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Forward

On the 6" Issue of the Bando Technical Report

The year 2001 was indeed a turbulent one, what with the recession in the IT industry, and the tragic events in
the U.S. However, it is in these times when we are pressed to resolve global problems, such as environmental and
population issues, by the development of new technology for the 21* century.

Bando Chemical Industries will be celebrating the 100" anniversary of its founding in 2006. We have
prepared “Mission 100,” a new vision outlining what we should do, and how Bando should look approaching our
centenary. We have been working hard to fulfill this mission with the concerted effort of all the companies in the
Bando group. In particular, as a manufacturer, we should be instrumental in meeting customer needs through new
technology, and research and development while keeping the basic concept of manufacturing in mind. This we
believe will lead the way to our centenary.

This issue features numerous reports. I would like to invite your attention not only to the products featured in
this issue, but also to the various technologies underlying their development. We are determined to continue to
develop new technologies and products. We would welcome any comments you may have.

W FT $Zw LD

Seishiro Tkemura
Senior Executive Officer
Marketing, Engineering and R&D
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Buckling of Rubber Bearings for Seismic Isolated Structures

G- A M4 oKH wl &
Tomoki FURUTA  Shinsuke ARAKI Ippei OHTA Yutaka FURUKAWA

In Japan, seismic isolated structures have been especially popular after Hyogo-ken Nanbu Earthquake
(Hanshin Earthquake) in 1995. And the performance of rubber bearings has been improved dramatically. The
characteristics of rubber bearings. however, involve the many unknown factors such as a mechanism at an
ultimate stage. In case of design of themselves, experimental results are commonly used. For example, the results
of regression analysis of test data are utilized for the design of buckling point, surface pressure, temperature and
strain dependence for shear stiffness. Especially for buckling behavior, it is very important to estimate the precise
point for more safety.

In this paper, a prediction method of buckling point is proposed by considering the relationship between the
stress of interlayer steel plate and shear strain of interlayer rubber. In this prediction method, it is considered that
the buckling of rubber bearings is caused by the yield of steel plate around the center hole. To verify the method,
finite element analysis (FEA) is carried out for whole the rubber bearing for several cases. From the results of
FEA, it is also recognized that the yield of steel plate around center hole causes the buckling of rubber bearing.
Stress of steel plate in case of large hole is higher than that in case of small hole. It is also confirmed that the
buckling point predicted by proposed method show a good agreement with the load decreasing point of previous
experimental results.
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Normalized Power Transmission Ability for
Conventional Rubber Type V-Belts
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1. INTRODUCTION shaped blocks. The core of the blocks is high

strength aluminum alloy supporting a high transverse

The Authors have developed dry hybrid V-belts
for heavy-duty use in automobile CVT units. Newly
developed dry CVTs using hybrid V-belt have now
been commercially available. The world market
recognizes the technological innovation of the new
CVT system that bring both an excellent fuel
consumption and driving maneuverability.

As shown in Fig.1, the hybrid belt has a structure
with a pair of tension members inserted in many H-

load from pulleys. The core aluminum alloy is
covered with phenol resin giving the blocks a proper
frictional coefficient and abrasion resistance. The
tension member has a function to transmit power
from a driving pulley to a driven pulley. The hybrid
structure with such functions of the blocks and
tension members assures excellent transmission
ability. The components of the dry hybrid V-belt are
tabulated in Table 1.

Table 1 Parts and Component of “The dry hybrid belt’

. i el Component
Parts Feature | Quantity (Material)
(D Reinforcing metal component Block
Endures 204 (Aluminum alloy)
Blocks lateral ;eces
pressure p (2) Friction component Upper arm
(Short fiber reinforced phenol resin)
(3) Super-strong cords (Aramid)
Tension | Transmit (4) High heat-resistant rubber Lower arm
Members | tension A pair (Hydride NBR composite)
(5) High-reinforced Canvas (Nylon)

s — Fig.1 A Dry Hybrid V-Belt Assembly
R B AT ZE T

2 R LR AT

Bl 1 P by =l I o
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(b) Tension members

Fig.2 Structure of “AVANCE"

The power transmission characteristics of the belt
can be expressed in terms of “normalized power
transmission ability”, The normalized power trans-
mission ability, (shortly, NPTA) is a parameter firstly
introduced by the authors).

NPTA is uniquely determined for a given hybrid
belt. It is independent of the belt layout (which is
determined by pulley diameters). When the belt for a
CVT unit is designed, the NTPA is indispensable to
predict the performance and optimize the operating
condition such as shaft load and pulley thrusts at an
arbitrary layout.

In this paper, the concept of NPTA is applied to
conventional rubber V-belt.

2. POWER TRANSMISSION ABILITY
OF A DRY HYBRID BELT

Torque Load
Meter Applier

DR

DN

Drive || Torque <
Motor ||Meter V-Belt

Fig.3 Test Equipment Layout

2.1 Experiment

The relationship between transmitted torque and
slip ratio is measured at various shaft loads and speed
ratios by a testing machine schematically shown in

Fig. 3. The belt layout and test condition are shown
in Fig 4.

g‘ DR
Pulley

w
(a) Low Ratio
Dr: ¢ 68 mm/2600rpm  Dn: ¢ 129 mm
(b) Mid Ratio
Dr: ¢ 68.5 mm/2600rpm Dn: ¢ 98.5 mm
(c) Hi Ratio

Dr: ¢ 129 mm/2600rpm  Dn: ¢ 68 mm
Belt length: 612 mm
Shaft load (W): 981N, 1961N, 2942N, 3923N

Fig.4 Test Condition

2.2 Result
The applied torque load was converted to a ST
factor by Equation (1),

=Te/y= / — )

where Tr is the applied torque, r is the belt pitch
radius, and @ is the angle of contact arc of the pulley
in Fig.5. (Tr/r) is an effective tension Te, 6 is the
contact length of the belt in the pulley. Therefore, the
ST factor given by the above equation represents the
effective belt tension per unit contact length. The ST
factors is determined for both the driving pulley and
the driven pulley at each speed ratio.

T1

Effective Tension (Te) :

Te = Tl —_ Tz
T1: Tension side belt tension

T2: Slack side belt tension

Fig.5 Transmission Status on DR Pulley

In Figs. 6, 7 and 8, the ST factors as a function of
shaft load, W, are shown at the low, middle and high-
speed ratios, respectively. ST factors calculated for
the smaller pulleys are always greater than those at
larger pulleys. Therefore ST factors at smaller pulleys
are plotted in Figs. 6, 7 and 8. By comparing these
figures with each other, it is clear that ST factor at a
given shaft load and slip ratio varies due to speed
ratio. For instance, at W=4000 N and 2% slip, ST are
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about 35, 30, 25 kN/m at low, at high and middle
speed ratios respectively.

50000

45000 S
40000 Dn
35000

30000
25000 [—
20000
15000
10000 =
5000

ST (N/m)

0 1000 2000 3000 4000 5000
W (N)

Fig.6 Transmission ability at Low Ratio

&~ 1% slip ||
40000 [ —— - 2% slip |
Dr Dn R

ST (N/m)

0 1000 2000 3000 4000 5000
W (N)

Fig.7 Transmission ability at Middle Ratio

50000
45000
40000
35000
30000 -
25000

20000 .
kT
15000 L

10000 s
5000 T

-4~ 1% slip
- 2% slip

ST (N/m)

0 1000 2000 3000 4000 5000
W (N)

Fig.8 Transmission ability at High Ratio

In order to show power transmission ability is
independent of the speed ratio, NPTA is introduced,
which is define as follows.

First, the shaft load W is converted to WD by
Equation (2),

T, + T,

WD = 0D 2)

w
(=

|
25 & 1% Shp 2l | — L,._
» 2% Slip /
E :
“ 15 /7’,‘.-‘1'_’
|u[7> 10 / |
5

<o

WD (KN/m)

Fig.9 Normalized Transmission ability

where D is the diameter of a pulley. The WD values
are calculated for both driving and driven pulleys,
and the averaged WD value is calculated by Equation

@),

— L(T1+T2+T1+T2)

WD =
2\ D, D,

B (3)
_ (DLt Dy)(T, +1T1,)
N 2D.D,

where D is the diameter of the driving pulley, and D,
is that of the driven pulley.

Similarly, ST factor is also calculated for both
driving and driven pulley by Equation (1), and the
averagedS—Tfactor was calculated by Equation (4),

—_— 1
ST = N (STpr — STpy) (4)

where, STpp is ST calculated using the contact length
on the driving pulley, while $7)y is ST caluculated
using the contact length on the driven pulley.

All the data in Figs. 6, 7 and 8 are replotted in
Fig. 9 in terms of ST factor and WD value. From this
figure (NPTA), the power transmission characteris-
tics at a given slip ratio are uniquely determined and
are independent of belt layout (pulley diameter and
speed ratio). Technologically, the averaged (normal-

ized) WD value can be regarded as averaged pressure
acting between pulleys and belt, and the averaged
(normalized)ﬁfactor is the frictional force acting
on the belt in the pulley groove under the pressure
above mentioned.

Therefore, the concept of NPTA may be
applicable to general V-belts to evaluate the frictional
power transmission characteristics of a given belt
without considering the pulley layout.

BANDO TECHNICAL REPORT No.6/2002
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3. POWER TRANSMISSION ABILITY
OF A CONVENTIONAL RUBBER V-BELT

3.1 Experiment

An attempt is made to apply the concept of
NPTA to some conventional rubber V-belts. Two
types of rubber V-belts, single- and double-cogged V-
belts manufactured by Bando Chemical Industries,
Ltd are used, which are illustrated in Fig. 10. The
testing apparatus previously used (Fig.3) is also used
in this study. The layout and test conditions are
shown in Fig. 11. In order to simplify the
caluculation for WD in Equation (5), and keep
accuracy in the measurement, the speed ratio was
fixed at 1 in the test although the pulley diameter was
altered.

D=——1"2=— ®)

sTeleTaleloTeTeTaleToToloTals

s1sTeleTeTaletsTeleToleToleln

Fig.10 Structure of Rubber V-belt
(a) Single-cogged V-belt, (b) Double-cogged V-belt

Condition 1

Dr: ¢ 68.6 mm/2600rpm  Dn: ¢ 68.6 mm
Condition 2

Dr: ¢ 105.8 mm/2600rpm Dn: ¢ 105.8 mm
Belt length: 718 mm
Shaft load (W): 588N,785N,981N,1177N,1373N

Fig.11 Layout and Test Condition 1, 2

In order to examine whether NPTA is
independent of the speed ratio or not, some tests are
conducted using double-cogged V-belts under the test
condition 3 shown in Fig.12.

DR
Pulley q

w

Dr: ¢ 68.6 mm/2600rpm  Dn: ¢ 105.8 mm
Belt Type: Double cogged, length: 718 mm
Shaft load (W): 588N, 785N 98 IN,1177N,1373N

Fig.12 Test Condition 3

3.2 Result
3.0
2.5
Q\? 2.0 ‘P f;g
i i e —— W= 588N
= it —=—W= 785N
e —a— W= 981N
Y 0s _l—e—w=1177N
'/ —*—W=1373N
0.0 ————1
0 2000 4000 6000 8000

ST (N/m)

Fig.13 ST Line Diagram at Pulley Diameter of 105.8 mm
in the Single-cogged V-belt

3.0
25
¥ a0 :
2 1.5 _[—e—= s8eN
i | —m—W= 785N
= 1.0 T —A—W= 981N
ais —e—W=1177N
| |—e—w=1373N
0_0 = I =
0 2000 4000 6000 8000

ST (N/m)

Fig.14 ST Line Diagram at Pulley Diameter of 68.6 mm
in the Single-cogged V-belt

ST diagrams for single-cogged V-belt at pulley
diameters of 105.8 and 68.6 mm are shown in Fig. 13
and 14 respectively. From these figure, it is found
that the ST diagram is independent of the pulley
diameter. Then WD and ST were calculated in the

11
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same manner as dry hybrid V-belt.

NPTA curves for the Single- and Double-cogged
V-belts are shown in Figs. 15 and 16 respectively.

It is clear in these figures that that normalized
curve at each slip ratio is independent of pulley
diameter as is the case using the hybrid belts.

¢0.
mo0.
AQ.
x0.
x1.
el.
+1.
ol
ol.
*2,

ST (KN/m)
(3% - = h an ~1 [=.-]

WD (KN/m)

Fig.15 Normalized Transmission Ability for Single-cogged
V-belt at various slip ratios

ST (KN/m)

0 5 10 15 20 25
WD (KN/m)

Fig.16 Normalized Transmission Ability for Double-
cogged V-belt at various slip ratios

Next, NPTA at a low ratio (Fig.12) for the double-
cogged V-belt was evaluated. The plotted points in
Fig. 17 are the experimental results at 1.4% slip ratio.
The line in the figure is the corresponding normalized
curve obtained above at the speed ratio of one. The
line and points agreed well. Therefore, it can be
concluded that the normalized scheme is applicable

to conventional rubber V-belt.

i | ‘
2 / 1.4% Slip Line Ll

@ Experimental Value

(],/ : |

0 5 10 5 20 25
WD (KN/m)

Fig.17 Normalized Transmission Ability for Double-
cogged V-belt

4. DISCUSSION

In the previous sessions, it was demonstrated that
the concept of normalized power ftransmission
ability(NPTA) is applicable to conventional frictional
V-belts. In Fig. 18, NPTA for the tested 3 types of V-
belts are compared at 1.4% slip. It can be realized
that the dry hybrid belt has an excellent power
transmission ability in comparison to the conven-
tional rubber V-belts.
double-cogged V-belt is higher than that of single-
cogged V-belt.

One significant characteristic of the rubber V-belt
is that the normalized ST factor yields at higher WD
values. This phenomenon is observed mainly for the
smaller diameter of the pulleys (68.6mm). This may
be due to the buckling of the rubber belts as

discussed below. The smaller pulley diameter makes

The transmission ability of

the contact length of the belt to the pulleys shorter.

30
25— "
.-
£ / |The Dry Hybrid V-belt
Z 15
) /
|s—« 10 /
vl /
S /] ‘/| Dobble-cogged V-belt |
j f i
‘ 4”| Single-cogged V-belt |
0 ‘ T I \
0 10 20 30 40 50 60 70
WD (KN/m)
Fig.18 The Comparison of Normalized Transmission Abil-

ity for Belt Types at 1.4% Slip Line
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Consequently, the averaged pressure acting on
the side of the belt from the pulleys (the normalized
anlue) becomes excessively high for the rubber
belt, which leads to buckling of the belt in transverse
direction as shown in Fig. 19. The buckling breaks
the uniformity of tension distribution in the cords in
the tension members. On the other hand, the hybrid
belt has many blocks that resist the lateral pressure
without any buckling occurring.

\
___—-0888R3239"
Lateral \

0900R800
S f\ Lateral
Pressure \ {

/ Pressure

Tension distribution

Fig.19 Rubber Belt's Buckling Deformation Due to Lat-
eral Pressure

As mentioned earlier, NPTA is determined
uniquely for a given belt independently of the belt
layout. Therefore, once NPTA is determined for a
given belt, the power transmission characteristics at
an arbitrary layout can be predicted. The procedure
is outlined as follows.

First, a required input torque, layout and slip
ratio is chosen depending upon the application of the
belt. From Equations (1) and (4), the torque is
converted to a normalized ST factor. Then, the
normalized WD value to transmit the ST factor is
determined in the normalized power transmission
ability line at a designated slip ratio. Finally, the
appropriate shaft load W can be calculated by
Equation (6),

H

D -
WS+ Th=2X—"2XWD (6

D, + D,
In this way, the desired shaft load can be easily
determined for any belt layouts. This is the main
reason why the concept of normalized scheme is
indispensable for the design of transmission belt.
Finally, consider the relation between normalized
'ST factor and normalized WD. As mentioned carlier,
the normalized WD value can be regarded as
averaged pressure acting between pulleys and belt,
and the normalized ST factor is the frictional force
acting under the above pressure (Fig. 20). Therefore
the relation between the parameters can be expressed

in Equation (7),
ST=u' X WD (7

where w’ is an apparent frictional coefficient that
depends on friction coefficient between belt and
pulley, wedge angle of V-pulley, transverse rigidity of
the belt, etc. In Fig. 18, the tangential slope at a
given WD value is the apparent friction coefficient.
The slope seems to decrease as the WD value
increases. This phenomenon may be related to the
lateral deformation of the belt, but the mechanism is

unknown at this point.

WD

ST

Fig.20 Simple Model for Relationship WD and ST

5. CONCLUSION

1. The normalized power transmission ability is inde-
pendent of belt layout such as pulley diameter and
speed ratio. This normalized scheme is also appli-
cable to general frictional rubber V-belts as well as
the dry hybrid belts.

2. Itis demonstrated that the dry hybrid belt can trans-
mit the normalized ST factor more than five times
greater than that of conventional rubber V-belts.

3. Once the normalized power transmission charac-
teristic are obtained for a given belt, the optimum
shaft load to transmit a designated input torque can
be casily estimated for arbitrary belt layout.

[f452]
[1%:%8%% . The ASME International Conference on
Motion and Power Transmissions in 2001 Fukuoka

(51 F3C#k]

1) Takahashi, M. et al.,“Design and Development of a
Dry Hybrid Belt (BANDO AVANCE) For CVT
Vehicles”, Proceedings of “International Congress
on Cotinuously Variable Power Transmission”, 1999
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Development of Toothed Belt with New Tooth Profile for
Improvement of Jitters in Printed Images

B HURER™ wE HE™ oA pE— JIE BEHs ™
Kyotaro YANAGI Masaki OCHIAI Ryuichi KIDO Hideaki KAWAHARA

Toothed belt is used for driving a carriage of ink-jet printer. As the resolution of printed images has become
higher, the jitters in the images caused by the small fluctuation of velocity in the belt have been the matter with the
printers. To improve the jitters, some dynamic analyses by using finite element method (FEM) were carried out.
As a result of the analyses, it was found that one of the factors of velocity fluctuation in the belt is impact force
between belt tooth and pulley groove. In order to reduce this impact force, optimizing the pressure angle of belt
tooth and taking into account the interference between belt tooth and pulley groove, the authors designed a new
egg-shaped tooth profile formed from two continuing arcs. By adopting this tooth profile, the rate of velocity
fluctuation in the belt and the jitters in the images are improved by 43% and 45% respectively. In addition, the
following techniques were established in the process of this development. One is a technique of measuring
velocity fluctuation in the belt by using laser Doppler velocimeter. The other technique is to analyze the jitters by
digitizing the density of the images using a scanner and software for image processing.
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BRALMER A OB & FHl
Development and Evaluation of Magnetorheological Fluid

AR i X N N AN IR

Shinsuke ARAKI  Hiroyoshi TAKAHASHI  Katsuhiko HATA Takuya TOMURA

Magnetorheological Fluid (MRF) is a suspension, which consists of carrier fluid and many magnetic particles dispersed in the
fluid, and has a property that its flow resistance increases with added magnetic fields. Utilizing this property, some applications
of MRF to mechanical components such as damper and clutch have been attempted. None of these attempts has succeeded,
however, because of a problem that the magnetic particles in MRF are so easy to settle down that the uniformity in MRF is
difficult to be maintained. Paying attention to improvement on stability by preventing the settlement of the particles, the authors
have developed two types of new MRF named #104 and #224. As a result of evaluating the characteristics of the developed
MRF, the followings are found:;

(1) Each type of the developed MRF has same stability as commercial one or more.

(2) Under the present condition of shearing test, damping force increases to 15 or 25 times.

1. #& =2 u — T
°® ® ®
A BEBARE | I L C 2 ORBEAEALT Bk, P
5 AR PR 45 (MRF, Magnetorheological Fluid) 7%5E H = i ® ... -
ATV 2o MRE & FE, R SRR T % 4 5 2, . f |-

o
OIS L THEN LR T AMAETH Y . 1948 4F o ®70 OFF

J. Rainbow [Z X VIO THMEHE E N TWAEY, 208t o o @& e @

AN = AL, B EEIT A S L sk . Bt B B 77 2848
HTﬁﬁWLLM”?%M@??Z?%T&Tét

Thh, MICHHONIME R DI, T2 T Ay Bl1  MRF OFHEREE

LOYEIAL, TCDIREEICREA LFHHENTWAIH L), .
MBS, BOCRERS SRS h LS L) . BB R oW LT, Rk

(Ferro fluid) B35 O fCH 0 IZHEH TR L B8 £ 7R3
EERMETMAR (ER fluid) Z EFHILNATWE, Zhb
DOHE S IZOVWTELIZRT,

# 1 Comparison between MRF, Ferro fluid and ER fluid

MRF Ferro fluid ER fluid
Particulate Material Iron Ferrites Polymer, Ceramics
Particle Size 0.1 ~ 10 um 2~ 10nm 0.1 ~ 10 um
Suspending Fluids Nonpolar oils, Polar liquids | Oils, Water Oils
Density (kg/m®) 3~5 1~2 1~2
Off Viscosity (MPa) 100 ~ 1000 2 ~ 500 50 ~ 1000
Required Field ~ 3kOe ~ 1kOe ~ 3kV/mm
Field-Induced Changes Ty(B)~ 100kPa An(B)n0)~2 T y(B)~ 5kPa
Device Excitation Electromagnets Permanent magnets High Voltage

* gL e AT
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Design of PVC Film with Acrylics Polymer Adhesion Agent for Adhesive Bandages

mA Hak*
Shinya MATSUMOTO

The adhesive strength of adhesion agent of PVC adhesive bandages on which an acrylic polymer adhesion
agent is applied deteriorates gradually with an interval of time.

In this investigation, the cause of the deterioration of adhesive strength was clarified. Based on the
investigation, the combination of a PVC film was changed for the betterment of the deterioration. The
deterioration of adhesive strength was caused by the loss of a tuck due to (1) shift of the low molecular weight
epoxy compound contained in a PVC film to the adhesion agent layer, (2) the reaction between the epoxy
compound and the acrylic acid unit contained in the adhesion agent, and (3) the hardening of an adhesion agent.
For the betterment of the adhesion strength, three kinds of combination systems of PVC film having no additional
low molecular weight epoxy compound were proposed. They are a) an increase of fatty acid metal salt, b) an

addition of a phosphate compound, and c) a use of a polymer epoxy compound. Any one of these systems were
proved to be able to control the change of adhesive strength with an interval of time and PVC films can be

practically used as the base for adhesive bandages.
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E-mail : tokyo@bando.co.jp
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BRI X BT H26T135 (BLd1L) T450-0002
TEL(052) 582-3251 FAX(052) 5864681

E-mail : nagoya@bando.co.jp
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K AEE A2 T A5 %255 (MHPME L7 1 -1 208AKA)
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E-mail : osaka@bando.co.jp
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SEREIGLI T FRAT L1152 Bl Y648 (1| T8 )
TEL(078) 942-3232 FAX(078) 942-3389
SR o) P AT 7 D 9648
TEL(078) 942-3232  FAX (078) 942-3389
RERHE SR T TS T H209 15 (s T35 )
TEL(0724) 827711 FAX(0724) 821173
JCBRITE S A S TH201 15 T590-0526
TEL(0724) 82-7711 FAX(0724) 821173
ARG ISR LN i B 6496111
TEL(0736) 66-0999 FAX (0736) 66-2152
AL B LT IR k7% T640-6111
TEL(0736) 66-1931 FAX (0736) 66-1934

A S R v i G 18886 CE A T A)) 73260832
TEL(0284) 724121 FAX (0284) 724426

AET SRR ALES 1 H2 155 T652-0883
TEL(078) 6516691 FAX (078) 651-8979

WiABL 2Rl 4018896  T326-0832

TEL(0284) 724121 FAX (0284) 724426

A

¥ x H

& HFEE B

i
st
Wt
i}

M omwwws

75300001

T530-0001

TE750104

B oE % 5 T580-0526

MPH %8
I 5

I &

T6750104

E AR R=4E

MRS - I —E RBfREEH

dedi /g v F— st St
Hab/A e F—BREHASNT
N F-BBIREHAST
MRS F—FR
NTHEREBEASH
EAEEEHASH
ERAL F-arATitSH
BXERHNLF Y
N R - BRFE e
deRE/ N> K —ERFEHR A
KR K=l pES S
BAsHER /L K=
Ky F-152 be-HtsH
N F-IfAsH
RENA S F - EH
Wy F—{E Tt st
AMN L F-HhRRH
A R~ THASH

WELEREFREH
BHAN P TEERSH

R F-—figstasi
E—Tlb-d— b7y 7853

I K= gy idsit

FLBA T S SER Hoeh guiifi2 T H 29225 7062-0020
TEL(011)851-2146 FAX(011) 852-6992
iR C s T 1838 T 9840826

TEL(022) 2868111 FAX (022) 285-5873

b T PR AN T H6MW3  T970-8601

TEL(0246) 222696 FAX (0246) 21-3767

YO K H A ZARRT 11465 (HABETSE L) T103-0005
TEL(03)3639-0811 FAX (03] 3639-0885

HORTER b Ll ARG T H 27815 71030004
TEL(03)3861-7411 FAX (03) 3866-4792

Yot E X EIG2 T H19f6 5 (BRIBIEL L) T111-0052
TEL(03) 38653644  FAX (03) 3865-3603

HEsTHREE X MRS T H 3105 F120-0003
TEL(03)3629-9111 FAX (03) 3628-4506
YWt 4T 1235 (ZHINNE L) T108-0014

TEL (03) 54849130 FAX (03)5484-9131

A L B TS 1516 8 1 2530114
TEL(0467) 74-3555 FAX (0467) 74-5553

SN RT3 T A9 T 930-0834
TEL(0764)51-2525 FAX(0764)51-8148
KIEAENE AP EST H4F55% (BARA b -3 HELR)
TEL(06) 48067101  FAX (06) 4806-2201

KRR ILEHM2 T H10%1% 75340001
TEL (06) 4253-3160 FAX (06) 4253-3531

FFE HRREAAATT B1H18% (/<0 F — KB L)
TEL(078)577-0831 FAX (078) 577-0534

MR AAGET T HIE185 (172 F— KM LIbE) 76520802
TEL(078)577-8541 FAX(078) 577-9925

RS FERLT H6W11Y 77380023
TEL(0829)32-1211 FAX (0829) 32-1541
TR 2K R 10327 1016 T 745-0801
TEL(0834)25-3773 FAX (0834) 25-3810

Rl fX £ 0 T H4/25  T813-0034

TEL(092) 622-2875  FAX (092) 622-2880

IR A AN 7R 335 T 8220024

TEL (0949) 22.0630  FAX (0949) 24-1195

T5320011

T652:0802

fFEHEIE G FILSFAT23 9 LE 1 7 T918-8037
TEL(0776)36-3100 FAX(0776)36-4038

AR A2 T H 2155 76520883
TEL(078)651-0512  FAX(078)682-2601

A AR A T F 18165 T 652-0882
TEL(078)682-2611 FAX(078)682-2614

SERRUEIE R L 3 RO M648FH . T6750104
TEL(078)943-3933 FAX (078) 943-4640

Wz Oft —E RS

Ny F-BE#HASH
N F-AEHBKEH
EEEREM4ASH
(FEHLFU-957F)
Arf-bb-Feritiiigs
Ky F=3¥2-9-4a7LHA5H

A= b EO-

AR AT T H1E18% (50 F— KM E A JLR)
TEL(078)576-5353 FAX(078)577-6553

FFE X WAL T 28155 T652-0883
TEL(078)681-3700 FAX(078)681-1140

Vet GRS NG T-RANT RS 24 b2 T671-3212
TEL(0790)76-3333  FAX(0790)76-3310

AT A ACKET T H1&18E (v F— KAL)
TEL(078)5776751 FAX(078)577-9465

A AU GRS T H2f15% T 6520883
TEL(078)652-2497 FAX(078)652-2897
i rh X ST T H 12 S (LR )
TEL(078)242-2608 FAX(078)242-2609

T 6520802

T652-0802

T 651-0086

Egibiuhed

BANDO EUROPE GmbH
Nikolaus Strasse 59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL 48-2161-90104-0 FAX 49-2161-90104-50

BANDO IBERICA, S.A.
Apartado Correos 130, Poligono Industrial Can Roca, Carretera Nacional |l, Km 578,
08292 Esparraguera, (Barcelona) SPAIN
TEL 34-93-777-8740 FAX 34-93-777-8741

T Hhis

PHILIPPINE BELT MFG. CORP.
C.P.O.Bex 205, 2nd Floor, Siemkang Building, 280-282
Dasmarinas Street, Binondo, Manila 1099, PHILIPPINES
TEL 63-2-241-0794 FAX 63-2-241-3279

KEE FATT INDUSTRIES, SDN. BHD.
22m/s, Jalan Air Hitam, 81000 Kulai, Johor, MALAYSIA
TEL 60-7-663-9661 FAX 60-7-663-9664

BANDO (SINGAPORE) PTE. LTD.
64 Toh Guan Road
+#05-01 Singapore 608832
TEL 65-6475-2233 FAX 65-6479-6261

SANWU BANDO INC.
11FI-2, No. 51, Sec.1, Min Sheng E. Road, Taipei, TAIWAN
TEL 886-2-2567-8255 FAX 886-2-2567-2710

P.T. BANDO INDONESIA
JI. Gajah Tunggal, Kel. Pasir Jaya, Kec. Jati Uwung, Tangerang 15135, INDONESIA
TEL 62-21-5903920 FAX 62-21-5901274

BANDO MANUFACTURING (THAILAND) LTD.
47/7 Moo 4, Soi Watbangpla, Tambol Bankao, Amphur Muang, Samutsakorn,

74000, THAILAND

TEL 66-34-424410 FAX 66-34-422202

DONGIL BANDO CO., LTD.
305, Sanmak-Dong, Yangsan-Shi, Kyongsangnam-Do, REPUBLIC OF KOREA
TEL 82-55-388-0084 FAX 82-55-388-0087

PENGELUARAN GETAH BANDO (MALAYSIA) SDN. BHD.
MLO 5516, 22m/s, Jalan Air Hitam, 81000 Kulai, Johar, MALAYSIA
TEL 60-7-663-5021 FAX 60-7-663-5023

BANDO JUNG KONG, LTD.
4Ba-705 (Shihwa Indus. Zone, Mechatronics Complex), Songgok-Dong,
Ansan City, Kyongki-Do, REPUBLIC OF KOREA
TEL 82-31-432-9800 FAX 82-31-432-8198

BANDO SIIX LTD.

Room 2201-2, Shun Tak Centre, West Tower, 200 Connaught Road Central,

HONG KONG

TEL 852-2494-4815 FAX 852-2481-0444

BANDO BELT (TIANJIN) CO., LTD.
Bliss Building, 5 Fourth Avenue, TEDA, Tianjin 300457, CHINA
TEL 86-22-66200912 FAX 86-22-66200914

b Ao

BANDO AMERICAN INC.

11489 West Bryn Mawr, Itasca, lllinois 60143, U.S.A.
TEL 1-630-773-6600 FAX 1-630-773-6912
BANDO MANUFACTURING OF AMERICA, INC.
P.O.Box 10060, 2720 Pioneer Drive, Bowling Green, Kentucky 42102-4860, U.S.A.
TEL 1-270-842-4110 FAX 1-270-842-6139
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