
FAX: (62)21-29922211
Comercial de AutopeCas KYB do Brasil Ltda.
Rua Cyro Correia Pereira, 2400 Suite 07-Cidade Industrial,
Curitiba-PR, 81460-050, Brazil
Tel: (55)41-2102-8244
KYB China Analyst Co., Ltd.
Ist Floor, No. 12 Building, 2.5 Industrial Park, New Town
Of Science and Technology, New Area, Zhenjiang, Jiangsu
212000, China
TEL: (86)-0511-88880691
FAX: (86)-0511-88880865
Chita KYB Manufacturing (Zhenjiang) Co., Ltd
No.8 Building-1F, New Energy Industrial Park (North
Park), No.300, Gangnan,
Road, Zhenjiang New District, Jiangsu Province, China
TEL: (86) 511-83172570
FAX: (86) 511-83172590
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