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President’'s Message

Dear readers,

I am pleased to present our first Bando Technical Report. On the occasion of the inaugural publi-
cation of this report, I would like to extend a few words.

In 1906, Bando Chemical Industries, Ltd. was established in Kobe and was the first domestic manu-
facturer of cotton belts. Since that time we have continued as a pioneer in the industry to respond
to the demands of the times and accept the challenges of technical as well as product developments,
by using rubber and plastic materials.

We marked 1989 asour starting point of research and development and accumulation of fundamen-
tal technologies for the forthcoming 21st century. "Challenge 21,” our long term vision, was launch-
ed so that we would work harder to pursue the fundamental technology of our existing products and
to develop new products that are unique to Bando. We have introduced some of these new technolo-
gies and products in our Bando Techno Fair, an exhibition that has been held biennially since 1989.

We have decided to publicize part of our research and development as well as our new product
development activities intheform of this Technical Report, hoping it will provide our readers with
opportunities to understand exactly what we are putting our emphasis on, and to realize that we
are determined to devote ourselves to new engineering technology development as well as new product
development. Your frank and candid opinions on andor suggestions for any of the articles in this

issue would be more than welcome at any time. %
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Development of Elastomeric Precision Parts for Office Machines

(Rubber Parts for Electrophotography)

R RAFT H FEE

HO #5* [y &2
Yoshinort FUJIWARA Yasuhiro SAKO  Toshio TAGUCHI

HE B8

Takahiko OKAZAKI Masafumi TAKESUE

The background and development of elastomeric precision parts to be used in office machines are stated

in this reports. These parts are primarily used in electrophotography.
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Cleaner Blades

Bl RLAL

Yoshinori FUJIWARA

=K EE
Takashi MIKI

Electrographic machines, such as copiers, are mainly dependent upon an optical sensing drum. As this

drum is used, toner residue, which remains after the copy is made, must be eliminated.

The most common method of eliminating this residue is the use of an elastic rubber blade which scrapes

off the excess toner.

In this report, we will discuss the properties needed for cleaner blades, as well as their mechanisms, and

the key factors for efficient blade cleaning. We will also discuss polyurethane rubber blade materials.
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Effects of Blend Ratios of Chain Extenders on Friction
and Abrasion Characteristics of Polyurethanes

e HE

Takahiko OKAZAKI

ML EHxR alll o EEA

Tetsuo YOKOYAMA Mutsuhisa FURUKAWA

This paper is a study of the relationship between the structure, friction and abrasion of polyurethane elas-
tomers (PUE’s) and various blend ratios of chain extenders. PUE's were prepared from polyester polyols or
polyether polyol (Mn=2000), 4, 4’ -diphenylmethane diisocyanate, and mixture of 1, 4-butanediol (BD) and
trimethylol propane (TMP) as a chain extender. The blend ratio of BD/TMP was varied from 60/40 to 97/3.
Mechanical properties were measured by use of an Instron testing instrument, Taber abraser, DIN abraser,
and a Heidon friction tester. Morphologies were observed by DSC, SEM, and a polarizing microscope. When
the BD blend ratio is increased, phase separation proceeds and spherulites are observed. In higher BD blend
ratio PUE’s, the abrasion resistances are increased with the aid of a reinforcing effect of the hard segment,
because of reversible crystallization induced by stretching. The friction coefficient is strongly influenced by
this hardness and the higher BD blend ratio PUE's revealed a lower friction coefficient.
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# 1 Structual Parameters and Properties

Chain extender Gel fraction

No. Polyol (wt%) (%)

77777777777 BD TNP Benzene DMA
1 PEA 60 40 99.4 98.1 —15.8
2 75 25 99.5 97.9 —18.4
3 97 3 98.3 73.9 —-27.3
4 PBA 60 40 99.5 99.0 —22.4
5 75 25 99.1 99.0 —26.4
6 97 3 99.1 53.3 —39.0
T PCL 60 40 98.7 98.6 =213
8 75 25 98.4 98.1 —25.0
9 97 3 98.2 77.6 —38.3
10 PTMG 60 40 99.8 99.8 —49.5
11 75 25 99.8 99.9 —56.2
12 97 3 99.5 44.8 —65.1

TR TB HS

(MPa) (MPa) (JIS-A) Biperranth

3.3 39 62  Light yellow, transparent
5 47 67  Light yellow, transparent
9.4 64 77 White, semi-transparent
2.8 39 65  Colorless, transparent
4.9 52 72 White, semi-transparent
9.7 66 87  White, opaque

2.9 23 72 Colorless, transparent

4.1 43 68  Colorless, transparent
il a9 79  White, semi-transparent
9.2 18 67 Colorless, transparent
4.5 23 73 White, semi-transparent
8.5 46 82  White, opaque

TR ; Tear strength, TB ; Tensile strength, HS ; Hardness
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[%] 2 Effect of blend ratio of BD on DSC
thermograms of PUE
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3 Polarizing Micrographs of PEA-PUE
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X 4 Polarizing Micrographs of PBA-PUE
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¥ 5 Polarizing Micrographs of PCL-PUE
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[l 6 Polarizing Micrographs of PTMG-PUE
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[ 11 Effect of blend ratio of BD on abrasion
volume determined by Taber abrasion test
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[ 12 Effect of blend ratio of BD on abrasion
volume determined by DIN abrasion test
C PEA-PUE, ® PBA-PUE, @ PCL-PUE,
A PTMG-PUE

BD 60wt%

BD 75wt%

BD 97wt%

00 g m

L |

13 SEM micrographs of PEA-PUE surfaces abraded by use of Taber Abraser
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[ 14 SEM micrographs of PTMG-PUE surfaces abraded by use of Taber Abraser
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Structure and Physical Properties of Urethane Elastomers Prepared
by Radical Crosslinking Combined with Usual Amine Curing

HO H#5* =l

Yoshio TAGUCHI

A

Mutsuhisa FURUKAWA

fal HR

Tetsuo YOKOYAMA

Urethane elastomers were prepared by means of biuret and radical crosslinking. PTMG-based prepolymer
extended with cis-1, 4-butenediol was allowed toreact with 3, 3"-dichloro-4, 4"-diamino diphenylmethane and

a dicumylperoxide initiator. Static mechanical, dynamic mechanical, and thermal properties of the elastomers

were studied. The structure of the polyurethane networks was also characterized by an amine degradation

technique, IR spectra, and elasticity.

Radical crosslinking improved thermal stability of urethane elastomers at high temperatures.
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# 1 Residual gel fraction of polyurethanes after
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Effects of Filled Fibers and their Orientations on the Wear of Short Fiber
Reinforced Rubber Composites

FIH &R

Noriaki WADA

Il R M B

Yoshitaka UCHIYAMA Makoto HOSOKAWA

Wear properties between short fiber reinforced chloroprene rubber (SFRR’s) composites and an abrasive cloth
were examined in the various directions of the oriented polyamide fibers. When the oriented fibers incline
at an angle # to the sliding surface, minimum wear rate was obtained at the angle of 105 degrees. Maxi-
mum wear rate was observed at 0 or 180 degrees. The minimum wear rate at the angle of 105 degrees was
realized when the abraded surface was largely covered with the reinforced fibers. When the oriented fibers
are parallel to the mating surface and have an angle ¢ to the sliding direction, minimum wear rate was
obtained at the angle of 0 degree, whereas maximum wear rate was observed at 90 degrees. The maximum
wear rate at 90 degrees was caused by cutting of the reinforced fibers across their axes and the easy de-
tachment of the chopped fibers from the chloroprene matrix.

Wear properties of various kinds of SFRR's were also examined when the SFRRs were rubbed against metal
gauze respectively in the longitudinal (L), transverse (T) and normal (N) directions of the oriented fibers.
The difference in the wear rate between the SFRR’s and the unreinforced chloroprene rubber was markedly
observed. The minimum wear rate was obtained for rubbing in the N direction of the SFRR’s reinforced by
paramid fiber. The wear rate did not depend on the amount of bonding agent applied to the fiber. The wear
resistance of the SFRR's was largely improved by adding the fibers that show low wear rates. The high
compression modulus of the SFRR's also yields a small contact area between the rubber pin and the metal
gauze. Therefore the reduction in the wear rate was realized by the small contact area and the low wear
rate of the reinforced fibers.
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2. EBREBBLUHE

# 1 Formulation of matrix rubber

CR specimen (phr)
Chloroprene rubber* 100
Carbon black N550 40
Plasticizer® 5
Zinc oxide 5
Magnesium oxide 4
Antioxidant AD 4
Antioxidant TD 0.5

*Skyprene R-10, supplied by Tosoh Corp.
*DOS (Dioctyl sebacate)
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# 2 Formulation of SFRRs

Specimen Fiber Bonding agents
P Nis Fiber |contents| Contents
' vol.% lype wt, %*
CR none = = =
CR/NO | Polyamide 10 none =
CR/N3 | Polyamide 10 RFL 3
CR/N13 | Polyamide 10 RFL 13
CR/mA0 | m-Aramid 10 none -
CR/pA4 |p-Aramid 10 Isocyanate 4
CR/C20 |Cotton 10 RFL 20
* Bonding agents for fiber contents wt.%
21 EBRAEH

KI2ICRERICHW 7007 L ry< b)) v 7 R

T4 (CR) LSFRROEAZRT,
SFRRiZ= M) v 7 274\ S Hl S HAE10vol. % % 1800
el D8 8) — 3 34— (WERMEKRE) 2 T
—2Hse, ZOOLEE200mD 2 KR o —)L %
v T—iEdm S ez R Ta Y — P E#L, 20
Y—bEMBL. 150CTTHMETA2Z L2k D
HEDH » 7Nk, St = o b oo
St L BEEPE O TEEE (oW TR AT #7229 |
FOEEFHOREI NS OF Y FLoaiitEix, F
SRS ORI E DS b TEESOE TV T
NbS<001ERY, H—LipHikiEThHo7, 72
AL )P (i X AR5 B o0 Al 1T 15 0D 45 ) e 35 4 o B 1)
HOFHEERTHEMOETH TN m<42TH Y,
ChLEEIZ—#EmNShTWwaikETH -7, SFR
R &F 5 E S id3mlcf— L7z, T80
73 FEBHEIEL SN Y R Y Ty SR
(LUFRFLEBERE) BHIRIC X 2B NE%, ZO8#E
A AR EE{L ST TITo /2,

FzIE= Y v 2 AT A K USFRR o R 09 P B
%77Y . SFRRIZEHEOE I A UAhS {,
HEOFOEEICREEY b > 2R T, &S
FRRO B TIE, 7357 5 3 FEMHME % v 7-SFRR
Aol b S ATES { | MRARMEATRE b RS m) E A At
KV edbhd, T2/5575 3 FEETORRL
MR E AL E, RMUBE L7255 0R D 6 S 25
(L HERUDNES L o TWEDNbD 5,

BEIE - BEREOMTHE L LTiE, IIERZ - 34W%E
Hv 7255, WFEEATIZJISRE261ICHE SN T VI +
HOAAH 2400 BEAT % V>, &ML JISG355 12 HLsE &
NI-TWSTRENZ AT ¥ L AWBEHBEHOH250T
HDH, THITJSCGL3IHEEN TV AHEFEO 2 mD
ATV VAR ERGTED . HEHB X U025, 4mn
DE 250 DI F 1L LD TH S,

22 RBR A E

LY » =) v ¥ —EIoOBEE - BERElE®EE
Rz, $26mmD L) ¥ M —@IZE ST EA
F/-I3 M ESFRRAKMOF BB s &, BELE MV
2 A—5—®hb, BEERIIES NS AQTHEE

# 3 Mechanical properties of matrix rubber

and SFRRs
Tensile Elongation
5% modulus
Specimen| strength at break
o, (MPa) (%) Wia)
L* gk L T L* T
CR 19.8 | 19.1 560 | 508 | 0.41 | 0.43

CR/NO 12.1 | 10.0 | 268 | 315 | 5.61 | 1.14
CR/N3 18.7 9.5 33 | 237 | 5.67 | 1.20
CR/N13 | 195 9.5 37 | 257 | 5.02 | 1.07
CR/mA0 | 21.2 | 10.5 26 | 165 | 7.17 | 1.60
CR/pA4 | 37.0 9.7 8| 209 | 29.3 | 3.37
CR/C20 8.9 8.0 | 23 | 249 | 3.78 | 1.09

“ Longitudinal direction of the oriented fibers
* Transverse direction of the oriented fibers

[ 1 Apparatus

Bl DML, PV A — 7 — 2 X BEEDEE
TREARTY Y FEHOZAHEYEBNIEZELLD, 5
PLOREE L )OI BRONT ) v T OEEN LY
ZiE L CEBEBERTE SN EL S B ET,
EfEE Lz, T-BERTEOHEICIZY Y ¥ —0n
I B A R ) 2E5ELh, 20Nk s
YU BL DEIMERBLTEMEEL) ¥ -1
EEMT, BohZER-THEORENLZ S R ) OF
YNE % BRI O AT & & L IZillE L, BT B
%187, ZOERTHS WBEREETIBIZB VT,
BEREIMNZ I B R R R AR L, B OTREERERIT
BFLT—E0HE% b o EREFRIRE~NEBITT
LMD A LN, ZOERRETIHTFE~DERE
HoBGRe TLARBROD S ST —EL LD LE
Abhb, ZITREEETMROEFTKETCOBEE
o HEERERE (HUOZBEMRRREE, HAIATE L) OB
HRE) ME LT, BEREQRRMEME Lz, BN IE
6mm X 6mmD b D & L, FEERBARGERF O HARMTE & Kl »
LEERFEIZTALDIZN) YT —EBIZIY T 7

BANDO TECHNICAL REPORT No.1/'97

28



0/0F L AN =LK BRUIH YL 2T o 72,
L Loob, JEEENS RV — 24 ST
KEABHELN YD LTV EREVWIEEERLOL,
IFNTNI— % LA TETAEAT T 5 ER
). BEFERRF OO AW R ) Bz, FTEoER
xgob, 305HENE T THILIREIC L TAREL
ik amilor ) — T ERSEbDIZLAY
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O 7 ) — T ORRFIZE D, EERRGEROERE T
BIEIZBWTIRZ ) —7ORBEIERATELEETD

S

(@)

(b)

(c)

[ 2 Definitions of fiber orientations;(a) L (longi-
tudinal direction), (b) T (transverse fibers) , (c)
N (normal to the siding surface)

LI ENbhol, T, IEIZESLEMIZBVTHEE
ELTIMPEL, FOREMREERH L,
7 B ORI T A ER A ERK20 L 9
WCEHT S,
(a)L A1) BEHET & BEHE 5 (0] & ASEhiE o B 5 a2
LTEITTHLEHE
(b)T A BESRmE ATEHE ORI a2k L CFAT TBE
BHMDEATHLEE
()N SR & il ORCH A AR Tdh B E
BESE AR (X B AR 1] Bem/s, IMEE23CE L, WE
123.92N (#flF70.108MPa) THio 72,
T/, HOBEEAOEELT L L X IIHTE L
L TAAH 2400FBEAT & V>, FTECABMED 7 i~
DEEITH0EHE T,

3. MRBLUEE

3.1 FREEM EEEHEL /- & & DEEE - BEFEIC
RETHHEOEZADEE

311 FEAFREHSENEREPR—EARNATHD
AEEHOBE (LAEALPSNARICELEE, &5
CHEUTRELTLARICRLEGES)

B3(a)ic7Rzd & 9 (ZSFCR/NS 2 kK i 4 [ 12 &t
L C R 5 1) % A 1 6 180T CRFESA & BRI S -/, i
F1£3.92N (FEAdE 17120.108MPa) . BEHEHE 1£11.8cm
[sTITo7z, ZO L EOEFREOBEEAHSE X UL
BERERE L MIMEE S A 0 OBRERAIRT, 72, E
BhOFNFRLOMBEOBEEE % SEME Hw T
L-EH#M5IRT .

SR 0
::.-.-.‘ o .'-..: ‘.: / ) i
el ALK

AN k Tt ng g [900)
/577
Vi //
/// .
ir T4
s
(a) (b)

Sliding direction of mating surface

3 (a), (b) Sliding direction of SFRR and the

fiber orientation
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5

u" 115 3

W 10 5

g

2 - ko]

x 10 05 &2

10 o 8
8 180

S @

Specific wear rate K, mm 3/ Nm
N

Covered area of fiber on the

abraded surface {3, %

; 4 , 9
45 90 135 180
Angle of fiber orientation 6. degree
[l 4 Variations in the frictional coefficient, spec-
ific wear rate and the covered area of [iber on

the abraded surface with angle of fiber orienta-
tion
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100
#m

100 # m

[# 5 Worm surfaces of the CR/N3 when the oriented fibers incline at an angle # to the shding surface:
(a) =0, (b) §=20°, (¢) @=45", (d) #=90°, (e) @ =105", (f) @ =150°

M4x by, BRI =90 fHETReRhE otz
A5, ABICE A LTSI E L hoT, LEERITZ =
105° THR/AMiEiE 2D, 0 =0"F7180° TlRA LR o7,
BSISRT LD IS, ENEFNDOMBEIZEWTEEICIE
S EROEEM L -MMSBRESNLS, OB
BER LD, € rRBoBgERaks oMo R I mE
HEEFRHEL, WS AR L > TRUZFERIZT
Oy b5 ERERERESRCEETS2008b o
2o DL IERERIEAT S & @R HAE
FRWML TV 5, B—&M4TFTH A0 E ik
ONFE (6 =90°) OEERZEEL-EZH, 3
X107 mi/Nme~ b v 7 ZATLEDIFADITNEL,
O X IZIH D LV EHES S KL BT
VM) Yy P ATLAOERIIBITHEEZOND,
o LARICHED D (050 F7213180° 1229 ) I

Lo THiIiORELE 2 LEZLNE,
X613 ZF 2o R CHEHE L 7 & & o) BEHERIHI W i
DSEM BEHETH Y, £ili FO#HEOHT L (b
5, 0=45°([M6(a)) D& &, WAMEIZERETMET]
BN M) v 7 ATALLFERBENTVDLDN
bbb, IS RSICERL TE GIBEES
Lodh Litewv, 8=90°", #=105°([6(b), (c)) @
FERIOL) pEHORNERFIIALNT, 2Dk
XEHMOREZFEAERWERDNS, 0 =135°
(o) e &, MRS EE PR LI EL TS,
Mol F oL (REA AL~ M v s A T4
MICMTT WA HO%ENR) PoRILEEZEZLNED
T, D0 R0 2T oRBEIR LR T %D
EVWzb, Ki2e=90"k 6=105"DEVWFHFT S
7o bicgE L2 i O SEM BE A [MTIZR .
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100 Pin
M m _—

6 Worm surfaces of the CR/N3 when the oriented fibers are paralled to the mating surface and have
an angle # to the sliding direction: (a) # =457, (b) # =90°, (¢) 8 =105°, (d) § =135°

7 Fibers at the abraded surface of the specimen
CR/N3: the angle of oriented fibers to the sliding
direction: (a) #=90", (b) and (b')=105°
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Specific wear rate K, mm 3/ Nm
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[ 8 Variations in the frictional coefficient, spec-
ific wear rate and the covered area of fiber on
the abraded surface with angle of fiber orienta-

tion

0=90"m& &, MTallrmd L) IcH L s,
HHE O EEHIERE L TO LD —RWTHE, —F
0=106"m & &, HTb)(b' ) 2amd & 9 Bk
Rb LK ABNR, 2oL SHHEIIEREAEERE L T
AOTIEZ <, #MEmIZT L4  CHBELTwLD
PR TH S, HEROBHF ) v —% LORFEIZE
MEY, O BRSO HEIC S TAENE
ENTEN, COERFHEREOLTILEIIR-
EREEZEZ GRS,

312 EEEICSVWTIEEAREHEEOERE N
H3MEEEHDHE (LEAL S THARAANEIES €/
BE)

BI3(b)IZ/Rd & 9 IZCR/N3= i &/ 0 % 2L 3 &
TFEEA & BEfE L 72, MBI F DL Z DA S LU
SRR E @ A A 0 OB ETRL TS, BB
R o It b TH 1 OETH LA, HEES
6 AT A (LARE Y THmA~ZLTS) &
Biml7z,

MO ZFNZFNOAETORGHETH L, 0 H0°
(LAm), 30°, 60° CHEMEATH] & ikhiz Y kA
LE|ZHANL ) L3N TWwaADHhhb /-0
30°,60°,90° (T A1) CTHMEODKIAAONL, #
NZENOHETER L TWASORBENID & &
EEMCEEL D EML, M8ICAMIC Ty kL7,

100 #m

100 #m

9 Worm surfaces of the CR/N3 when the oriented fibers are paralled to the mating abrasive cloth and
have an angle @' to the sliding direction: (a) §'=0°, (h) §'=30°, (c) ¢'=60", (d) § =90°
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[# 10 Relationships between the specific wear
rate of the CR/N3 and their mechanical pro-
perties when rubbed against an abrasive cloth
AA#H 240 at the different angles to the oriented
fibers: (&) 1/ ¢ ¢ -specific wear rate curve, (b)
1/Ms-specific wear rate curve
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Variations in the frictional coefficient and wear depth with sliding distance: (a) matrix rubber CR,

(b) SFRR specimen CR/NO rubbed in the three directions; W=3.92N (p=0.108 MPa), v=11.8cm/s;mating

surface, metal gauze #250

20 =
5
115 .§
5
£
Q2
=
102 5
o
E
=
[37] all
2 10
E
x— =3
£ 10+ &
5 5
'] =
= | =
£ 10| =
2 =
Q. =
w =
10 B
CR CRIN3  CR/MA0  CR/C20
CR/NO CRIN13  CRipA4

[ 12 Specific wear rates and coefficients of
friction for CR, CR/N0, CR/N3, CR/N13,
CR/mA0, CR/pA4 and CR/C20:mating surfa-
ce, metal gauze #250;W=3.92N (p=0.108MPa),
v=11.8em/s
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2 13 Worm surfaces of the CR/N0 when rubbed against metal gauae #250 at three different sliding
directions: (a) and (a’) CR/NO (L direction), (¢) CR/NO (T direction), (d) and (d’) CR/N0 (N direction)
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14 Worm surfaces of the SFRRs (a) CR/pA4 (L direction), (b) CR/pA4 (T direction), (¢) CR/pA4 (N di-
rection), (d) CR/mA0 (N direction)
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T LG OELBEFER L BEbh, £ TixKlitenik®
HORT X IZEEGRETERSE LD I L REE L
TWwah,

100 ¢ m

[ 15 The surfaces of metal gauze #250 after wear test rubbed against the specimen CR/NO in
the three directions: (a) CR/N0 (L direction), (b) CR/NO (T direction), (¢) CR/NO (N direction)
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Finite Element Analysis for Load Distribution of Toothed Belts
in Two Axes Drive Systems

e pE—
Ryuichi KIDO

BHE o pEAT e E

Takayuki KUSANO Toru FUJI

A concept and a finite element model of how to analyze load distribution of toothed belts having curvilin-
ear tooth profiles for automotive engines at steady states were developed by utilizing a general nonlinear
finite element program. A toothed belt in the FEM model consists of circularly linked beam elements for
endless tension members and two dimension solid elements for a belt body. A curved pulley surface is
supposed to be rigid. Interaction between surfaces of belt teeth and pulleys is considered as moving bound-
aries. A quite good agreement between experimental and computed results for frictional forces and tooth
load confirms that the proposed model is presently the only one practical approach for analyzing load distri-
bution of toothed belts, Some numerical simulations were performed by changing parameters such as belt

pitch and loading condition.
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Fatigue Reliability of Recycled Advanced Reinforced PA-MXD6
(1st Report, Estimation of the Fatigue Crack Propagation Property)
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Influences of the recycling process on the fatigue crack growth property of PA-MXD6 were examined.
The main results obtained were as follows: (1) The FCP property of recycled PA-MXD6 became worse than

that of the virgin material. In particular, the decline of the fatigue property was fastest in the first recyc-

ling process. (2) From the fractography using SEM, it was understood that the detrimental effect of the

recycling process on the fatigue property was caused by the breakdown of the glass fibers during the recyc-

ling process. (3) The crack tip heating in the recycled material was increased more noticeably than in the

virgin marerial. This is because the crack tip opening displacement was increased more markedly than in
the virgin material. Therefore, i1t could be interpreted that the influence of the recycling process on the

FCP property was caused by enlarging the crack tip opening.
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Low Temperature Properties of the Crawler Belt
for a Newly Developed Snow Vehicle (SM100S) for the Antarctica

AUl B
Etsuji MAEKAWA

T g

Yoshihide TERAYAMA

In order to discover a high cold-resistance material for use in the crawler belt of snow vehicles, the phys-
ical properties at very low temperatures of arecently developed material, isoprene/butadiene (70/30) random
copolymer filled with carbon black, was investigated in comparison with a blended rubber NR/BR (65/35)
as well as a currently used NR. It has been found that this material can keep rubber elasticity even at low
temperatures below —70C, though it is somewhat inferior to the other two materials as to strengths such
as stress-at-break and tear; and hence, it is considered as quite worthy of a practical test under the Extre-
mely cold conditions on a snow vehicle equipped for the Antarctic area.
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