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ABSTRACT : In this study, the tearing energy and the rate of crack propagation of natural rub-
ber (NR) compounds were evaluated to improve the crack resistance of tank-track pads.
Although the factors affecting the crack resistance properties of NR compounds are various in
this experiment, the effects of filler(carbon black) and the crosslinking system were evaluated.
When the amount of accelerator is equal to that of sulfur(eg. efficient vulcanization), the com-
pound shows the most excellent in the aged mechanical properties and the crack resistance prop-
erties. The ISAF carbon black(CB) having a good reinforcing characteristics was better than
any other CB grades in physical properties and processablity. The optimum content was 50phr.
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I. 4 =2 Hydrogenated NBR(HNBR)3} 7]2¢] Styrene-
Butadiene rubber(SBR)2}te] vl a7} 435i9)
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AR e Az 2 23z WY =g d4s A= 29 WFgHe] oAy 4L ulE,
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3 A& FHo AHEHT e ol =29 3} chipping9] 75 2424 bAoA S = A
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#AA 2 FEAREY 2FARI} FHoks) dE e W) gt wtd, & d|aHE|xe) 77
o A, AAR &4 20e YT Qe ARo)s) 2 Be A7t k. =3 cutting ¥ 2& &
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Fig. 1. Schematic diagram of track of M-1 tank.!
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Table 1. ASTM Specification of Carbon Black

Weight loss by Specific surface| Vulcanizati Tensile strength 300% Modulus
ASTM | Type | heating(%) | 7 ) weanization |y of fom?) (kgf/cm?)
— area(m?*/g) - 2 — -
} minimum 145C, min minimum minimum | maximum
N110 | SAF 3.0 125~155 30 -30 -25 +11
N220 | ISAF 2.5 110~140 30 -35 -19 +16
- N330 | HAF 25 70~ 90 30 -39 -9 +26

32| A 2= o}ul (amine) Al & Kumanox 13(6PPD,
Kumho-Monsant Co., Korea)& AH-3}4ic}.

2. gy

FHEEA Y FAME F017] 98 10 inch two-roll
machinee] A 158(80°C)7 HdnF9} A4 7}
E24E T dn) £38& AAste] npAE) A
T AZ3oIch FHEEY oo Absle}ed(Zn0), A
Blo}RAk(Stearic acid), AsPA|A), & 127 &4
A 59 HAE vtaelAe} § test rollol A 10
wHE0TC) HF EFTHE AXHA Y 188
SHstegch. AZH wiEE hot press(160°C) ol
A curometer(Zwick, Model; TORSIONAL THRUST
VULCAMETER) el 93} 49 543 718347t §
g Flgste] AAFES AzSAY. AzD 1R
71AA £4& A718}7) dlsted ASTM D4l24) we}
°}% 3 (dumbell) A|H& A=3}ed UTM(Universal
Testing Machine, Instron 4301, US.A)& ¢]43}e
olA7} & (Tensile strength) 2 &A3k¢ic). oldd A3
(Tear resistance)& ASTM D6249] die Col 93}
Agd A|HE UTME o]43te] SAst9d). 2494
 T,= Lol o, P 243 Yoz ok 43
9 Frjelct. o|eidt old AFL LAz (edge) oA
FAH 2o i3 AN B & ). e
k3o itk AZE Ags}s] ¢jsl ASTM D573
of w2} 100 NH 48412 Bk k3471 § ASTM
D412¢} D6240l| e} AR} 4 QLAFE 24

Adztrew A 3374 A5 3, 1998

sk =3 23 Ao g AFAE A-s] 4
3le] trouser tear testS AlAJgte] qld oA
(Tearing Energy; Gp)& Aiklgt).’ o)L od
A 2] Al Fool o] 2 Ho) dhgt Aol
B & 5 AT A& (swelling) HA] &S AHA
ZA2(edge) 28 AFHY & F ) He Ao
&ejx Qick.

Gr=2H/t (4)

o714 t= A|Re FAolct, w3 2HAA | i
&S AFatr] $ls] ASTM D4309] whyl Boj
u}2} Demattia flexing machined o|g3te] o)
ol BE A 44 Zolg FAsd. s2
25mm, A £ 150mm, 57 6+0.0lmme A|HY F
gl notchd Fo] A& A% (Fig. 29 (d)
32). B8, 02 9 29 4% AR B
pure shear A|§ o2 Zo] 150mm, £ 25mm, 4
Imm¢] AJHe] Fo] o] wEFo 2 TImmAE9
ou| AgE & AlEE A AR AEE
Fig. 2(e)9} 7Zo] 3ZA1"7](Instronrl, Model ;
8516, US.A)o 247 3, 50kN¢| 3o g 33
& % 100% strain ¥ 0.8Hz9 AFFE 7}1E3) 4]
92 el 0% 24 w1 249 HPseE
23850, 919 o4 714 989 Febe Fig, 2
off A8 viebigict.

2 Aol 245 Prlalag) e gEY =
Agu|E Table 2 vhehhsict.
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Fig. 2. The shapes of test specimens;(a) Dumbell
specimen (b) Tear resistance test specimen
(c) Trouser tear test specimen (d)
Demattia flexing test specimen (e) Pure
shear test specimen.

Table 2. Formulation

: Amount{phr)
Natural rubber(SMR20) 100
Carbon black(SAF, ISAF, HAF)|  20~70
n0 5.0
Stearic acid 2.0
Antioxidant(Kumanox13) 2.0
Sulfur 1.4~26
Accelerator(CBS)/sulfur ratio 0.5, 1.0, 2.0
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AT 100phre] a4} Aksto}ed (ZnO) Sphr,
~Hlo}2)AH(Stearic acid) 2phr, 7}aA|Ql 8o ek
< 2phr ZE]7 EX0AS] e &9 ok 1/44ER
7\ RS AT 3R EY Y 33E Frlslgck

ozl 2707} ok A 7kA] £5(SAF, ISAF, HAF)
9 FHEEASE 47 20~T0phr7t] FHAT F,
160°C o4 curometers o)83to A% AA 713
AZH10% 302 )& H&3ld AlHS Azs)odct

FhREd ) gleko] W AjHY] BT g A%
A3} Fig. 39| velgiet

Fig. 3¢ vjehdl uje} zbo] 712-E2 2| ofo] |
g we} AtEI} F71HE & ¢ Ak ISAF
9} HAFY] 7A4E 7HEEH Y Z7ld i Qe
Z71h vled A% Jep A, 7 A 27171
Ze SAF9 79 FHRELY ofo] A& ot
ISAFs} HAFRT) 1 7457} o4& o 4 glgith
ol SAF9| gjalr}h w4 zto} AAF #AHE A
2agl7] wWEd HoE s} REdes
ISAFE AM-3 A7 7H 93 AR et
wsieh.
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Fig. 3. Tensile strength as a function of carbon
black amount.
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Fig. 4. Tear resistance as a function of carbon
black amount.
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9. 5. Crack propagation rate and tearing energy
as a function of carbon black amount; e,
m, O for crack propagation rate, and A,
¥, A for tearing energy.
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Fig. 6. Tensile strength and elongation at break as
a function of sulfur amount.
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Fig. 7. Tear resistance and elongation at break as
a function of sulfur amount.
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Fig. 8. Crack propagation rate and tearing energy
as a function of sulfur amount in Demattia
flexing test.
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49 JAEEE 37185} Table 3o viehdl ule}
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Fig. 9. Crack propagation rate as a function of sul-
fur amount in pure shear test.

Table 3. Hardness as a Function of Sulfur Amount

Amount of sulfur{phr) Hardness(Shore A)
14 55
1.6 62
1.8 64
2.0 65
2.2 68
2.4 69
2.6 74

o AAEwIl F43 F713HE Bt ey pure
shear test Ad: oh2 AL velygled 3
9 gheko] 2.6phred wztA 2H] AALEEE I}
| Zolg HolA gkt o[ Demattia flexing
machined |43t A|FeHL A|HY EH AL}
70040 B Eo}A AL oo wadio Qlg) Al
0] 239 o 29 4ol 349 ehleg 23
W A 29 A AP BT gtk
o|gj3t o]f= Demattla flexing machineS o] 48
F7}Reks pure shear test® o83k Ho| HA3}
e olAAich. 29 o) e AR B9l 3
o] 2.2phro| 4] Hr & vheplsich. ol Ag 2
3}, 39) A ek 2.2phr2 AA

3. S7IH|/8e] ulgol WE S4E7}

249)4 243 3¢l 93 22phre] a4 224/
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N After aging
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Tenslle s:rength(kg/cm’)
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Accelerator/suifur ratio
Fig. 10. Tensile strength before and after aging as
a function of accelerator/sulfur ratio.

Tear resistance(kg,/cm)

T T
25 50 1.00 200

Accelerator/sulfur ratio

Fig. 11. Tear resistance as a function of accelera-
tor/sulfur ratio.
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Fig. 12. Crack propagation rate and tearing ener-
gy as a function of accelerator/sulfur ratio.
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Fig. 13. Change of loads during the process of
crack growth experiment.
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Fig. 14. Comparison of tensile strength by chang-
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