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Testing for Identification of Dynamic Properties of Viscoelastic Material
Subject to Large Static Deformation

6 W
Wan-Sul Lee, Ho-Jung Lee, Ji-Hyun Cho, Jin-Sung Kim,
Sung-Kie Youn and Kwang-Joon Kim

]94_/\** . O]j{_?j* . }_Z]‘fﬁ** . 71:171(1/%]** . ﬁ_/{é7]* . 7\3]51]—;&

(2002 12€ 79 H4 ;20039 19 229 AAER)

Key Words : Viscoelastic Material (€4 A &), Isolator(Z ¥ 24 ), Dynamic Complex Modulus(& 4841 Al 4),
Dynamic Complex Stiffness(¥-47FA Al42), Large Static Deformation(R & i &)

ABSTRACT

Viscoelastic components for vibration isolation or shock absorption in automobiles, machines and
buildings are often subject to a high level of static deformation. From the dynamic design point of
view, it iIs requisite to predict dynamic complex stiffness of viscoelastic components accurately and
efficiently. To this end, a systematic procedure for complex modulus measurement of the viscoelastic
material under large static deformation is often required in the industrial fields. In this paper, dynamic
test conditions and procedures for the viscoelastic material under small oscillatory load superimposed
on large static deformation are discussed. Various standard test methods are investigated in order to
select an adequate test methodology. The influence of fixed boundary condition in the compression
tests upon complex stiffness are investigated and an effective correction technique is proposed. Then,
the uniaxial tension and compression tests are performed and its results are compared with analysis
results from conventional constitutive models,
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Table 3 Static and dynamic test conditions

Table 1 Temperature conditions Test condition Standard
Standard temperature/humidity i) Compression test :
Standard Cylindrical shape.
_ Temperature diameter/height = ASTM
KS Mergs |8 C22C/50% %5 % Test 40/40lmm] | D2231
ASTM D1456-86 (75, -95. -40. =25, -10, 0. 23, 40, 55, 70, specimen | i) Tension test :
ASTM D1349 85, ].(30, 125, 150, 160, 175, 200, 225, Square pillar shape
250) CT=+27T width/thickness/length =
23 C/50 %=5 %, 25°C/70 %15 % 20/20/80[mm ]
(-85, -70, -55, 40, -25,-10, 0) T+2 TC. Number of ASTM
ISO 471 (40, 55, 70, 85, 100) T+l TC, test 3 D:2231
(125, 150, 175, 200, 225, 250, 275, 300) specimens
€2 T Mean 0. 5, 10, 15, 20% ASTM
20T strain (Compression/tension) D2231
KS M6604 (-75, -55, -40, -25, -10, 0, 20, 50, 70, Repeat loading cycle(12 mm/
100, 125, 150, 175, 200, 225, 250)C Static test| min) a second time and then| ASTM
2T condition | read and record the forcej D575
Table 2 Frequency conditions Dynamic and deﬂethon 2 tr:lrd time i
Standard Frequency strain (%1‘ 0.3. 1.‘ 2'/1' 0 % %:)Tgl\l/l
ISO 4664 1. 5. 15, 30. 50, 150. 200 Hz amplitude ompression/tension) -
ASTM D2231 0.1, 1, 10, 60, 100, 200 Hz ASTM
KS M660L | OL 03 L 5 10,30, 100, 3000, reauency) 01 1 10.60.100. 200z | 7y

134/5t=2 42X EZ5s =28 /A 138 A 2 5. 20034
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Ao AREE 2ASEEL wiEloZ AEH F4E& 2 2802 BASIA gl Fig 12 4l Af
A48k th 23 f3 24 .‘%'_‘%ﬂﬁr BH** A% g Zd 3o u}
2 g4 B5A AL(R)E Jekdd, oy A BA
3. HU|IEY &€= Algme & o A Ae RE 4 (D)3# 7&°1 A}
o|st dstk 2A
Fflved RF lubricated (1)
3.1 & 2E uHO| of WY Mo € ppM sjyald 4H wHE 47 ASS Mooney
G5 AP B AEE & 2RIME @4 & Rivin 294 298 ASSAT o AEHE A
g 73 AR A3 diHeE ¢ Es IRANT A 2 22 vl RES Wl A glo
I A FE RS FPUT 012 At ANEH o po Ao s A Wae] I o)A
F 9] My Aol WS v, F2F YA ogre w= A o 2 Tk o] HA ARE o)L
Aokl B¥L FA A% 4B WA AAIE B g e gynecs)s dag(A= 19l
o BAAF(S=d(AB)/AI(EDF OB B o sy pm Arz 28 & 9oy 1 Ads
Table 40 YeERJSITH
o] AatE EdA AHHY 4E: AlFA 4 B
A -Jfa HEkel HAL APH YA SFED o}
. g, 4% W Ed o deldite ARE 4AE
1 % 9ok m}aw NES) By ASHe e BA
. A L4053 A 4E MR BE 4TS 1o
Gl F 4L 4 (204 ARsLA @Ak A (2)elA
& R;(A)= FEM Z#2%RE 24 Y (curve-fitting)
N S E8) dojn ABHEA, olg olsd S8 T4 A
(a) FEM Model (b) FEM Result ol g el ofE Wyl W By AsE v
ool AlgE FalR g folstA ¥
[ [ — Qo2 WoEth Fig 2(a)E AdHe 4w
i aod |7 e oo A
‘§ ' e cioes / Table 4 Comparison of shape correction factor for
'-‘c- 115 s /,) various shape factors and compression
% ' ratios
g 116 //‘ Shape correction factor
© i S FEM Analysis according to
5 1000 "/ fhipf 14952 compression ratio A]
o . A - 07 [075] 080 | 0.85 | 090 | 0.95
tazd—r . . - . . 0156 | 1.049 [1.072]1.005] 1.107 | 1.114] 1117 [ 1.118
0.70 0.75 0.80 0.85 0.90 0.95

Compression Ratio (3= 1/ 1) 0.250 | 1.125 [1.133[1.166] 1.187 [ 1.199 | 1.204 | 1.205
0580 | 1673 |16951716]1.743 | 1.757 | 1.756 | 1.743
0.633 | 1.814 |184211866]1.901 | 1.912 | 1.905 ] 1.835
0.750 | 2.125 [2.229]2.228] 2.256 | 2.250 | 2.238 | 2.203

(¢) Shape correction factor, R
Fig. 1 Procedure of calculating shape correction
factor
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Table 5 Instant adhesives

Applications
N FHENA AR 7hs 8 F A SR dist A Metals
o #7431 AX ook WAAE AdsHE 4 AR B Plastics. rubber
C Metal, plastics, rubber
23 D Metals, plastics, wood, rubber
- E % .
22 * * e 75
2.4
7.34
2.0 E 7o
1.9 m < .0
1.84 . & — W 6.8 4
N P
174 & + w 654
g 851 =
1.6 S=0.156° W FEM (—— Prediction) =S 6.3 )
5=025 & FEM (— Prediction) T VY7 .
154 52058« & FEM (- - Prediction) o —m— Adhesive A(#1)
1.4 $=0638° ¥ FEM {— Prediction) = 604 o Adhesive Ai#2)
S=075 & FEM( Prediction) [] | % - Adhesive B(#1)
133 % 5.8 | —w— Adhesive B(#2)
] = #  Adhesive C(#1)
12 B — L2 554 -« Adhesive C(#2)
1t14] & . .= a = w 53] Adhesive D(#1)
T T T T T T T ' —~a&— Adhesive Di#2)
070 075 08 08 09 08 100 50 !
) . . — . ik . :
Compression Ratio (a=7/1) 1 10 100
Frequency [Hz]
(a) RS, A) (a) Storage modulus
34 —m— 5=0.156
- —e— 52025 _
- 5=058 ©
2 —y— 50638 S
% S$=0.75 . =
e -— 2 =
_/ = = —m— Adhesive A@#1)
04 20 0.304 - Adhesive A(#2)
] & Adnesive B(#1)
» !\ / \‘ ® 0.20 j ~v— Adnesive B(#2)
1 a +  Adhesive C{#1)
— 4-- Adhesive C(#2
\; 0.10 4 Adhesive D(#1;
5 2 —a— Adhesive D(#2)
T T T T T + 0.00 . T
070 075 080 085 090 0.95 1 10 100

Compression Ratio (A= I/In)

(b) Percentage error

Fig. 2 Prediction of shape correction factors by

136/8= 427533 &=

proposed R;(S, 2)

/A 134 A 23, 20034

Frequency [Hz]

(b) Loss modulus
Fig. 3 Dynamic complex modulus for
adhesives(20 % pre-strain, 1 %
strain)

various
dynamic
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Table 6 Recipes of specimens

Stearic| Carbon Antideg
Rubber (Z?l?) acid |black GPF I(‘Bh]?)s ( ir) -radant
PO ohr) | (ehr) [P [P (o)

NR 3 1 50 1 1.75 3

2a

Table 7 Material properties of specimens

Hardness Tensile Elongation at| Specific
(HS) | strength(kgf/cm®) | rupture(%) | gravity
60 134 279 1.122

(b) Compression

(a) Tension

Fig. 4 Test specimens
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= Fig. 5(a)o) veht Aok a2 FF AFAE=
314oA 7& F4 B ATE =98t 4§
glo] M2 Y& BRAPsdon, 1 A3 Fig 5(b)
of Jeht 215}. A9 ZAE nele g Mooney-
Rivin 298¢ o]&ate] F4 HP(curve-fitting)
A3}, Table 8ol el At 7ol € =059662, C,
=09 & Ao, ol £ AIPA AMES AFEH
o] A% 1 54L& Neo-Hooken RY2% FE3 H
ARt = AES 9ulsh

(3) &4 9 Ad

H

Table 9 Dynamic tension test specification

= ATelM Fdd 54 AR A" AP 2dE Test_condition Standard
Table 9o Yehidth Ald wyog 4 F& o Test Square pillar shape
HES Basly 208 AR WS AsA7 T uli ; (width/thickness/length)
s feE N specimen | " _ 90/20/80 [mm]
Table 8 Material properties for static behavior Meap 0, 5, 10, 15, 20, 25, 30% ASTM
strain D2331
0.59662 0 1.18324 596 :
8.0
] -m—2=100—v—2=115
g5 ~®-2=105 = a=120
0.5+ E ] & a=110-4-2=130
004 - " " = " :2-8‘0__ « ’(444444' *
z ' i “é 754 .
8 0.5 4 . % 7.04
2 104 . = 554 -
s & T e e
% i - S sodt * G
54 o - o
§ = B gy 7 Y
2.0 i .
] 1 10
-2.5 T T T —— —— Frequency [Hz]
07 08 08 10 11 12 13
Static deformation (a=#// ) (a) Storage modulus
(a) Reaction force S ——.
15 08 ~®-2=105 ¢ 1=1.20
o &-2=110-+4~ A=130
104 1 [ ] E::::;lm ent E
=
& 054 ]
= 3
.0 4 =
% 0.0 é
@ o5 2
= S
-1.04
0.24— Y
54— — . r r 1 10

09 10 11
Static deformation (7v=lllo)

07 0.8 12 1.3

(b) True stress
Fig. 5 Static test results and curve-fitting

ra

b= A

tlo

Frequency [Hz]
(b} Loss modulus

. 6 Dynamic complex modulus for various

static deformations and frequencies
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(a) Storage modulus
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Table 10 Dynamic compression test specification

Test condition Standard
Test Cylindrical shape(diameter/ | ASTM-
specimen height) =40/40{mm] D2331
Mean o ASTM
%
strain 0, 5. 10, 15, 20, 25, 30% D331
Frequenc 0.5,1,10,20,30,40,50,60,70,80,90, | ASTM
d Y 100,110,120,130,140,150 Hz D2331
600
—m—3%=100 @ 2=080
550 —®—A=095-4-4=075
o 22090 2=070
500 —v—2=085
T 450
§ 400 ot e
¥ g
3009 . @ ,_ﬂ-—)v*/';’wviﬁvv::”‘
PrrE D G - ‘o sevesns
I's ~'/0;’ -'_/__./.,.__,. ne
2003 2% :

1 10 100
Frequency [Hz]

(a) Real part of complex stiffness

55 - ]
1 —=—31=100 % 2=080
50 -—@-2=095 -<¢-1=075
3 4 =090 =070
463 _y—12=085
1 4
__ 407 <
<
E 357 LD
.Z‘ 30 < T
& ol V.
253 e cT k"@
{4 N o 4 :“'
L R, S I
1 g ~ ‘/ TR
SCE [ GUED SEF -
104 T ’ 0
1 10 100

Freauency [Hz1
(b) Imaginary part of complex stiffness

Fig. 8 Dynamic complex stiffness for various
compression ratios and frequencies

3. 20034



A7 gEge v s 294 RS 54 24X 7Y A9
T 0% A% 29 98N F uls 54 9805 4 & Ao
%) BT 1 A%z Aol 42 8y sl
Mo B A A4 (complex stiffness)©] Fshdol g -4 =[ AF Ry JA“ 1
¥ 542 Fig 8ol et ok 54 & A1ge) de | Ade 4 |7 RS.A) (18)
A 3ol 24 mass ¥a 44 ASE g
7o) Holgr) Fig. 8ol vetd 48 A#E dardstete] doj
T 4 WY ATE 99 Faee FF MY o
K= '+jK’_AF$ &t Fig. 9o YebUch L8 F3h4 10 Hzoll A ¢
Al 1 AA Ao Qg B4 & AFE  Fig 109 et
WA Morman®] Edd] 93t & Aze} v|ws)
A AE AYY A5w AR 2 77l gy =4 om Ade] Ho9) naNE A4 o
71 wj ol Ha A ﬁl-?qi I ARAE BIAAT. wo gor 22 w4 Ao wWa Ak dalA 7

6.8
{ —m~2=085¥-1=080
641 922080 4 1=075 ]
Es.z- 4 2=085 4 A=070 o«
s 6.04 ‘ <:.l.
= ]
i 584 //‘/
0 561 = o
= T o —n
'g 544 / .o pEt
O 5.2 .’/,,/l - i S
- “ L ”*v.v"
J P & Y
% 5.0 R - N ) 4
T 484 v
246l T
(D .0+ " E 7/7//
444 v
423 — ——
1 10 100
Frequency [Hz]
{a) Storage modulus
075
—m—2=085—y— =080
0704 ~®-2=080 # A=075
& 2=0.854—1=070 <

Frequency [Hz]

(b) Loss modulus

100

Fig. 9 Dynamic complex modulus for various
compression ratios and frequencies

&9 4 g el I dA 5A4E AdE wgst

WA FHE 49T 5 AT

8.0

—m— Experiment
Morman model

7.54

a
~
[
1

6.5+

Storage Modulus E' [MPa]
t:

40—
0.70

T

T T T T T T
075 080 085 080 095
Compression ratio (2=//] )

(a) Storage modulus

060

—B—Experiment
Morman model

0554

G 504

045

0 40 5

Loss Modulus E" [MPa]

035

030

T T T v
090 095

Compression ratio (x=//))

T T T T T
0.70 075 aeo 085 100

(b) Loss modulus
Fig. 10 Dynamic complex modulus at 10 Hz

TSNS HEH=EH/A 134 A 23, 2003¥1/141



y T
a4
2
>
rir
2L

offl
O -
i
. olo
oflt oo
of

o Mo

)IA

2 nl
it

gk

DA RN P A T N A
ox Mo

oL

o

S
ax o @ o ol o

@ of A

He %‘;!ZHH

tlo _l

N

o &

iA £ 54
227 %LH 3 FA A9
Yo w3 9=

22 A 2ran

a}oq 39 93/
B2 34 AS

Ague 271 % F B
95, ABAQUS s o8
Riiahaiing

dZ}Xﬂ 1278 s AESYL
B owon e} BASHE WAS0] A¥H A}
19 WAt Y ABAY SIS BE B
& % AT

;(_]o}zo ]i"_}—, %lv_ 7]_

Py
TE F2

a‘L

k=1
T

SE LR

—\L—(u:

f fr 4o o

=

R

Hed Az Al

i FSL

Hs Xéil;}“"‘ﬂ
A Wy sl
o}iiﬁ‘r @011‘ ANEEAE
FEoA AMEET ¥ Morman X
Aot v watges, s4
B ﬁl—r«l wals A

£27]2%9-+(R01-2001-
gz FYEEAFUS

=28/A 1348 A 235, 20034

(1) Voet, A. and Morawski, J. C. 1974,
“Dynamic Mechanical and Electrical Properties of
Vulcanizates at Elongations up to Sample
Rupture,” Rubber Chemistry and Technology. Vol.
47, pp. 765~777.

(2) Kim, B. K. and Youn. S. K., 2001. "A
Viscoelastic Constitutive Model of Rubber Under
Small Oscillatory Loads Superimposed on Large
Static Deformation,” Archive of Applied Mechanics,
Vol. 71, No. 11, pp. 748~763.

(3) ASTM D6049-96, "Standard Test Method
for Rubber Property-measurement of the Viscous
and Elastic Behavior of Unvulcanized Raw
Rubbers and Rubber Compounds by Compression
Between Parallel Plates™.

(4) ASTM D575-91. “Standard Test Methods
for Rubber Properties in Compression”.

(5) ASTM D395-89, “Standard Test Method
for Rubber Property-compression Set”.

(6) KS M 6518, "7t% a7 &2 Ag W
(Physical Testing Methods for  Vulcanized
Rubber)”.

(7) KS M 6785-1999, "7kt 739 ¥ oA
28 - ¥¥ A]Y W (Testing Methods of Stress-
strain Properties at Low Deformation for
Vulcanized Rubber)”.

(8) ASTM D1456-86, “Standard Test Method
for Rubber Property-elongation at Specific Stress”.

(9) ISO 4664, “Rubber-guide to the Determi-
nation of Dynamic Properties”.

(10) KS M 6665, “®HxF Hgel F4 e
Al W (Testing Method for Dynamic Properties
of Rubber Materials for Vibration Isolators™,

(11) ASTM D2231. “Standard Practice for
Rubber Properties in Forced Vibration”.

(12) KS M 6604-1985, “HFA1E Ag Wy
(Testing Method for Rubber Vibration Isolators”.



AH S B dle

dad Az 4 244 19 A9

(13) 1SO 471, "Rubber-temperatures, Humidities
and Times for Conditioning and Testing”.

(14) ISO 815,  "Rubber,
Thermoplastic-determination of Compression Set at

Vulcanized  or

Ambient, Elevated or Low Temperatures”.

(15) ASTM D1349-87, “Standard Practice for
Rubber-standard Temperatures For Testing”.

(16) ISO 7743, “Rubber,
Thermoplastic-determination of Compression Stress-

Vulcanized or

strain Properties”.

(17) Sulivan, J. I, Morman, K. N. and Pett, R.
A., 1980, "A Non-linear Viscoelastic Characterization
of a Natural Rubber Gum Vulcanizate,” Rubber
Chemistry and Technology, Vol. 53, pp. 805~822.

(18) Morman, K. N. and Nagtegaal, J. C., 1983,
"Finite Element Analysis of Sinusoidal Small-
amplitude Vibrations in Deformed Viscoelastic

Solids, Part I : Theoretical Development,” Intern-
ational Journal for Numerical Methods in
Engineering, Vol 19, pp. 1079~1103.

(19) Zdunek, A. B., 1993, "Theory and Com-
putation of the Steady State Harmonic Response
of Viscoelastic Rubber Parts,” Computer Methods

in Applied Mechanics and Engineering, Vol, 105,

pp. 63~92,
(20) Zdunek. A. B. 1992, Determination of
Material Response Functions for Prestrained

Rubbers, Rheologica Acta, Vol. 31, pp. 575~591.
(21) Hibbit, K. and Sorenson Inc, 1997,
“"ABAQUS Theory Manual,” Version 5.7,

(22) ¢+, S| AL, PYFFE, 1992, “ALE &4
o g3 APAARS BAUHAF 22N U
TEAY AFAEAFIHH=EH, A2E A2
%, pp. 99~106,

S2SUSSHE=E/A 134 A 23, 2003W/143

I



