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Applicability of Constitutive Models of Flexible Joint Elastomer
Under Wide Temperature Range

WANG Cai SHI Hongbin QU Zhuanli
(Xi’ an Institute of Aerospace Solid Propulsion and Technology, Xi’an 710025)

Abstract Uniaxial tensile test and shear test were operated on wide temperature butyl isoprene rubber under —
55,-40,20 and 65°C to study the applicability of constitutive models. The ability of the constitutive model to predict
other deformations was verified. On this basis, the finite element method was used to analyze errors of constitutive mod-
els and the applicability of models to butyl isoprene rubber at different temperatures and strains were determined. The
results show that the higher order of constitutive model corresponds the worse prediction ability and low—order Neo—
Hookean model has best prediction ability. At the same time, Yeoh model and third—order—five—term model are adopt-
ed when working temperature is between —=55°C and 20°C ,and Yeoh model is chosen when the temperature is between
20°C and 65°C in finite element calculation of butyl isoprene rubber in flexible joint.
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Tab.1 Constitutive model parameters of uniaxial tensile of different temperature

Yeoh 455 15 = [ o U= CAB R K Uy 14 DU i/ \ 0 e

. N-H ! M-R ##Y Yeoh 5%
R/ C
C10 C10 Co1 C10 €20/107* €30/107°
-55 0. 648903 0.771712 -0. 908760 0.483926 13.567 -1.4769
-40 0. 600597 0.713961 -0.851797 0.446617 12.634 -1.5729
20 0.556582 0. 657339 -0.912663 0.431033 3.7144 1.1179
65 0.494148 0. 604967 -1.05679 0.332169 8.0852 -0. 62264
i ) =B LI AR A
g/ C
C10 Co1 C11/1072 €20/1073 €30/107°
-55 0.215056 0.359750 3. 6844 -3.8849 7.7844
-40 0.204563 0.341936 3.6310 -3.8856 7.3636
20 0. 184067 0.295512 2.6564 -2.8651 5.1389
65 0.110992 0.295874 2.4016 -1.9355 2.3563
. P B\ T A A
R/ C
C10/1072 Co1 C11/1072 €20/1072 €02/1073 C21/107* €30/107° C40/107°
-55 -57.0 1.37 12.3 -3.20 140 15.1 -11.2 86.9
-40 -40.9 1.12 14.7 -2.02 102 7.18 -3.71 10.4
20 8.82 0.527 9.316 -3.20 -135 11.5 -6.52 31.3
65 1.46 0.447 4.66 -0. 682 -9.81 1.58 -0.53 1.32
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Tab.2 Constitutive model parameter of shear at different temperatures
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=55 0.772207 0.386104 0.386104 0. 187542 15. 604 -1.6616
-40 0.758434 0.379217 0.379217 0. 186866 14.192 -7.4905
20 0.572798 0.286399 0.286399 0. 110987 8.2972 197. 61
65 0. 246090 0. 122920 0. 122920 0.122745 1.5556 23.700
=B LI AR
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=55 9.37712 9.37712 7.80184 7.80185 -166. 162
-40 9.34330 9.34330 7.09621 7.09621 —7.49049
20 5.54933 5.54933 4. 14861 4. 14861 197. 607
65 6. 12067 6. 12067 0.786521 0.786522 21.5536
U YA Eaw o
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=55 2.034 -1.90 33.7 29.7 -125.2 =210 1474 -286
-40 1.705 -1.384 17.1 45.6 -124.3 -266 187 -394
20 1.26 -1.26 14.3 5.74 -48.0 -40.2 27.9 -37.1
65 0.413 -0.305 1.38 1.75 -9.62 -6.33 4.36 -3.00
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Fig. 6 Uniaxial tensile test data predict shear test at 20°C

[FIAE, 1% 20°C R 9 BT YT 30 K, AN [R) 4 f 45
RUALA 2 LR 7, 91 LA ALA 15 2] i 1 S 500k Tl
I 20°C B Ay B b A e 25 5, AIRT 8 R, A5 1Y
BB ST, AR ) T £ g ER A A A OC R BB R
0N, e BBt e 6 5 R ) T RE O o B 2 T B
i) Neo—Hookean FHUAHIC R HCH 0. 8230 , ;& A8 h
A 1Ry, RO RS B e o A8 BT R RLA R i
AR AL AR S HOR ¢, AR BRI B0, -
JrE BRI S EORB Z [ (1) ~ (5) ], H—FhAE B
152 AR 0 R e HUL 515 21 By 8 B S EOMHZ AR TP B A
I RS A 0% 5 (B2 T H B AR i B0 s, AR
T AN [R) TS B0, 7 5 A8 1Y sR RO R A T el 2z,
TR S0 22 W) 1 07 738 O R I AR A AR B e K, )
A A5 TG B R B2, IRBT ) Neo—Hookean 531 AT
— ISR C10, A [R] A2 I (] 13 7 7742 1Y) pR KOG 2
AHZEAN K, PRI T A A v o
FRAETE hitp://www. yhelgy. com 2018 4E 45 5 1

— oy e G
10} = Neo—Hookeanfs %1 0.6301
= Mooney—Rivilinf&/  0.6301

g | + Yeohfi iy 0.9735
& = 35y 0.9953
S gl + 48R 0.9976
7
0 ys

1 1 1 1
300 400 500 600

strain/%

1
0 100 200

7 20°CF SIS
Fig.7 Data fitting shear test at 20°C

D — A AT A A
@ =~ Neo—Hookeant B Fiii i 2k 0.8230

3 = Mooney—Rivilinfi BT Hh 2k 0.4691

@ + Yeoh i 1 iU 2 -2.0113

& = 35 A ph 2 -0.8164

© = 4j8xBL I I Hh 2 ~1288.5

50

40

29
(=)
T

[\
(=)
T

stress/MPa

—
(=)
T

(=]
T

200 400 600 800 1000 1200

strain/%

P8 20°CTT B 96 K Bt S A 47 feh i

Fig.8 Shear test data predict uniaxial tensile test at 20°C

(=]

MR 6 FE 8 A ] AR, X6 F0IORS 5 45 1= 114
Neo—Hookean #5#Y , | FH e f1 47 A i 50 54 1000 5 47
RIS AH I R B 0. 6543 1 1 FH 543 56 45 15
B AR UG AR OC R BGAE) T 0. 8230, BE LI 1,
Tt BH B 13 5 50 00 B il e 3 R L B B
TR TR B D)0 A B, DR > A a2 BR
M2 % e B VIR 6, BE ) LAY 4 iR 08 A, ST LAV
AEFIR] 45 TAERCR

B KR AL B £ AR R, L F — P AR
T8 %ot b 785 T 118 285 SR T30 e, B 50 v 0 A 780 i 00
J1782  WifKBY 1) Neo—Hookean 5 8 FU IS f =
2R 80 S5 2 BRI e 2% FE T R BT D)

4 BRITHEEEREI

A1 322 BRI S50, il ABAQUS &
E T BB A 7 A 06 AN DU B - 7 BB Y, LA 2
TS AR R AE AN TR) IR B AN [R) 07 A8 T A A4 B A8 11 38
Mo IREEEA BRGNP 9 FiroR , T Bl ik
5 RN, A I B IO A VS L 5 R IRl AR R R 4 50



S0 14 54y 4 S5y, TR R R A R TE HE
A, BT IR HIR AR Y ) 24 52 o0 C3D8H,
PRAU 2 I IR P — S ] 5, — i e 0437 7 5 %o T+ 4
A B U AL, SRR AR T B R T
R 7 25 S540y 20 Z547y (10 S50y, oI [ A
R RAZIE 1) 2% 52 #.o0 C3D8H, 4 J& A A 49 44
B, BT ISR 18 098045 L0 Fot C3D8R, 44
5 F PR T8 R — S <5 B R, %o 3 — S R AR AN 7

(a) HRhR AR

(b) BIYUHATARTY
K9 A FRICHR

Fig.9 Finite element model

18 | —— uniaxial experiment data e
--—=-=Neo—Hookean model .
15 F --Mooney—Rivilin model W
----Yeoh model S
= 12F 3j5x model s
% ------- 4j8x model >
% 9 o7
= o
0 6 L /./ ’./ ~
3t ze
00 200 400 600 800 1000 1200
strain/%
(a) t==55<C
18 - —— Uniaxial experiment data
————— Neo—Hookean model
IS f =eemeee Mooney—-Rivilin model s
----Yeoh model A -
£ 12F o 3j5x model pa
= || == 4;8x model P
7] 6l p =
3L Loz
0 1 1 1 1 1 1
0 200 400 600 800 1000 1200
strain/%
((‘,) t=20 C

4.1 BHAAINIEELILER

ABAQUS A FRICIH 45 R 51X 50 45 4L e &
10, —55.,-40.20.65°C T, Yeoh A&7 = = By o Tl A
R U\ AR B 25 R it 2k 5 e th Ze i ol
F21T , Neo—Hookean H5 7Y 8 {4 35 f) i B2 A5 2, T 1
FHLAR AL T Mooney—Rivilin FERYLLA A RIS AR
y=15% Ze A A RIS B T, I 7R s B iy
GBI ZREAZ AR

7 3 7 722 ] v e 1 72 0] 3 AN ] DX L 5 % AR Y
AT R ZE UL 11, AT LIS 3], Bh R | AR /)
F 30% N ,—-55 ~65°C T Neo—Hookean &A1 E {7 2%
e/, B A\ IR 2, PR 22 AR 15% LAY,
A AGEHN 15% 22 B UL EE 04 T e i/ S 4G K, 0°C B 3k
PR R ZHO TR 22 /N, I A7 & SEBR s O LA
1E 30% ~50% P4, -55 ~65°C T 4 fy /\ 3 A5 4 152 2
/N AERITE 15% LA, A48 8 12 22 [ A Fif it 32 1 7
BN G N AR AE 50% ~400% PN, —55 ~65C
T = A AR AR 5 e\ 3 AR R R 22 TP AR
HBLE 5% LAIN, Yeoh FEARYR 224 HITE 10% FT, #4515
RS2 RS/ BAZ R T 400% T, =55 ~65C
Yeoh #5815 = fiy FL 3 AR 5% 22 JLF A 45, HL
SR BE LA/ BIHE 4% BT, T DY B A\ TSR
TR ZEBER T = i), 38 0 T il T i

18 f — uniaxial experiment data i
--=-= Neo—Hookean model A
15 | === Mooney—Rivilin model ) e
----Yeoh model e
= 12} - 3j5x model ot
% ------- 4j8x model i
2 9F 7
é //,/
[/} 6 | .,./ /,’
0 g 1 1 1 1 1
0 200 400 600 800 1000 1200
strain/%
(b) t=—40<C
18 F —— ynjaxial experiment data 5 ’
16 F =—- Neo—Hookean model ;
al Mooney—-Rivilin model < e
I ----Yeoh model e
& 12k --3j5x model Y i
% 1ol = 4j8x model i
£ gt o
7 6l ’/.,,,*
4t e
2 2=
0 1 1 1 1
0 300 600 900 1200 1500
strain/%
(d) =65

P10 T 5 R e B hr b 3l S5 B 2R L

Fig. 10 Comparison of uniaxial tensile test and numerical simulation of butyl isoprene rubber
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Fig. 12 Comparison of shear test and numerical simulation of butyl isoprene rubber
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Tab.3 The applicability of constitutive models of butyl isoprene rubber at different temperatures and strains
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