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1. Partial Differential Equation (PDE)
2. Finite Element Method (FEM)

3. ANSYS

4. ABAQUS

5. COMSOL Multiphysics
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1. Swelling Strain
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1. User-Defined Element (UEL)
2. Fortran
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1. Matlab
2. Femlab
3. Micro-Polar Fluids
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2. Scalar

3. Constants
4. UMFPACK



A\a\f..\a: S Jols wdige il (5ldie 5 o (551530 r}. Lo VY

o g mls 0
(omzed g Aol ojlaz o 5l cdale g bly olals p SboS ol o il polie sla il
dlin [P] 20 5 sy gy 50 00d &) gl b ool Camdts ulis 5 o) ) sloo
Sleilos 9 Wyl (5 ackso OIYD glas o 55 Cle 1, Oy Sankss cops 1 ¥ S5
[#] Ohen 5 ey Alie 5l alin ghlegel @mls anslie jshaieds s e lis alise

ol 00 00l uL».MJ I\ JSU..; BN C‘)?La.w‘

#— CTY=3E-5
| —&—CTY=5E5
set--- CTY=TE-5
—e—CTY=1E-4
—o— CTY=3E-4

]

0 18900 37800 56700 75600
Time (s)

JanolS 13300 5 0 5.25 mmglads y3 clalé p Cpycidiceo yolie 1:F JSCi

‘ ——-CTY=0

Concentration (MPa)
-9

3
[«
=
[ =4
8
g 3E5
=
8 . ot N
S mmetor TES
° 1.E4
—o— 3E4
0
0 , 75600
Time (s)

ﬂéu.o 9 KTM =1 kg/(m.s.K) ‘ Kll =104 kg.s/m3 6‘)4 )‘f é’-ﬂ) » CTY’ KTII )3" HA) JS..:J
[#] Cpycikie



WY o oSl e g 655 Ak o

S8le s 0 oad sloul Jaw a5 v oo Hlis B 9 F sldSa o cad al)l slaloges anglas
) Sichyss Sl Seanzmn sl alan ot hsS SbeSed (5955 Joe Sl JounalS
)1 e 09290 9 Hho pt SihsS ulpd pled S S

gl 5yacken BITO glas o elad plrale 5 Lo  CTY il polio fl wlie jsbas
G g O peny gy 3l SBLte (SledS 5 ol Camsds il s gy cilize slidlej 5o
Wload osls Lis A b F sledss o [#]

320 I e

CTY=0
CTY=3E-5

— 240 —a—CTY=5E5
g - CTY=TE-5
g —o—CTY=1E-4
§ 160 —o—CTY=3E-4
£ —t——
L5
'—

80 l

0
0 18900 37800 56700 75600

Time (s)
Jouals 513810 5 5 ooy Juo 5.25 mmglais )3 bod y Cpy i polio J1:f i

Temperature (°C)

—#%— 3.E5
~med-- TE-5 e 1E4 —e— 3E4

b §.E-0

0 ) 75600
Time (s)

29lio 9 Ky, =1 kg/(ms.K) Ky, = 10% kgs/m® (g1 bos 1 Cpyg Ky, o512V S
[#] Cpycikie



A\a\f..\a: 6"@5‘!}:‘ JAU- e dige JSL..a 63“4‘3 J:l;{v GJ‘};‘ r}. s VY'Y

0.002

= ,
E . |
:: I ] ]
E k 3
-0.002 -
& -CTY=0
Q “—CTY=3E-5
= -0.006 —a— CTY=5E-5
E - CTY=7E-5
—o—CTY=1E-4
; —s—CTY=3E-4
-0.01 L L
0 18900 37800 56700 75600

Time (s)

S8l ey g0 0ul Juo 525 mmglad jo £ladh slrals p Cpycilize polio 1A o

Jools’
3.E-03
——-=- 0 --~4-- 7E5

3 —»— 3ES5 ° 1.E-4
E ! —4— 5E5 —o— 3.E4
= —
@
e .
Q
@
&
-
]
=
[
o
-9 E-03

0 75600

Time (s)

polio g KTM =1 kg/(m.s.K) « Ku =104 kg.s/m3 gl p sl o3bw S5 3 Cpys KTll ol 518 sl
[;] CTYM‘ S

OJAT Cewdds 6L®)‘é}o.i ‘5‘529 9 (5992 433) “55':“5" ounlio A G £ 6[.6‘1&.& B as AJ;ULQ.Q
[?] uw.:‘)lio.b 9 Q)...c) u“-“’ﬁ)-‘ P 03 4.‘:‘)‘ le.&s)‘»)}‘o.; 9 JWIS )‘)ﬁ‘ﬁf ) 03 »)L’?D‘ 6[.@‘..\.@ )‘
Slgsls 005 10 g2 g0 Sl leggles g el ands Jlewn 35 b loged polie ol (ol SeKen



WY o oSl o g 655 (b ooes

laaSed sl 5l 48,5 wilgion Leggls cnl 025 (o0 )18 Sg9aome izl Ghg) Julod 0 35250
Al iz Jo sley) b wolitte Sloj slaalold ¢ o (g 4SS 3 (055 UsS

S5 Az

U lte S JomadlS' Jl33l0 55 50 3g0mme sliz| (s30e > gy 0o S5 b gy cnl 5o
5 oas ol gams 93 bt b 5 parky o0le (S 45 e oS <S58 A ol o0iaznas
b plosl ol I Ay Sy s oyl Jlil g 55 30 ccglojln SuilSa ot s (sleSa il
S 55wy |y i 5 bl gl |y alia 51 LS (6l aallas (ISl JpundlS 5l
Sy 09,5 gk dbex i) cnl 5o s 0590l lalllas o gatdyin b e (b Gl
Iy Grodzmy g Plaw Judoo Gl oo o0y [Say l58le 5 as ols lid udod ol .clls
S5l (oo ol b sl yile (laslne 15 5148 wolge SaiaV oSy 155, oo (pgzmans

&=y

1. Wong, E. H., Chan, K. C., Rajoo, R. and Lim, T. B. (2000) The mechanics and impact
of hygroscopic swelling of polymeric materials in electronic packaging, Proceedings,

50th Electronic Components and Technology Conference, pp. 576-580.

2. Teh, L. K., Teo, M., Anto, E., Wong, C. C., Mhaisalkar, S. G., Teo, P. S. and Wong, E.
H. (2005), Moisture induced failures of adhesive flip chip interconnects, /EEE
Transactions on Components and Packaging Technologies, Vol. 28, No. 3, pp. 506-
516.

3. Lahoti, S. P., Kallolimath, S. C. and Zhou, J. (2005) Finite element analysis of thermo-
hygro-mechanical failure of a flip chip package, 6th International Conference on
Electronics Packaging Technology, pp. 330-335.

4. Holalkere, V., Mirano, S., Kuo, A., Chen, W., Sumithpibul, C. and Sirinorakul, S.
(1997), evaluation of plastic package delamination via reliability testing and fracture
mechanics approach, Proceedings - Electronic Components and Technology
Conference, pp. 430-435.

5. Zhou, J. (2008), Transient analysis on hygroscopic swelling characterization using
sequentially coupled moisture diffusion and hygroscopic stress modeling method,
Microelectronics Reliability, pp. 805-810.

6. Rambert, G., Grandidier, J. C., Cangemi, L. and Meimon, Y. (2003), A modelling of
the coupled thermodiffuso-elastic linear behaviour. application to explosive
decompression of polymers, Oil & Gas Science and Technology — Rev. IFP, Vol. 58,
No. 5, pp. 571-591.

7. Rambert, G., Jugla, G., Grandidier, J. C. and Cangemi, L. (2006), A modelling of the
direct couplings between heat transfer, mass transport, chemical reactions and



m\f.\.:: S Jols wdige il (5ldie 5 o (551530 r}. Lo VYL

mechanical behaviour. Numerical Implementation to Explosive Decomposition,
Composites: Part A, Vol. 37, pp. 571-584.

8. Rambert, G. and Grandidier, J. C. (2005), An approach to the coupled behaviour of
polymers subjected to a thermo-mechanical loading in a gaseous enviornment,
European Journal of Mechanics A/Solids, Vol. 24, pp. 151-168.

9. Rambert, G., Grandidier, J.-C. and Aifantis, E. C. (2007), on the direct interactions
between heat transfer, mass transport and chemical processes within gradient elasticity,
European Journal of Mechanics, A/Solids, Vol. 26, No. 1, pp. 68-87.

10. Jugla, G., Jochum, C., and Grandidier, J.-C. chemical-thermal and mechanical
coupling model for the cure of a thermosetting matrix: application to fem simulation,
Key Engineering Materials, Vol. 334-335, No. 1, pp. 225-228.

11. Niamnuy, C., Devahastin, S., Soponronnarit, S. and Vijaya Raghavan, G.S. Modeling
coupled transport phenomena and mechanical deformation of shrimp during drying in a
jet spouted bed dryer, Chemical Engineering Science, Vol. 63, No. 22, pp. 5503-5512.

12. Callister, W. D. (1997), Materials Science and Engineering: An Introduction, John
Wiley and Sons, 4th Edition, New York.

13. Cox, R. W. and Cohen, D. S. (1989), A mathematical model for stress-driven
diffusion in polymers, Journal of Polymer Science, Part B: Polymer Physics, Vol. 27,
No. 3, pp. 589-602.

« (e-Learning) Ssousl Sojsalliél oy a5 (plb {IYAY) olojge csile 5 pmomodle (2 \F
o Gl puoigo o] dolilas <oy 20325 (55 ) (Slawumms 13 (62 Sy 2 )Sdas 090 Bigal polate
MAZNYD . as FA o)lod qond
igel dolilat o gl s Liz ot SeS 43 Sy (b5el 1Bl 5 g5 (VWWAY) e oS o5 e VO
YY_¥a uRe NY o)Lmi) <,>)LQ% JL"‘U&’/U‘“’W
Js lf ki Sisel doliliad (8 yige Sl > gl - (Biel 153 p 3 ITA Jaame sapnlp] NV
FO 5V . jao A o)l pow
17. Kholpotin, A. and Razanica, S. (2012), designing materials for mechanical invisibility
cloaks, master's thesis in solid and structural mechanics, department of applied
mechanics, division of dynamics and division of material and computational
mechanics, Chalmers University of Technology, Gothenburg, Sweden.
18. Olsson, P., Larsson, F., Khlopotin, A. and Razanica, S. (2012), designing materials
for mechanical invisibility cloaks, Proceedings of COMSOL Conference, Milan, Italy.
19. Zimmerman, W. B. J. (2006), Multiphysics modelling with finite element methods,
World Scientific Pub., London, Hackensack, N.J.

20. COMSOL Multiphysics modeling guide (2008), COMSOL Multiphysics 3.5a, pp.
245-286.



