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Using Molecular Dynamics Simulation to Investigate the
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Student : Jing-Suei Gao Advisor : Dr. Jia-Lin Tsai

Department of Mechanical Engineering
National Chiao Tung University

Abstract

This research aims_to investigate the effect of interfacial roughness and
adhesive thickness on adhesive joint strength as well as failure mechanism by
using molecular dynamics simulation.. The polyethylene (PE) is adhesive and
metal plates are adherend.. The strength of adhesive joints is determined by
applying tensile and shear<loading on adhesive joint. In addition, the shear
loading includes transverse and longitudinal according to the rough interface
direction. When joints are loaded in tension and adhesive failure, because
rough interface would cause the stress concentration on the interface, the
adhesive joint strength would decrease accordingly. When the failure mode is
cohesive failure, the tensile strength has no significant difference between
smooth interface and low rough interface joint. The high rough interfacial
surface would affect the density distribution of PE polymer resulting in the
reduction of adhesive joint strength. In addition, the adhesive thickness
basically does not influence the strength when the failure mode is adhesive

failure. For cohesive failure, because the adhesive density distributions are



influenced by the adhesive thickness, the thicker adhesive exhibits the lower
adhesive joint strength.

When joints are loaded in transverse shear, the rough interface increases the
transverse shear strength because of the interlocking effect between adherend
and adhesive. When the interface are smooth and low roughness, the adhesive
thickness does not effect on transverse shear strength since the failure mode are
adhesive failure. High roughness lead to the adhesive density distribution more
uniform so that the failure mode becomes cohesive failure and the transverse
shear strength are almost same although the adhesive thicknesses are different.
When joints are loaded in longitudinal shear, the contact area can be increased
by raising the interfacial roughness so-that.the longitudinal shear strength
increases. In addition, the adhesive thickness does not affect the longitudinal

shear strength because all the cases are adhesive failure.
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TS EHFEMNEL

% (PE)B & @ & AbF £ L 0 B 2% %2 (unit cell)
5% o S HEAe B 2.6 75 AL F 4

WA CE L FE U LI
v H MR A —CHy— o 4ol 27 95 kv & ¥ L

& J <+ (united
atom)[30] &

151’:%3_:}3;{ - IB,‘?}X/\C Jﬁﬁ'ggﬁﬁam“ %F'E?’Fb}%""'

s
AR R = A kU I A

A B R R A E R
ok E - ERC A T4 100 BR e GEMES .

2.2.1 #ag e

b O O L ARE S T Tt T
fe B & F 4 G4t % i (bonded potential) 2 24 2 &t (non-bonded
potential) » 4r(2.2.1) 3%

Utotal = Ubonded + Unon—bonded

(2.2.1)
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+ % £ * Dreiding % i & #c[31]% 45 i PE A 3 B enic® 4 »PE 4 ¥ 4 7

Upg =U groien +Uuanote + Usarsion +Usai (2.2.2)

stretc angle torsion

;}i v thretch %‘ 7:[- 2t }% ég—‘éééi ’;‘; ’ Uangle %" ﬁ- Ii‘ }iﬁ_“‘%%ﬁ ’;; ’ Utorsion %" ﬁ- :JF-J: @;@i

B Ugp k7 “E LG 0 @ PEA T R 4oFl 2.8 #1570 & 5 1

|
il
W
>y
k'l

1
Ustretch szr(l”—l"o)z (2.2.3)

H ¢ k=700kcal/mol % it & %#c>r=1.53A 5 & 3 R 3 0T GFEIEHE[31] -

(2) & m4EE% i (angle bond) @ o M APARZ FE R F ek B BT A 4 dag

v

P F AT &

Ik

U :%ke (cosd — (:os90)2 (2.2.4)

angle

H ¥ k~l112.5kcal/mol 5 it & 580 6,~109.471° 5 =3+ enT f7d &
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[31] -
(3) = #4E S %5 (torsion bond) : Ap AR 3 3 475 e BTG o d 3T

+ = ¥
R 7 Y

\“‘\ﬂ

Tk kAR A DR

U

torsion

= ky[1 + cos(mg)] (2.2.5)

H ¥ ky=1.0kcal/mol 7 e € %-# > m=3[31] -
'ﬁ g 2t > PE A F Brenbig o ) R 8 X 4 (van der

Waals force) » #% * c%_Lannard-Jones(L-J)%vi: [22]

12 6
U,y = 40 (Gﬂ] —("LE] (2.2.6)

Fij Tij

(22.6)55 ¢ > ry 5 A REAAER T 2 B eNFE > upp P opp A B 5 PE A

PE 43 B enis & it £ 8 T §rpedfo & PE 79 £ Bt 5 (—CHy,—) » upp ~Opp

A w5 0.113kcal/mol ¥2 4.280A[31] - ¥ b > fh 2 ¥ @ i 4

895 10A > § 3 R dpef < st erdgs s “@ IR F -
AR H g S - G ow 2 3 AE(FCO)hiEE > @ £ @

L4 A LT 4 k&7 0 40(2.2.7)58 >
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12 6

_ 0 O metal O metal
U,y =4u’, 3 —_metal (2.2.7)
Tij Fij

B U B e AW 5 EBRF R EBR S L E S s BT e

PEREY ¥

DM

> 2 E L 0.167kcal/mol 22 2.315A[18] - — 4x k3 » hs
PR AR AR DS PN A S B B BRAF S
AL &AM KL BARG - B Tk ) (Frozen) [32]ak & - 7 ¥ g

ERRF 2 Finier 45 W38 £ e PERF~ER 4 ad oI i #03)

12 6
O o)
4,0 mp g
U e gl {22 e 2 (2.2.8)
Ty ij
H v Op B, 5 s B RFIEPELSF Bt By TR 2@
Bl ¥ 1% % &% Pl (combination rule)[25]3+ & # 2 - 3-8 2 2 4r(22.9)&

(2.2.10)#771 >

u1(1)1p = Vu/?wtal Xu?’E (229)

(O etar + OpE)
o =~ Zmeta 2.2.10
\p = ol 2210
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O % ~ a4 g 2 r2 8 = 2| T 22— 37 O )] v
umetallfi‘acmetal 2 EJJ * é}‘ }%}1%' + R r:’r":\'}': é\' it —E‘ﬁ’l fg’rﬁ-&%ﬁ: ’ uPEl:’i’GPE 2 ‘;”'J I

PE &+ Benig g i £ T RS - Fd S 2RV RN & 5% PE # 5

Benis & i £ 2 T Grpedph %) 5 oud »=0.137kcal/mol £ 5,,,=3.298A -

222 A Al

AF g ¢ % DL-POLY[32]#c48 K& (7 AR F 45 & % &R Oi#EA 7 o & fic
BB A R Xy P e R PEER > B AEFRERL - BREUS T
T o ZTHEFNFFREREREDEBE LG HTHRFREEBER P &
ERpELd LA A H - SR RELR O H - SR E G o 4oB] 2.9
Ao e BRI L m e kR 5 - BB IBEVN ) TR - BEAEEFRLE S
xzBm o HEFBP PEZ FRdEL a o xphen® it v 47 52 wdlic 407 42

9 (2.2.11)
. X
w=4, s1n(7zz) (2.2.11)

B AyBAL W LR 2 LR E - FALAB P &R LG 5 - BTF

‘&v

2o oY B FREBAEDEBERLG > H AR R NTHI(22.12)5
A

R=20 2.2.12

P ( )

Ho )2 AZQ2INDAY iRtz L E » A% ¥ 4, % £ 486A 0 @
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A AEGo~243A 2% 12.15A Flr B LR R¥ A 52 0~022% 04
SO REARL TR LE &L o AR dE o
SR iR 2t AR TEEARF R EREA TR R

7

Benfie ah 364 HAY > REASFRTI Ny S p S E - & 8

DM
1’3-‘-
m-k’(,
g
g\
Jﬁ‘a\
o
_':"3
%
DM
1‘3—1-
mj;t\‘,

A 3 AaBcE A GIRE R0 F]Pt 0 A E A
F#icE (hPE A 3487 H4 ¢ > A wl i 25-33 2 50 0% 0 H dp 8RR PR E R
E R ¥ % 3nm -~ 4nm % 6nm o

Bl 210 5222 - BT ok 9% & & A2 B 5 1 F3- ® PE
AéégﬁﬁgﬁHﬁ%ﬁi@ﬁ%%%@%ﬁ’ﬁi@i—%X‘y%
= £ 5 48.6A - 48.6A 2 1000A ik » B 5 £ B A N AR
¥ oz phin}t TA O TRATFHAPEAFE NS P ERELRT 0 4o@ 2.11

“T7 o ¥ B R 1000K T Es SRR @ @A 8 & BT 0

S

—%%ﬁPEA\;LFIEBE{jW%E’Ef%?J %EMmPEA\"}‘%&% /"g‘

fn
2

TR R #I - T@‘;f'”ﬁm%*# ’

4 BB TR AR PE A S R R Y A PR

*I

itz ez i & L 1000A > fe AT RAEE 0 2 PEA G © AR - B

T

Gl F BRI - BA AR ER L BHG AP LS 2 2B
ORR R EAEL - B ) o T S0 WL B SHPE A

PR @ 203 AF s P EBF2Z B AP ANVT 5T



THEFTELLF TREPELSF gt 0 @5 PE A N fgEg At A

- R FRd T HFRZREK TS 300K~ 100K ~ S0K 2 0K > 4 %3

A

F400ps i (7T fron F 0 KIS TE @I - BEA G OK hT fER

DR Rt o PR IR T g R AT A

SES BERARE A = R LY R L P
AP EAER LY 2B PEORE o d AR OERY oz T AT
PRSEEREE S LA @R 2 3w IRy R R i 2 il > ERE

TP g AHHRE ) TA ) — BB R R o 8 2

44

L

‘\“Il\-
by

AAETRNRIFEY AP Rz eI EETLS S

o

£
FROPE c FHS NP EAEFMPER > 5 255 PEA T4 HER Y

2 3nm; 7 33 PEA~F4a HERGE dnm; 7 50 if PE & 3 4& >

223 ZEEFE L W R L

OBRATRESA: AARES C RFREVELTAR B
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NEp oo TR R T R R 2125 213 47F o § £ % PE
ZEATFEREFF EReX P )2 e (y > »)T 4 b E &P
o Flt A WEHE T4 PR AR A SRS Sk S
oA 2 8o T4 [ ROFRLETF TR TR RE G Sk
2o P A BEHE R 2 KA B e T 4§ R oW 2.14
20215 #7F o f SR N E A NVT A FT R 2EAR 5 0K & 10000
B PP Y- ﬁ;ﬁ #ea P ERFET P ERE0.1% A H 419999
BHIFEFT G @ PEA FMGF AR TR R =8 G 238
BB T ARG o & - BEFFHE L 0.0005pss BB 40% 0 @ B

dARERSE R LEAZLEE > H g X2 N

=t Lo (2.2.13)
LO
Aw
=— 2.2.14
4 Iy ( )

He gy bWl o %2 TP RE Lod AL TE P2z % PES R4

o
W
FTS

Pz e PEEA FREG SkEAs >z % PEX
BTATa 2 AR Rz S B Y Aw SR TR S GG

Prexdy o s BB wBl2122 213 %7 o T4 hAY Y
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Bt - HEE S 2edE 10000 BT AP Bis

v — e T T

N
NN
e
7

2 Ly 2,
fo niEE o

It 4 Pl EFR virial stress [18] ) 3 E AR E N 4T A F hT o

o :_lz Mvfve +% S FPr (2.2.15)

a p#a

~

P S [ SN ] YA s Ja)eo S 2 z Y % sz
B g fe g ppen?tg 23 oy 5 A REREDET RE V5 i

BRI M5 53R FFREN G5B RhF i2 e AFER V] 5

X

SBERF I RIERE F“ﬂﬂa 2Bl R e niE R 4 ,,,joz/i’g
RN RS = S RDELIL AL IS S8 S

FEES T 9T & e B 0 B BRI R 5 0K P #42.2.15)5% ¢ chd iy

Ak 0 B 4 (2.2.16)5%

oy = —%Z % > FPr (2.2.16)

Tk ke d MR VPR T

V=Lt

(2.2.17)

Hd L& LA GHEE xSy > whif i ¢ 54%% PE &



BRrr2Ecta ilkie  BERTL Y TA P EBHFENR 2z wendE

EE’%ﬁLOIE’H,I E}E’J’Jq\a L—;}'ﬂ'déi\‘miq-r’tkg"xi)@;% r—ﬁeﬁ %TL’

TRV SRR O Gl A A B 4 f BT B AR F A R

FA GRS A G TR o ALEA R S - B o

2.2.4 BoaHo5N
FLEFR LB AR T A S 8g[33] 0 % - 2F 2 &LF # B (cohesive

failure) » P HEN BRI R AAEFRIY 0 FAEF AR A P AEEPR

S

failure) > 1 & BUR N B GAFF EFAS F2 Folia > FFH = 2>
KAEF 7+ 23 4B 2.16(b) 27T ° % = 37 5 4b% $ B3k (adherend failure) »
B B 5 ALF 4 & aEaR o do ] 206(c) 1T o AR R T B e
P Z Rz R E AR T 2 o S e FEAUR BN T LR B

e r ¥ SHFLHRPF RPAFMORT ERF DL o
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FIR MAFRELVBRE HBURES

ARG B BT S E  F T R RS G R RER AT A

SA

\\'q'

RFLLRORFRRZIAFHERFIRFRELVRRDPE > TR

ot E B ] 2 BRGS0 hd

‘:\ys}
DM

HFRE LD FRET DR
T A B MR E S S EARIAFRSE

Boodr@B 3.1 ¢ Eaadil > ¥ BmBRAER S g o 31 &Y

[p=f

;‘Z—&J-%J‘fﬁéj";@d}%‘)i :‘; 4nm E’f”%\!’—'%*&‘é\' ’ ;55;&7‘ PE'*%‘@' i 7}—7}1&}2 é‘f;f?‘]-:’%#%‘g
B R 2 BRSO ot 3D B el oA F
AR E R AL E R R e B AT R L P

a6 2 BB S o @ 33 ey MR 7 ok kR o 2 AT A

31 ZéEG MR KPN BA Z BREF AL
AGRIEFAFRER 5 dnm P AFREGFFLEF ORF R Ru,,

S10uy,  BREGREBAHAFRELVRRNE T %402 31 2 F

32 45 0 TS G (R=0)F bt P W SE R 0 Aok L G € MALE

BEP WA 2% Rottler 2 Robbins[6]eni % 4pl » T £ 4 0

)

AP RS R PR R § M T R E G PR -
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34(a) 5 MR EN T e 42 B 340) % 5 10.1% 0 P4 DB+
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EOE

A B 3.5() 3 (d) 5 e F dondk R RE02 e F4 & L0 f 118 %
Al 0%~ 8.6% ~ 12%% 40%:0% 58] » B ¢ Bl 3.5(b) 5 Bt B &
PEAR$H 0% )R] 0 SRR S T R I e el 5 J ] 3.5(c)F 1 RN
> PE &~ F & 27 K & BiRippg 2 g AR g EE B A R4 EAp
W2 %% BRI 40% T £ 58T RgaLF A 4Rl 3.5(d)
EOE

B13.6 535 & 0 A kbh R=04 b ¥ 5 7 b B% T %7 B #
% 104% 5 4 B* BAAHBARE A d B3.60)F MER LR%E
14%p >+ & &Rk ¥ FIOPE A5 G £ BAd A X FOR KT
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FEH 4 EHEPEZ B € HEHE > 8 BETE 40%FF 5 4oF
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3.6(d)# 7w Pk EREPEALAF e ST s TALBALEE

FALFMNPEAFAG - d F34 3136 PRUFYA - T FEBAG 2 K

R=0.4 P » T ¢ EBFE 40%  mFMAPEAFIAT s fhda » Flt#

N

%
HEFam s R & BORHY > R 484 5 BUR R A 304 o
FRATRL APV ERASVE TSR E AL kL R o

HERBPERAA S AR AJTERRENRS » L F 3T

G

Az 2 304+ SEF 8 e Se o VBURG A Fobrd & R E % B9 0h AT o
LA A G S A S PSS A Pl T TR % 04 ANSYS e

F3 ARSI E® N BTG A F PLANES2 2> 7 AL 4 4

)

\

¥, j;u—%#x[}l:aﬂ,‘!—.)ax ya@Eweand Bo B AlaSmz g RhiEe

H\

4o 3.8 #1m o F A 0 MR LT R eE B R E 0 R Ak - f
Mb By S B R X TR X G e PR RES - o @
WhixEima s +6d FHAPE - RF LRI TAFH - B y
et e B4 P 2T g g% (Plane strain)iE (T HERA 1T 0 E P ARG
¥ 0 PE Rz ZRF A 0 AP M AR 5 & 3.2[34] -

4 A E A 4 R 4o B 3.9 2 B 3.10 i 0 B Y B A iy & b ooh
e (Op)~ T o d BIP UFRAFH AT ORERRFIET - B A
4 B° % TLIRIYIRT AZ RS od adbF AR BAEY
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