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On the 7™ Issue of the Bando Technical Report

The uncertainty of the 1990s, referred to as Japan’s “lost age”, seems to be continuing into the 21st century.
The economy is still inactive yet it is hard to find a way out of the situation.

This is due to lumbering structural reform, however, international factors have also had a great impact on the
Japanese economy; factors such as the excessive development of the Chinese economy and the hollowing out of
the Japanese economy.

The Japanese manufacturing industry may find it difficult to survive without new developments in
engineering technology, material and/or products. Such developments are needed to depart from the current
economic stagflation.

This is the seventh issue of the Bando Technical Report. As a result of our company’s growth and activity over
the last year, our research program has produced six papers, presented here. Bando’s long history of innovative
R&D will be celebrated by our centennial in 2006. We appreciate your taking a glance at the BTR for the benefit
of your research and production development. If you have any comments or advice we will be pleased to receive
them.

W AT 2w D

Seishiro Tkemura
Senior Executive Officer
Marketing, Engineering and R&D
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Surface Modification by IPN of Polyurethane Elastomers with
Fluorine-Containing Polymethacrylate

wlll A

Mutsuhisa FURUKAWA

o g

Takahiko OKAZAKI

A surface layer of Polyurethane elastomers (PUEs) was modified by use of 1H,1H,5H-Octafluoropentyl methacrylate
(OFPMA). The based PUE was prepared from poly(oxytetramethylene)glycol (PTMG, Mn=2037), 4,4’-diphenylmethane
diisocyanate (MDI), and 1,4-butanediol (BD) / trimethylolpropane (TMP). OFPMA and ethylene glycol dimethacrylate (EGDMA)
were penetrated into the surface layer of PUE and polymerized. Morphology. friction and abrasion characterization of the modi-
fied PUEs were studied by means of FT-IR, polarizing microscope, SEM, contact angle tester, HEIDON friction tester and DIN
abrasion tester. The modified PUEs exhibited lower friction coefficient and better abrasion resistance compared with the un-

modified PUE. The mechanism of the improvement is discussed.
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H (CF2)4 CH20 - ?l - C = CHZ
0]

OFPMA

Fig. 1 Structure of 1H,1H,5H-octafluoropentyl
methacrylate (OFPMA)

2.2 ®EAHE

PTMG-PUE ¥ — } (20 X 65 X 2 mm) D% ~F
TR E, BRI RE L UNEZESE, ZORB
% OFPMA. EGDMA, DMAIB D {i &% (OFPMA 12
%1 L TEGDMA. DMAIB (X% 4 | wt%. 3 wi% (&) +
IZERTIST2HI0HHEY E L ARIIERS €,
PRI, 3R 2 L0 L T 255 L 7-OFPMA
BEEHFPREWY, E5I88A 7 VATEHL
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I 12T 24 IFE [ OFPMA/EGDMA % 5 U A1 VG &4
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F1)v— (POFPMA) DEIEE A Wpoppmaldal (1) 12 X
DEH L7,

AWpoppma= (W;— W) /W, (1)

Z T, Wold REHAE O EE, W IZOFPMA % &4
24, BEELABOEERAHOERTH S,

2.3 iR PR

TLFATFAEIZLLHEE, 7)) TEBRIEIL
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% 7>, DIN EEFERBRGE(C X AW BEFEM: X B E AT
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HE W ollER R S RN A VT (2)RUZiE- T
B L7,

AVp= {(Wo—W)/d} {200/(Sq—S)1 (2)

T IT. Wp & W, 3% 4 EREnT. ERZEORBORES
(mg) . dy, (FHAEDOWIE, So & S (IEEFERT, KEFERR DR
HERE O (mg) TH 5,

FEOWERE HE, TR (GER)
ELVE YR L omER . =0 BEEERE
OPTIPHOT2-POL % vy 7 0 A = 2 )V F T 4§l filg fadu A
ZHWTHEIZE LY, 7, DINB R Z OB o B
FEFW A B AR E I (0 BT M e TR E

T 5SS -8008) & AW THIETEES kVTEBIE L 72,
HEfi /| ZOFPMA TR M H L -3 EHI oW T, Hfif
sHBAFFFEBICA-AT) Z AIViEiFEIc L hflE L,

3. &% &R

Table 1 IZOFPMA D JEMPUE~D & {ZFEH] & POFPMA
EREPILDTRTHBOoONIERBOABIE
POFPMA & & DHINNIZ L 7zAh%, BEEH D S ki
o EHALEEL, bTFHPICEREERT LI
eotz. LAL., ## & L7 PTMG % PUE & OFPMA
OMFEMEZIE <, 10 H R (2400509) &t S 723E
BWTh, POFPMA D ERIL 18.8 wi% ThH 272,

Table 1 Relationship between the POFPMA content
and immersing time

Immersing POFPMA

time content Appearance

(h) (wt%)

0 0 White, Translucent

0.25 0.40  White, Translucent

1.0 1.49  White, Translucent

5.5 2.81  Pale greenish yellow, Translucent
44 14.7 Pale greenish yellow, Translucent

240 18.8 Pale greenish yellow, Translucent

Fig. 212 3&4F PUE, OFPMA & kB L UE&#HA
FOZRMOFT-IRARY I ERT . OFPMAD &R
(2Xh, 1157 em™' |2 C-F fifdREy 1@ S LA Bl

Control

After immersion of OFPMA

After polymerization U

J

I I B B

4200 3400 2600 1800 1400 1000 600

Wave number (cm-1)

Fig. 2 FT-IR spectra of the control and modified
PTMG-PUEs
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C=C R IRB I N A — sl o/, BELHE
DFFD AN~ PVE RSB L, 1157 cm™ O C-F 4R
oY — 73283, 962 cm™! @ C=C MfiEEH O
V=7 PEELTWwAZ S, PUEEHICER L
OFPMA DEAENHEITL TS I LATbid

Fig.3 (c). (d) |2 POFPMA &t 14.7 wt% O #E %
iR & LT, SE B oRCIEMEES B % 6 PUE (Fig.

3 (a). (b)) LWL T/Rd, OFPMA %X &% - EHS
ﬁtﬁﬂfd:#ﬂmm&%%ﬂ#w L X350 um D

surface —

(b)

(by use of sensitive
color plate)

Control

surface l - o |

oW EBAEES N, JhSEEHRKE W
% &%%“ ELTEEESN, ZodEE kLT
FEMICEIET L L, EMPUEBICH S @ L FERD
REZ, ﬂ& HoE OGRS i, (RIGERMER
FCU B S o FiRaseh 7 85 L /o655 UEE 2190
EF CREICHIFINLZ Lol 2O
BersREchidasl, RUERBIEKEVPTHEL
7o, EBTIREGOBEFROLN P -7,
Fig. 4 |2 H U E R O A A 12 2 133 POFPMA
BOHEERT, PUE ZE~OME(0.40 wit%) D

K%

(by use of sensitive
color plate)

Modified
(POFPMA : 14.7 wt%)

—
100 um

Fig. 3 Polarizing micrographs of the control and modified PTMG-PUEs

110

T T

105

Contact angle (°)

¢ SN N T S T (Y T v |

90..--l.|||

0 5

10 15 20

POFPMA content (wt%)

Fig. 4 Effect of POFPMA content on the contact angle

BANDO TECHNICAL REPORT No.7/2003
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51045~ & EA L PUEEMIZEV TPOFPMA 121
KT 57 v FRETFEAOHMESBNT, ABEmMOE
KEPE A I Edbhoiz, L2LEDL,
POFPMA O ERZEINSE T, L —BofEmo
FREBROLNT, Wb TP oA R KT
SHiEMER L,

Fig. 512¥ 4 7 QilifE 12 K35 POFPMA % ) 252
%7 $ . POFPMA H®7)2 ~ 3 wi% T TOREIKIZB W
T. 74 7 0fEIFSEEEHOF I ETL.E
IZPOFPMAD Hw A NS 5 &~ 4 7 Ol X o
EFHF A% R L7z, POFPMA O & & ASEEEREC
AT 9% Fig. 612, DINEEFERERIC X » TEFli L /-
BEFEMRTRIC BT THEE % Fig. 73R ¥, F72, Fig. 8 (<
4015 CTHI%E L 7 DINEEFE R SR O BEFE T O SEM 521 %
R o Fig. 6 DI & Fig, 70 fif 1 At @Em %R L,
RS, BEFEIRTE & POFPMA &6k & OB I ZHHE 234
B EHURME SN L RIS, SRR A RS
POFPMA & | Z I Z B 2H D | #95 wi% 05 15 wi%
DEFETROERCEEREE KL &V ESESEE R
ZENWASLDP LR 57, DIN BERHERGDOEET O
SEMEH (Fig. 8) £ V), A H OPOFPMA % &3 24 7-3
FICldRAUERE L LB L T, b hhd s EBRED
MfhASEA L, X DS 2 ICERES T L Cw AT
DRENLDIZH LT, POFPMAE®A%18.8 wi% T T
HNY 2 & EEER OEFER) 28I L. WHEMETIC
D IR BERIEAEE 2% o 72,

82

Micro-hardness

72 PSS SN T T U [ ST SO A T T M N
0 5 10 15 20

POFPMA content (wt%)

Fig. 5 Effect of POFPMA content on the micro-hardness

1.0

Friction coefficient

0_6 IR TN O SO NS SN THN W NN (Y TN S SN NN NN S SN TR
0 <] 10 15 20

POFPMA content (wit%)

Fig. 6 Effect of POFPMA content on the friction
coefficient

70

Abrasion volume (mm?)

50 PR TR W TR (NN SO NN GRS NN TR S SN NN S G W S |
0 5 10 15 20

POFPMA content (wt%)

Fig. 7 Effect of POFPMA content on the abrasion
volume evaluated by means of the DIN abrasion tester
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ey,

(a) St
(POFPMA 0 wt%)

(POFPMA 2.81wi%)

100 um

(POFPMA 14.7wi%)

(POFPMA 18.8wt%)

Fig. 8 SEM micrographs of the control and modified surfaces abraded by means of the DIN abrasion tester
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v IR TEA O E T 5 U725, HIZPOFPMA &
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T4 A ER L, Z4Lid, POFPMA SwA%HEINL
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PUEHMIZHFET A 7 v FETO®RIZIT E A 2L
LWl ThbEELZ L, $12, PUE £ OFPMA DH
EHEPARE IV 728 OFPMA O &7 & & s 4
AL EAIIZEERTA~DOFPMAD LT (7] — F)
AR Y, SR FEmNOFEEEL ST S OKT
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~ 4 7 O (HEPOFPMA & 538 TR T D[N &
7R L7245, POFPMA &N+ 4 & 28z
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%, POFPMA @ &w A IEHE ICEV I IZ BV T,
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wt% 7 6 15 wtfe ) & i TRV BEE MRS & 8 iR EE
ik L72o 5 wt% LU T O POFPMA &gl 2 5V T,
PUE M CH: L 72 POFPMA [ PUE D 451l e 42 ) % [
EF L{EM %R L, POFPMA 43k o i 1 5 CHef Hig 1 72
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KT Z R L, WEERE R & % 2 @295 5
NTwa, ZOBREEGTHEEENZTTHHTE L
VAR THEALA OBIER R IZB VT, POFPMA &
A2 wi% b 3 wit% OFIETHEMA R KE (%
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Noise Generation Mechanism of a Dry Hybrid Belt
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1. INTRODUCTION

The dry hybrid belt has been developed and used
in CVT systems in sub-compact cars. The system
without lubrication and hydraulic apparatus has very
high transmission efficiency, which improves
mileage. The higher fuel consumption efficiency has
been attained in comparison with manual
transmissions. Furthermore, the system responds very
quickly and does not take up a large space in the
engine design.

Fig. 1 Noise measurement apparatus

7 LRETAE O (o) EESOMEG, 7oy 2y ol
eI b (T Oy s HFyPREL D) 2L EBEEOEGICD

DVWTHBL, W FOBEREANZALIZDNT

The hybrid belt consists of a pair of tension
members inserted into many lateral H-shaped blocks.
Since the hybrid structure is completely different
from those of conventional rubber V-belts, the
mechanism of noise generation is also very unique.
In this study, some noise mechanisms will be
elucidated experimentally using belts with different
dimensional parameters and by means of strain
measurement of the blocks while running.

le(Ls 3mm pitch

=l

tention members

‘ 2R RLE
== Ha —w=zrmerere | th
g

a tention member

R TR ablock (At=th-Ha)
R TEKRE Fig. 2 Structure of dry hybrid belt
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2. EXPERIMENTAL

2.1 Experimental apparatus and measurement

A noise measurement apparatus is shown in Fig.
1. The pulley connected to AC servomotor is the
driving pulley, and the other is the driven pulley. The
driving and driven pulleys are copper-made fixed
pulleys having a pitch diameter of 103.23mm. No
torque load was applied on the driven pulley.
Revolution of the drive pulley can be varied
continuously from 0 to 5000 min~'. A shaft load can
be given arbitrarily by shifting the driven shaft
horizontally. The sound pressure was measured by
placing a microphone with 1/2inch condenser at
30mm above a designated position of the hybrid belt.
The data was A/D transformed and FFT signal
analyzer obtained the frequency profile. As
mentioned above, the measurement was performed
without any torque load. However, a proper shaft
load leads to a driven torque similar to that in the
system of an actual engine.

2.2 Belt

The structure of the dry hybrid belt is shown in
Fig. 2. The belt consists of a pair of tension members
and 204 H-shaped blocks. The tension members are
made of aramid cords, rubber, and nylon canvas. The
blocks are high strength aluminum alloy covered
with heat resistant thermoset resin. The blocks have a
function of supporting a high transverse load from
pulleys. The surrounding resin gives friction
resistance to the blocks. The elastic recovery force of
the tension members fixes the blocks. No chemical
bonding is used between the tension members and the
blocks.

Three kinds of belts in Table 1 were used in the
experiments. Belt No.l is brand-new. Belt No.2 is
the one after running the test for 48hours at the shaft
load of F=1764N, effective tension of Te=1000N, and
the revolution of n=5285min"'. Belt No.3 is the one
after running for 500hours at the same conditions as
those of No.2. The run for 500hours corresponds to
about 160,000km run for an actual engine.

Table1 Test belts

Type of test belts

Brand-new belt
48 hours’ used belt
500 hours’ used belt

W .—‘OZ

3. RESULTS

3.1 Comparison of noise level

Fig.3 shows the noise level as a function of
pulley speed at beginning of contact with the driving
pulley. The applied shaft load was F=3920N. The
pulley speed n was varied upwards from 500 to
3000min~!. The microphone was set above the
driving pulley. 48hours’ used belt generated the noise
of about 7dB higher overall compared with brand-
new belt and the noise level of 500hours’ used belt
was about 15dB higher than that of brand-new belt.

Fig.4 shows the noise level measured at end of
contact with the driven pulley. The microphone was
set above the driven pulley. The order of noise level
is the same as that in Fig.3. However, the differences
among the belts are larger than those in Fig.3. The
absolute noise level of the brand-new belt in Fig.3 (at
beginning of contact position) and Fig.4 (at end of
contact position) are comparable, which means the
noise of the used belts is higher at end of contact with
the driven pulley.

[
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Fig.3 Noise level of belts at beginning of contact with

driving pulley
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Fig.4 Noise level of belts at end of contact with driven
pulley
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3.2 Sound pressure wave and frequency

analysis

Fig.5 shows the sound pressure wave and
frequency analysis of belt noise at beginning of
contact with the driving pulley. The microphone was
set above the driving pulley. The measurement was
performed at shaft load of F=3920N, revolution of
n=2000min"'. In the above conditions, the frequency
corresponding to the sequential contacts between the
blocks and a pulley is calculated to be fz=3540Hz.
For the brand-new belt, amplitude of the wave and
the noise at fz=3540Hz are very small. On the other
hand, for the 48hours’ used belt, the noise at
fz=3540Hz is large. The noise at fz=3540Hz is
generated by the impact of collision between each
block and the pulley. For the 500hours’ used belt, the
noise is a little larger than the 48hours’ used belt. A
noise at 7080Hz (3540Hzx2) is also observed.

Fig.6 shows the sound pressure wave and
frequency analysis of belt noise at end of contact
with the driven pulley. The microphone was set
above the driven pulley. For the brand-new belt, the
noise at fz=3540Hz is very small. On the other hand
for the 48hours’ used belt, the noise is larger than
Fig.5. For the 500hours’ used belt, the noises at
3540Hz and 7080Hz are significantly large.

From the above, it was found that;

(1) Belt noise becomes larger as the duration of the
running test is extended.

(2) Belt noise frequency is mainly fz=3540Hz corre-
sponding to the sequential contacts between the
blocks and a pulley.

(3) The belt noise is larger at end of contact with the
pulley.
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Fig.5 Sound pressure wave and frequency analysis for
each belt at beginning of contact with driving pulley
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Fig.6 Sound pressure wave and frequency analysis for
each belt at end of contact with driven pulley

4. DISCUSSION

4.1 Effects of permanent set and wear of the
tension members
It was found that the duration of the running test

made the belt noisier. Therefore, any changes from a
new belt to a fatigued belt may be the clues to the
mechanisms of noise generation.

Two major changes occur for the duration of the
test. One drastic change is the fixation of the blocks
to the tension members. As mentioned earlier, the
elastic recovery force of the inserted tension
members fixes the blocks physically. The thickness
of the tension members becomes thinner due to
permanent set as the running test proceeds.
Consequently, the blocks are fixed to the tension
members more loosely. A parameter, It defined by
the equation, It=th-Ha, where th is the thickness of
tension members and Ha is the gap between the upper
and the lower beams of the H-shaped blocks (Fig.2)
represents the tightness of block fixation to the
In Fig.7 At as a function of
Initially

tension members.
duration of the running test was shown.
positive At value becomes negative in the early
stage of test. For a fatigued belt a block fixed looser
may vibrate mainly at end of contact with pulley,
which leads to the larger noise of the fatigued belt.

The other change is that width of the tension
members diminishes as abrasion at their outer sides
proceeds by the contact with the pulleys. Initially the
tension members are set to jut out of the surface of
the blocks by the amount of Ws (Fig.2) so that the
impact of collision between the blocks and the
pulleys is lowered. In Fig.7 the measured Ws value
is plotted against the duration of the test. As the
abrasion  proceeds progressively, Ws  value
diminishes, and blocks and pulleys contact more
aggressively, which may make the belt noisier.

In the following section Ws value and fixation of
the blocks are changed independently in order to
verify the effect of the changes in the used belt on the
belt noise.

0.15
0.10 [o——
0.05 g
0.00 | : : ' O Ws
0.05 4 e At
-0.10

-0.15
-0.20

Ws or 4t mm

0 100 200 300 400 500
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Fig.7 At and Ws as the duration of the running test
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4.2 Noise measurement for a new belt with a
negative Wg Value

In Fig.8 the new belt with a negative Ws value is
depicted schematically. Fig.9 shows the sound
pressure wave and frequency analysis for the belt at
end of contact with driven pulley. In comparison to
the counterpart of Fig.6 (a) for a belt with positive
Ws value, the belt with negative Ws value in Fig.9
apparently makes a larger noise at the frequency
corresponding to the sequential contacts between the
blocks and a pulley (3540 Hz). Therefore, it can be
concluded that a positive Ws value of a brand-new
belt prevents aggressive contacts between the blocks
and pulleys, which makes the belt quieter.

w —_ — : == —
g — 7Y

Fig.8 New belt with a negative Ws value schematically
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Fig.9 Sound pressure wave and frequency analysis for
belt with a negative Ws value at end of contact with
driven pulley

4.3 Noise measurement for a belt after
running test for 500hours with a partially
fixed block

As shown in Fig.7 earlier, the belt after running
for 500hours has a negative At value, and the
fixation of the blocks to the tension members is very
loose. Using the same belt, one of many blocks is
fixed tightly by inserting a peace of paper between
the blocks (Fig.10).

\/ - fixed block

oo
Wfﬁrm

Fig.10 500 hours’ used belt with a partially fixed block
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Fig.11 Sound pressure wave of fixed block at beginning
of contact with driving pulley
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Fig.12 Sound pressure wave of fixed block at end of
contact with driven pulley

Fig.11 shows the results at beginning of contact
with driving pulley. The sound pressure level is
relatively lower overall, and no effect of the block
fixation is observed.

Fig.12 shows the results at end of contact with
driven pulley. The sound pressure at the fixed block
is apparently lower than the other parts. Therefore, it
is concluded that the vibration occurring when each
block is released from the driven pulley is one of the
noise mechanism for the dry hybrid belt.
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4.4 Strain measurements of the blocks

Strain measurements are performed in order to
elucidate the mechanism of vibration of blocks at end
of contact position. A strain gauge is attached at
upper side of a block of the belt after running test for
500hours as shown in Fig.13. The strain at the site is
measured at shaft load of F=3920N and revolution of
!. Fig.14 shows the strain as a function of
time. Time is equivalent to location of the block in

n=2min"

the layout. The strain at free span is null, whereas on
the pulleys the pressure from the pulleys leads to
compression strain in the block. In Fig.14 peaks of
compression strain are observed at beginning and end
of contact with pulleys. The maximum peaks are
observed at end of contact position. These peaks can
be considered as the resistance to detachment from
the pulleys due to the maximum friction force at the
sites. The blocks vibrate when they are forced to
detach from the pulley against the resistance, which
leads to belt noise.

strain \gauge/ '
%‘7
-%9@%@@160%@@%-
mﬂ

Fig.13 Position of strain gauge
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Fig.14 Strain in the block

5. CONCLUSION

Regarding the noise generation of a dry hybrid
belt for CVT system, the following conclusion was
drawn.

(1) Belt noise becomes larger as the duration of
A brand-new belt
generates noise evenly at beginning and end of

running test is extended.

contact position of the pulleys, whereas a
fatigued belt generates larger noise prominently
at end of contact position.

(2) The sides of tension member wear during the
running test, and blocks and pulleys collide more
aggressively, which in turn causes belt noise at a
frequency corresponding to the sequential
contacts between the blocks and a pulley.

(3) The thickness of the tension member diminished
due to permanent set of the rubber component.
Consequently, the fixation of each block to the
tension members become looser during the
running test, which leads to more vigorous
vibration of the block and larger belt noise at end
of contact position of the pulleys. The fixation of
the blocks does not affect the noise at beginning
of contact position.

(4) Maximum compression strain in the blocks is
observed at end of contact position of the
pulleys. The vibration of the blocks at the site is
considered to be caused by the resistance to
detachment from the pulleys.

(1452
15§ 3% : The ISME International Conference on Motiton
and Power Transmissions in 2001 Fukuoka
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Dynamic Behavior Simulation of Belt Drive System for

Auxiliary Machines of Automotive Engine
— Prediction of Slip Phenomenon between V-ribbed Belt and Pulleys -
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Ryuichi KIDO

The finite element model for analysis of longitudinal vibration on V-ribbed belt driving system for auxiliary machine of

automotive engine, which was previously reported!, has been improved. By inserting the simplified frictional characteristic

obtained from an experiment into the model, the slip phenomenon which causes the abrasion of the belt and occurrence of the

noise can be simulated without modeling the complex V-ribs. Even in such conditions as to lead to large slippage, the numerical

results confirmed the experimental results.
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Table 1 Test conditions
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Fig.2 Results of slip test
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Fig.5 Numerical results of characteristic of slip
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Strain
Gauge

Laser Displacement
Sensor

Item Value
Angular Velocity 1000rpm
Alternator Inertia 444 % 107 kg-m
Idler Inertia 5% 10 kg m
Tensioner Pulley Inertia 5% 10*kg-m
Tensioner Inertia 3.36 X 10 kg m

Fig.6 Layout of experimental apparatus for verification
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Fig.7 Comparisons between numerical and experimental all results
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THE HORIZONTAL DEFORMATION CHARACTERISTIC OF NATURAL RUBBER
BEARING BY FEM ANALYSIS
— The Influence which a Turn in Vertical Direction has on Horizontal Deformation
Characteristics —

wH T A g
Tomoki FURUTA Shinsuke ARAKI

We estimated how the horizontal deformation characteristic changed when a natural rubber bearing was turned in vertical
direction. In other words, we quantitatively estimated the influence which turning of the natural rubber bearing had on the
horizontal stiffness. The analysis resulted the knowledge mentioned below.

1. The relationship between the shearing force and the shearing strain estimated in this analysis can reproduce the results of the
testing when the natural rubber bearing does not turn in a vertical direction. The results of this analysis are highly reliable as
far as the shape of the natural rubber bearing analyzed is concerned.

(3]

. In this analysis, it was confirmed that the horizontal stiffness declined when the natural rubber bearing turned in a vertical
direction and deformed around 200 % strain in shear. The larger the angle of turning degree, the more remarkable this
tendency is, especially when turned 1/50 radian.

3. In the shearing strain area in this analysis, the change of the horizontal stiffness is within 10 % when natural rubber bearing

turned in 1/150 radian.
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Development of Magnetorheological Fluids with Improved Stability

Iy A

Takuya TOMURA

ooz

Katsuhiko HATA

Magnetorheological (MR) fluids are dispersions of fine magnetizable particles in a liquid medium. The rheological properties

of the fluids can be changed dramatically by applying a magnetic field. This behavior can be applied to control dynamic

properties of some building structures. In this application, a high stability of the disperse phase is required over a long period of

time.

In this study we developed MR fluid “#230" with enhanced stability, considering the agglomerative stability as well as the

sedimental stability. The dispersed iron particles of the fluid had not settled after a month. Because of the high stability,

change in rheologcal properties such as viscosity was very little for a month. We also report on other characteristics of the

“#230".
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Effect of Dumb-bell Test Pieces on Tensile Data
of Vulcanized Rubbers

MG T LDGIRHARICHTHE ANIRBRFEROE

Noriaki WADA"! Masaaki TAKASHIMA™  Kenhachi MITSUHASHI
Zit]:E il AR =& A
Members of Subcommittee 2 in Japan National Committee on ISO/TC45
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ISO 37 [Rubber, vulcanized — Determination of tensile stress-strain
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NS 35 % ¥ VI E ML

1. INTRODUCTION

WTO/TBT protocol (Uruguay Round in January
1995) stipulates that the methods of
vulcanized rubber are to be aligned with the
corresponding methods in International Standards
(I1SO)".  Subsequently, Subcommittee 2 (Physical
and degradation tests) in Japan National Committee
on ISO/TC45 (Rubber and rubber products) has
studied the differences of tensile data obtained
through ISO 37 “Rubber, vulcanized or thermoplas-
tic- Determination of tensile stress-strain properties”
and Japanese Industrial Standards (JIS) test methods
JIS K6251 (Tensile testing methods for vulcanized
rubber) in order to evaluate and judge the future
direction for addition to ISO 37 of a dumb-bell shape
that has been used for more than 80 years in Asian
countries, such as Japan, Korea, Taiwan, Thailand,
etc. In this report, the results for the tensile properties
of vulcanized rubbers will be shown by using three
different types of dumb-bell test pieces.

testing

e LR 28
*2 7 S R#k &4t
R T A KA

ETIT\V . ISO3THIED ¥ » ~b & DI S,
AL, AL LT

FEE097% 7 0 AF 2y 7 2{Tolze £ OREH.

AT 3 b BERTEARICHE S Z L ASEIET & 72,

2. INTER-LABORATORY TEST
PROGRAM

An inter-laboratory test program ITP was
organized by Japan. Three different compounds of
NR, SBR and EPDM were used for a tensile test.
Those three compounds have different properties in
tensile strength at break and elongation at break.

The 23 laboratories, Paticipating members (P
members) in ISO/TC45/SC2, have participated in the
measurement program. Those laboratories are as
follows; 12 laboratories from Japan, 2 laboratories
each from Sweden, Thailand, Malaysia and Germany,
one laboratory each from U.S.A., Netherlands and
United Kingdom.

The test items to be measured were tensile
strength at break (TSb), elongation at break (Eb),
100% modulus (M100) and 200% modulus (M200).
The numbers of test pieces, which were broken
outside the test marking length were also checked.

Three types of test pieces, such as ISO type I,
type 2 and JIS type 3 (=proposing type) were tested.

Figure 1 shows the dimensions of dumb-bell test
pieces. The ISO Type | was tested in two types of
test pieces with marking distances of 20mm and
25mm in order to compare with other types.

The repeatability and reproducibility for
expressing precision were calculated on the basis of
ISO NWIP 9272 “Rubber and rubber products —

BANDO TECHNICAL REPORT No.7/2003

34



ISO Type 1
Type 1-20
(Length between Marking line:20mm)
115
16 25 ST 4/
25
) 20— /
—— N - S 0
3 TS
=
Type 1-25
(Length between Marking line:25mm)
/15
16 25 33 4]
25
= / 1
DU S (t)n_.. - - - [¥) o
'}3/}

ISO Type 2
Type 2

(Length between Marking line:20mm)

75
29

|2.5 I2:5 25

=l it |
S = =
v

125/ "

Proposing type
(Length between Marking line:20mr)

100
20

J1S Type 3

13, 25 40

~N— -

Sl
(S
[~ ,&/ \

101510

Fig.1 Dimensions of three types of dumb-bell test pieces

for test methods”.
Original data were treated for outliers at 2% Sig
Level in the basis of NWIP9272’s procedures. For

type of precision, “Type 1" was used.

Determination of precision

3. RESULTS AND DISCUSSIONS

3.1 Precision

3.1.1 Repeatability(r) and Reproducibility(R)

The precision results for NR compound are given
in Table 1. The symbols used in these tables are
defined as follows.
repeatability, in measurement units
repeatability, in percent (relative)
reproducibility, in measurement units

¥
(r)
R
(R) = reproducibility, in percent (relative)
Figure 2 shows r and R values of tensile strength
at break for NR, SBR and EPDM compounds.

Table 1 Precision — NR compound

Dumibbell type- Mean Within-laboratory Inter-laboratory
Property Marking leagth value repeatability reproducibility
r (r) R (R)
TSb ISO Type 1- 20mm 34.25 1.10 3.20 3.35 9.79
(MPa) ISO Type 1- 25mm 34.17 1.53 4.47 2.49 7.29
ISO Type 2- 20mm 31.93 1.25 3.93 2.85 8.94
JIS Type 3- 20mm 34.88 0.67 1.91 2.63 7.54
Eb ISO Type 1- 20mm 671 42.1 6.28 57.2 8.52
(%) ISO Type 1- 25mm 670 66.3 9.89 63.1 9.41
ISO Type 2- 20mm 651 29.9 4.60 60.5 9.29
JIS Type 3- 20mm 687 29.9 4.35 57.8 8.41
M100 ISO Type 1- 20mm 1.83 0.18 10.00 0.36 19.50
(MPa) ISO Type 1- 25mm 1.86 0.12 6.73 0.32 17.24
ISO Type 2- 20mm 1.84 0.15 8.33 0.40 21.95
JIS Type 3- 20mm 1.89 0.07 3.90 0.28 14.81
M200 ISO Type 1- 20mm 4.49 0.45 10.08 0.85 18.97
(MPa) ISO Type 1- 25mm 4.42 0.52 11.82 0.77 17.36
ISO Type 2- 20mm 4.39 0.39 8.79 0.87 9.85
JIS Type 3- 20mm 4.58 0.38 8.25 0.70 15.26
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Fig.2 r, R, (r) and (R) values of tensile strength at break

In Table 1, as for the properties of TSb, Eb,
MI100 and M200, the r and (r) values for JIS Type 3
(proposing type) are smaller than those of other
types. In the comparison between Type | and Type 2,
the r and (r) values for Type 2 are smaller. On the
other hand, the R and (R) values show almost the
same level in every type, however, the values for JIS
Type 3 seem to be slightly smaller.

As for SBR and EPDM compounds in Figure 2,
the r values for JIS Type 3 are the smallest.

3.1.2 Precision variance for three-factor fully
nested experiments

In comparison of precision, based on NWIP

9272, R is an indicator of the variance between

laboratories (O'Lz), and r is an indicator of the total

variance (Op® + O y°) of the variance between the

days (0p”) and the variance between measurement
errors (Oy%). In order to analyze op’ and Oy’
separately, it is enough to make an estimation for
each component of the variance by the said three-
factor fully nested experiments in ISO 5725-3
“Accuracy (trueness and precision) of measurement
methods and results -Intermediate measures of the
precision of a standard measurement method”.

In calculations of 02, Op° and Oy, it is our
opinion that o is the most important variance. If
oy° is small, the dumb-bell has good shape.
However other variances (0 or 0'y°) contain many
other factors as well as dumb-bell shape.

We made the estimation for each component of
the variance on the measurements of the tensile
strength test of NR. The results are shown in Table 2.

It is shown that the variance of measurement

Table 2 Component estimation of the variance by means of “three-factor fully nested experiments”

ISOTypel-20 ISOTypel-25 ISOType2 JISType3
o’ (0.61) (0.71)? (0.86)* (0.76)°
G’ (0.06) (0.45)* (0.15)* (0.57)?
Gt (0.87) (0.76) (0.80)° (0.64)
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errors (%) for JIS Type 3 is the smallest, which
means that the precision at measuring is the best.

3.2 Analysis of test pieces that were broken

3.2.1 Numbers of test pieces that were broken
outside the test length

Table 3 and Figure 3 show the numbers of test
pieces that were broken out of the test length (outside
the bench marks). For each dumb-bell type. 230 test
pieces were measured, as 23 laboratories measured 35
test pieces in 2 test days.

In case of Type 1 dumb-bells with 20 mm test
length of NR compound, the 159 test picces were
broken outside the test length. It means that about
70% of test pieces were broken outside the test
length. In case of Type | with 25 mm test length, it

was about 60% of test pieces. In case of Type 2, it
was 47%. However in the case of the proposed type.
only 13% of test pieces were broken outside the test
length.

In SBR and EPDM compounds, as well as NR
compound, the probability of breaking outside the
test length for the proposed type is considerably
smaller than those for other types.

3.2.2 Investigation on the broken spot
Taking up 30 pieces of the broken NR samples at
random, the distance between the broken spot and the
center of each test piece was investigated. Using the
longer pieces broken, the distance of the broken spot
from the center was measured as shown to in Table 4.
Regarding ISO Type 1, a break at 12.5mm or

Table 3 Numbers of test pieces that broke outside the bench marks

(Total test pieces = 230)

Dumb-bell t
! fnmi]}:ieno 1SO Type 1 1SO Type 1 1SO Type 2 JIS Type 3
= - 20mm -25mm - 20mm - 20mm
Compound
NR 159 139 109 30
SBR 95 69 48 11
EPDM 104 88 56 12
180 —_— ‘
160 — e P 1
140 = ‘
g 120 |— i (=] ISOType1—25
100 s — B 1ISOTypei1-20
2 80 —= O 1SOType2
8 60 | == O JISType3
40 [ =
20 5
0
NR SBR ERDM
Fig.3 Numbers of test pieces that broke outside the bench marks
Table 4 Comparison of the broken spots for each Dumb-bell type
Distance 7.5mm 7.5— 10— 12.5— 15mm Total
From Center or less 10mm 12.5mm 15mm or more
ISO Type | 7 2 7 6 8 30
ISO Type 2 | 15 14 30
JIS Type 3 24 5 1 30
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more from the center is regarded as outside the
marking lines, while, regarding 1SO Type 2 and JIS
Type 3, the break at 10mm or more is regarded so.

In ISO Type 2, almost all of the samples broke
near the edge.

In ISO Type 1 also, the sample’s probability of
breaking is rather higher near the edge than near the
center.

In JIS Type 3, on the contrary, almost all of the
samples broke near the center.

3.3 Analysis of tensile strength

3.3.1 Distribution of tensile strength

In the test data of tensile strength, the distribution
of density function is unsymmetrical and skewed
towards lower strength values. It is well known that

the data are double exponential distribution
function®.

Figure 4 is histograms showing the frequency
distribution of tensile strength at break for NR
compound.

Comparison of the histograms of the 4 types
shows that the distribution of JIS Type 3, proposing
type, looks mostly like double exponential
distribution.

As for the mean value of tensile strength, the
value of JIS Type 3 is the largest and ISO Type 2 is

the smallest.

3.3.2 Estimation of the difference of means of ten-
sile strength
A statistical test was carried out on a hypothesis

ISO Type 1-20 ISO Type 2
16 18 |
514 F 16 |
Z12 | gl
510 | 2=
_:':,3 gl E10 | ¢
6| = | i
= | E6]f
4 r ‘ Z 40
27 . 2 [ |
0 i 0 '
30 31 32 33 34 35 36(MPa) 30 31 32 33 34 (MPa)
ISO Type 1-25 JIS Type 3
(proposing type)
20 |
18 | 18 [
o 16 | 16 |
J14 | 14
S 12 | 512§
210 210 |
2 8 [ o 8
= L o L
= s .
4 F = 4
21 gy 2 h
0 ‘ 0
30 31 32 33 34 35 36 (MPa) 30 31 32 33 34 35 36 (MPa)

Fig.4 Frequency distribution of tensile strength at break (NR compound)
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based on the ISO2854 “Statistical interpretation of
data — Technique of estimation and tests relating to
means and variances”. Taking the popular mean of
tensile strength on JIS Type 3 as U, and that on ISO
Type2, as Uy, hypotheses as follows were tested:

Null hypothesis Hy : tity = Up

Alternative hypothesis H; : Ll + Ly

As a result of the test on data in 3.3.1, the test
statistic ty was equal to 7.72, then the hypothesis H
was rejected at the level of significance, “a = 1%"
level, that is, JIS Type 3 can be said to be higher in
tensile strength. These results occur because the
probability of breaking outside the test length for
proposed type is much smaller than those for the
other types. Thus it can be said that the proposed type
is the test piece having the lower probability of
faults.

3.4 Finite element analysis (FEA)

A Finite element analysis (FEA) was conducted
on a quarter of the test piece divided into mesh.
Taking the width of the clutching margin as 14mm, a
specific displacement was given until the elongation
between the marking lines became 600%. Figure 5
shows the distribution of strain, obtain by using
“ABAQUS”, an analyzer software by Hibbitt,
Karlsson & Sorensen, INC.

Regarding ISO Typel and ISO Type 2, the strain

near the edge is the highest in the sample, which can
be said to be coincident with the result from the data
of 3.2. On the contrary, the strain of JIS Type 3 is
higher in the center, which contributes, in this type of
sample, to the more precise test result in the tensile
test.

4. CONCLUSION

A comparison of the tensile test pieces of ISO
Typel, ISO Type 2 and JIS Type 3 shows the
following:

1) Compared with JIS Type 3 and 1SO Type 1, ISO
Type 2 tends to show low values in the measure-
ments of tensile strength in the tensile test. The in-
vestigation on the test piece after breaking shows
that almost all of the breaks occur near the edge.
Thus it can be supposed to have a fault in its shape.

2) Compared with ISO Type 1, JIS Type 3 has excel-
lent precision when used in repetition, that is, the
variance for measuring (0 %) is small, the reason
for which can be supposed to be due to the lower
probability of the break near the edge, and the faults
among the tested pieces.

3) The distribution of tensile strength data on JIS Type
3 seems to have double exponential distribution (i.e.
theoretical distribution).

ISO Type 1

NE11 YALUE
+*2,97E-01

+3,00E+00
+3,27E+00

ISO Type 2

et
w o

L

s

i

JIS Type 3

i

—=+3.55E+00
+3,82E+00

—+4,91E+00
—+5,18BE+00
—+5,45E+00
—+5,73E+00
i—+B6,00E+00
—+6,30E+00

Fig.5 Strain distribution of the sample being pulled
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MMP % X8 FARZATREN 1886 (LA THIN) 73260832
TEL(0284) 72-4121 FAX(0284) 72-4426
#OF I B AR TH2RFSS  T652-0883
TEL(078)651-6691 FAX(078)651-8979
B # I B WAURZEAHREN188H6  T326:0832
TEL(0284) 72-4121 FAX(0284) 72-4426
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FLIR T [X e i2 T H2ife2s  T062-0020
TEL(011)851-2146 FAX(011)852-6992

REBOL T FPE G4 T H6HRL3  T970-8691
TEL(0246)22-2696 FAX(0246) 21-3767

JUE AR X H BB ARFN1H6S (HARTSE L) 71030005
TEL(03)3639-0811 FAX(03)3639-0885

FORTER R B A2 T H27H 15 7103-0004
TEL(03)3861-7411  FAX (03)3866-4792

R ARG HCHIRG2 T H19%65 (FHBIG L) T111-0052
TEL(03)3865-3644 FAX(03)3865-3603

W X HOHIST B3%10% 71200003
TEL(03)36299111 FAX(03) 36284506

SOt ERREK 24 TH1H23% (ZHNNE L) 71080014
TEL(03)5484-9130  FAX(03)5484-9131

FLE LTI T HO® . T930-0834
TEL(0764)51-2525  FAX(0764)51-8148

KB ESS T H14855 (AR b —+-HELL) F5320011
TEL(06)4806-7101  FAX (06) 4806-2201

KB iliREERET2 TH10/15  7534-0001
TEL(06)4253-3160 FAX(06)4253-3531
TR AT T HIH1RS (11 F—kMELILE) 76520802
TEL(078)577-0831  FAX (078)577-0534

ehE e AGKAT T H1918% (13 F— kYL ILE) T6520802
TEL(078)577-8541 FAX(078)577-9925

IRSEAFA T RITHE®FIS 77380023
TEL(0829)32-1211  FAX(0829)32-1541

INENR LT A= AR 95 10328 16 T 745-0801
TEL(0834) 253773 FAX(0834)25-3810
RElHE 20N T H4%25  T813-0034
TEL(092)6222875 FAX(092)622-2880

TR EE I FILSF T 232 E | Frih7 T 918-8037
TEL(0776)36-3100 FAX(0776)36-4038
R @2 T H 28155 76520883
TEL(078)651-0512  FAX (078)682-2601

A RN S RGN T 1165 T652-0882
TEL(078)682-2611 FAX(078)682-2614

S LD T RN 1L = 8o 48T T 6750104
TEL(078)943-3933  FAX (078)943-4640

B Z Oftt— E AR RS

KoF=bb-F1o R84
N F-—BEHKLSH
BEEREHKXESH
(FEHLFU=-935F)

Ko k-10E1-5-527 bhA 54

WP RMEAAET THIEI8S (50 F -k dfE) 76520802
TEL(078)577-6751 FAX(078)577-9465

i i AT THIH185 (1 F —kB v dof) 76520802
TEL(078)576-5353 FAX(078)577-6553
SERELSS B T-RIAT N2 b2 6713212
TEL(0790)76-3333  FAX(0790)76-3310
AR @3 T H2 155 T 6520883
TEL(078)652-2497 FAX(078)652-2897
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BANDO EUROPE GmbH
Nikolaus Strasse 59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL 49-2161-90104-0 FAX 49-2161-90104-50

BANDO IBERICA, S.A.
Apartado Correos 130, Poligono Industrial Can Roca, Carretera Nacional Il, Km 578,
08292 Esparraguera, (Barcelona) SPAIN
TEL 34-93-777-8B740 FAX 34-93-777-8741

TIT

PHILIPPINE BELT MFG. CORP.
C.P.O.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.
64 TOH GUAN ROAD
#05-01 SINGAPORE 608832
TEL 65-6475-2233 FAX 65-6479-6261

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

P.T. BANDO INDONESIA
JI. Gajah Tunggal, Kel. Pasir Jaya, Kec. Jati Uwung, Tangerang 15135, INDONESIA
TEL 62-21-5803920 FAX 62-21-5901274

BANDO MANUFACTURING (THAILAND) LTD.
47/7 Moo 4, Soi Watbangpla, Tambol Bankao, Amphur Muang, Samutsakorn,
74000, THAILAND
TEL 66-34-424410 FAX 66-34-422202

DONGIL BANDO CO., LTD.
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 80-7-663-5021 FAX 60-7-663-5023
BANDO JUNG KONG, LTD.
4Ba-705 (Shihwa Indus. Zone, Mechatronics Complex), Songgok-Dong,
Ansan City, Kyongki-Do, REPUBLIC OF KOREA
TEL 82-31-432-9800 FAX 82-31-432-8198

BANDO SIIX LIMITED

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

HONG KONG

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

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

el 5205

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.0O.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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Fig. 3 Polarizing micrographs of the control and modified PTMG-PUEs
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Fig.5 Strain distribution of the sample being pulled
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