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Abstract

Rubber hoses for automobile radiators are
apt to degraded and thus failed due to the
influence of contacting stresses of air and
coolant liquid under thermal and mechanical
loadings. The aging behaviors of the skin part
of the hoses due to thermo-oxidative and
electro-chemical stresses were experimentally
analyzed. Through the thermo-oxidative aging
test, it was shown that the surface hardness
[RHD(International Rubber Hardness Degrees)
of the rubber increased with a considerable
reduction of failure strain as the aging time
and temperature were large. On account of
the penetration of coolant liquid into the skin
part the
influenced by

weight of rubber specimens

electro-chemical  degradation
(ECD) test increased, whereas their failure
strain and IRHD hardness decreased. The
hardness decreased further as the test site on

the hose skin approached to the negative

pole.
LAE

AEAE W7o R ZAEs g o)
B9} d3g H&ste] Az 2 dieyge
ANl el AMEEE T2aEA QR g
Hol FAE, RA5E HAJE nRE A}
Sod. TFAAL YoEda ydd, W
4ol 4%  EPDM(ethylene-propylene

27 -

diene monomer) 2+ & A}-&3%tt} EPDMS £
X5 =7} ol Absh @ & tigk A3k o]
¢ Zatan DdAME HFE A5 S
Zh=th, 3 dFA Eo] FAASA BXY
of v FAFEY AEAE o|Folx glo
o, &2 24 do 2R & Hole oY
Aol BETE F& WU E(green
strength) & EolW o B FXEL 7t4aA

o,

& 71 F domE AEA ol -FaHA
"ok whdol dgdggo] w2

9o F7h FTEFEY As, dHIE
Ast R A5 BojxvtE g@g bl
oH1-4].

B8 nFe s 13 FE A0
s ngAdel g@ ArHn 34
(electro-chemical attack) 22 A= & o]
e Arges ez g =3
(electro-chemical degradation : ECD)E <& %]
gom, oy A& WAFdAZYE &
g8, agla AAfittingF-9F ool
fittingF-7F Zupby A == “slEE" g A
at7] Wol AT H[4-6]. o] gEukge
S oo ATt S 28 s 7],

=

w2 €3 594 g5ty 71&8E A
st A4 gEstlA W 5 Ex
I 9de o 5 gt

AFREF AFRAdA FHI FU 9
714FFS Bd, 2001do] A58 72+ 1
FREF dig AFPHNES AAs
AP EEo AMIMHEHAY AMuEs HIHo
2 FL8ta Y. d& E9, AlEag 37



©
M0004[5]0l A H e TFAEY 7]E
REREEE ) ,
o WANEE ARLTEAL BHaE A
o) i8] SAE J1684[6]%1 4 FAsIE=
Hol wel DC 12VE 100T o} 4} 168hr(74)
£9 w3 & (F NG TA W
5% v]ed AE WHAES 8T .

B e AE AEAE 947) 520 7
o) AAATF (7104 7 Aol Gl A
H Ao=F H)—&];‘(_]_ s AlA ~EHG A9
A7) G 22U AE 7eke) wdh Al
wE EFAF9 ¥E3l4EL IRHD (interna-
tional rubber hardness degrees)’d == EIU
3, o) 2%E AXNFQ ARZE L AFE
tlolE ¢ Hlxste] WYz47] nFT 20l Al

AH7tE 91T A AFEAV e AAE
a1z g
2. 49 g

2.1 1% AldH Az
AEAdE Y7l nFZA GAES H3t

AAEF)E B3 A }Oﬂc} g7k 9@ A
=3 Al g 7Jr7l 2 AAFE A9
o, ECDAIEL 32 GAESL AgdH A}
o)== ”%“46}@1 AbgEt g JAFAE o
ARAE A AFgHL 329 WY =35} 9
H FE st UHSs £ ot#Hd Al

o
2 =349
2.1 8715 2 A2 xsiAg

drtg 2 A s AYge 52 GAES
AAANE 25(125T, 180T)NA 48hr(29),
96hr(49), 168hr(74), 240hr(10¥; 180T =
AMEL =32 F FHs YA
9 A= A3 4= L AFES A
o},
2.2.2 A71884 =3HECD)AE

T2 GAEL 7FE 100mm, A2 10mm
3712 BAsA A5A4E YAz 2 AE
437t AF71FA RS M0004[5]9} SAE
11684[6]91 4 TFA3E W) o ZAE
Fo] YA e UAE A B(Fig.1)o A
dH 75%7F A71A st DC 12V, 100C

H TR
Yoz etstel ALY
2.
2.

— 928 —

Teflon Ball Joint
Glass Insulation Tube

Electrical Clip

Fig. 1 U-tube type tester for electro-chemical
degradation(ECD)

o A 48hr, 96hr, 168hr, 240hr &St AldS +
aAsgd Q4B AE 24 AgAL
o}dy NPHoz By Y 17E 2L

ZA4A Algst.
2.3 179 =324 54 2 £4
2.3.1 718 EX 54

Wzt7] mBEx AP#Ho sl RS
MO004o) A FASE 2EH L F3AYE 2
B4 "l@(%*E AA7AE, AZE, FAE 3
of e BA#RE A AFAE € 2
AES T”ﬂ 2.0£0.2 mm, A°lXA9]
20.0mme} olHY AFHE 0|83
500mm/ming] UFEEZ SE-APEFA

£ AZsd, JUSHHURZE)S A
Ao MY ERZE)E FA5H.

2.3.2 IRHDAE &3

Hildebrand Micro IRHD System& o] &
&to], 1SO 482 Myl we}l EHZ o] ¢l
t 2%d sty F4 17 4mm, IRHDA =
30795 W99 AlPAL o] &3te BAER
oA Aolx 2mmeolA ol AL 33]
ol FAstd FIHS HIAT8I].

3. 4384 4 B

3.1 €71% ¢ A xsAF
3.1.1 IRHDAX ¥3§

Fig. 2= @714 2 44 x3dgoez o
2 AdHe [RHDA X ®¥3stE Yehd Aol
th 125TCA A= 48hr =3tol A 3.7%48 = A
S8l em 240hr 7+A oF8hAl FUtalAE A
A 5.3% 7tA 4% o 94418 22
AZ2M 9 AFHP7NEL 125ToA 168hr
T =3RS W =35 HEglo) 75
IRHD oJyd AL o7Fslm lomz, o
AFT2Y HP A HERE I Mo



100
95.6
95 a
g ¥ as.sgu"
=< 85
e 79.0 .-
§ 80 r O%.7 6.4 76.6 76.9
€ 45 | 73 ,;';-0-—'"""""‘_—'.
= D=
]
0 r
- Before aging
65 r —e— UJt& 1257
- Iy g
60 , 0-- I 180T
Before 48hr 96hr 168hr 240hr

Fig. 2 JRHD hardness of rubber hose before and
after thermal oxidative aging test
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Fig. 3 Tensile strength and failure strain of
rubber hose before and after thermal oxidative
aging test(125C)
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Fig. 4 Tensile strength and failure strain of
rubber hose before and after thermal oxidative
aging test(180 C)
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Fig. 5 Degradation and failure mechanisms of
rubber hose under thermal oxidative aging test
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Fig. 6 Tensile strength and failure strain of
rubber hose in the negative pole before and after
ECD ftest
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Fig. 7 Tensile strength and failure strain of
rubber hose in the positive pole before and after
ECD test
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Fig. 8 Increase in weight of rubber hose in the
negative pole after ECD test
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Fig. 9 IRHD hardness of rubber hose in the
negative pole before and after ECD test
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Fig. 10 Measurement positions of IRHD
hardness of rubber hose in the negative pole
after ECD test
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Fig. 11 Schematic failure mechanisms of EPDM
rubber under ECD test
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