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Managing Director’s Message

Dear Readers,

First and foremost, I would like to extend my warmest greetings to everyone and thank you for your loyal support.
This publication is the fourth edition of the Bando Technical Report.

Recently the Japanese economy has been showing mild signs of recovery after several years of poor performance.
Nonetheless, it’s not yet clear whether the economy is firmly on the road to recovery. It seems safe to say that the
business climate will continue to be characterized by a fiercely competitive environment.

In our previous three editions we have published a total of twenty technical reports. There have been reports on
products that are already on the market and contributing to company profits. There have also been reports on
products that are not yet ready for the market as well as on products whose production costs must first be reduced
in order to be marketable.

Under present economic conditions there is no doubt that timing has become an extremely important factor. No
matter how superior a product may be unless that product meets the needs of the times results are bound to be less
than satisfactory. Therefore, during our research and development activities throughout this year we have placed a
special emphasis on timing. In keeping with that spirit our motto for the year has been “Speed and Concentration.”
In this fourth edition of the Bando Technical Report six reports are presented. There are reports on improvements
to our mainstay products as well as reports dealing with developments targeted at protecting the environment. Our
research has been aimed at swiftly responding to the shifting market conditions of today. Your candid opinions or
suggestions regarding any of the articles in this issue would be more than welcome. In the future we will continue
our dedication to the development of new technologies and new products. In closing I would like to thank you for
your continued support.

Sincerely,

W FT $Zw LD

Seishiro Tkemura
Managing Director & General Manager of
Central Research and Laboratory
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Design and Development of a Dry Hybrid Belt
(BANDO AVANCE) for CVT Vehicles
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1. INTRODUCTION

BANDO Chemical Industries, Ltd. has been
producing many different types of V-belts using
rubber materials for general use and automobiles as
one of major suppliers in the world. They are also
being exported to USA and Europe as well as Asia
and Africa. Some V-belts are also produced and
widely used for CVT installed in farm tractors and
small motorcycles having very small engines. In
1983, BANDO Chemical Industries Ltd. started a
new project to develop an advanced V-belt for a dry
CVT which would be replaceable instead of manual
or conventional automatic transmissions’. As the
first step, most of efforts were put on improving
existing rubber-type V-belts available for big
motorcycles and other heavy duty use. However, it
did not take a long time to realize that it had no
future to improve existing rubber-type V-belts due to
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their unacceptable dimensions, low power transmis-
sion ability and short life. Therefore, the concept for
advanced V-belts was re-established. Namely, we
decided to develop a quite new V-belt, “BANDO
AVANCE™" having a composite structure. AVANCE
was able to be developed by using heat resisting
rubber, resin, aluminum alloy and advanced fibers.
The objective of the present paper is to show how
AVANCE was developed. Their power transmitting
characteristics are focused. An overview of a newly
developed CVT unit using AVANCE is also given
including its performance.

Fig. 1 Dry Hybrid V-Belt “BANDO AVANCE” Assembly.
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Table 1 Parts and Component of “BANDO AVANCE”

: Components
Parts Feature | Quantity paren s

(Materials)
(1) Reinforcing metal
g
component
Endures 204 (aluminum alloy)
Blocks lateral N T
pressure picces 2) Friction component

(Short fiber reinforced
phenol resin)

3) Super-strong cords (aramid)

(4) High heat-resistant rubber

Tension | Transmit ;
A pair (Hybride NBR composite)

Members | tension

5) High-reinforced Canvas
(Nylon)

® @ @

(b)Tension members

Fig. 2 Structure of “BANDO AVANCE”

2. Structure of “BANDO AVANCE”

The structure of AVANCE is schematically
illustrated in Fig. 1. AVANCE consists of a pair of
tension members and many H-shaped blocks.

Tension members mechanically connect blocks
with each other. Blocks are fabricated by using high
strength aluminum alloy and heat resisting resin. An
aluminum alloy plate is placed in the center of a
block as a core material supporting a high transverse
load. It is surrounded with the resin, which gives
frictional resistance toc the block. Without the resin,
both sides of blocks wear rapidly due to direct
contact and sliding between aluminum core plate and
steel pulley surface.

The tension members have a function to transmit
a load (power) from a driving pulley to a driven
pulley as well as a function to connect all blocks with
each other and form a V-belt. Therefore, tension
members must be strong and advanced fibers, aramid
fibers are used as the cords of tension members., We
were able to develop an advanced V-belt for heavy

duty use by distributing two functions to blocks and
tension members. No lubrication is necessary for
CVT using this V-belt, and BANDO AVANCE should
be classified into a new category of V-belts for CVT,
namely, a dry hybrid V-belt. Table 1 shows the
components of BANDO AVANCE while Fig.2 shows
the cross-sections of the belt.

3. Development and design of
a dry hybrid V-belt

Tension members are inserted into the grooves
between the two arms of blocks. The clearance
between the arm gap and the tension member
thickness is negative. Therefore, compression forces
are always acting between blocks and tension
members. A load is mechanically transferred from
blocks to tension members or vise verse by meshing
between blocks and tension members at the cog
portions. In order to give blocks a degree to rotate,
complete cohesion between blocks and tension
members must be avoided. If blocks are completely
adhered to the tension members, excessive loads
occur and the blocks fail in a short period.

During the developing period, the major failure
mode of the dry hybrid V-belt was breakage of arms
of the block. In order to avoid this type of failure, the
stresses occurring in the block must be lower than the
allowable stress of the block material”. Fig. 3 shows
the maximum principal stress distribution in the
block analyzed by the 3D finite element method. In
the calculation, distributed compression forces acting
insides of the two arms were applied. These forces
occur since the tension members are meshing tightly
with blocks. As can be seen in the figure, the
maximum principal stress occurs at the inner root of
the upper arm of the block. In our fatigue tests, an
on-set of fatigue failure corresponds to this stress
concentration point. When we redesigned the

Fig. 3 Distribution of Tensile Stress in the Reinforcing
Metal Component of the Block Calculated by 3D
FEM.
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configuration and dimensions of the block and
aluminum plates, we must have struggled to reduce
the stress concentration at the inner root of upper
arms. The final configuration and dimensions of the
block confirm the long-term durability at practical
driving conditions.

4. Mechanical testing of BANDO AVANCE
4.1 Transmission ability

DR DN

Fig. 4 Test Condition
LOW condition: Dr diameter < Dn diameter
DR pulley: ¢ 67.5 mm/2,600 rpm
DN pulley: ¢ 129 mm
Belt length: 612 mm
Shaft load (W): 981N, 1961N, 2942N, 3923N

In order to know the basic performance of the
present dry hybrid V-belt in power transmission,
some tests were conducted. Fig. 4 illustrate a testing
machine assembly. Test conditions are also given in
the figure. The relationship between ST factor and
slip ratio,  is shown in Fig. 5. Here, ST represents an
effective belt tension per unit contact length. It is
defined by the following equation.

f il
sr=Tery = —{ R

Here, Te is an effective tension given by a difference
between T (tension side belt tension: see Fig. 6) and
T, (slack side belt tension). Ty is a torque applied to
the driving pulley. r and @ are belt pitch radius and
contact arc, respectively. r6@ given in the above
equation represents a contact length in the pulley
groove,

3

— 25 [
=
3

A

]

g

2

7

- 3923N
0 10000 20000 30000 40000 50000

ST [ N/m]

Fig. 5 ST Line Diagram
(Atmospheric temp.: Room temp.)

Effective Tension (Te):
Te=T1 — T2

Fig. 6 Transmission Status on DR Pulley

As can be seen in Fig. 5, the slip ratio increases
with increasing S7. For small ST (roughly up to
a = 1%), the slip ratio increases linearly with respect
to ST. However, the slip ratio rapidly increases over a
certain value of ST (in other word, a>1%). Then,
sliding slip occurs. There exists a maximum S7,
STmax where no additional torque can be transmitted
due to sliding slip of the belt. This relationship is
affected by the axial contraction force acting between
two pulley shafts, W (shortly “shaft load™). With an
increase of W, the slip ratio decreases at a given ST
value, and STy,qx increases. For stable and long-term
operation of CVT using AVANCE, the slip ratio, a
should be kept smaller than 1%. If the belt is running
at a>1% for a long period, the temperature of the
belt increases quickly and would fail in a short time
due to heat generation caused by slippage between
the belt and pulleys.

45000

40000 || —#— Siip Ratio(a) 1% /‘N

35000 |- —#&— Slip Ratio{ &) 2%

— 30000 /q}/d

S 25000

~ 20000

% 15000 /
10000 %

5000

o

0 1000 2000 3000 4000 5000
W [N]

Fig. 7 AVANCE’s Transmission Ability
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Fig. 8 Rubber Belt’s Transmission Ability

The belt performance (power transmission
ability) can be evaluated by using the ST-a curves.
Power transmission ability curves are represented on
a ST-W (shaft load) map. Fig. 7 shows the basic
power transmission ability of AVANCE, namely, the
relationships between ST and W at ¢=1 and 2%.
From this figure, it is found that AVANCE can
transmit $7=32 KN/m at @ = 1% for W=4 KN while it
can transmit $7=40 KN/m at a=2%. In order to
show a distinguished performance of the dry hybrid
belt in power transmission in comparison with
conventional rubber-type V-belts, a typical ST-W
curve for a large rubber belt (also produced by
BANDO Chemical Industry) is shown in Fig. 8.

This belt has an ability ofST=6 KN/m at a= 2%
for W=1.5 KN. However, yielding in ST-W relation
occurs over W=1.5 KN due to transverse buckling of
the belt shown in Fig. 9. Since the belt is fabricated
mainly with rubber and has no reinforcement in the
transverse direction, it cannot support high transverse
pressure from a pulley due to low rigidity in this
direction. Even if the compressive failure of the
rubber belt would not occur, buckling occurs at a
relatively low transverse pressure.

S8B8888888355858

Tension distribution

Fig. 9 Rubber Belt’s Buckling Deformation
due to Lateral Pressure.

On the other hand, AVANCE has a metal core
(aluminum plate) in its block. The metal core gives
the block high rigidity in the transverse direction as
well as high compressive strength. The block can

support a high compressive load applied from the
pulley surfaces without buckling. Consequently, a
high shaft load may apply to the belt. Then, the belt
can transmit much greater power than conventional
rubber-type V-belts although the nominal coefficient
of friction between blocks and pulleys is lower than
that for the conventional V-belts.

4.2 Effect of environmental temperature on power trans-

mission
45000
——Slip 1% (25C)

40000 1 —&— Slip 2%(25C)

35000 1 .. @ - -slip 19%(95C)
"E H = = @ - -Slip 2%(95C) : =
Z 25000 AT
~ 20000 A

% 15000
oo | A
5000

i

0 1000 2000 3000 4000 5000
w [N]

Fig. 10 Temperature Dependency of
AVANCE's Transmission Ability

In order to examine the temperature dependence
of ST-W relation of the newly developed hybrid belt,
some power transmission tests were carried out at
95°C. The test results are shown in Fig. 10. From this
figure, it is found that there is no significant effect of
temperature on power transmission ability of the
present V-belt under ST < 25 KN although the ability
slightly decreases over W= 3 KN.

4.3 Power transmission efficiency

The efficiency, 1 (%) in power transmission at
steady states was measured in our laboratory using an
AC motor instead of automobile engines. It was
computed by the following equation,

_ Ny(T.5-Ly)

n=———"-X 100 (2)
e Wi i)

N,: rotational speed of driving pulley

T, ,: torque applied to driving pulley

L,: loss torque at driving pulley shaft measured
when no power is transmitted.

N,: rotational speed of driven pulley

T, 5: torque applied to driven pulley

L,: loss torque at driven pulley shaft measured
when no power is transmitted.
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Figure 11 shows the efficiency variation with
respect to T, at a low speed ratio. Here, the shaft
load, W was changed from 980 N to 3920 N. W is
used as a parameter in the figure. The test results
confirm that the power transmission efficiency of the
newly developed hybrid belt is higher than 95% at
T,;, = 20 Nm. At other speed ratios, AVANCE also
shows a quite high efficiency in power transmission
as well as at the low speed ratio as long as the
transmitted power is not low.

G N |
ﬁﬁ/ﬁ h:\;l 980N

95 4/ - 1960N H
90

——  2940N
85 [

- 3J920N

0 20 40 60 80 100 120 140
Input Torque (N'm)

100

Efficiency (%)

80

Fig. 11 Transmission Efficiency of AVANCE at
Low Ratio

5. Relationship between pulley thrust
and shaft load

As above mentioned, the transmitted torque, in
other words, ST at a given condition is determined by
the shaft load, W and slip ratio, a. Therefore, the
shaft load must be controlled according to
transmitted torque as the resultant slip ratio does not
exceed the specified slip ratio for instance, a =< 1%.
For automobile application, two pulley shafts must be
fixed in their CVT units. No special devices are
applicable to gencrate the shaft load directly (as can
be seen in Fig. 4) in CVT units. As later discussed,
the shaft load applied to two pulleys occurs as a
resultant load due to a thrust of the driven pulley.
Here, the driven pulley thrust, O, is generated by a
spring/torque activated cam system attached to the
driven pulley while the groove width of the driving
pulley is adjusted directly by an electric motor.
Therefore, it is important to know the relationship
between (, and shaft load for adjusting the spring/
torque activated cam system for CVT units. Since the
movable flange of the driving pulley is adjusted by
an electric motor through a screw mechanism, the
driving pulley can be considered as a fixed pulley at
steady state. Under the condition shown in Fig. 12, a

resultant shaft load occurs (W = T', + T, in this case
since the speed ratio is 1) when the driven pulley
thrust is applied. Here, we introduces a new
efficiency, G (a ratio between Q, and W) defined by
the following equation.

_ 9
- (T +To)

)

G

Dn Pulley N [

Thrust
(Q2) E:)

s

Dr Pulley
(fixed)

izl

Fig. 12 Schematic Illustrating of Dn Pulley
Thrust Force and Shaft Load (T1 + T2)

G can be estimated experimentally. In our tests, the
driven pulley thrust was applied by air pressure. A
solid pulley was used for the driving pulley. The
driving pulley is fixed while the driven pulley is set
on the smoothly movable table on straight rails. The
table is fixed via a load cell. G is plotted with respect
to effective tension, T, (=T,—T>) and shown in Fig.13.
Although there is some data scatter in the figure, it
may be concluded that GG is almost independent on 7,
namely, ( is determined independently on
transmitted torque. Therefore, for this type of CVT,
the driven pulley thrust (or driving pulley thrust, if
the pressure controlled pulley is used instead of the
driven pulley) can be estimated easily by the
following equation after the shaft load has been
estimated according to the corresponding S7T-W
curve.

Predicted 0, =W X G (4)

1.6

1.4 B ==l

1 et Ll s s

1

O 0.8
0.6
0.4
0.2

0

0 500 1000 1500 2000
Effective tension ,T1-T2 (N)

Fig. 13 Relationship of Driven Pulley Thrust
and Shaft Load
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However, an appropriate G is chosen from 1.2 to 1.5
considering speed ratio, transmitted torque and other
factors in conjunction with the fatigue test results for
the present CVT.

6. Normalized transmission ability of
AVANCE

There is another factor to be considered when the
pulley thrust will be estimated. Because the CVT is
used at different speed ratios even at steady state.
Generally, the maximum S7 occurs in the driving
pulley when the speed ratio is low and the
transmitted torque is maximum.

Therefore, the power transmission ability for
conventional V-belts are evaluated at low speed ratios
and the ability of the present V-belt is also presented
at a low speed ratio in the previous section. However,
V-belts used for CVT experience a wide range of
speed ratio from 0.4~0.5 to 2.0~2.5. It must be
important to examine the power transmission ability
at different speed ratios. Therefore, power
transmitting tests using the same belt were conducted
at low, middle and high speed ratios in order to reveal
the effect of speed ratio on the ST-W relationship. The
experimental results are given in Figs. 14~16. For the
two pulleys system, the ST-W relationships are
obtained for each pulley. In this paper, the ST-W
relationships only for the pulley having a smaller belt
pitch radius are presented.

From these figures (Figs. 14~16), it is found that
the ST-W relationship is not uniquely determined
even if the slip ratio is the same. It depends on the
speed ratio. For instance, ST is about 35 KN/m at a
low speed ratio in the case of a=2% while it
changes according to speed ratio as 25 KN/m at a
middle speed ratio and 30 KN/m at a high speed
ratio. Instead of W in ST-W curves, a normalized shaft
load, WD is considered. Here, WD is given by the
following equation.

T, + 1,
D

WD = o i B (5

D
D is a diameter of pulley. It should be noted that each
value of WD for driving and driven pulleys is not
always same because each diameter of them is
usually different. Therefore mean WD given by
following equation is used in practice.

WD =L
2\ D, D, 2D,D,

where D and D, are diameters of drive and driven
pulleys, respectively.

In correspondence with WD, ST is also
reconsidered. A new ST, ST is computed using both
STs for driving and driven pulleys. Namely, ST is
given by a mean value of ST for a driving pulley,
STpr and ST for a driven pulley, STy at each speed
ratio.

'ST:% (STpg + STpw) (7)

Figure 17 shows the relationship between WD and ST
at all speed ratios. As can be seen in this figure, the
WD-ST relation is only dependent on slip ratio and
independent on speed ratio and pulley diameter. For a
given slip ratio, the WD-ST relation is uniquely
determined. Furthermore, when the slip ratio is lower
than 1%, the WD-ST relation is independent on speed
ratio since there is a linear relationship between slip
ratio () and shaft load (W).

When WD is considered as a mean pressure
between the belt and pulleys, we may understand that
ST represents the magnitude of maximum frictional
force under that pressure. Based on Fig. 17, namely,
then WD-ST relation, important information for CVT
design such as pulley thrust and loads applied to
pulley bearings using AVANCE can be estimated.

g

8
9
-

§
N

¥

e %

0ol

0 1000 2000 3000
WINI

Fig. 14 Transmission Ability at Low Speed Ratio

4000 5000

] —a- 1% slip
—m— 2% slip

] 1000 2000 3000
W [N]

4000 5000

Fig. 15 Transmission Ability at Middle Speed Ratio
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Fig. 16 Transmission Ability at High Speed Ratio
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Fig. 17 Normarized Transmission Ability

7. Overview of Dry CVT Unit

Fig. 18 shows the schematic drawing of a dry
CVT unit which has been developed for automobiles
with 660 cm® or smaller engines by AICHI Machine
Industry, Japan. Recently, it has been equipped into
some commercial vehicles in Japan. The mechanism
of this unit is as follows™:

(a) Torque is released from the engine and then trans-
ferred to the driving pulley (primary pulley) via a
powder clutch.

(b) The torque is then transmitted to the driven pulley
(secondary pulley) via AVANCE,

(¢) Tension required for this belt transmission is pro-
vided by a thrust (fore to clamp the belt) genera-
tion mechanism via the spring and torque cam at-
tached to the driven pulley.

(d) The driving pulley is equipped with a screw-type
pulley open/close mechanism, and by increasing/
decreasing the drive pulley width via the DC mo-
tor and actuator gear, non-stage, continuous vari-
able transmission is performed.

Owing to the high efficiency belt, no lubrication and

the continuous variable transmission mechanism via

the DC motor, a mileage as high as that of MT has
been attained. (see Fig. 19)

8. Concluding remarks

We have been developing an advanced V-belt for
CVT based on a new concept for more than 15 years.
Finally, a dry hybrid belt (named AVANCE) has
come into the market, which allows CVT to transmit
high power for driving small passenger cars. The
hybrid system of AVANCE composing blocks and
tension members has a remarkable power transmis-
sion ability 4~10 times greater than conventional
rubber-type V-belts. The normalized relationship
representing the power transmission ability for this
belt is found, which is useful to estimate the pulley
thrust and other factors for CVT design. The
normalized relationship is independent on speed ratio
for two pulleys CVT systems. When AVANCE is
used with a dry CVT unit which has been newly
developed, a higher fuel consumption efficiency has
been attained in comparison with manual transmis-
sions.

e

[ 3]  International Congress on Continuously Vari-
able Power Transmission (The CVT 99 Congress) .~ 1999
Holland.

(51 3]
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Development of Polyethylene Film for Construction Plywood

i H

ik

Akira IIDA

High density polyethylene (HDPE) film which is used as a printing base film for double embossed-type
decorative material utilized in building materials was investigated regarding design to ensure quality and possible

use in calendar manufacture. The results of the investigation are as follows:

(1) the compound that can be used to manufacture calendars was discovered.
(2) the design to ensure quality for construction-use film utilizing HDPE was significantly different from that of
PVC. Specifically, the appropriate additives, and their proper quantities, to ensure adhesion and adhesion to

plywood were discovered.

(3) the manufacturing process of HDPE calendars was found to require a new manufacturing index different
from that required for PVC. The coefficient of viscosity for expansion of resin and die swell ratio were found
to be appropriate for the surface smoothness of the film. Fusion tension was found to be the appropriate index

for the casiness of take off.
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Development of Belt-driven Variable Speed Unit Combined with
Differential Gear Mechanism

GRS
Hirofumi MIYATA

Studies of variable speed transmission that utilize combination of differential gear mechanism and belt-driven
CVT has been conducted for sometime in hopes of realizing clutch-less CVT that can shift freely between
forward, backward and idle positions.

But practical use of this CVT has not been realized due to negative aspect of system itself (requires heavy
operation force to change speed,etc) and difficulty in putting theoretical analysis of power transmission in order.

In devising mechanical CVT (VSDD type) that combine differential gear mechanism and belt-driven variable
speed unit, analysis of power transmission was done using analysis technique for planetary gear drive. The result
of this analysis matched the test result of actual machine to prove the theoretical analysis to be accurate.
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7007V > 3 LOFEEFEOFE & FEERZE

Viscoelastic Parameter to Explain Adhesive Abrasion of Chloroprene Rubber

BLWF KA
Shigeki OKUNO

This paper concerns adhesive (sticky) abrasion of chloroprene rubber vulcanizates.

One application of chloroprene rubber is the automotive power transmission belts. In this application,
adhesive abrasion sometimes causes uncomfortable noise. In order to solve this problem, adhesive abrasion was
related with polymer structure through molecular weight distribution and viscoelastic properties.

Adhesive abrasion was evaluated in Taber abrasion tests, in which the rubber specimen was abraded with
sandpaper having different surface roughness. The maximum surface roughness for the onset of adhesive abrasion
was chosen as the sticky index of the vulcanizate. Adhesive abrasion was observed with sandpaper with rougher
surface for the specimen with more sticky abrasives.

Chloroprene rubber with higher low-molecular-weight content had higher sticky index. The product of
number averaged molecular weight, Mn and 3™ power of tangent delta at 120°C, 0.1rad/s of the gum rubber
correlated with the sticky index of the vulcanizate very well. The rubber with the higher value of Mn X (tan 8)*
had higher sticky index. Both low-molecular weight content and Mn X (tan 8)* represent viscous nature of the
gum rubber. Therefore, more viscous gum chloroprene rubber causes more sticky adhesives even after the
compound was vulcanized. Long-chain branching of the gum rubber was considered as the most effective
polymer structure to attain more elastic nature (lower value of Mn X (tan 8)°), resulting in higher resistance for
the onset of adhesive abrasion of the chloroprene vulcanizates.
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Mechanism of Adjusting the Creep of Flat Belts Utilized for Short Fiber
Reinforced Rubber Composites (SFRR)

R OHEZF
Masayuki MURAO

= g

Hiroshi MITSUHASHI

Recently, flat belts are being widely used in the belt driving systems of electrophotographic machines such as
printers and copy machines. A number of devices have been proposed to prevent lateral creep in these flat belts.
Now Bando has developed it’s own detection-type creep adjustment device for flat belts called the TSR System.

This device has a plurality of rollers having at least one roller for adjusting the creep, a creep detection device
supported by one end of the roller for adjusting the creep and rotating independently from the roller, a biasing
mechanism for biasing the flat belt toward the creep detection device, and a roller-end displacing device. The
roller-end displacing device is connected to the creep detection device and converts the torque of the creep
detection device. The torque is received when the flat belt is in contact with the creep detection device leading to a
displacement of the roller end to a predetermined direction so that the flat belt creeps back in the direction
contrary to the direction of the original creep caused by the biasing device.

As a result of the above described structure the friction created between the contact surfaces of the creep
detection device and the flat belt is stabilized and, therefore, the amount of creep of the flat belt is reduced. This
report focused on the outer surface of the creep detection device where it comes into contact with the flat belt.

Short Fiber Reinforced Rubber Composites (SFRR) that was oriented in the normal direction was used in the
outer surface of the creep detection device. The relation between the changed frictional characteristics when
external stimuli (toner, ink, paper particles etc.) are added and the amount of belt creep was investigated.
Experiments were conducted on the SFRR changing the amount of fiber included, the length of the fiber extruding
from the surface and changes in contact pressure. The results were as follows:

Friction was stabilized and the amount of flat belt creep was reduced when the SFRR was oriented in the
normal direction. It was found that the length of the extruding fiber had a greater effect in stabilizing friction than
did the amount of fiber included. 140 um or more was found to be necessary. Within these parameters the amount
of change in friction produced by external stimuli was small and the amount of belt creep was well within usable
limits.
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Elastomer Parts for Electronic and Office Automation Appliances

L B*
Tsutomu SHIOYAMA

G

Yousuke MATSUI

Recently, multimedia products are the main source of new developments of applications for elastomers. This
report summarizes the properties of elastomer in demand and the conditions in use in the multimedia applications.
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[1ISO 14001 ZBEEENE |  (19994F5 ) : Akt Ffsi A FEAT) (199948 115 < I 11 23T, o ol 4EAT)

W, T TICEHEL BV TR ERIEOERBEECH S 1S0 9001 DEGEEIE L, MEOERBE L4
HWEEDIZHOTEBY L, SHICIALOEEIIMA, S HRNEOILBORETH 5 BIRHE~H Z@miT,
ELVHERA RIAICR T 200, BRI S LW RSHERE BRI i cHES ¥ L HMELT. £
HMGERE~H A2 b AT LAOBEIZRVHMATEY £ L7,

R, FAEOZ S LABRERSCH T AHN M AL, BEEMOEBETSH SIS0 14001 (S#EE L Twb L,
AOREAERS T3 5 LRQA (Lloyd’s Register Quality Assurance) (2 £ D G861 F L7z,

1999 4 5 A AKFHAT, AT ATEIIG. 1999 4F 11 H Zhndi 1330, b i 2e it ASRRGERE FH O Ik &
LTwEd, IERMMOBEEFICLBHL, Aa—7BLusr—32 a3 >0k % M A 5HETY,

®

CERTIFICATE OF APPROVAL
This is to certify that the Environmental Management System of:

Bando Chemical Industries, Ltd., Head Office
Chuo-ku, Kobe-shi, Hyogo-ken, Japan

has been approved by Lloyd's Register Quality Assurance Limited
to the following Envi I M Systent Standard;

150 14001 : 1996 ]IS Q 14001 : 1996

The Envii LA System is applicable to:

Site activities associated with the research & laboratory,
design, development, manufacture of transmission belts
(Rubber, PVC, TPU) conveyor belts, electro-photographic parts,
molded plastic products, elastomer products & its composites
and molded PU products in accordance with the publicty
available environmental policy.

Tiis certificate is valid only in association with the certificale schedule bearing the same
number on which the locations applicable to this approval are listed.

Approval Original Approval: 21 May, 1999
Certificate No : 772509
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TEL.(078)942-3204 FAX.(078)942-3282
KEEMALEGE2 T B5%25% MHEE#SEIELT 27 0F
(N—EZOSAKA) T530-0001

TEL. (06) 6345-2636 FAX. (06) 6345-2677
KERMALEEME2 T B5%258 HERME1ELT 127 -9F
(1 —EAOSAKA) T530-0001

TEL. (06)6345-2671 FAX.(06) 6345-2615
MPEHRMERAIEITH2H155 T652-0883
TEL.(078)651-7331 FAX.(078)651-7339
RREZEXZATE1E235 (SENNEIL) T108-0014
TEL. (03) 5484-9111 FAX.(03)5484-9112

BHEMRHE BRI T E26% 138 (HEHEIL) T450-0002
TEL.(052) 582-3251 FAX.(052) 586-4681

AEMALEMGE2T B5%255 MEE#EIELT 7 0F
(1 —EZAOSAKA) T530-0001

TEL. (06) 6345-2631 FAX.(06) 6345-7752
WEMEMXSFEAITE1E6S T652-0082
TEL.(078)681-6681 FAX.(078) 651-7997

FERLR IR B LET R EFRE  T649-6111
TEL. (0736)66-1931 FAX.(0736) 66-1934

MEMAEXRILAITH2#H 155  T652-0883
TEL.(078)651-6691 FAX.(078)651-8979
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BEIHTEEXZOR1TH4%E2S T813-0034
TEL.(092) 622-2875 FAX, (092) 622-2880

REREATRKE7E33S T822-0024
TEL.(0949)22-0630 FAX.(0949)24-1195

WPEMEMEAINE2T B2H 158 T652-0883
TEL. (078)651-0512 FAX.(078) 682-2600
RHEMTIIFE23%  T918-8037
TEL.(0776)36-3100 FAX.(0776) 36-4038

s IHFEETLLFIE-ROAE48 T675-0104
TEL. (078)943-3933 FAX. (078) 943-4640

MEMERXAREITE1HE165 T652-0882
TEL.(078)682-2611 FAX.(078)682-2614
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#EHEREAAATTE1H18S  T652-0802
TEL. (078) 576-5353 FAX. (078)577-6553

WM RMEAMEITH2%155 T652-0883
TEL.(078) 681-3700 FAX.(078)681-1140

EFECFETEREHR4E2S Te71-3212
TEL.(0790) 76-3333 FAX. (0790) 76-3310

HEMEMEAARTTE1H188  T652-0802
TEL.(078)577-6751 FAX.(078)577-9465

WEMEMEATEIT H2#F155 T652-0883
TEL.(078) 652-2497 FAX. (078) 652-2897

#EmRREE EE7TH1#2S (tHEV) T651-0086
TEL.(078)242-2608 FAX. (078) 242-2609

TEL.(078)942-3232 FAX.(078) 943-2359

LIS TR m

KR RmmBESTE20E1S  T590-0526
TEL.(0724)82-7711

HARBHHELE188%6 T326-0832
TEL. (0284) 72-4121

FALIRIERERL AR EFRE  T649-6111

FAX.(0724)82-1173

FAX.(0284) 72-4426

TEL. (0736)66-0999 FAX. (0736) 66-2152
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ILRTETEARPRE2THo®228  T062-0020
TEL.(011)851-2146 FAX.(011)852-6992

WENmEMEEIST B8E385  T984-0826
TEL.(022)286-8111 FAX.(022) 285-5873
BEEVHEMEFESE4TEEHE 135  T970-8691
TEL.(0246) 22-2696 FAX, (0246) 21-3767

HRER R R X AANE AMET 1365 (BFRETSENL) T103-0005
TEL.(03)3639-0811 FAX. (03) 3639-0885

FEHFPRERAFH2TE7E1S  T103-0004
TEL. (03)3861-7411 FAX.(03) 3866-4792

RRIE W T H19%65 (FAMMEEIL) T111-0052
TEL.(03)3865-3644 FAX.(03)3865-3603

HEHRILEFEMSTEIR108 T120-0003
TEL.(03)3629-9111 FAX.(03) 3628-4506
HREEXE4TE #2358 (SENNEL)

TEL.(03)5484-9130 FAX. (03)5484-9131

#E||RSENE ST BR1516%FH1  T253-0114
TEL.(0467)74-3555 FAX.(0467)74-5553

EILHREE3TEO#F  T930-0834
TEL.(0764) 51-2525 FAX.(0764)51-8148

KR HGE/E R R B2 TH24%238  T533-0033
TEL. (06)6323-2321 FAX. (06) 6323-0697

HAMTAESTB4E235  T578-0921
TEL.(0729)62-1115 FAX. (0729) 65-4591

WAMMKESTB4%E235 T578-0921
TEL.(0729) 62-3351 FAX. (0729) 65-6084

WPEMEBEEERG6T BE2%348  T652-0882
TEL.(078)651-4059 FAX. (078) 652-0726

HEMEEEAKARBRTTE1HE185  T652-0802
TEL.(078)577-8541 FAX.(078) 577-9925
#HEMEMEAAATTE1HE18S T652-0802
TEL.(078)577-0831 FAX.(078)577-0534
ERERHATH FEFRITE®118  T738-0023
TEL.(0829) 32-1211 FAX,(0829)32-1541
BURAFAKFIHFI1032016 T745-0801
TEL. (0834) 25-3773 FAX.(0834)25-3810

T108-0014
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BANDO AMERICAN INC,
1149 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.1-502-842-4110 FAX.1-502-842-6139
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BANDO CHEMICAL INDUSTRIES (EUROPE)GmbH
Nikolaus Strasse 59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL.49-2161-80104-0 FAX.49-2161-90104-50

BANDO IBERICA S.A.
Apartado Correos 130, Poligono Industrial Can Roca Carretera Nacional I Km. 578, 08292
Esparraguera (Barcelona) SPAIN TEL.34-93-777-8740 FAX.34-93-777-8741
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BANDO CHEMICAL INDUSTRIES (SINGAPORE) PTE.LTD.

Pasir Panjang Distripark, Block 10, Unit 6, Pasir Panjang Road, Singapore 118500
SINGAPORE TEL.85-475-2233 FAX.65-479-6261

DONGIL BANDO CO., LTD.
305, Sanmak-Dong, Yangsan-Shi, Kyangsangnam-Do
REPUBLIC OF KOREA TEL.82-523-388-0084 FAX.82-523-388-0087

BANDO JUNG KONG, LTD.
398-10 Moknae-Dong, An San City, Kyongki-Do, REPUBLIC OF KOREA
TEL.82-345-491-6208 FAX.82-345-491-6167

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

SIAMESE-BANDO RUBBER INDUSTRY LTD.
47/7 Moo 4, Soi Wat Bangpla, Tamal Bankao, Amphr Muang, Samutsakorn 74000 THAILAND
TEL.66-34-424410 FAX.66-34-422202

PHILIPPINE BELT MFG. CORP.
C.P.0.Box 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

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

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 SAKATA LTD.
Room 2201-2.Shun Tak Centre, West Tower, 200 Connaught Road Central, HONG KONG
TEL.852-2494-4815 FAX.852-2481-0444

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