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ABSTRACT : Hydraulic actuators are used widely for industrial machinery. The seal made from elastomer
is used as a core part of the actuator, NBR (nitrile butadiene rubber) materials with high quality of oil
resistance and abrasion resistance is used widely, requiring excellent characteristic of sealing. According
to applied circumstances, the actuators for industrial machinery are used under different temperature
situations. In this study, three different kinds of NBR, which is Hs70, 80, 90 are determined as one
of hydraulic materials. An experimental investigation is performed to confirm the non-linearity under
different temperature (-10°C, 20°C, 80°C 100°C) situation, material constants for finite element analysis
and plastic deformation in accordance with Load-unload
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Table 1. Recipes of nitrile butadiene rubber

(unit: phr)
Hs70 Hs80 Hs90
NBR#207 | 30 | NBR#35H | 70| NBR #A1023 | 100
NBR#302 | 70 | NBR#7150 | 30 S 0.3
C/B#339 | 351 C/B#339 | 35 S/A 3
C/B MT | 25| C/B#FEF | 40| A/O #RD | 2.5
Zno 5 Zno 5| aAo#MB |1
S/A 15 S/A 1.5 CIR 3
PVI 0 PVI 1| OB #N330 | 54
B‘Tl/j ?N 1 | A/O BluN | 1 DOP 5
AO3C | 1| a03C | 1| Silane #1891 | 1
TP95 5 | Antilux#654 | 1| #TMTD | 12
DCP 40 | 4 TP95 50 Ace CZ 3
Pi’i‘fg’x 2 S 0.8 #Actor-R 1
TAIC | 4| Acc CZ | 3 Zn0 5
— — Acc' TT |25 — —
183.5 phr 196.8 phr 180 phr
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Figure 1. Uniaxial and biaxial tension specimen.

AEAgdel oigh AFH AP 161

\

B?sxle Tanston

Urlaxial Compression

Figure 2. Deformed shape under uniaxial compression
and biaxial tension.

Table 2. Testing conditions

Items Materials Strain Temp.
o -10C
Uniaxial NBR 25% 20T
Tension Hs 70, 80, 90 50% 0T
Test (Shore A) 75% 100
Biaxial NBR 25%
Tension Hs 70, 80, 90 50% 20T
Test (Shore A) 75%
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Figure 3. Uniaxial tension test equipment.

Elastomer Vol. 42, No. 3, 2007



162

Laser exiensom

Specimen

—

Figure 4. Biaxial tension test equipment.
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Figure 5. Stress-strain curves according to temperature (uniaxial tension).
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Figure 7. 5 Curves per each strain range.
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Figure 9. Stress-strain curves according to strain range
(biaxial tension, T=207).
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Figure 10. Stress-strain curves according to hardness
and strain range (biaxial tension, T=20C).
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Figure 11. Stress-strain curve, raw data.

—— moditied
Sth stabilized raw data
a4l ~=-~ sunplo shift

Stress {MPa)

T ¥ T
000 05 010 015 D30 625
Strain

Figure 12. Modified tension curve.



Nitrile Butadiene Rubber®] v]X & Ao i3t 482 A7 165

H AP E Aol QU} modified curves FT-H3
HYE

.IH o

A2 Figure 129] 3E-HIFE dlo|EE
o]-g3le] F x5 H(least square method) o2 &
F dom, B dFdxE MARC mentatS ©]-835}

Table 2. Material constants (uniaxial tension, NBR90,
25%, 20C)

Ogden Mooney-Rivlin
terms 1(MPa) a MPa
1 -40.3626 1.1544 C10 -34.4365
2 -4.0231 -12.8917 Co1 39.9274
3 41.1158 0.4185 Cll1 24.5566
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Figure 13. Comparison: Experiment curve and ogden
curve (uniaxial tension, T=207C).

38

P F o +  expenment
= __mooney3

Stress (MPa)

Strain

Figure 14. Comparison: Experiment curve and mooney3
curve (uniaxial tension, T=207).
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Table 3. Material constants (biaxial tension, NBR90,
25%, 20C)

Ogden Mooney-Rivlin
terms #(MPa) a MPa
1 -1.6013 -5.5601 C10 27.3624
2 0.8690 | -25.3532 Co01 -22.3222
3 0.8567 50.7911 Cl1 9.5926
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Figure 15. Comparison: Experiment curve and ogden
curve (biaxial tension, T=207).
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Figure 16. Comparison: Experiment curve and mooney3
curve (biaxial tension, T=207T).
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Figure 17. Modified tension curve (T=207C).
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(uniaxial tension).

2o 2noa AMEHE A AS 24 HEH
X 7

o] A3 Wlo] WE HE FHo| $4H R



Nitrile Butadiene Rubber?] B]A 3 Ao thet AHH A 167

S(Hs70)9] MBI} T AE(Hs80, 90)2] ABET}
F o AYe e & 5 AUk

v.d £

£ dFdMe FgdFdelgE Ad A8
NBRO| W3t 4= % o] BE L
o, g 22 4ES 9 7 I
1. NBR& A8 7tele HAWARE 25%, 50%,
75%A A 242} skE-HEFAo| A gebinh
. eE7 } Q1(-107) AE7HHs90) ES52 §
ATAA HYFT F7HSTh(Figure

3. A2 o)Ate] TLYAe o] wiE 4
A wigeko] FHojxA] ©AISE EAjo] 4%

mlo »

1. Kim, W. D., Kim, W. S., Woo, C. S., and Lee, H.

J, “Experimental Testing of Rubber Material for
Finite Element Analysis,” Proceedings of KSME
Spring Conference, Vol. 1, No. 1, 2001.

. Kim, W. D, Kim, W. S., and Kim, C. H., “Deter-

mination of Rubber Material Model and the Defor-
mation Behaviors of Rubber Component Considering
Mullins Effect,” KIMM Research Report-UCN236-
712M, 1999.

. Nikas, G. K. and Sayles, R. S., “Nonlinear Elasticity

of Rectangular Elastomeric Seals and Its Effect on
Elastomer Hydrodynamic Numerical Analysis”, 7¥i-
bology Int., 37, pp.651-660 (2004).

. Mokhtar, M. O. A., Mohamed, M. A. A, El-

Giddawy, M. E, and Yassaen, S. A. Y., “On the
Effect of Misalignment on the Performance of U-type
Lip Seal”, Wear, 223, pp.139-142 (1998).

. Alan N. Gent, “Engineering with Rubber” Oxford

University Press, New York, 1992.

. MSC. Marc, “Exprimental Elastomer Analysis” MSC.

Software Corporation, 2003.

Elastomer Vol. 42, No. 3, 2007



