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Executive Managing Director’s Message

First and foremost, I would like to extend cordial greetings to everyone and extend my thanks for your loyal
support of our products, technology and services. This year ushers in the dawn of the 21st century. The century
gone by was rich in scientific and technological development but, unfortunately, it must be admitted that those
advances were also used in the prosecution of wars. Additionally, it has become clear that many of these scientific
and technological developments have not necessarily guaranteed the future happiness of mankind. In particular,
there are a number of established technologies that have had to be rejected due to their promotion of global
warming and their negative effects on the environment.

In recent years the revolution in information technology has enabled the speeding up of a large number of
processes. This has had a dramatic effect on traditional business models as well as on the area of research and
development. It can be expected that in the future information technology will continue to contribute greatly to
research and development efforts.

This edition ol the Bando Technical Report contains six research papers. The themes for all six of the papers
relate to ways which, utilizing the power of information technology, will contribute to solving environmental
problems. Your opinions and advice regarding this edition will be greatly appreciated.

In the coming years we will continue, from top to bottom throughout the company, to strive to create new
products and new technologies. In closing, I would like to again express my gratitude to all.

W T 2 LD

Seishiro Ikemura

Executive Managing Director
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Development of White Powdery Coating for a Mat-like Receiving Sheet
According to a Sublimation-Type Thermal Transfer Method

il

5 *

Toshio ARAI

White powdery coating for a mat-like receiving sheet is a product which applies toner design technology.
A mat-like receiving sheet according to a sublimation-type thermal transfer method is in the category of full
color print media products which are formed by electrophotography, the melt-type thermal transfer method, ink

jets, pictrography, etc.

At present, the commercialized receiving sheet according to a sublimation-type thermal transfer method is
glossy grade only and is high-priced, because it is prepared by a coating process containing solvent and is
multilayered. It shows the same properties for photographs but it does not yield clearly printed characters.

Therefore, we have studied white powdery coating for a mat-like receiving sheet, according to a sublimation-
type thermal transfer method, which is without gloss yet still yields clearly printed characters at a low price.
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Dynamic Behavior Simulation of Belt Drive System for Auxiliary
Machines of an Automotive Engine
— Prediction of Longitudinal Vibration on V-ribbed Belts —

g oA W e xeE =" Afi LT
Hiroyoshi TAKAHASHI ~ Ryuichi KIDO Syuichi NAGAYA Masahiro INUKAI

An analytical method to predict the longitudinal vibration which arises on V-ribbed belts by rotational fluctuation of automotive
engine has been developed. By combining beam elements, inertia elements and rigid body elements, a belt drive system with an
auto-tensioner for auxiliary machines of an automotive engine was modeled using FEM. Even in the condition of such large
rotational fluctuation as to lead to finite slippage between belt and pulleys, a good agreement between numerical and experimental
results was observed. Also some numerical simulations were performed.
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Table 1 Element Type Used in FEM Model

No. Parts Element
1) | Belt Beam

(2 | Pulley Rigid Surface
(3) | Shear Stiffness of between Belt and Pulley Beam

@ | Rotary Inertia Point Inertia
(5) | Property of Auto-Tensioner Beam
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Table 2 Experimental Condition

Item

Value

Angular Velocity

1000 £ 50rpm

1000 + 150rpm

Alternator load 40A
Tensioner Spring Constant 0.54Nm/deg
Tensioner Damping Factor 20%
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The Relationships Between Specific Wear Rates Concerning Abrasive Wear
Condition and Mechanical Properties of Short Fiber Reinforced Rubber Composites

I !
Noriaki WADA™

Rk fE—*?
Kenichi FUKUNAGA™

AL S RE*3
Yoshitaka UCHIYAMA™

Abrasive wear rates and mechanical properties of short fiber reinforced chloroprene rubber composites (SFRR) were examined,

respectively, in the longitudinal (L), transverse (T) and normal (N) directions of the oriented fibers to study their relationships.

By decreasing the product of tensile strength at break, and by elongation at break, the wear rate decreased. These results did not

coincide with the report of their relationships by Ratner. Therefore. the contribution of the factors of specific wear rate (K) was

analyzed by multiple regression analysis. The resulting relationship is given by the equation K = ( 22)"* /' {(Ms)"*(k,)*"}, where

s, Ms and k; are friction coefficient, 5% modulus and spring constant. respectively.
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CC#500 L 1.49 1.41 1.11 1.36 1.16 0.97 0.95
T 1.57 1.44 1.15 1.40 1.25 0.96 0.89 1.70
N 1.59 1.50 1.06 1.27 1.13 0.86 0.88
CC#1500 I 2.12 2.00 1.77 1.78 1.94 1.11 1.18
g 2.01 1.78 1.41 1.50 1.90 0.99 0.99 2.26
N 2.20 2.17 1.66 1.74 1.86 1.01 0.93
it i o 2 L 13.6 16.9 20.5 11.4 0715 249 34.1 24.0
(MPa) T 12.4 11.2 9.8 12.4 10.5 9.8 10.2 25.0
N 13.1 10.9 10.5
file W {1 OF L | 242 44 39 230 26 25 22 450
(%) T | 285 284 209 250 165 133 60 460
N | 294 260 225
5% EF 1T A L 1.63 5.28 5.92 1.95 7.17 8.36 12.8 0.7
(MPa) T 0.77 1.05 1.58 0.88 1.60 1.67 1.78 0.6
N 0.82 1.23 1.78
i L 75 83 85 83 90 92 93
(21 A) T 75 83 85 82 90 92 93 72
N 74 82 84
5% & L 41.6 41.0 41.2
(N/mm) T 44.0 493 60.3 63.0
Uik dn s L7907 VI N 39.9 32.5 31.6
LS R L 610 890 940 615 1150 1180 1480
(N/mm) T 610 890 940 615 1150 1180 1480 339
N | 1530 | 3260 4900 2130 6520 6940 8180
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CAE(CKBDKETL I ANILNIL MDD
axat « FHMEFEDRF
The Development of a Method, Using CAE, for the Design
and Evaluation of Large size Flexowell Belting

e IEfR®

Masatoshi FUIINAKA

Flexowell belting which is used in steep angle and vertical conveyors has become bigger in size and of higher
speed due to the need for high capacity applications. Therefore, the impact force on the parts of Flexowell belting
caused by loading materials has become higher. It has empirically been known that the maximum impact force
occurs at the loading point of Flexowell belting, but the prediction of the impact force by formula calculation is
not very accurate, because all of the operating conditions cannot be taken into account. A new method to calculate
the actual impact force on the parts of Flexowell belting has been developed using the CAE combined distinct
element method and the explicit dynamics finite element method. Using these methods, the actual impact force
can be calculated and the service lifetime of Flexowell belts for every application can be predicted.
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Characteristics of the Growth of Fatigue Cracks in Recycled CF Reinforced PA 46

Tk AME*

Hisao FUKUNAGA

The effect of the recycling of CF reinforced PA 46 in regard to fatigue reliability and, in particular, the role of
mesostructural factors in the fatigue crack growth mechanism, was focused on and investigated.
The results are described below.

(1) Due to recycling, resistance to crack growth was significantly reduced.

(2) An extremely high correlation between increase in temperature and crack growth characteristics was
confirmed.

(3) The emergence of the speed dependence of reinforced fiber depending on type was confirmed.

(4) It was understood from the observation, by means of SEM, of a cross section at break, that as for carbon fiber,
which has strong bridging effect, the cracking of the internal layer develops later than the cracking of the skin
layer, compared with glass fiber.

(5) As for AK*, which was evaluated considering the effect of the three layer structure, it became smaller than
AK due to the length of the internal cracks and as the cracks progressed this difference grew larger.
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(b) gf material

Fig. 10 Fracture surface of core layer

Table 1 Elastic modulus and tensile strength

Elastic modulus (GPa) | Tensile strength (GPa)

CE 230.30 3.53

of 68.60 1.96

Glass fiber

Carbon fiber Crack
| -

Fig. 11 Mechanism of crack opening

43 ZRERICREIT=ERHENTE

SEMIZ & A {REEROWRBIS 6, RRERR 3=k
i A m LCB 0, FEME Tl AT IcIe oy,
T > Th D, RN A E S 2 hyilE
TIEHMYDPERKELL B> TWAEDEDH LN, 7,
CEM, gftf oW d hoiilm clE o 73 7k FKii &
DENTEHEFERL TWLIOEESD LN, 2O
EHH BRI Fg 12 \RT LD ICHHO 2R/ ERmO
SEMERZTHITAL LI IGER L TWbDEEZ 6NLA,

Crack direction
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Design of Resin Material for Dry CVT Belts

B A= g GhaE*!

Keizou NONAKA Hiroyuki SATO

We have been developing a dry hybrid belt, the “BANDO AVANCE”, for heavy-duty use in CVTs for more
than 15 years. In 1998, a CVT sysiem using our dry hybrid belt was successfully commercialized and adopted in
sub-compact cars. The dry hybrid belt consists of a pair of tension members and many lateral H-shaped blocks.
About 200 blocks are inserted into the grooves of the tension members. The tension members have the function to
transmit power from a driving pulley to a driven pulley. The blocks are made of high strength aluminum alloy
covered with resin. The blocks support a high transverse load. The resin prevents direct contact between the
aluminum alloy and the pulleys. In addition, the resin must have a high impact resistance, a high abrasion
resistance and an optimum friction coefficient, which lead to a long life and to power transmission without
lubrication.

This paper concerns the design of the resin material. Our selection is phenol resin. In the design, aramid
short fiber is used for high impact resistance, and carbon short fiber and graphite are used for high abrasion
resistance and a low friction coefficient. Finally, it will be demonstrated that the use of zinc oxide whisker in the
resin enables us to control the level of the friction coefficient for the optimum performance of power transmission.
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CERTIFICATE OF APPROVAL
This is to certify that the Envirommental Maragement System of:

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

has beens approved by Lloyd s Register Quality Assurance Liniited
to the following Environmental Management System Standards:

IS0 14001 : 1996 IS Q 14001 : 1996
The Envivonmental Managenent System is applicable to;

§| te activities associated with the research, design,
aml of power t belts &
associated transmission units, (Rubber, PVC, TPU) conveyor
belts, electro-photographic parts, molded plastic products,
elastomer products & its composites, plastic filns, rabber
sheets and molded PU products in accordance with the
publicly anulablr environmental policy.
Ticn crvtsfcaie in valid oy i tom with the crrtiicaie schedle braring the same
s e ek he o o applicable to thi apprinl v listed,

1 May, 1999

Inpmal Approvel

bl AR

® ®

Tnchubing Rande- Scholz Corposation)

Central Research & Laboratory
Kobe-shs, Hystgo-ben
Japam

Page Tef2

Mot of comneyer belts

Research & Laboratory. design. development

Original Approval: 21 May, 1999
Current Certificate: 02 fune, 2000

Crtifionte Expiry: 31 May, 2002

=3.)

7 e ) N

At S BT, LRSS,

Ity N2RSERT . wh gt 7EmT

CERTIFICATE SCHEDULE
CERTIFICATE SCHEDULE
Bando Chemical Industries, Ltd. Bando Chemical Industries, Ltd,

Head Qffice Activitics Other Locations Activities

Kobe Site Manufacture of electro- photographic parts
o die. Kbe-siny As main seope Kobe-ains, Hy rlastomer products & if's compentes and
Hyogo-ben, Japan " ity

fr— sheets
Other Locations (Inchuding Bendo Commputer System Co., 144) Design of computer sofbuare
Avkkags Siie M ture of imsmiiaie belt, plstic Nl Site Veamfacture o poses tramamission elts £
Astalago k. Techmp-dem products and Pty Omesats Semman-shr. asmocuaied transmasen umits, plastic flms
Janen Osaia-fc. Japan ond wolded plassc products
r——— Memsfctuer o Qhuthr, FVC. TPL) frR—— Eeseseck desgn developrment and
Kalogas sh. Hyogo-den i v i Neke-guse Wakegemeden, [um mmsacture of power resiaon belt end

hw-«dm,—.m cxmnsied raramissen umts

Apyroval
Certificate Ne: 772509

Original Approvsd: 21 May, 1999
Cusrrent Certificate: 07 jume, 2000

Certficate Expiry: 31 May. 2002
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BANDO AMERICAN INC.
| 149 West Bryn Mawr, Itasca, lllinois 60143 U.S.A,

BANDO MANUFACTURING OF AMERICA, INC.
P.0.Box 10060, 2720 Pioneer Drive Bowling Green, Kentucky 42102-4860, U.S.A.
TEL.1-270-B42-4110 FAX.|-270-842-6139

BRogi ith d
BANDO CHEMICAL INDUSTRIES (EUROPE) GmbH

Nikolaus Str.59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL.49-2161-90104-0 FAX.49-2161-90104-50

BANDO IBERICA, S.A.
Apartade Correos 130, Poligono Industrial Can Roca Carretera Nacional 11, Km 578, 08292
Esparraguera, (Barcelona) SPAIN TEL.34-33-777-8740 FAX.34-93-777-8741

7 U P

BANDO CHEMICAL INDUSTRIES (SINGAPORE) PTE. LTD.
Pasir Panjang Distripark, Block 10, Unit 6, Pasir Panjang Road, Singapore | 18500
SINGAPORE  TEL.65-475-2233 FAX.65-479-6261

DONGIL BANDO CO., LTD.
305, Sanmak-Dong, Yangsan-Shi, Kyongsangnam-Do
REPUBLIC OF KOREA TEL.B2-55-388-0084 FAX.82-55-388-0087

BANDO JUNG KONG, LTD.
398-10 Moknae-Dong, An San City, Kyongki-Do, REPUBLIC OF KOREA
TEL.82-31-491-6208 FAX.82-31-491-6167

SANWU BANDO INC.

TEL.1-630-773-6600 FAX.[-630-773-6912

IIF1-2, No.51, Sec.|, Min Sheng E. Road, Taipei, TAIWAN TEL.8B6-2-2567-8255 FAX.886-2-2567-2710

BANDO MANUFACTURING (THAILAND) LTD.
47/7 Moo 4, Soi Wat Bangpla, Tamol. 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.63-2-241-0734 FAX.63-2-241-3273

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
J1. Gadjah Tunggal, Kel. Pasir Jaya, Kec. Jati Uwung, Tangerang, 15135, INDONESIA
TEL.62-21-590-3920 FAX.62-21-530-1274

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.86-22-6620-0912 FAX.86-22-6620-0914
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