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Finite element analysis and verification with 3D Scanning of rubber track during

bending load
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Abstract

In present days, rubber tracks are widely employed in Thailand especially for agricultural
machines. Although several local rubber tracks manufacturer are able to produce the products, the use of
Finite-Element-Analysis (FEA) technique to improve the quality of rubber tracks is still needed in order to
increase the competitiveness in the market. This research uses FEA to predict deformation of rubber
tracks under bending mode. In order to verify the accuracy of the technique, the deformation pattern of
rubber tracks under bending condition was measured by the use of 3-dimension (3D) scan. The results
from FEA and 3D scan were then compared. It was found that the FEA technique could be used to
predict deformation, stress-strain distribution, and fatigue life of the rubber tracks.

Keywords: rubber track, finite element analysis, 3D-scan, stress-strain distribution
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1. UNA (Introduction)
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2. LUIIABIIEA (Material model)

Twuiseit 'ﬂ:l,ﬁanuumﬁ’ﬂaaﬁaqmawﬁﬁwﬁu
(Mooney-Rivlin) sdﬁdmwﬁﬁ ldgnwananannmamg
189 Rivin lasuaassutfanudanguasalugy
POINITTUAI AU LU DINAIITUAULAT HA
(Strain energy density function, W) 18NSR
A1A2NLATEABUINTUUY (Strain invariants, 1)
[2-6] Aauaaslugunisn (1) lasagnmoldauygin
piluiag lalansadla (sotropic material) waziilu

>

5’&@3“7{ a6 bl le (Incompressible material) [5]
W= Z Cijk(ll _3)i([z _3)'/(13 _l)k (1)
i+jrk=1
1,1, uwaz I, Aadnanane3uaduniSouriauaui 1,
2 uaz 3 MNEIAU F9asd ausuRUE LA ATIE
mMItaan (Stretch ratio or Extension ratio, A ) Tu
fameman it
L=+ + A )
L =07+ 545+ 54 (3)
I, =210 (4)
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AiaN19nan (Principle direction, i) @1NWWILAY X,

y Ua2 z MUEAU lasuaadluaunisn (5)
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284 Riviin §un137 (1) sy
W= Z Cijk(ll _3)i(12 _3)j (6)
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mﬂa&lm'ﬁﬁl (6) A ldaunsves Mooney-Rivlin
W=C, -3)+C,(I,—3) (7)
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(Cauchy stress, ¢,) %38ANLAKIII (True stress)
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3. NMINAFBUANUA AN (Material properties)
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814 1a Uﬁ'ﬁ"l,ﬂa:‘L‘*ﬁ”ﬂ]“agamsmaaumﬁ'u IRRLRS
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L58n737 Stress softening LazLlUadN1IFILNG

a . ' P 1
WEANIIN Stress  softening Jewingpnan lifians
LRINLIY WAZENNUETLEIULTI WUITNganITaud
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(Mullins’ effect) [7] AI%WLNDIZVIANYANIIN Stress
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A v 2 Ao o =2 A
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14978U (Cycle) lu-naunans q sau
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ASTM D412 (Die type C) LazNAROUAILLATAY
Universal tensile testing machine (Instron 5566)
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Engineering stress-strain curve
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m@hﬁma@niugé’a (Elastic Modulus, E) Ua3un
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(Rubber track testing and 3D-Scanning)
4.1 MINAFDUABAZAILENI
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\aiwas (Laser) nyaduasadlduningiidainis
1aoin8 09t Tdua29UATNIINAATOIRLN LS
o ° = A o

ldsunsuidudraruguniivinu deuafldas
tunaaiduluias 3 98 uneaunaaas lagluniy
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5. ez W lndtadiamwe
(Finite element analysis)
5.1 N1LATYNNITILAIIEA (Pre-Processing)
5.1.1 Mmaasuuluas
lagaeluiaaluldsunsuniseanuuy CATIA

LLﬁ@NIuEﬂﬁ 11

Eﬂﬁ' 11 ugaan wlataafinaza U9 bglunis
iaTzA

5.1.2 MY (Mesh) laaa

lasiiansialassasnovadiafiaunud (Element)
duuvy Taguaudsaaaalaled 3 4@ (ncompressible
three dimensional solid) &3 1%7 uﬁgd wua 56,177
LALUA LasLIULAUARN 5,769 LORLNUA LFUAIA
7,555 LoALNUG waztduuaIsng 42,853 LoALUUG

5.1.3 MIMwuaaLAV8IIwg

- Swsuefwudludmiiduunundn
lugaaivinfiy 200,000 MPa uaz Poisson’s ratio
Wiy 0.3

- dmiuedndlugiuiiduiduata dn
Tw 9 A®LYINTNU 88,267 MPa lLaz Poisson’s ratio

Winnu 0.3
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WdayanmInasauaNLALiInaYaIung i
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?JT‘]_]'YI 12 LRAINIINN curve fitting VaILLUINRDI

Mooney-Riviin ALTayaMINagaL

5.1.4 MIMAUALIaH VLA VALLYA

- FTNWBAILTINTY (Rigid Surface) 2 &%
fAa 1.%na uaz 2.9nn&s MnuallawlumIduds
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- MrnalidsAvInaindeunine uszeas 45
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gﬂﬁ 13 ugasmi3laTonlanssudadmsus ek
AUAZVILEN
5.2 N1331A312H (Analysis)

gl suiiymiuuy Nonlinear Static/Large
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5.3 MIUszaaNAMIATIEA (Post-Processing)
gﬂ‘ﬁ' 14 LLazgﬂ‘ﬁ' 15 ugaIsNEMEMILUf8u-

uilasgens N1TNT2318A1UBIAINULAK Cauchy

LAZAINNLAILA Green-Lagrange UaIAKAZUIILEN

Wanaadszes 45 mm

1.500e+000
1.350e+000
1.200e+000
1.050e+000
9.000e-001
7.500e-001
6.000e-001
4.501e-001
3.001e-001
1.501e-001
8.230e-005

Default Staic Step I\

Equivalent of Cauchy Stiess W  ay

JUN 14 UEAININITINUAIVBIANNLAK Cauchy

stress

3.000e-001
2.681e-001
2.363e-001
2.044e-001
1.725e-001
1.407¢-001
1.088e-001
7.691e-002
4.505e-002
1.318e-002
-1.869e-002

Default Static Step
Maximum Principal Value of Total Strain -

* Say

Eﬂﬁ 15 LEAINATDIANNLATELA Green-Lagrange
(Total strain)
= o \ &£ a A

lagaziinlain 19NINANARAZIUBINAYN
AANID UTLIHIBITERINIABNYNI UAIANNLAY
goq@ﬁa 1.5 MPa LLa:mmm%mqaq@ﬁa 0.1906

WANINTIANVAWIVAIAUATVILLNIUTI T
‘:ﬂl ™ L™ tﬂ‘ 1 a 1 v
NQNAeI8 muamlugﬂ'ﬂ 16 WUIIUSLI DAEI LA
dulu (a7 1) uazdruldadrumen (yaf 3) fe

' ' A

A11WLAT8A Green-Lagrange §9N31339N9n814

ANURW (307 2)
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2.500e-001
2.231e-001
1.963e-001
1.694e-001
1.425e-001
1.157e-001
8.878e-001
6.191e-002
3.305e-002
8.178e-003

Default Static Step “\

Maximum Principal Value of Total Strain “~

1.869¢-002 B,

JUN 16 UEAINAUDIANLATLA Green-Lagrange

Tudunsis 3 30

6. HANNIIATIZN UAZATIVFDUANNYNADY
(Analysis result and model validation)
6.1 HanNLAn N lwdlaawdnunnagay
Anaza1V819
mngﬂﬁ' 17 LEAINILUIB LN B UNATBINNT
ez W ludlefiuuduarmimasaufuazueng
(WUUNAGN 6 591) WUINTTeazANUARNALARD
Uszurm 1018 iszozne 45 mm uazisanas
mmammﬂﬁauﬁga Tugr93zusnadiszunm
0-30 mm

3000

2500 ——FEA.

—Experiment (6 cycle)

g
o

Experiment (Relaxation)

Force (N)
2
(=]

g
o

500 /J/
0 «

0 10 20 30 40 50
Displacement (mm)

gﬂﬁ 17 usasnaf ldannmaiase i W ludadmneg
AUNAMINAFOLABAZVIL LN
watorSeuiisunanisitasnzilnlueg
LA NUKNANMINARALARAZINUENS (LUUNATN
LAZHAUAREANNLAK) WUINUT9Tz82Na 0-30 mm
namysened W ludlefuud S nunaaed aui

@ lauNIzuena 22,5 mm §39HRZANUARALAREL

msﬂizﬂquﬁmmsm?aﬂh:ﬁmnmLﬁaanal,l,mﬂi:mﬂ"lmal AN 27 sea of iInE@vation

-l

ag’ﬁ 7.27 LAzNIzuzN@ 45 mm HS8aTAIN-
ARALAREULTENDA 35.61
a I a & o
6.2 Han13dtas1z N lndtafiuwanunis
aunwil 3 4@
A o A A An e aa A
LAUNNWAIN IAINNITRUNG 3 U6 WaZNAN
Taarnnsatased W ludiadiund Biiudsau
~ o a A '
mwﬂqummmmﬂﬂaﬂuLLﬂaagﬂmwaa
AUAZVIVHY AAUNTZUIRNITTAURNUATN 114
Tisunsu CATIA 2z lanale 3 Tuaaw ot
1.70UNITNAAUAZVIV LI LLamlugﬂﬁ 18
WUITWBAIINNITALNY LAZHNAITANITILATIER
TWludiafiundgs M daunununinaa tJuwnau
1N AAUNIINAFAULMINATIRANIATILNATNDG
HANIENUVBIYARL fINalAtAaAINNLASIAANAN
o A A '
LLﬂ:‘Y]’]lﬁ@]u@'lz‘ll’]‘Llﬂ’]NE]L‘]_]aﬂuLL‘]Jad;J‘]Ji’Nﬂ’YJS

nawvNMIINasay

J. SRS ’;&L—J g r ey TR

Value of Total Swain e

g‘ﬂﬁ 18 WAAINAMTLUS LA Uumimﬁﬂmmmgﬂs’ﬁa
YAIAUATVVHNINAUAING
2 NAAUASVIVLNINITZHZANNLWILNYG Z LYINAY

22.5 mm LL&@GI%EﬂﬁI 19

[ap—

M Priscipad Vaiue 4 Tats irsin
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