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Abstract: Service life prediction and evaluation of rubber components is the foundational technology necessary for secur-
ing the safety and reliability of the product and to ensure an optimum design. Even though the domestic industry has rec-
ognized the importance thereof, technology for a systematic design and analysis of the same has not yet been established.
In order to develop this technology, identifying the fatigue damage parameters that affect service life is imperative. Most
anti-vibration rubber components had been damaged by repeated load and aging. Hence, the evaluation of the fatigue char-
acteristics is indispensable. Therefore, in this paper, we propose a method that can predict the service life of rubber com-
ponents relatively accurately in a short period of time. This method works even in the initial designing stage. We followed
the service life prediction procedure of the proposed rubber components. The weak part of the rubber and the maximum
strain were analyzed using finite element analysis of the rubber bushing for the tracked vehicles. In order to predict the ser-
vice life of the rubber components that were in storage for a certain period of time, the fatigue test was performed on the
three-dimensional dumbbell specimen, based on the results obtained by the rubber material acceleration test. The service
life formula of the rubber bushing for tracked vehicles was derived using both finite element analysis and the fatigue test.
The service life of the rubber bushing for tracked vehicles was estimated to be about 1.7 million cycles at room temperature
(initial stage) and about 400,000 cycles when kept in storage for 3 years. Through this paper, the service life for various
rubber parts is expected be predicted and evaluated. This will contribute to improving the durability and reliability of rubber
components.
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Figure 1. Rubber bushing for tracked vehicles.

o
i
£

PR (27173 E)oll A= oF 1701H8], 3| 2

3], 5Y B Aeol A oF 22982 o

£
I

0

¥ X oR
T o
l‘-.'i

Atd 1 FRE ARG YAS 9 B
H eSS e ThdRt Rl tigt A
H‘Q 719 A5 7hsdte] ALFRES] ARS7IZ
7]" 2 4l=Ag g 27 7]efstE| et 7 didnt.

) i A 2
o G i
44
_,_',HJ(HJ

2 o
%

ol o g
M = op

Experimental

—_

- aRAX EEAE

EEd RESL uEaE §7H Q) sk ojF
PRI #azi 2we o) e nEade] 848
B sersly] YA ofel 7HH shEaE 9 choret
AAZANA BN o] S E]ofof G}, B, DEHE)
Setas sjae] Bemel BAS 1 kel Wsio] net o4
Ao 2 Aol U7 Hlol Heat A2 97 ¢

A= AE LT A2 H 2= AEE AJH] Bt

EANEE BT BT R Z5F otk shllth. LR A
EAL HIYE o 1Z]5L—/}\—(Stram energy function)?] A4+=2
#E == o] AFE2 o7 7HA tE o5 dHeAY &

-

BARE St a7l ST HPE tlolHE HIE ol
YAeRRE SEd S-MEE TR Hst] AlY
At AL ghol Afolg FHastste] AAHTH]

DB B4 Wt Jee Fob7] PAE T ol

2 At B o A, S o] AAAE
EH°1V\1—4 NS F3t 24 FHste
AT FHARAEE 2 240
a7 o]l t3 Figure 29F o] 5 QAR T
A3 €¢lo % 0]% QAA|HE HpAIHIEFO 2 AAFA]FA o]
% g7} o} WYBS 24T 4 e NTIAE olge
o] Ald4: 100 mm/minZ HEE 25%, 50%, 100% H-Y o
A 53] RHEAIAS AYE Figure 30 Ueh It} Figure 3
ol Aot o] Al RHESIgo g Eo] F7H5 2o &
3le]= EY A G 3 (Mullins effect)?} 5] 2H| 2] A 2 (Hysteresis)
Sogo] veRton], Al Fo dolxl 2T ¥3E o]
H% 2 MY BA Yok vhe S S Hes
JolE& B3l ALz o] FAIX] AHE Figure 40 UEHY
o},

% APAFL 5 ol AYABL 53

o
©
e o
e
}:
Fl-lI o>’

Hojzl e

FE HolHE HIE NUATTE 132 SH-HIEY
A ol 85}o] Table 13} Zo] WHE W] u2
-2 &3¢ (Mooney-Rivlin) 2837} @ 181(Ogden) 33}2] 2| &A}

A
45 ARste] BRYAEE 1T BA|0] B B
= Fgaigr. Yurdo s 208 388 o] 83 7K o]

ANWATE F BAFE & 5 Yo ol oW mYe)
S0P E BANA AAL] 57} A% grelmR 1 X
27k B2 2he 7 BU-2 8 =Y v 24 BA
GRS Zhm Q7] BEolTt? o2l ol TEe] o 1d =

(a) Uniaxial tension test

Figure 2. Mechanical test of rubber material.

(b) Equi- biaxial tension test
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Figure 3. Stress-strain curves of rubber material.
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Figure 4. Stress-strain curves moved to origin.
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Table 1. Non-linear coefficient of rubber material
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(a) 3-dimensional dumbbell specimen

Figure 5. 3-dimensional dumbbell specimen.
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(a) Displacement control fatigue tester

Figure 6. Fatigue test of 3-dimensional dumbbell specimen.
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Figure 7. Fatigue life predict curves of rubber material.
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Figure 8. Fatigue life predict curves of rubber material.

o Room temp. I

Green-Lagrange strain
o
3

| Nf=206E5* Max. 6L ]

02
10° 10

* 10° 10° 10

Fatigue Life (cycles)
(b) Green-Lagrange strain and fatigue life

EAFE DR A2 25w L o 25)7] $e] LA 7}
£AFUS BT DL A upOR AFo|A 3 BT A

Hlo} 2L 279 85°ColA 4059, 59 Bek Agh 85°C
oA 6.752 w=shA 7 W H7] o] 3314 W AEe &
Ao A w3k T oMt 2 2o WA
g Sayshelt. AP ATk Figure 8o A2} o] ALt
85°CoA BTt A48 HRswe 348 gaEe o
2 Qglom, 4] )2} 4] (Sl Ao} o] Ta-ehawA) WY
g3 wzeuste] PR wix] he FHAE
Fg LT RAl0) HRiyds A 2aa9T.

Nf (room) = 206,062 [€c.1. siain] > o)
Nf (311:?7) = 37,239 [SG_L, Straiﬂ]-2‘732 (4)
Nf(5Y) = 19,498 [e6.L. syai n]—lé’oo )

A7V A, €6.1 swain : Green-Lagrange strain

o Room temp.
A 85°C, 4 days
o 85°C, 7 days

2.433

04| Nf=2.06E5* [Max. G-L]
Nf=3.72E4* [Max. G-L]*™

Nf=L.95E4* [Max. G-L[**

Green-Lagrange strain

0.2
10° 10* 10° 10° 107

Fatigue Life (cycles)
(b) Green-Lagrange strain and fatigue life




86 Chang-Su Woo et al. / Elastomers and Composites Vol. 55, No. 2, pp. 81-87 (June 2020)

(a) Finite element model of rubber bush
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(b) Green-Lagrange strain distribution

Figure 9. Finite element analysis of rubber bush for tracked vehicles.

Figure 10. Fatigue failure of rubber bush.
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