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On the 8" issue of the Bando Technical Report
I am pleased to announce the publication of the 8" edition of the Bando Technical Report.

As we look back on the editions prior to this 8" publication, the research program has produced 42 reports in
total. Among them, 29 reports (or 69% of the total) have been utilized to accomplish and realize targets in the
product and design stages, contributing to the sales of the company.

Whilst this appears to be a positive figure, if we consider the great number of technical projects currently
being undertaken, in reality only a selected few are actually published in each edition. Much of the technological
research of our engineers (31%) is not being adequately utilized which is disappointing in terms of our
development activities. In other words, we are not sufficiently cultivating the needs of our customers and markets,
hindering research targets and further opportunities.

As we approach the year 2006, which will be celebrated by the company’s centennial anniversary, we should
strive to be more flexible to current trends as well as those for the next 100 years. I believe that timely action to
meet the real needs of our customers and markets is the key to success.

In this current edition we present 6 reports. We would appreciate your taking a glance at the BANDO
TECHNICAL REPORT for the benefit of your research and production development. If you have any comments

or advice we will pleased to receive them.
WEFT $Zm P

Seishiro Tkemura
Senior Executive Officer

Marketing, Engineering and R&D

1 BANDO TECHNICAL REPORT No.8/2004



g

g2, CVT NJL b [AVANCE| D/0GEFH SR

Improving Fatigue-resistance of Aramid Cords in AVANCE, a Hybrid Belt for CVT

KEF R
Kimichika OONO

NS

Keizou NONAKA

This study is concerned to fatigue of aramid cords in AVANCE, a dry-hybrid belt used in CVT units. The dry-CVT unit is
currently used in compact cars with an engine of 800cc or less. In order to apply the belt to engines having a capacity larger than
1000cc, the belt must have sufficient durability at transmitted torque of 110Nm. The durability of the belt depends predomi-

nantly upon the fatigue resistance of a tension member of the belt.

First, the mechanism of fatigue process of the cords is considered from a detail observation of the fatigued belts. Then, the

authors find some accelerated evaluation methods resulting in the same fatigue patterns as those observed in a fatigued belt.

Finally, the optimized twist-structure of the aramid cords is determined, and the performance of the belt is evaluated. In this

study the fatigue mechanism of the tension members in the dry-hybrid belt is elucidated, and a belt with excellent durability is

successfully developed.
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Development of a Dry Hybrid V-belt Having Higher Torque
Capacity

& MV {REID A EE 2R CVT NIL M DRARE

Mitsuhiko TAKAHASHI"! Ryuichi KIDO™
BiE kE W
Keizou NONAKA™ Toru FUJIT™
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1. INTRODUCTION

Public attention has been put on CVT
(Continuously Variable Transmissions) using V-belts
since they are promising reduction of fuel
consumption for automobiles using combustion
engines. V-belts for CVT are roughly divided into
two types, metal pushing V-belts and hybrid V-belts.

No lubrication is necessary for CVT using hybrid
V-belts. Namely, CVT using hybrid V-belts are dry.
They are operated basically without oil pressure since
the pulley thrusts are not as high as those for CVT
using metal V-belts due to higher coefficient of
friction for hybrid V-belts than that for metal V-belts.

Block Tension member

Rubber

Therefore, dry CVT are suitable for small passenger
cars from a viewpoint of fuel efficiency. More than
80,000 passenger cars have been produced in the
world, in which dry CVT using hybrid V-belts are
installed. Based on the previous success on small
cars, a dry CVT having higher capacity in power
transmission is required. To achieve this demand, a
more powerful dry hybrid belt should be developed,
which can be installed in subcompact cars whose
engine volume is as large as 1300 cm’,

2. DRY HYBRID V-BELT: AVANCE

Figure 1 shows a dry hybrid V-belt assembly. The

4« Upper arm

Aluminum alloy

Resin
Lower arm

-TEJ‘@F__‘—’_I—L—'H!
~N N

Fig. 1 Dry hybrid V-belt assembly and its components

BT RSP
R&ED L ¥ —
R 5 it w2
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hybrid belt consists of a pair of tension members and
made of aluminum alloy coated with heat resistant
resin. The power (i.e., torque) between two pulleys is
transmitted from the driving pulley to the driven
pulley due to a difference in tension between slack
side and tension side of the belt. Such the
combination between tension members and blocks
assures the belt of higher power and longer durability
than those of conventional rubber V-belts.

3. OBJECTIVE OF DEVELOPMENT

The objective of the present work is to examine a
possibility to develop a hybrid V-belt for CVT used
for subcompact class cars with 1,300 cm® engines.

Fig. 2 Block for AV25 belt

The previously developed hybrid V-belt, AV25 (Fig.
2) whose width is 25 mm, can transmit a torque up to
70 Nm at 6,000 rpm. However, the new V-belt
(designated as AV30™") must sustain a torque as high
as 110 Nm to be used for subcompact cars. If 110 Nm
is applied to AV25, we expect that blocks of the belt
will be shortly broken. Therefore, the first step for us
is to increase the strength of blocks enough to
support 110 Nm not only in the lateral direction but
also in the longitudinal (running) direction.

In order to increase the block strength, it is
necessary to refine and optimize the block
configuration as much as possible. One of ideas to
increase the block strength is to proportionally
enlarge the original (AV25) dimensions. In this case,
however, blocks become so heavy that the belt cannot
survive at high rotational speed due to an excessive
centrifugal force. We tried to give arch configuration
to the upper arms of the block for increasing the
compressive strength in the transverse direction, but
our previous trial figured out an alternative problem
that the blocks did not smoothly come out from the
pulley groove.

1" AV30 blocks have nominal width of 30 mm.

4. FACTORS AFFECTING THE
REMOVABILITY OF BLOCKS
FROM THE PULLEY GROOVE

In order to reveal the factors affecting the block
behavior at the exit of the pulley groove, some finite
element analyses were carried out considering the
slippage between the block and the pulley groove
surface. Figure 3 shows the finite element model.
Shell elements were used. The pulley surface was

Fig. 3 Finite element model for analyzing the normal force
acting on the end of block arms.

assumed rigid. Forces acting on the block, Fp and Fy,
were estimated based on the classical Euler’s theory
for simplicity although some problems on the
accuracy existed (see Fig. 4). Here, Fp is a
compression force pressing the block into the pulley
groove and F; is the transmitting force in the
tangential direction acting on the end of arms. In the
calculation, both Fp and Fy were finally removed and
the residual pressure acting in the boundary between

Pb, "\
,4-\\ F[ .7/_// ‘.!
", ‘\ g / \‘. A&
/ \‘,ﬂl g i / I\\ \
/ 25 r.~ \ / \ ".‘
{ N \ ]I \ |
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I\. AN #j // ll ;"’ [
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V‘\'\ . ;‘I
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c N /
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Py: Block picth

6: Belt contact angle
r: Pulley Radius

& : Block angle

Fi: Transmitting force
Fp: Compression force

Fig. 4 Pulley layout
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Table 1 Condition used in the FE calculation

Input torque, Trj, 110 Nm
Inter-axial force between
two pulleys, W 5,010 N
ST (averaged transmitting
force) 30.5 KN/m
Frictional coefficient, 1 0.5
Fr 3246 N
Fp 166.3 N

the block and the pulley surface was observed as an
indicator (removability) showing whether the block
goes out easily or hardly from the pulley groove.
The condition in the calculation is given in Table
I. Here, the coefficient of ST is given by the
following equation, which means the average
transmitting force between the belt and the pulley.
ST=(T,-T,)/L
L: Contact length between the belt and the
pulley

T,: Tension side tension

T»: Slack side tension
The coefficient of friction was varied as well as the
elastic modulus of resin. Figure 5 shows the variation
of residual pressure with respect to the coefficient of
friction, w. The residual pressure becomes zero when
L is lower than 0.23. In the case of arch
configuration, BG980 (see Fig. 6), the residual
pressure increases rapidly with an increase of u while
it does not significantly increase for BG1101 with an
increase of friction. Table 2 shows the residual
pressure variation due to the elastic modulus of resin.
It is apparent that the residual pressure is less
sensitive to the elastic modulus of resin™ as long as

Table 2 Residual pressure acting on the top
surface of the block (unit: MPa)

Elastic XG980
modulus of
resin (GPa) | u=02 | u=0.45 | n=0.2 | pu=0.45

XGl1101

20 0 5.24 0 0.20

20 0 5.02 0 0.16

™ Short carbon fibers are mixed in the resin. Therefore, the
elastic modulus of the resin is very high.

61
Elastic modulus of resin = 20 GPa (Constant)
=5
o
=
o 4
% BG980
g° ©=0.23
|
=)
é E BG1101
1 .
L

o

0 005 01 015 02 02 03 035 04 045 05

Fig. 5 Variation of residual pressure with respect to the
coefficient of frication

BG1101 (straight type) BGY80 (arch type)

Fig. 6 Block configuration

Belt Length: 690mm
T1

Fig. 7 Pulley layout for measuring the removability of
blocks from the pulley groove.

the block configuration unchanges.

How easily blocks go out from the pulley groove
was measured. A pulley set shown in Fig.7 was used.
The belt was operated for 5 minutes at N;j=2600
rpm, Tr;;=83.4 Nm, W=3730 N and ST=31.4 KN/m.
The distance between two pulleys was narrowed after
the belt stopped running, and we observed whether
the blocks naturally came out from the pulley or not.
It was found from this observation that XG980 belt
(having arch configuration) came out from the pulley
groove with little resistance if its coefficient of
friction was low. However, XG980 belt was not taken
out from the pulley groove without hammering when
the coefficient of friction was high. Such results well
agree with the FEM results.

The removability of blocks was discussed from
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the pulley groove nextly. It is generally believed that
the coefficient of friction between the belt and the
pulley must be lower than tan (0/2)™ so that the belt
comes out naturally and smoothly from the pulley
groove, where o is the V-groove angle. o for Avance
is 26 degrees. In this case, the maximum coefficient
of friction is 0.23, which coincides with o assumed in
the FEM analysis for natural escaping. This result
shows that we must keep the coefficient of friction
lower than the frictional angle. It is supposed that the
difference in removability between two type blocks is
due to the effect of configuration at higher p than
0.23. The upper arms of conventional type blocks is
easily bent downward while they are hardly bent
downward for the arch type block due to the arch
effect. However, we are not necessary to worry about
using the arch configuration from a viewpoint of
removability as long as the coefficient of friction is
appropriately determined.

5. HOW TO DEVELOP A LIGHT AND
STRONG BLOCK

We explain an approach to develop a strong but
light block. Failure occurred at the inside root of the
upper arms under severe conditions for blocks having
straight beams. Therefore, we first enlarged the
corner radius of the core metal to reduce the stress
occurring at the root of upper arms as can be seen in
Fig. 6: BG980. We also gave a neck to the upper
beams to redistribute the stress (Fig. 6: BGI101).
Blocks failed due to an excessive tensile stress which
was sum of tensile stresses caused by back & forth
bending of the arms due to transmitting force Ft and
alternative (transverse) bending due to compression
force FP acting on both edns of the block (see Fig. 8).

Stress>0

Fig. 8 Bending moments applied to the upper arm

3 It is known as the frictional angle.

Our new design (XG980) was based on the arch
beam configuration since little transverse bending
occurred in the upper arm due to the compression
force P. Namely, the arm must normally contact with
the pulley groove surface. However, the FEM
calculation confirmed that the stress in the XG980
block was not low enough to avoid the failure from
the arm root for 1300 cm® engines.

Therefore, an additional improvement is
required. In order to reduce the stress at the upper
arm root due to compression (transverse) bending, we
tried to give the arched arm an over arch angle. Here,
the arch angle, A is defined as the angle between the
arm and the pulley groove surface. The arch angle for
straight arms is lower than 90 degrees. The over arch
angle greater than 90 degrees generates the
compressive stress at the inside root of the upper arm
since the upper arm is subjected to the upward
bending. This compressive stress discounts the tensile
stress occurring due to bending moments, which are
caused by the transmitting force Fy and the
compression force Fp.

(MPa)
G
8 8

’lr/
i
e

von Mises equivalent stress

300 [ -
200 |
100 [
" e gy |
75 80 85 90 95 100 105 110 115 120

Arch angle, A ()

Fig. 9 Effect of arch angle on the maximum von Mises
equivalent stress o,q at the upper arm

In order to assure that the above idea is effective
to increase the block strength, preliminary FE
analyses were conducted using a half of the upper
arm model. The arch angle was varied in the
calculation. Figure 9 shows the effect of arch angle
on the maximum von Mises equivalent stress ot in
the upper arm. The figure shows that o, decreases
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with increasing the arch angle. It becomes almost
lowest when the angle is over 110 degrees. Therefore,
we chose 112.5 degrees as the appropriate arch angle
for the further block design.

The detailed design for a new block was
continued as the arch angle was fixed 112.5 degrees.
Some gap and space are necessary to construct the
belt, namely, cogged tension members are inserted
into the gap between upper and lower arms.
Unfortunately, the weight of blocks increases with
increasing the arch angle since blocks become high.
In order to avoid this problem (weight), upper arms
were bent between the top and the bottom. Then,
sufficient gap between upper and lower arms was
assured. In addition, the center of gravity, total
weight, load distribution between upper and lower
arms were checked and appropriately refined.

6. SECOND GENERATION BLOCK; AV30

The final configuration and dimensions of an
advanced block for high power CVT are given in Fig.
10. Due to its shape, we gave a nickname, “UFQ
shape” for this block. Figure 11 (c) shows the
maximum principle stress contours for the AV30
block. The maximum tensile stress occurring at the
upper arm root is 76 MPa. We expected the
maximum tensile stress was lower than the allowable
stress, 0,=80 MPa considering long-term life. We
were satisfied with the above stress. The maximum
principle stress contour is given in Figure 11 (a)

(a) Block (b) AL Core

Fig. 10 Second generation block for

when only the transmitting force Ft is applied to the
upper arm. In this case, the maximum tensile stress is
82 MPa, and it is slightly higher than o,. Figure 11
(b) shows the stress contour when only the normal
force Fp is applied. Compressive stress appears at the
inside of the upper arm root. Therefore, the tensile
stress becomes lower than o, there. Our design
concept for the advanced block is reasonable.

Figure 12 shows the relationship between the
maximum tensile stress estimated from the FE
calculation and the weight for each block
configuration (AV25, arch type and AV30=UFO). It
is obviously apparent that the UFO configuration is
most superior among three configurations from a
viewpoint of weight-stress ratio. For the same tensile
stress level, the UFO configuration can save about
30% in weight.

130
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Fig.12 Relationship between the maximum tensile stress
in the block and block weight

7. OTHER IMPROVEMENTS IN AV30

Additional innovations were necessary to
increase the torque capacity of dry hybrid belts as
well as the durability. They are refinements of the
cog shape and the bottom edge configuration of H-

MAX 82 MPa

Compression

(b) only pigpp e

B 1

(c) Frand Fp

Fig. 11 Maximum von Mises stress distributions in the block
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groove of the block. Figure 13 shows the side view of
two blocks meshing with the tension member. The
external configuration of AV25 is shown with red and
dotted lines while the present AV30 is shown with
black and solid lines. The cog width of the upper arm
of AV 30 blocks is widen while the cog radius of the
lower arm is slightly increased to simultaneously
reduce the polygon effect on the belt tension and cog
strain. The bottom edge configuration for AV25 was
designed as considering a pair of tension members.
However, we found that a tension member could be
supposed a V-belt whose other pulley surface was
given by the bottom edge of the block groove. The
final cross-section of tension members is symmetric
with respect to its center line perpendicular to the
neutral plane. This symmetric V configuration makes
the stress distribution uniform over its cross-section
(see Fig. 14). These modifications in the belt
configuration reduce the heat generation of the belt
and partial wear of tension members,

|
—— New

Original

(a) Block (b) Tension Member

Fig. 13 Comparison of side view between two blocks

(a) Previous design (ansymmetric
configuration for tension
members)

(b) AV30 (symmetric configuration
for tension members)

Fig.14 The variation of stress distribution with respect to
the bottom edge configuration.

8. PERFORMANCE OF AV30

Some power transmitting tests were conducted to
examine the performance and potential of AV30. The
same resin used for AV25 was also used for AV30.
The aluminum alloy cores were mechanically

fabricated. Almost the same procedure as the
procedure for AV2S was applied to fabricate the
tension members. Two different types of belt,
XG1102 and XGI103 were fabricated as trial.
XG1102 belt has UFO type blocks and V-
configuration was applied to the bottom edge of H-
shaped groove while the conventional cog
configuration (for AV25) was used. On the other
hand. the cog configuration was also altered in the
case of XG1103 belt.

Atomosphere:Room Temp.

Dn

DW

AV30: ¢ 64.9/2600rpm
AV25: ¢ 67.5/2600rpm

AV30: ¢ 162.4
AV25: ¢ 129.0

Fig.15 Pulley layout for measuring the belt performance

Solid line:XG1102, Dashed Line:XG1 IQB:Dmperine;AVQS )
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Fig.16 Relationship between ST and slip ratio under
different W

First, the transmitting capacities of AV30 belts
were measured using a pulley layout shown in Fig.
15. The power transmitting performance is well
evaluated by using the ST-Slip ratio diagram [1].
Figure 16 shows the relationship between ST and slip
ratio for different belts. The test was conducted at
room temperature as altering the inter-axial force, W.
In order to increase the transmitting torque, W must
increase under the constant coefficient of friction.
Therefore, ST would increase with increasing W.
However, ST-slip ratio lines deviate from the linear
line with an increase of ST. Then, sliding slip occurs
and no power can be transmitted even if W is raised.
Greater ST is, higher torque the belt can transmit. As
can be seen in the figure, AV30 belts show better
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performance than AV25. The figure also shows that
the block configuration significantly affects the
torque transmitting performance. We supposed for
hybrid belts that the slip ratio, 1.5% is the maximum
slip ratio to safely transmit the power.

Table 3 Test conditions for Low speed fatigue

tests
AV30 belt AV25 belt
690 (XG1102)
Belt length (mm) 612
708 (XG1103)
Radius of driving pulley
DRd (mm) 64.5 67.5
Radius of driven pulley " "
DNd (mm) 162.5 128.5
Speed ratio between 25 1.9
two pulleys -
Rotational speed N;, 2600 2600
(rpm) - -
Calculated centrifugal
force (N) a0 6l
Input torque "
Trjy (Nm) 83.8 68.2
Nominal ST (KN/m) 314 275
Tension side ”
belt tension T (N) 304 275
Slack side
belt tension T5 (N) a 7
Observed frictional 0.7 0.5
coefficient u’ ' ’
Inter-axial force
W (N) 333 340
Test temperature (°C) 90 90

Fatigue tests at low speed were conducted at
room temperature under the condition that the
coefficient of ST (see eq.l) was about 32 kN/m.
ST=32 kN/m is equivalent to the condition that the
belt is almost subjected to 110 Nm. The same pulley
layout shown in Fig.16 was used. The test conditions
are given in Table 3. Preliminary tests were also
conducted in advance to the fatigue tests to find the
operating conditions for each belt by changing the
inter-axial force, W. The maximum nominal
coefficient of friction, pu* was estimated for each belt.
W is thought to be a frictional coefficient below
which power is not stably transmitted due to
difficulty in removing blocks from the pulley groove.
Wof AV30 is significantly greater than that of AV25.
Higher 1’ requires lower inter-axial force resulting

lower thrusts for both movable pulleys. The
difference in W between two belts might be due to
the difference in block configuration between two
belts, namely straight arms or arched (UFO) arms.
However, the mechanism has not been clear, and
further research is necessary to reveal the mechanism
on the relationship between block configuration and
observed coefficient of friction in detail.

The newly developed block for AV30 was
unfortunately broken for 100 hours in the case of the
low speed fatigue test. The failure occurred due to the
breakage of either upper beam. We did not expect the
block failed within 100 hours. Now, let us consider
the reason for low cyclic fatigue of the block in
conjunction with the fatigue test result where the
block, itself was subjected to a cyclic load at 100°C
using a hydraulic fatigue machine.

Figure 17 shows Stress-Number of cycles to
failure curves. In the figure, a device to apply the
load to the upper arms of the block is also illustrated.
The (maximum von Mises) stress occurring at the
upper beam root was estimated by the FE analysis.
Two blocks were tested. One was fabricated by press-
cutting with polishing while the other one was
produced by milling. From these S-N curves, we
found that the block produced by using a milling
machine had shorter fatigue life than the block
produced by press-cutting. The aluminum alloy core
is sensitive to surface defects under fatigue loading.
The blocks were produce by milling for the trial
belts. Mechanically milled metal surface may not be
smooth. Therefore, we can expect to extend the
fatigue life at low speed by wusing blocks
manufactured by press-cutting with  polishing.
Actually, we confirmed that the AV30 belt whose
block cores had been well produced with less defects
survived longer than 200 hours. 200 hours life is
satisfactory for dry CVT at the low speed fatigue
condition.

230
210
190 [
1701
150 [
130 [
110[| e xG1102
90 [| === (BGEB4, milling, 100°C) -
70 | —— (BG984, press, 100°C)

o eq (Mpa)

von Mises equivalent stress

50 L . s L
45 5.0 55 6.0 6.5 7.0

Log (N)

Fig.17 Stress-Number of cycles to failure curves for two
blocks
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High speed fatigue tests were also conducted.
The test conditions are given in Table 4. In the tests,
we set the inter-axial force greater than that in the
case of AV25 so that the testing condition was
equivalent to the condition where 110 Nm was
applied to the belt. The maximum belt tension also
increased due to increasing the inter-axial force. A
satisfactory result for the fatigue life was obtained for
AV30 as well as AV25. There exists a possibility to
develop a new dry hybrid belt which can be used at
110 Nm for sub-compact cars.

Table4 Test conditions for high speed fatigue

tests
AV30 belt AV?25 belt
690 (XG1102)
Belt length (mm) 612
708 (XG1103)
Radius of driving pulley
DRd (mm) 165.3 126.2
Radius of driven pulley
DNd (mm) 64.5 70.8
Speed ratio between 0.35 0.54
two pulleys ' ’
Rotational speed Nj, 4040 5280
(rpm)
Calculated centrifugal
force (N) 88.6 63.7
Input torque
Tr,, (Nm) 88.7 63.2
Nominal ST (KN/m) 13.3 10.2
Tension side
belt tension T; (N) 1750 k40
Slack side
belt tension T, (N) 686 403
Observed frictional
coefficient, p’ 0.33 D44
Inter-axial force
W (N) 231 178
Test temperature (°C) 107 107

Fatigue tests for AV25 were suspended after 500
hours. No significant failure was reported. XG1103
failed after 507 hours due to upper arm breakage. The
tension members were not significantly damaged.
The fatigue test for XG1102 was suspended after 980
hours when some pieces of resin were chipped off
from blocks. Figure 18 shows the temperature
variation with respect to running time. Two AV30
belts show significantly lower temperature than AV25
at the early stage of fatigue although the power

transmitting condition is severe in the case of AV30
than that in the case of AV25. At steady state, the
temperature in the case of AV30 is almost the same or
slightly lower than the temperature in the case of
AV25. Modification of the bottom edge configuration
of both upper and lower arms must be effective.
A negative gap, Ar is defined by the following
equation.
Ar=tc-tg

Here,
te: cog thickness of the tension member
tg: gap between the upper and lower arms

If Ar is positive, blocks are strongly gripped by
the tension members while negative Ar gives blocks
rotating easily. Ar may also affect the fatigue of the
belt. Therefore, it is necessary for us to know the
variation of Ar with respect to time. Figure 19 shows
the negative Ar variation with respect to running
time.

At the early stage, Ar of AV25 decreases rapidly
with an increase of testing time, then it becomes
stable. After 200 hours, it starts to decrease quite
gradually. On the other hand, both AV30 belts show
greater decrease of Ar than AV25 after the first stage.
Ar of XG1102 decreases more rapidly than that of
XG1103. The fatigue life of XG1103 was longer than
that of XG1102.
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Fig.18 Belt surface temperature variation with respect to
testing time
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Fig.19 Negative gap Dr variation with respect to testing
time
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Finally, the life of tension members was
discussed. Fortunately, all tension members of both
AV30 belts were not broken before the fatigue tests
were suspended due to block failure. We have no
direct data on the fatigue life of tension members.
Therefore, the residual strengths of tension members
are compared with each other. The residual strength
of AV25 tension members was 37% of the original
strength after the belt ran for 765 hours. In the case
of XG1102, the strength decreased only 57% of its
original strength when the blocks failed. In the case
of XG1103, the residual strength is 54%. Therefore,
we may conclude that there are no problems in the
tension members from a viewpoint of fatigue
endurance.

9. CONCLUSION

We could show the possibility to develop a new
generation hybrid V-belt, AV30 used for CVT having

higher torque capacities. Some preliminary tests
confirm that AV30 can transmit 110 Nm, which is
sufficient for subcompact cars with engines as large
as 1300 cm®. The key for the new generation hybrid
V-belt is in the block design. Arch configuration for
upper arms was adopted. The bottom edges
configuration of both upper and lower arms was also
altered to give the edge as the alternative pulley V-
surface. Such modification makes the stress in the
tension members distributing uniformly.
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Development of High Grip Belt “Suitable Light Weight Conveyor Belt for
Inclination & Acceleration”
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This Light Weight Conveyor Belt for inclination & acceleration is in service of application for logistic market mainly. Main

industry is Logistic center, Airport's material handling section and Newspaper and main carrying materials are carton box, travel

luggage and newspaper. Improvement point on conventional products is a point of slippery carrying materials. All the conveyor

belt of all the company has a fair grip function initially, however the grip function become low by aging, then slipping is

occurred. In this theme, the mechanism of let down in gripping has been figured out, and then we tried to research and to develop

a new type of conveyor belt which is not easy for slipping after aging. And finally we have developed such High grip belt.
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Design of Substrate Film for Cataplasm
— Study of Flexibility and Adhesion with Hydrogel Plaster —

e B
Hiroki NAITO

Since the conventional substrates are made of a non-woven fabric or a fabric cataplasm, there are several
problems as described below. It was ripped easily because of the thickness, the white-color was too conspicuous,
and medication was easily evaporated and stank. We proposed that the material which laminated between the non-
rigid polyolefin film and the melt blow non-woven fabric made {rom a polyester elastomer which is thin and has
elasticity were suitable as substrate,

Adhesion between the substrate and the gel of this substrate has 4.6N/25mm. Furthermore the pliability of the
film was 17N/150mm at 5% modulus and 46N/150mm at 50% modulus. These physical properties are equal to
that of sticking plaster films. The cataplasm using this substrate is excellent mainly inconspicuousness to stuck on
the skin, adhesion with hydrogel plaster and flexibility. It is hoped to use widely.
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High Yield Synthesis and Analytical Method for Organic
Electroluminescent Materials.

i FH

1

Hiroshi INADA

Referring to the starburst molecules used generally as a hole injection material of organic EL , improvement
of synthetic yield using the quality control technique and the evaluation method by HPLC & DSC were described.

1. #
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CLLA,

IZHEBTE S RiC, #iElcd T 20 Fi%sHEH T LD
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LBDTHLHH, FICKBIZARTHHEIIE, 2048
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NE, T/, P ORBHEIZ L > THBEL EF 08
52 BBEEBOREFRLZL D, TFHTEICHE
ENABENFEL ST D, LT, R
DEHEY EOFMIi A ETHE L Tw {»ads, KA ¥
ek B, HERILEWOMBE SN - BT OHICIE. A
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YEEZT.IOL) MA DML Z AT TT
WL Z LN, BETHA,

4. & B

H 5 OFTHIE L 72#EA5, A4 248 EL H 0%t
Be LTHB O E D IR0 B 5O
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(2002.10. ~ 2003. 9.)

(B A&4%57)
FERF S FERH FEHOZR -« B
FH H04-223880[HO4/08/24] Bt B— (AR T FLASIL b OEEREBL CHMEENEOEBIZHEHT 24
Bl HO6-64720[H06/03/08] B 28— I L & RILAT O R
3384495 [2002/12/27] CELRDD TEER T AWM EHAEDL T, b FERERO AN — T4 L
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I HO4-316044[H04/10/30) g —5 CHFRy = b %‘ﬁim-}E DNTNGE=3s
[ HO6-143454[H06/05/24] R HEZE CERYY = MHICAHG TR EBEERE DAV S T A, B B OB
% 3363186[2002/10/25) W sk %HMH-JME NELOTESL L — MEDE ) LIPS MtT 5,
I# HO5-90196[H05/04/16] ki HAT CHFRD ATRHEM B L U RERE
[ HO6-301267[HO6/10/28] HH HE CHEERD WOTEMH OFEMICE L2 EoBEFE 2T, L RETEHOEL
B 3440279[2003/06/20) T 2 Rt 5,
I HO5-87323[H05/04/14] Hil IF CEEFER D HPGEHERTR = A MU B & U‘% DR
fil H06-299004[H06/10/25] BRI CEAD R, kR, RS SO s IR SRR S S
& 3384499[2002/12/27) TABELIZEFE IR L 9 A TAMBWE X O ELEER I+ 5,
i H05-93366[H05/04/20] At EAT CEFR MPEEM B L U E
[ H06-308803[HO6/11/04] HH O#E CHERD WATEROERRICHEL LoEEL S AT, LM bBRIEREHEO SN
B 3440281[2003/06/20] i A & R A,
[ HO5-104533[H05/04/30] Frm D> 4,47, —FI(N—Fx/FHTZV) ) T2 VT3
[} H06-312981[H06/11/08] WM s (B mkﬁf"ﬂ&,« 77 AREERETLIENTE, LT zm.-w
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BIEDIGHESIZE ARV I LD 3R — P LB AEE
BT AT 5 O 2T 2,

JH H05-329418[HO05/12/27] [ AN CERR EIRIAE S — B

[ HO7-188490[H07/07/25) Hre — CERD BREDR VIR Y = VT 100 = & T A L 2 E T — AR I L

% 3441778[2003/06/20] T, A Fos i A FEILEWo2 ~20FEE&HE, =5 L VFEEEE
SV EARE 1 ~ 20 BRI E ARE S MBI L o TENRIH
= FEERET S,

[ HO6-15211[H06/02/09] HE AR ZE) UL b & F ORISR OB

Fd HO7-224906[H07/08/22] EF NI EE CEFD ARG OOV FETIITEO 7 — ) R 585 TR LA O O A

& 3404104[2003/02/28] ik N P WZHN—TLEFHFESETBLLHIIIT S,

I H06-53135[H06/02/25] BH R CEFRY ZES b E UL b — 2 R B O E R 4

[l HO7-238992[H07/09/12] (BEHED ATy P TN EANL P REETAFERBLAL LS

& 3449380[2003/07/11] LLEDANIFERHEE ) Yy Ay FOMEBMMERREZ L FOE
SHERTFEDONL FOEFOICBESELBEEBE ZHKAL. 20
FORIL iE, EREENRISE 2 L CHEEEATHRIT 5, £72. (5
B I ERAREETHHL T ERAEICLE IRV -2 2 &
KT A,

I HO6-131118[H06/05/20] | W CEAFRD R R IS S SRR

B H07-316387[H07/12/05] W= fitz CEFD TIAF v 774Nk AV FE B O E @k 1 g

& 3440284[2003/06/20] IR RT3, 77 Vo iokETMEN A AF L 2 —
TV RAEEIS~R0EEBEHEFEEFR) I FL V65208
%OREERIZTHELAES20~150umD > — kb, Xid, 7§
CICREFMIMEN AT Ly — 75 VL HRERS0~85ER% &
B AF L 50~ 15 Em % DRI TR L2 E 2 20 ~ 150um @
Y= b b A B R B S SRR

i HO6-156659[H06/06/14] o T TR (LEEM AR 7 A v L L ZoBE )i

[ HO8-1849[H08/01/09] CERD S ERTAERE AIIEEHO Ny T4 LA EEEFRIZT)

& 3384508[2002/12/27] FBEIUPZ Y FARBLEN—ATANVLA(ZyFAFETI 74
) & B SR L RS A 00 E R H LY = VB IR 2 5 5 5%
HALO~S0ERHE &4 LRI RESER IZ X DAk LT
Wi,

[# HO6-155688[HO6/07/07] HH O (B A—brFriat

[ HO8-21498[H08/01/23] CEF > BEEH ISR BRI SR S N RIEEM 2T v a 2T ) Rl

5 3393540[2003/01/31]

RICREV 72 L CREE SR PR O BEET P T e e R A AR A
L IEEAH % DB (IR B ISR S8 00 MR AT L TEE
fe iy R 0/ el R o ) W 1 ) e O ol w5 131 A
TL— D) —F 4 v 1 — Ol R B L TR o iR
RESEALLII12T 5,

35

BANDO TECHNICAL REPORT No.8/2004



W

WA

EWDHF - EH

i HO6-218573[H06/09/13]
B HO8-82346[H08/03/26]
5 3451561[2003/07/18]

A M
ELE @&
B W=

(AR
CEHT

V17 FE~L s
HHEREIFREOEROE TR ) 7EHE OB THRET 2HER E kX
Ul MEEFTIES TS,V ) 7 Fb b OF T L EOF I ZH
ENLEEA LAY VB THRT 5. BEAORKAE LTTHY %
< B0 A%3~10EL 10emiZfEE E N2 DO EFEAT S,

J# HO6-333194[H06/12/13]
[l HO8-166749[H08/06/25]
5 3390789[2003/01/24]

CEN

R
CERD

BTEEEBH 7 )V —=v V7 L—F

KRETOZ ) —=r 7HICER SRTE Y ) Fr%84EET, Bilich
EOLHEOREEGTTEELLY ) -2y TR AT 2 EFEHE
BH7) -y 7L — P45 8ty Ly v 27 A bv—
Ph4s T L — Pk & RS L BEAR L 5 e D EFERE
BRZ) =277 L= FIIBWT,HEK7 L — FEMA, TS TH
AESTFREEIA—NO—WEA VT AR— ML ERE ST
LAY 7—2 B0 Oma TR 4 — b ETAR KBS ET 20
PR ERF) v — 2 5HTAYERA L ZREL-bOE LS ¢
ThALDTHLIBTEEEER IV — =771 —F,

[ HO7-144107[H07/05/17]
[ HO8-314343[H08/11/29]
% 3474675[2003/09/19)

M wE
EAI M

AR
CERD

EYEHEBA/ -2/ 7L—F
Tl N E . KHH L BAAUE L0 b % 3BT SIERR 2
=2 T L= FIRBOT IR b KA 4% ¢ & bt
LSBT BEAE R Y IF L VHE LR b OTH R BT
B —=U¥7lb—F,

[ HO7-177154[H07/07/13]
[l H09-26007[H09/01/28]
5 3404185[2003/02/28]

b IE—EL
=% Al
R ek

CHRFRY
(B

N MEBTERE

r—AMNO AN EIEE T — ) 6 T AERE R UGS T — ) Rk
F M7 =) O~ b OFAPAN T AT ALY FEER
FFvyary =) THELTAN MEHESE S HET I8
T A7) » 7 OMMTOFERLE RS 7 — ARS & BB 4 08k
VT, OB O — AP AE T — 4 % BE—EICEE L T
TG A T VT EARIE T B EEE O & — A SRS T — L %
[EE)— iz EE L TR AL MEEILE R, A T v 7 2 IR
T — AP AT 7215 S 7 — & % Pl 7 — 4 & 352 [ Ehd (e )
(ZEH) & TEFOFEN MiEILE & — ANEOFR CFL~FL Rk
DR L, A7) » 7B ER D REBICREEE T 5,

[fE HO7-177073[H0O7/07/13]
[} H09-26009[H09/01/28]
7 3404184[2003/02/28]

il 3 — B
=5 i
e fick

CHFR
CHELEg S

7 =) R

)y N— e EABROBM TR L., 3 20THARFD ) L 2 HICE
0@ A L (C8E AT B L 73— % e 4 gk &2, HRIEERA & BE O 5 i
Oy FOY ¥ 78— |2+ 5 EEMEL. ) ¥ 75— ICB TR 7—
VOB E) LS — OSSR ET Ao

JfH HO7-294550[H07/11/13]
7l H09-138605[H09/05/27]
5 3436625[2003/06/06]

CEFRY
CE

#sEdF T — 7

EBAA TE FEER A TOREMIZECE S AL IR F 2 S
AR b I AGERE ONER IS SN EREEE PSR CHIE
FEAR T 2508 © BB/ A TORE AR LT EE T 5 2 & 25
BETamiEsa—3,

BANDO TECHNICAL REPORT No.8/2004

36



5 RT3

FEWE

R DR « F

I HO7-336363[H07/12/25]
[ HO9-175617[H09/07/08]
5 3474695[2003/09/19)

el A

(TR
CERD

g~ b

IFTTNTLY T LG G BHESIL M IH L Bk i
ZUTTHEEREOIRTEMA S 2 EATTE, ORI L b3
HEHFTEL L)L, b o T BNETHEN s AEIBGERSED
FRICBOTAV MR A LEHRTEL L LB I EBEROE
BYEEDN LIS TEL LT 2 MR P2 ARRT 40 RO
HHITLFO2EHEE L FR TG L R+ —ViissasR) =4
FARNF—NTHBITFTTNILE yTLET ) v ZATEE LD
DT LT = / — LVEFEHEATRINE LTV TEO—h & Mokm 28
SETLHLE]l DHEDTHERT 2 . BB TLEE, R4 — IV
R Z—FNER)F—WTHLEIF T LY vy TLEeT M) 9 s
ATLETLE2OMEWTHIET A,

I HO8-60796[H08/03/18]
B H09-250035[H09/09/22)
5 3464868[2003/08/22]

I §
=M e e |
B

AR
CEHR

A LR U RS L b

F Aoy THRIOLE T — F & LTOLH 2 %, 150°CI2 BT 5 88U
I D BRI N S E LB ALL.0% LT R U02g/de L F & e A k5
V2 Ak, WG BRIKHUEE A7 150 ~ 500g/de & %5 L9127 5,

Il H09-157322[H09/06/02]
[# H10-329918[H10/12/15]
5 3425064[2003/05/02)

i

CEFRD
CEHD

AYRFTRVEDFY YT HAF

T ANT AN P TS OTERETRESNTWEAY ¥ F7
L — 4 FIZEE ST S IBEEFEEB ISR & il T AR b2 b % 1)
THA FHREREMEO RV P THES—RMEE N Twid ar AT
VEOFXUTHA K,

JH HO9-198075[H09/07/24]
[l H11-340911H11/02/09]
% 3404258[2003/02/28]

HE
P4

H#E
fdeR

(&3
CEHED

MRS TLARRARORE TRIZBU 2K T 2 0O %E &
FITE > B PAEAR & PRI O fhaiibE = 2008 & 2 F850 - Ik L © o' 2 Rl Rg R %
BUET A LRI T, BIEREIC & 0 B S5 Bt o i, 4
IRIZHH L & Ao IIE = 2 % BIEAR O Gl A 6 AR BRI L2 1)V Tl
HERIZEE AR, T ANE LT T A8 F BT D,

JiH H09-365210[H09/12/18]
P H11-184342[H11/07/09]
5 3363364[2002/10/25]

i

il

CEFRY
CEER Y

HFEHEEEH 7L - F

7' b= R & SR L AT DR AR L5 % DT A
TL—=FIZBWT, 7L — Fii#f &, TS 74 ~80° JISA) DEY 7 L
¥ THERL.ZOR) 7Ly % Wbt s LTE/ 7 0 ofefs
b U745~ 50ppm ERINL, B LEETHL.

JEH H10-94750[H 10/04/07]
Bl H11-294578[H11/10/29]
7 3464909[2003/08/22]

BHOE
E/E )|

CEFRD
CERD

LHBED = 2 — b 7 LR E

LR — )RR CEEF VR HASHLE TR ) MAFYEE]
B o L C— el 5 EERE, BinE ¢ 5 =2 — 7 VIR
RER UMb A )i IRldE & A W ki (2 B X 5 (28 ) 2 TAs i 2 28
et 2 i A 7R ZSEAR S L = 2 — b 7 OVIRIE TR OBk
PHEBREMOSEEHOE TR I &R (= a— F 7 VIRERWE
LCHRIET 2,

[ H10-294879[H10/10/16]
B 2000-120797[2000/04/25]
% 3464922[2003/08/22]

Zlll

e
1 Jie

i
it

CEFR
CERY

EHEBEEH VAL B

FME =280 E Ll s 70y 7 o oS L o 4
F=uhflo - EmeEO LT E—Afar90° L EE L, B
= L ERORRAER 125 RIS U F A S A L7225 RIS & 1R &
wh, £, Uy 7 OFHEMEE 7 — ) T & OB OBERE . %
AU PO & TN & o300 MlE R 6 120 L g
Stan 0+ 005 &35,

37

BANDO TECHNICAL REPORT No.8/2004



TERE 5

e E

EWOHFR - B

B HI11-143610[H11/05/24]
[i1] 2000-337449[2000/12/05]
4 3464938[2003/08/22)

WA
# o fsk
B %kE
S

(B
CEF>

Em) v b B OFF @ Bl

400 A B O R (L, A T 2EPEE LIZL L BoETH
BOEEED AR WEE) <L P& RET 2. V) 7OME»S . 77 3
FRESHELUET 7 I FROGHEBHEOR 22552577 I F
FEMMEOREEE, #—VIRICERT 2. SO E, 20
JEiEmaIRE R o 2 £, RIS o TRIEA D IRDFER IR
Do MZEHEORICIE, V) 7OME A ST LTwh, 77 3 KR
oML L FmicriiEs €5, 77 I FRE#EHEOZENE . &
A ORBEBL Y DB R TS,

B H11-143613[H11/05/24)
[#] 2000-337450[2000/12/05]
45 3464939[2003/08/22)

Ry B
w M
R ET
PN i

(EMD
CEFD

Rl ~L b RO Z O Bl ) i

V) 7 DA S FHEA S L 22 {BE) L M BV T A o i
Tilh 9 T LA FOHENEMEBAS S HEREENET 5.6
it 0o % R S8 2D o THRIED D RO
T 5 A 22BN WREII TR S A AT iR EE £ T L Ak
ST IEERINE ISR S T B SO I EIE V ) 7o)
Mz Sl L, ZOMEZIE I 2 942 MOATER S L Tv 2 A R
. 20umBlED 74 F A MEEATAHFAO AL TERSNT
Wb,

I H11-145879[H11/05/26)
[i1l 2000-334857[2000/12/05]
4 3404323[2003/02/28)

B IEF

{ERD
CEH

BTV AOL bR

ERHZEENHV A~V P OREOFES(EFRL N L8 E 2 T 2 .48
DTy 7w BIRICEN S TRFET L 70y 284 P AT 23R
NHEEIMELTT Oy 2 WA FEICEBENAEIWTA FEMAZ b,
HVEIZBWT AT — T 2 RN - THIBE) S TEDH 2
Ty s OBREHICHFATL . ~HOENFEHEALLZSL, 7 — 2 i
B - LT — 7 2 Kig ST OEDHOHFAZITHI 702 2
WA FICHTL7ZOy 208N, 70y 254 FEREES 25,
ZHEOTOy 7B ETRWCEATES N 70y 2748802 b
Lray 2 —lTOBTEEL 70y 2ty FRIZBWTIT) .

i H11-199995[H11/07/14]
[iil 2001-27870[2001/01/30)
4 3443600[2003/06/27)

7K
=K &7
Bl w

CEFRD
CEHD

BAAGHEEH 7L - FE

EFEHEEIIBT2EEFT A LORED F+—%lET 5 655
IR T B Ol ~7o D GRAGES) B OV BB O s &
NIEFERN 7 L — FORE T L — FOFERS ERE CHiEA
P & R SEE Y otk 7 L — FE Lk L 28 T50
V23 M O R THAT L 7B T L — F ORI o> FERET T ¢
PATH A A L, 7L — FIRZ B2 MR 32° THAE S 4, 43° T90%RH B
BECOAE BRI L7 & & OEREMR T 5720 &A78 %LAT
ThHEFGHEEMN 7L — Ffke

BANDO TECHNICAL REPORT No.8/2004

38



TFirE e

FEWE

FEH OB« B

[ H11-232785[H11/08/19]
[ 2001-59548[2001/03/06]
& 3474808[2003/09/19]

WeE fE—
e

R
CEEHDD

BEE(EEOV R ORENFE R 2 R 0L MBS E G iR hik
B RHRE OV b O(RERE ) AFHET A 12472 . =) ST A L
177 MR LR vriv b OEEEE DS EO s L) I LT N
W MEBREN OFHI L OOV MMEBhEE ToOEB Ao R EES LT
B BETHZEEAAL Moown T, S{L FETES SO T — 1) ~D
WA THEWDEEE, 7— ) ~OBEEEFEES R DAL b
DEERDITH S S THRELOBEFERN LD, ZoMFELro<V D
IEEREN T 2. ZOWDREE S THREE oBEHEIE 7 — o
THELATY MIKFELZWARL FERFROEEEENMEME 2 50T~
WV MEBHRES OFHE, B UL MEB B TOEERGORE EEDIC
T&3,

H H11-281141[H11/10/01]
[ 2001-106990[2001/04/17]
%5 3384552[2002/12/27]

BA Rk
e

(TR
CEFD

A — PR T 4 LA L FOBE R

Bl =ML X A58 LT BREERICEL SRPER)E
o Lind, Boiz7 4 b ald, BYRZEEZ BRI, 131TH
MOEHZRFEL B ICBONZ 7 LLAFEM 71 LA L
LTHOT, ZRICHE# 2 %A L THA Y — b &T2 8 &, ERRE
B L F O RBICE TS AHZLEO™E N FEF LTS
W — b2525EH 7 LA HEL G HERATEETEN
M HRE S — O OM 7 4 ML EFORE T RMET 5 4&
S X B Y — P HIEM T 4 VAR LY 2 LR E AR I00E &
T LT B R ATI500 ~ 3000 DO O R ) = A 7OV FRal vl
# 30 ~ 70 E i EE & )47 2000 ~ 20000 O TR F SH#HE3 ~
20 ERELE . FRIFEE A v 7 A BRAFEEUSR B OCIERAEE /YY) 7 Lar s
BENLELARLEL 1IEOERAOBEELE . N1 FO & LA ROl
~10ERELHPL 64D, #iF T — PHEM 7 1 LAOBEEFEIZ, B
BHEMEMZ AL v ¥ —MTICT 7 AV AICTAZ LR EHRET S,

JBH H11-275909[H11/09/29]
[l 2001- 97520[2001/04/10]
4 3425105[2003/05/02]

{AFR
(B

BRE D > L b

AL, REEECISREEEOT X TEMRETEE S v b
Ty FRHAOBIRED v 0 b 24 M 2,075 2 b B otk
AT L ZRIA D ER 2 D H A — BB 22 h v by FH
KOBHER = > <Y~ MIBWT FELHRIA DL % < & bfibhE A
NP LIz E e -ET 5,

I 2000-103442[2000/04/05)
[} 2001-289284[2001/10/19]
% 3440288[2003/06/20]

G S
BoooRE

{EFRD
CER

BEfg AL P R UTEILE F oL FREE R

EEIEO THNAERCEEOBREOR SNV 7 F7— ) 12&E T
BRTIVIGEZRITIXINICLZV) T FAL MCBW T ko
FARZGTEE TV AWIKETL UL b L LTOERIRE) 248759
CERLC AT A v AN v FILBETOREFNZLZENTES
LT D00 RO F T T ORI, EERER D S % 5 REmE
B x5,

[EH 2000-183967[2000/06/20]
fd 2002-6597(2002/01/09]
74 3392394[2003/01/24]

CHEFRY
CEHD

bl gAY 2 -

bF—#EEGEA ) 2 — L LTOBREERHEE L R o R o fE R
FHT2 M= BEAZ ) 2 —FRBETE. A7) 2 —ARMT
Ho T, WHRERIEZORE S Fi 2+ 2 WaiRiksramikchd
0, Z OEMERIZEREICHAR AT A — - 2 MicBwTE L.
DET LN DS ARG A EEEIIER L TV 5,

39

BANDO TECHNICAL REPORT No.8/2004



U FEEAE SEHD BT - BH
FH 2000-210439[2000/07/11] | U L | <&#H FIVZFLIBIEQOI A 20640274 VA EZOBERE
B 2001-234003[2001/08/28] | PIiE R | (B BEERVIFLCBIREALL2EMOBEM L VBN A 2V

% 3442035[2003/06/20]

JEEHER) v —TL 700N Ly ¥ —INTIZ L B8LE &
ERMETHIEIIHD, (A) GEER)F L VHELr 6L HEHMD
BEM L 0oz A 7 LIR100 ~40ERESB L AN 70— L —
FAT0.08 ~ 1.5 g/ 1057 DEPHIZ&H % @w R ) = F L Y HIIF0 ~ 60
Hm%Enbhd U, 7 LEIRESHI00~50EE% LA LT 1 >
FEIET T 2 FM—0~50EE% £ 7206 7% 2 345 v — 5100
HEEHIZ(B)AE) VBT AT LS ISAEE) Y B AT Ll
HH0.05~05EREHE (C) THIZah—H NP ay LEAREY
02~ 10EEH L FEE L THL8IEHED A D 45 7 4 b L0554
SNz ARFEHCLL, LREEERD T AL Y —INLy 5 &1
LoT, Bfou—n~ofELLic, ER7ANVLEBLEILNT
E COLICLTEONDS T 4 LAl Bysied XEICERYE o
EH LA,

I 2000-239692[2000/08/08] | %4  #Hik | (B> BFEEEBEH L - FE

[ 2002-55579[2002/02/20] HEF KR | (B SR SEEGOFHICBTENEERALEE L, o, BEHT

& 3457271[2003/08/01] Bl R HELE 2 ) -2 FEROENCETFEHEEERD 7 L — FIEORE
B e Rt BEERIED, THRICH bR OFR ) 7 L & Y EER S &
0, TS Wallace fE T30 ~50° DFE#MEFHE L. Lid 20CIcs
T4 tan 6 & 50°C 2B A tan 8 E DA, 1.5 TF T, 22, 50°C (2
BT Btan ¢ A015LLLED L D F W THEME T L — FEH & A %
HET D,

[# 2000-281540[2000/09/18] | KM FESE | CHFR ZERA &~V P R OFOEE

[l 2002-87566[2002/03/27] CEf > ZERERH & SRR A EE TR E AL PR T A L b

& 3449415[2003/07/11) IS S N & R 2 M U T 2 — ool
g L ORI Mk 2 - gskeslb & 2 A ssiRfd & 0L b iC
BT IFICEBILE BT A~ BREMICE Rl LEL TE
CHD 3 O MG & s+ 5 Wi s —F s s,

I 2000-343999[2000/11/10] | &R W& CEFRY HEEH

B 2001-209236[2001/08/03] | KRIE R | <(E4 BTGEEICHESTEEEM ORIV A T A BRI

% 3373196[2002/11/22)

By HATEAR & AT E SR AR L A S AT ER 2B
W, AT T, SEREES 2 U LT, poRRBoLEN S Lo
BATLPORET 5. WEEHIT, TAT—LTHTH L, IO
L EAEFHRE, BT D EEINL, MO BT LIc BT ARG E
AT, BEICEEIEE T AR O LSRR T AR ERT B,

BANDO TECHNICAL REPORT No.8/2004

40



o HESAN e
[SREEENT ) > O0—5— DB

(% 1335 2 )

N7V TOHRENZE)IL Y YT A MR =2 WL T T RTY » 71, BE. IREIOMERK. #05%
RETLV - VORGSR ERE L, SEOBEBREC TERVWLZWTBY 5,

FERDNYAF T TR BRIATE IV a4 TOZEEICRNSRE T, AN S 1 712k, F
DLy HMEIZED, FEAWMLARLVORLEL 405 47, BEN, PAW (BEFTON LTHEOFEAR) . &
Aam (BAmOH2.71) . BEWN @AMOHITH) Pd 0 F345 TR, o, M7 1 o FEo %
W2 T Y, BHEslE LTid, By B s, ABSML T 1 > 2, 2ZEFRYEREEE D
nES,

TN vars 47, BNy ATIVERMBEOY LY CEFHLTEY, FoET7) vy THIZED, #ukD,
F— Nk ) EOHBEEE S ATFAIHueERLTwET,

LRSS A 7IEMAT, Z0RY, NraFIRTY I /OHS A T LT, OHE - B €5 1 7 Ok - B
¥4 7 QRIS A TD3 YA TEMBE L LEL L BRIV ETLTBYES, A=K 77 v Z7iEMOK
By A4 7L, TRICTEAVALET,

OIE - ey 4 7, Ao, AE0RAZNAT T, /2, OG- 8@ 7 4 713, WERH O B
%, B OMBBE CERTH D . EAMTHREE, B3k, KESEN L AMGES, SMAmctEIcI—%
(28w,

@Y 4 7, HESY A 7L, ZORVEREIUEA S, 1C, PEg, EFHmoMAE, HBEATH H
BICHEEZTBN 9,

(R1) Bk, (1) haE, (R2) ik, (3) By 1 X, (R4) FENER

D LB
< @uAt
1 ik
=1
e - Bir e i - B bk R
fifi % (JISA) 80 80 90 95
TVy o H Ak s L
AU Q em) - - 1x107~° 1X104~¢
ey vy 1} DE it BREARTV) T BTN T

41 BANDO TECHNICAL REPORT No.8/2004



F®2 T&E
B
(B0)|| A LR 5MED M d I B i BO R
T B-30 30 8 11 7 1.5
I I B-35 35 8 11 7 1.5
2l B-45 45 15 15 11 1.5
nE B-55 55 20 18 14 15
1 | B-65 65 25 19 15 1.5
F*3I BEEHIX @I EEHE £ X T,
P AR PlW - B ¥ Wi - R 7 BB Ik E
B-30 @ @ ® o
B-35 ®
B-43 o @ @ ®
B-55 ® ® @ ®
B-65 o
*4 HZEGSH Hff i N (Z2—k¥) IN=0.1102kef
[ i 4 PUE - BiA e, TR - B i b Ik
(rpm) B-30 B-45 B-55 B-30 B-45 B-55
250 28 61 76 112 242 304
300 27 57 72 106 228 288
350 25 55 69 101 219 276
400 24 53 66 97 210 264
450 24 51 64 94 203 256
500 23 49 62 91 196 248
550 22 48 60 88 191 240
600 22 47 59 86 186 234
a3 T
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X E OB OB AFWeE s TH2F21S (SE s AFEL) T651-0086
TEL(078)232-2923 FAX(078) 2322847
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E-mail : eihatu@bando.co.jp
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E-mail : tokyo@bando.co.jp
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KR EE TS &S5 (KBS L7027 1 —EZ0SAKA) T5300001
TEL(06) 6345-2631 FAX(06) 63457752

E-mail : osaka@bando.co.jp
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BANDO EUROPE GmbH
Nikalaus Strasse 59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL 49-2161-90104-0 FAX 49-2161-80104-50

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

BANDO KOCKAYA BELT MANUFACTURING (TURKEY), INC.
Eski Buyukdere Caddesi, Kockaya Is Merkezi No.1,
80670 Maslak, Istanbul, TURKEY
TEL 90-212-285-9151 FAX 90-212-285-8160

7T

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.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulai, Johor, MALAYSIA
TEL 60-7-663-9661 FAX 60-7-663-9664

BANDO (SINGAPORE) PTE. LTD.
3C TOH GUAN ROAD EAST
#05-01 SINGAPORE 608832
TEL 65-6475-2233 FAX 65-6479-6261

SANWU BANDO INC.
11F1-2, No. 51, Sec.1, Min Sheng E. Road, Taipei, TAIWAN
TEL 886-2-2567-8255 FAX B86-2-2567-2710

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.
4717 Moo 4, Soi Watbangpla, Tambol Bankao, Amphur Muang, Samutsakorn,
74000, THAILAND
TEL 66-3446-8422 FAX 66-3446-8415

DONGIL BANDO CO,, LTD.
869-1, Eogok-Dong, Yang San City, Gyung Sang Nam-Do, REPUBLIC OF KOREA
TEL 82-55-371-9200 FAX 82-55-388-0087
PENGELUARAN GETAH BANDO (MALAYSIA) SDN. BHD.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulai, Johor, MALAYSIA
TEL 60-7-663-5021 FAX 60-7-663-5023

BANDO JUNG KONG, LTD.
4Ba-705 (Shihwa Indus. Zone, Mechatronics Complex), Senggok-Deng,
Ansan City, Kyongki-Do, REPUBLIC OF KOREA
TEL B2-31-432-9800 FAX 82-31-432-8198

BANDO SIIX LIMITED
Room 2201-2, Shun Tak Centre, West Tower, 200 Connaught Road Central,
HONG KONG
TEL B52-2494-4815 FAX 852-2481-0444

BANDO BELT (TIANJIN) CO,, LTD.
Bliss Building, 5 Fourth Avenue, TEDA, Tianjin 300457, CHINA
TEL 86-22-6620-0912 FAX 86-22-6620-0914

BANDO (SHANGHAI) INTERNATIONAL TRADING CO., LTD.
6F, No.1006 Jin Sha Jiang Road, Shanghai, CHINA
TEL 86-21-5250-1171 FAX 86-21-5281-5629

BANDO (INDIA) PRIVATE LIMITED
26, Sector 34, EHTP, Gurgaon — 122001 (Haryana) India
TEL 91-124-5034-091 FAX 91-124-5034-094

Bl S aub
BANDO USA, INC,

{Corporate Office)
1149 West Bryn Mawr, Itasca, lllinois 60143, U.S.A.
TEL 1-630-773-6600 FAX 1-630-773-6912
{Bowling Green Plant)
P.0.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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