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ABSTRACT : Mechanical systems with rubber parts have been used widely in industry fields. The
evaluation of the physical characteristics of rubber is important in rubber application. Rubber material
is useful to machine component for excellent shock absorbing characteristics. The impact characteristics
of rubber were examined by experimental and finite element method. The impact test was conducted
with a free-drop type impact tester. The ABAQUS/Explicit was used for finite element analysis. In the
finite element analysis, elastic modulus of rubber using impact force was used as dynamic modulus, which
are measured and predicted with dynamic property test and WLF model. The analysis result was coincided
with the experimental results.
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Figure 1. The photograph of free drop type impact tester.
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Figure 2. Typical impact pulse shape.
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Figure 3. The impact specimens for various hardness.

Table 1. Compound formulations (phr)

Ingredient NR45 NRSO NRS55 NR60 NR65
SMR CV60 100 100 100 100 100
C/B FEF 13 22 27 40 40

C/B SRF 15 18 20 32
S/A 1 1 1 1 1
Zn0O S 5 5 5 5

Ad22v A419 A13, 2006

£ NR45, NR55, NR651F-9] w3 FE ebd
t}. Figure 5% 09 J9 SFUA7 71l & o
o] NR65 A9 ZA3F3 ¥ 4y oF B

S

5000
4500 | —T—AL.
—O—NR 65
4000 | & NR 60
—v—NR 55
38007 1 —O—NR 50
3000].| —F—NR 45
-~ Y S
£ 2500 e ;
B T
& 2000 4
[T _T
1500
1000 |
500 =
0
03
200
4} 2 ——NRsés §
- 17514 & ----NRsS5 Ty
E ] & -----NR4s A ey
£ 150+ ol Ty
= ] Pty
T 1254 RO e AT
E ] - 0
@ 1.00 ] Pt g
Q0
H ]
Qa 0.75 4
2
? 0.50 -
»%
g 0.25 Rubber thickness (t) : 13 mm
Rubber diameter (D) : 29 mm
0.00 T + ;

T
0.6 0.9 1.2 15

Impact energy (J)
(b
Figure 4. The maximum impact force (a) and dis-
placement (b) for various impact energy and hardness.

1500

Rubber material : NR65
Rubber size : t 13mm, ¢ 28mm
1000 ~ , Impact energy: 0.9J

-
J [
s E
= 500+ <05
Py <
o @
4 5 £
L ( @
- Z o
I 04 X 52y K3
] e fé [
g 2
E 33 £ 8

5007 —O— Reaction force  {17°

—— Displacement
-1000 T T T T 1.0
0.000 0.002 0.004 0.006 0.008 0.010
Time (sec)
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Table 2. The Mooney-Rivlin constants of various
rubber materials

Mooney Rivl Shear Elastic

Rubber | IRHD | in constant Modulus | Modulus

material {hardness (MPa) G (MPa) | E (MPa)
C, C, [=2(CHC)| =3G
NR45 450 | 034 | 0.00 0.68 2.04
NR50 53.2 | 046 | 0.00 0.92 2.76
NRSS 58.3 0.47 | 0.00 0.94 2.82
NR60 64.4 0.65 | 0.00 1.30 3.90
NR65 722 1073 | 0.04 1.46 438

Table 3. Impact velocity for various impact energies

Impact Drop Impact Weight of
energy height velocity impactor

&) (m) (m/s) N

0.3 0.10 1.41

0.6 0.20 1.99

0.9 030 244 3

1.2 0.40 2.82

1.5 0.50 3.16
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Figure 7. The FEA model (a), the deformed shape (b)
and the experiment and FEA results (c).

()

=

AR 34
FAR Tt F54
R Z(amplitude)¥} FI}(frequency)=
A AR E AREEY B2gelA ZE Hd
WY FAASANS FEHAT Table 4=
NR45, NRSS, NR6SF-A 20l e $HB> 84
oA QoI HuwEP AN etk

2ANPoE doq AEd Fusre 37 &
Al we AL aFsnE |2 AUl
s 7ol 44 @e AHolh ol
As) 99 WeHE F5Y MY
WLFR o] 283t 100
A5AAT FHY A
7]%= Eplexor 300N(GABO co. Germany)2 Al&-3}

Table 4. Time duration and frequency of impact pulse
for various rubber materials

Rubber | Time duration of pulse | Frequency of pulse
material (msec) (Hz)
NR45 34 294
NR50 3.1 322
NR5S 2.7 370
NR60 2.3 434
NR65 2.1 476
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Table 5. Dynamic modulus for various rubber hard-
nesses

Rubber IRHD E4: Dynamic E: Stactic
. modulus modulus
material hardness (MPa) (MPa)
NR45 45.0 26 2.04
NRS5 58.3 53 2.82
NR65 71.2 6.9 438
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Figure 10. Maximum impact force for various rubber

material from FEA and experiment.

Table 6. Maximum impact forces from experiment
and FEA results

Rubber | Impact Maximum impact force (kgf)
Energy
hardness | ™ | Experiment FEA  Error (%)
0.3 38.62 3843 -0.49
0.6 55.03 54.18 -1.57
NR45 0.9 69.07 67.07 -2.98
1.2 79.60 76.87 -3.55
1.5 85.05 86.01 1.12
0.3 41.71 42.10 0.93
0.6 61.72 61.08 -1.05
NR50 0.9 76.01 74.48 -2.05
1.2 88.08 86.05 -2.36
1.5 98.12 95.86 -2.36
0.3 49.26 48.47 -1.63
0.6 70.66 69.46 -1.73
NRS55 0.9 85.72 86.05 0.38
12 99.85 100.13 0.28
1.5 109.94 115.09 4.47
0.3 56.31 56.76 0.79
0.6 80.03 80.05 0.02
NR60 0.9 98.91 100.14 1.23
1.2 115.26 116.00 0.64
1.5 128.08 130.07 1.53
0.3 60.38 59.99 -0.65
0.6 84.13 87.34 3.68
NR65 0.9 103.85 105.78 1.82
1.2 124.28 124.02 -0.21
1.5 141.88 138.43 -2.49
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