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Abstract Although the interest in NBR has been increasing due to the recent developments of the
aerospace sector, there are few reports on HNBR's aeronautical oil, particularly evaluations of the
accelerated life of harsh factors. In this study, the tensile strength was adopted as a performance
evaluation factor to evaluate the accelerated life of HNBR used in the aviation field. The accelerated
stress factor affecting the performance-aging characteristics was defined as temperature. The
acceleration stress factor was determined to be temperature, and the result of measuring the tensile
strength change over time. The sample for the acceleration condition was taken out of the oven for a
certain period and left at room temperature for 24 hours. The dumbbell type 3 specimens were
manufactured according to the standard specified in KS M 6518 and were measured the tensile strength,
a factor in accelerated life evaluations. The activation energy was 0.895, and the shape parameter was
1.152 using the Arrhenius model. The characteristic life obtained from the tensile strength of the HNBR
specimen immersed in aviation oil at 20°C was 272,256 hours; the average life was 258,965 hours, and
the B10 life was 38,624 hours.
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Table 1. The Comparative Study on Rubber Tensile

Strength of References

Test Analysis Simulation
Reference No. Material Property Tool
Tensile Arenius
5 NR Strength Eq
Tensile Arenius
6. EPDM Strength Eq.
Tensile Arenius
7. FKM Strength Eq.
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Selection of Experimental Materials and
Conditions

i

’ Aging Test

i

’ Acquisition of Test Data

l

’ Life Analysis Using EXCEL

i

’ Life Analysis Using Minitab

i

Comparison of
the Characteristic Life, MTTF and B10 Life in
EXCEL and Minitab

Fig. 1. The Steps in Research Process
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Table 2. The Comparative Study on Rubber Tensile
Strength of References

60 C 80 C 100 €
mme | S | Time | S | tme | S
(Hrs) (kgf/cgﬁ) (Hrs) (kgf/cgnf) (Hrs) (kgf/fmz)
0 226.4 0 226.4 0 226.4
30 233.4 3 243.6 1 252.8
60 227.5 7 234.7 3 221.4
120 221.7 14 226.4 5 227.9
180 217.8 30 2193 7 204.6
240 216.4 60 220.2 14 191.1
300 232.4 120 159.1 30 202.7
360 207.3 180 137.6 60 152.8
450 218.7 240 115.2 180 82.0
540 214.1 450 61.8 450 32.0
720 198.0 720 43.0 720 21.1




£913]=22 A21¥ A11Z, 2020

& AT gl HNBRS Absat B8 52 &4
dol izt HAdel Rk Lof Wol AgEE IR
AR 7HE 2 wolo] w2 $9& P76 8]
2 mo] AR FEE 4 AP gL FEE oY

o A5t Alzto] W AP E WIS ZSA.
AT E 1F AFFE =3 ¥l KS M 65180
utel 24stglon, wlEl 2w 10709] AzklA] Q1
BEE 243 U2 HAgkS 75F9th. Table 22
HNBR 60 €, 80 €2+ 100 TollA 37119] Al&ofl tste]
1071 AIZFdollA] 277 A= ] Btk HEhd 2
o|t}.

Rioll T2 % wBEHQIALE)
o Qetmge YurHoR 1T A% sl dstel

N
S
¢
i
=2
Rl

S~

o] A= Q= Aend 4 () 2)E A7gstaeH,
AAA Lo IAV|FL ZF DEAHY 27] AR
A £50 %7t HE AFeE Ho3ck & 60 T, 80 T,
100 € =4 A7t A3t et AFF=7F £50 %
7} WgelE AdS 1o s moc)
y = bexplax) »
A7) = 2l ©
a

714, y= 8% =3tEAolH, x= AlTh a% be &
4 Aot} WA yoll e =3EAY 1A7IE
S HYFE 9 dolxE xgte] IAAIZHFailure
Time)°] Hr}. 714 oA Z5 L=3EHQIALE)
IA7IEe 2 ditEE 7 2360 T, 80 T, 100 ©)
Azl w2 A 2E Al4= Table 374 Zth

Table 3. Exponential Function Model Coefficient and
Failure Time for HNBR Specimens

Temperature Model Model Failure Time
(©) Parameter, a | Parameter, b (hrs)
100 0.01691560 226.4 152
80 0.00497669 226.4 399
60 000034610 226.4 4,299
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Fig. 2. Evaluation of Tensile Strength of HNBR for
Temperature using Minitab(at 60 T, 80 T
and 100 T)

Table 4. Goodness of Fit AD Value of Oil Immersion
HNBR Failure Time Distribution

Temperature (C)
Specification
60 80 100
Weibulll 1.525 1.981 1.471
Lognorma 1.753 1.836 1.617
Exponential 2.061 1.791 1.452
Normal 1.569 2.652 2.023
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Table 5. Activation Energy Value and Shape Parameter
Obtained Using Minitab(Regression Table,
95% Normal CI)

Variable Coef Error 7 P Lower | Upper
Intercept|[ -22.9053 | 3.16401 |-7.24| 0.00 |-29.1067 |-16.7040
T(ZmE)p 0.894779 |0.0958344| 9.34 | 0.00 |0.706947 | 1.08261
Shape || 1 15917 | 0165747 | - | - |0.869090| 1.52745
Parameter
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Table 6. Comparative of Life Time, MTTF and B10
for Tensile Strength of HNBR Using of
Minitab and Excell Tool at 20T

Contents Minitap Excel
Characteristic

Life(Hrs) 272,256 272,454

MTTF(Hrs) 258,965 -

B10(Hrs) 38,624 35,705
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Fig. 3. Tensile Strength Changes by Temperature with
Time of HNBR Specimens
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