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Experimental and numerical investigation of laser assisted St12 to
polycar bonate welding
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Abstract

Laser welding is a novel method for direct joining of metals and polymers, which leads to a mechanical and chemical
bond between metal and polymer. In this study, feasibility of dissmilar joining between St12 and polycarbonate is
studied theoretically. Then, the ND: YAG laser is implemented to join St12 and Polycarbonate. Empirical results
indicate creation of a joint between St12 and polycarbonate. In order to conduct thermomechanical analysis of the
welding process, the finite eement model has been developed by Abagus software. In addition, the cylindrical-
involution-normal (CIN) heat source model was used to describe the laser power distribution and FORTRAN software
has been used to define the thermal model in welding simulation. Comparison of experimental and simulation results
shows that the finite element model is capable of predicting weld width, and therefore the results of the finite element
model are verified. Therefore, the finite element moddl is used to predict residual stresses. The results disclose that
dissmilar bonding creates residual tension stresses on the metal surface and compressive residual stresses on the

polymer surface.

K eywords:. Dissimilar joint, Laser welding, St12, Polycorbonate, Thermomechanical analysis.
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1 - Laser assisted metal to polymer welding
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1 -Transmission joining
2 -Heat conduction joining
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LD beam :
Power, P: ITO0W
Wavelength, )1 807 nm

Fiber laser, (},: 1.07um)
Laser power P: 2 kW Shielding gas :
N, : 35 litres/min

Traveling speed, —_— Line shape
v: 10 mm/s \| s
PET & P
x» ‘
N, gas : 40 litre/min
SS 304 = protmmss)
S

Welding speed,
v:1.0-35 mmis

l Fiber-reinforced PA

Sl b Il Gy 4 e 4 56 o5 oK - Y S

Focal position, fy =0 mm

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

[A] s~

bl Soloyyl GlS 5 LSKas 4 isd o osls ol >~
oSl b baed Gl bl S e Iy
S5 O b ol Caslie &S Ll ol S SUSS
lali s 390 Cel oS dw (> los B (el (g5
D oSS LBl 5 Gk 5l ek lipd wlS
o G T e Dl S L sles SIS
Sl SlSF BSE w0 Bl I e e
a5 55,5 YL JSJ}QU)S&&AW.J}E&
Lgm JSE S ol aia ll i cpl 5 0 S
LS b s ey OSaodee sl o1 e S3soden
Lgm (F) UKo 55l ol b ol deS1 5l 05t oS1
a3 o 0L 1y ool deST 5 S o Sl o 08
Ly obml w06 ey ety e Sl

ol 4y 5l Sl S Ol S5 sde

CH

[* ?
—0—< >—<|3—< >—o—c—

CHs

» Hydrogen bonding

Q o)
N\ \Fe//O

AT a8 5 Sl S L ISl b S5asks L - Y IS

[A]L5 ose Ldladl sy peay a0 3l (g5 (1005 - ) IS5

53 s e il il Bl SO i er Sl S L
S gl Con (S sl Slalad 1 ks
s Sl S b st o S e S el s
el G5 el U Ll 53 58 s sl Sl e
325 A8 ey 03 O 6 Al o glls oS L
L CoHa ol S o o pmeis 53 O3 4> .l CH3 058
R ol ot e els Ghalad ey A 095 0l sl

el o osly 2l (F) K5 s by S

CH
[ 7
0] (|3 0—C
CHs n
polycarbonate

Sl S A JsShe s TS

o S s 20 o5 S el b
bt 5 S Sl b 5 ol mha 0335 e
oAl Sl sy G5 O Juls 48 058 sl s 0T oy
55l DS 3 5y gn JpShe 5ok S U 5l e
oren Bl e i 250 (o e R Ll
&Y Gk ol Sl 5 U sledsSe e S sy
SISl Ly s S U s 5, LS
L3l s O-H 5 NHFHGbG,y o aKas

YL.'L;LA)))L)T&:JL::SJJ6&&.@.%13?}@.‘5“’4‘&


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

103 99-109amis 1397 5ms 5 5L 2o

.

et sl o D1 plis 505 s 5508 5 p kw25 O Ken 5 (3L koot

)E&SQWJLA‘)JAMwﬁ)lsdt{)_}:jf)})du“}:j)u‘y—\J}J;.-

2 .
B g » oty i It ki 55 Ol
o s T Stainless steel PE 2008 Seiji Katayama o g 6 s L
s AISI 304 ) A
o o Ankitkumar P. | L 5 oles Jlail 5 S (SUSGT 51> 2adome DL LT
S o5 ) Titanium PA6O 2010 Dhorajiya[ « | R
ol b 3 pein AZOND 3T 53 aho i U
sEee | TI AZ91D PET 2011 | M. Wahbaary) | 77 e sl 5 i
sdass | T C;g“l\‘;‘f PET 2011 | Kawahito#] Sty 5 Sl 33 S 4y goiis Sl
, : PC, PAGG, Andreas ; . i
o s HCJ | Stainless steel PAGEGF30 2011 Roesner[1] oy S la (S 5 Ses 4 Jlal
: ia T s 3 KaS w4 Jlasl (g5 eutun Lyl 2 3
FREPE TJ Aluminum PP 2011 | Makoto Hino[\Y] s ’ e
1050 Sl G By L sls B0y 5 1050
sitea | 5 Aluminium — po— FarazilaYusof A1 L s e JTASOS52 5UT ULt (535 03 5 0 kT
# A5052 Ol ND:YAG . o3 dhwryr s 5
L 1y | Stainless steel - o Cenigaonaindia | AISI 304 5¥5 5 anl L Jlail Cg b (sla (559 2!
A AISI 304 2 o s
fiber-
coupled | HCJ DCol PASE GRS | 2012 | Bergmanniio] | 0 S8 es ol kel 55 sta Jhs ity
diode laser
Zinc- Kwang-
sses | HCT 1‘“‘;‘;‘:‘8‘1 CFRP(PA6) | 2013 Woon[i] edige e K3 L3l 4 PAG i Sl
s Furatl.Hussein PMMA « 304 &5 o Vg Jlal o)
ND:YAG T, | Stamless steel PMMA 2013 N i
HCJ | AISI304 nv) ND:YAG 1 550 K5 o
femto- Tomokazu Sano
second TJ Cu PET 2013 NA] sl e sl e Sl Gl L s e i Il
Laser
Bauernhuber PMMA 3 S8 o Jlail 2 55l = sla 28as s 2
NAYAG | TI $235 PMMA 1 2014 i !
N4l N,
S e il pliie 4y oy Sl (8395 S
ND:YAG | TJ Ti PET 2016 Chen(r-] ’ - S
Lt
Sl 15 b L5 SaS 4 alia 8 5lpe o5 L)
s | T Pure Ti PET 2016 Chanfr)) B S s il
S bles 355 L PET 4 il alls olizeS 5

Sodeo V4 01 Lo sta Gl 5 acke YA i Lot Jgb
QL"’;L;L:' 9 312J:_a Jw‘:l;uja.k\.a.bl.;.a @L’ZJ el 03 g

Mbk;‘ QL;J b ol LS)&.&)} LSLG‘U).Q_’ (9)J§.~3 C;\-w‘

Laser Bond

| 100 ‘

—| 29

Polycarbonate

Sl S ks 25,50 5 e Solad —0 s

s 4 gl VY o Jib L NAYAG, K
Aol opl sl el eslizal Slu S L 4 St12 Jlas!
o ol 235 15 Sl S A s, SI2 SV
el 0 oslizal 5l bl b K g

osls 0L (0) IS 53 Sy S L 5 SH2 Sladad Solak
RGS PR W

S sl sl s ek /AXFON L SH2 & e slal
Oy s s5d 5, cl ade TTXFox) e Ol S
D3 S e AL (e See Yo B 5 ol Y
M2 o G55 05 S S5 Joe 5 U e 07
ol a.\.,,(...lm


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

104

Q‘)KQA K] 6.\\&‘&.\.«#

“

99'1094"5& c1397ab-ﬂ3 K] J.'.‘it!‘, ‘Za)l.o..ﬁ ‘CJLR dLﬂ c:)‘ﬁ‘ 6)“3’:6)3\}3 K] c".\.ﬁ

S Sl ol rl}u‘

o\ e o O (ol la el o May 23 S

4
N
E
%
Y
E
]
2
»
3
]
i
)

sl @Lu'); WMl sy Ve 3l

Lo Sols S

;:u”j.’_?cb

Sl
S )j.':‘.J

Ll

obsly g5

=)

@t‘i ooy

>

Podd iy o Lod 4 atesly ol 5o

e

s =3

ey

Soid G Al B 5l

,M.
i
%
Y
J
!
4
)
5
Y
:
Y
%
a
2

oS5 58 s sdee el Jie G (65 S

5 sl

JEINERS IO

BB

F ook 40

Obj.o_'a J,.é:.n La 9 Sl ol eslel CIN C")"S Lq gf’“)b"

de 4 GOl b esSU I s a 0558 Ll S

Olabad gdms 4w Jde (V) Ji...: el ol Jlas! (ghmsan

il ool pshie 4ol @ 815 Sl S L 6o

el o sslinal | bl —les glaglal 3 Slsla g 5

S S an LIS 5ol b sk e 0Ll g5 !

oSH I 5 o

5355

jLAJJO.E:-j:.GQLAJQA&a\)&

Ko s

5
b

S ST

=)

I lls

C;-;M

Flowe sl

5

S5
31 3 gd>ws “J"" J.:.l:u“ QLA) 50 (s

J...Aa)

)

S sl 4 e

BINTS

b o o m aul b gode gildbe 3 (65

e

|53l

205 B e

Br

RURPENE P

(Sl D mis Sy

&P 5

T e e W T R YOS

oslee 5o gles

s

=

Gl K8 pmes LS

5
son Sl

I'e

e

3o 0955 @ o 51l JUal 5 55 55

ijj BERE)

(55

s

A

3 oS oE e 5 5 ol

Lol

o

“z

Z

&0

W Coms

@
el 435 pll il

Lasl o

Y

(W VX v.?n'....o)

v

3)‘5.& BE W

SOy 4 L SO~

2o gsde giledde s eled

Sl

D5k

sl

3 Olaebl (s

BEN A IF PRIt S (O PR (N PP

L.AS.L;}

Jes

) . = = Ta
3] 32
) Y Mu
IS T, o
344 .3 |8
3 3 - 4 o
340 34T 5
,u — .\-JJ 9, D |..ﬁl.u
H3 oy by 8
- 20D m
MJ M Mw) N3 o
P oa 2012
e N o
2 ) o 3 5
N m
B |1
uu \ Mu 3 mnm
9D xw = 558
0% 2 s B3
SRRV BN S Oo&
w uwf TREE 332
54235 232
N
ERnY .ww w O
N L P
m .n |&4 G‘) (%)
2 A 4
I SR
A ’ KN =
EI ;L
“— wMu B w»\fll,\
; = D
4y T
b F P s s
T RS
/M e n “u.J _”_ L\\c)u)
z 4 2
Y0 X 9 3 ¥
u.. wﬁ .uw - I
AN w o
X ;
e W\p .uw m

[ 0T-2T-S20Z uo Jrrde'nrsreulnoini wolj pspeojumo( |


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

105 99-109 aeis c1397dt~.ﬂ) K) j.‘.i\i ‘25)\.«3‘ cc)l-q-g-d\u ‘blﬁlé,\s;fé,}l;é 9 c‘,lﬁﬁf;a cb‘)&qﬁ K) 6:\e]¢.\wé§:

A s Sl b s oK 4l glos Sl b3
g_S)J‘ -Iﬂf:-' C_,..w‘ ol wﬁjb)) ;‘;:JL.\,J 4;.-); YO

[V])‘ C“*"‘“)L"c @?‘L
aT
kna—q+h(T—To)+a£(T"—T3‘)=0 (%)
(x,¥2)ES

5 S gl (B S sk 655 50 LS )
S askas 3l b 35,5 o Jlesd L5 515 5ol il
Cd 1S pen Gkl ) Sl a b les s
T 5 ek G S e ees A
23 G s el 4 yls s SRl eSS
Bah o pble 5 e S sl sl

3 dpen (GNE B 53 &S e e O ) sk S
A > 2 L s K a8 8 Sl
S ks Loy atly oS ol WIMK) C s 550
C)k.wﬁ 3308 Sypo 4 Sl sl KL ol sl
Sl Sulds o b Neony .l (W/m?) = Dilakad
Chien )l Culla Ciso das e 0L ) b sen
TP 0 ] W VR W T [ VSN o
5l b ol O el YU slales 3 b s
Sope S ek Solba o S oz (203 (Rl e
A b by —oliad cb oS e S5 ol
Olpe Bl ol 4 S L 53 (O/FVx \» WM K*)
S5l S Gb Olyee A3l v Sl 5 03le minlds
il

Sl Sl -d
Sl G ol S L e M2 e al s
G 3 pd o b Bl B L el s St
SN s Sl Al e S SOl e S0
bl o el e S S s dnl e
S L .;;J§ & uiL" T4 J:’:Jf, 2 Q|j.:.:£u“
ol el (S Culis @ ar S L SOl e

el BE 55 550 A6 e 4 s e Sy SRl LS

‘_;LQJ KZ:3/S c)J',.:j QLAJJ\) T]L c)}:j O‘_}S QL 4.&4‘) Lﬁ'| )J
JSJQJ “—“f.j’p k=3/r02 c)}:j _5:}-,’, Cl:.& o c&)\f C«ﬁ d\j:
Ll g2 glely WU U(ZS) 505 50 358 eSO 50
ol osls glis (W) Ji.& 5 CIN ujJ‘J" G)'_,S Jde e

]

2 B
13 A
y fi
i ,-zfﬂt,'f.‘“\\\x.,
{ it S
: 2 m “ ‘“ z=5mm
§ ,-/;]]!‘)'E...‘t“‘“
G 0 3] {1l \\
0g
04
02,
rg) b

IYYICIN ol mss - AJSE

axksd s ol wsy Sl ool colda bl dsles
S5 A ol e ptd gl ankad b B (o5 e 050 slus
el w98 0B Gy by ey ool = il Ol
A Soge 4 il Slathe 3 Gdman ol > Jl)

22,5 o Ol
FRm) 42 (M) + 5 (M) +Q = oMM M)

ol Sala Kz (T) 5 ky (T) kx (T) dsep cnl 3 a8
b b C(T) «oyl > 4 al s anedls p(T) Sy 55 ) 8
w2l ol s Qu Ok bl wly S
sl K @l S Cdl b Al e Aol S
ol Slasie S an o SOl Sl (S 5!
SOl goltie e ey s el
33,8 o Al Ghle, 5 BB S sen ol G b

Dl Cl Sl o5 0 GO0 b SOl Judes s
T(x,y,2,0) =T, for(x,y,z) €D )


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

99-109 i c1397dk~.ﬂ) K) ﬁi\i ‘25)\.«:& cc)l-q-?: Jl cb‘ﬁ‘ 6,&;,;-6,3&5 9 c‘,lﬁﬁf;a cb‘)&mﬁ K) éé\e]d.\w'c:& 106

2 el s Gl il B s g gl (V) IS
(Mdsdrdas o 0L ek YOA Jsb 4 3 Lot
(V) ol abdi anys oot 5 gile and ml el

as e OLES | e bt () et 5 (1) il
okas DL o2 5 Ol and Gy el GLLI
Pl e e omle SOl e dde Sl
I el lalad il gy Re g 3lse SS5d = S5l >
03551 s s SO o sl s cnl 1Ol e
2 Ol 5 bl Jhe 5o ey sl
Slod Sl b aalsl slaesls L soleags
Sydea syl By 4 e ol S cl gleiSesls

.w\a“w;#))

280, ——————— ———— : : :

260. T

o
'~
=1
AN

Temperature
ro
L~
=3

o
o
(=1

._.

o

S
T

-2.0 -1.0 0.0 1.0 2.0 [¥1.E-3]
X_Coord

NT11: X Coordinate of points along 'Path-1'

NTi1
+2.693e+02
+2,490e+02
+2,286e+02
+2,083e+02
+1.879e+02
+1.675e+02
+1.472e+02
+1,268e+02
+1.064e+02
+8.609e+01
+6,573e+01
+4,536e+01
+2.500e+01

2 e 53 Glos b5 n s b i Gl e - ) SO
53 b LB (s g 8,8 e 5o oles b () i

wrﬂﬁéﬁlﬂ)‘X-Y PET )

S Lo s -6
B 0a Sty aul 3 LelS pleshliny Llemy sla 25

sl (0Nl e 35y 4 BB slos b o)l

ol OS o ren 2l LG Sy o S e
el (g aadps Ol 5 by I () IS5l
A e Ol ) Sl b e S 2l
SEU sk w b planl et 53 553 0 odis &S shailes
L OLL a4 55 O, SLL abd ps Ll b o 5l
M b les S5 L e Il 4 b i
e ASST I s (0 DL s ) 208 (i
s gles Slks el S5 ey 51U ol Ul
ededsn o 03 s B eSS ol ey Sl S e
sbd @55 53 Sl Dl 8 S Al s ples
St S oas 5 et aS s 8 Sl colasd
(G ol OLLS e el Sl ol s Ol
Lo gl a4 Slabas Oley cidS Loy asl ialS L

ey Lal 5

0.5 }

[/ S —
00 10 20 10 40 50 60
Time

Sl dde Como gy 2D
s sla U,L"LA)'T SeS 4 (gode (il ml oo
Olse & 5ol Jolos sl 15 250l Jool Oliabl L,
ol Gl 8 e elial (SO L s (g0 L
Sl Jlos SaS 4 el (il il e sl sk
ok 03 b e pl Sl el e lie e a3l Sl b
YYrsd (g akd VL glos & &S Oly S L 5l (6l esgdoa
Slgy 015 o 5305 oo et Sl oy o) Sl
2 b Jdan (WRVOUSE o5l o e b Ghor
s e DL G () gles B 5 o5 e shaie


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

107 99'1094’55&9 c1397bb~nﬁ3 K] J.'.‘.it?, cZBJLa-:I cr)\.ﬁdlﬂl gb‘ﬁ‘é)“f&)ju K} r".\.ﬁﬁf.:.i. cb‘)&oﬁ K} 63\%1&.\-&9&&@:‘

b b oo oSl 55 Sl ey sy 3 Lley
S e el G S e 00 e Dl G e

[XLE9]
0.60-

0.50-

0.40F

Stress
o
w
S

0,201

0.10F N
0.00 MJM . | . I i I L !
0. ) ) ) )
Time
,(U;@&))&\J;léazﬁ}ucmw)xwﬁ— WS

S (o S ales)

[x1.E5]

AWAN
315.F /
/Y \

Stress
—
_—

305.F // \\
300.F // \
-4‘.0 -2‘.0 O.ID 2.‘0 4.0 [x1.E-3]
X_Coord

|7 S, Mises (Avg: 75%): X Coordinate of points along ‘Path-l"

ffél»):ﬁg@éj)xwﬁ—\fp

5@&Aa>uﬁﬁ@)|ﬁdu)pj|6@uxwL;Lau;u:
T 55 S Ls fall b ilsels) s palaly bl
5 bl sl b s 5B o Jlal sbml sl al e
Ul s S 8 oK 335 e sl a3l ol
Aoled o BLED @ gt o e s Sl ossd
e 3l ol sl 5 LT e sl S s
bloodl a8 1 ls dalys 55 (om0 b S
w|ﬁt{.>ﬁ¢a|j}t§)ujﬁ.§ick“)sl§bmjhfiﬁi5ﬁ
s blal s s sl s s 4 Kles s
ol o Jlail 8 bgs 3 alie 2 slge ol > sl 5L

Spd posbul Jlasl aol B 5l e edy sl

0.50F

Stress
o o =
(o8] s e
ol [=3] o

o

w

p=3
T

O ) (oo ,8 phite 5o B w655 S50 05 Loy
oSl S5 b 3 S 058 ey la A5 s
Ooliessb 4 G 58 bl 85 ol b ol
Sl S das o SO ) pmer L (o S
(VPSS Lz (228 X g 0 5w (655 Lilony
sl bl U s 655 e 05 Klewy sbb
R R IR TN N PRC U N D
iy b Gl s Wlees 55 e 65 Sl ol s
OF) G o s b ol i hgr il 4 s
e Sy Blewy IS 058 o aie (W) 5
s (ISR 82 5 sk Sl

35.9mm

2.8 mm

SUL s Sle (ol g ahi a3 e s gl V) S

[xL.E9]
0.55-

AN IVA

1 s | i | n 1 | 1 n | n |
-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
X_Coord
|— S, Mises (Avg: 75%): X Coordinate of points along 'Path-1' ‘

25 gale 53 3 e 55 Llewy Gleis Y ISS

pryge Ch“ S Sy O Ll la J (W)Ji..i


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

99-109 i ‘1397gl:....a) K) ﬁiti ‘20)\.«.{3 cc)l-q-‘i- Jl c;}‘ﬁ‘ ‘5)&.’5‘99.-‘5)3\;5 9 c‘,l.ﬁq,:a c;}b&aﬁ K) 6:\;]¢.\wa& 108

Silo and mml b uslie ladel s 4 5l ol aglie ¥ s

: S
sbe 5 sl b1 ) g plad
i SLC'} _ a0 )l J"—'J"‘f* s (W)J_,.:] alg $ K ahaits o lent

(mm) g5l 4 (mm) ) (um) '
(mm/s)

s 0 -0/ Voo . o )

Yied Y/A -4 Voo Y. ors Y

FAA \K) —45 Voo . N v

e el (25 e 6305 e ol S35 SL-GT - S S s =T

SShol i G Fhel L, (leans
Sl s ople o @l Lol el 5 oslizl
FA-FV (D) Y8 Ol o K

Ao (b o« ilaas (65 508 (o pdow LS T
Mar-Y$v, IMVIAGL 3T 5 g dlailys 25 S a5l
OLll ray & ezl - Shol e M
DA=: (1) ¥ T8 01l ) s (55l 5 psle 3

SV

4-Bauernhuber, A., Markovits, T., “Investigating
Thermal Interactions in the case of Laser Assisted
Joining of PMMA Plastic and Steel,” Physics Procedia,
Vol. 56, pp. 811-817, 2014.

5-Katayama, S., Kawahito, Y., “Laser Direct Joining of
Metal and Plastic,” ScriptaMaterialia Vol. 59, pp. 1247—
1250, 2008.

6-Kawahito, Y., Nishimoto, K., Katayama, K., “LAMP
Joining between Ceramic and Plastic,” Physics Procedia,
Vol. 12, pp. 174-178, 2011.

7-Wahbaa, M., Kawahitoc, Y., Katayama, S., “Laser
Direct Joining of AZ91D Thixomolded Mg Alloy and
Amorphous Polyethylene Terephthalate,” Journal of
Materials Processing Technology, Vol. 211, pp. 1166-
1174, 2011.

8- Katayama, S., Kawahito, Y., Mizutani, M., “Latest
Progress in Performance and Understanding of Laser
Welding,” Physics Procedia,Val. 39, pp 8-16, 2012.
O-Katayama, S, Handbook of Laser Waelding
Technol ogies.Woodhead Publishing Limited. 2013.

10- Dhorgjiya, A.P., Mayeed, M.S,, Auner, G.W., Baird,
R.J,Newaz, G.M., Pawa, R., Herfurth, H., “Finite
Element Thermal/ Mechanical Analysis of Transmission
Laser Microjoining of Titanium and Polyimide, ”
Journal of Engineering Materials and Technology, Vol.
132(1) , pp. 110041-1100410, 2010.

11- Roesner, A., Schelk, S, Olowinsky, A., Gillnera, A.,
Reisgen, U., Schleser, M., “Laser Assisted Joining of
Plastic Metal Hybrids,” Physics Procedia Val. 12, pp.
370-377, 2011.

12-Hino, M., Mitooka, Y., Murakami, K., Urakami, K.,
Nagase, H., Kanadani, T., “Effect of Aluminum Surface

o Sl S L 5 S2 o5 S s onl o
o osEe 4 S sady s b e Jlall sl
S o S T s SOl 5 Sl lasky
S5l 3l s sl g SUT I o 5 53 3 sdome sl 5l ke
il CIN w55 L Sl e ho 5 5k 4 05,58
(o SU IR a5 4 058 sl s 03sed Juate b 5 A
ol sl s S dlesl Gia e die 4 Sl L
1l plis JB a5

Aa sls b S22 g5 K el L)
SLa St b mhe el S| gl STy A
SR S el ey ey e s oSS
Srady oy O5sded Sleedl w Sisode Ly
3551 o el ATt 5l O3S W51y Sl S

s ol SaS W s eyl Jis i ases=Y
Gl e e w30 ssdme clpxl Je 5 s S bl
Al

b o ORI R b sk s B gl Y

S50 oS Koy gla (135 bl o JLail sl l-¥
sy e o Gl Bl e 5y G sl
38

@\.:s
e yms Hale Oipl el el ol 0Ll
N SWasl (K Giluand Az Ol 5o candll
s S 5 3 9dme Ol 5 L paree T SUT & 0555
Mz () F IF85 00 S (6558 5 pole . o sioas
AA


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2025-12-10 ]

109 99-109 aeis c1397dt~.ﬂ) K) ﬁitﬂ ‘20)\.@5 cc)l-q-‘:-db cO‘ﬁ‘de.if‘_;);u 9 c}lﬁqf.b cOb\gw.A K) 6:\;]¢.\we&

Polyethylene Terephthaate,” Materials Transactions,
Vol. 54(6), pp. 926-930, 2013.

19- Bauernhuber A., Markovits, T., “Investigating
Thermal Interactions in the Case of Laser Assisted
Joining of PMMA Plagtic and Steel,” Physics Procedia,
Vol. 56, pp. 811 - 817, 2014.

20- Chen, Y. J, Yue, T. M., Guo, Z. N., “A new laser
joining technology for direct-bonding of metals and
plastics,” Materials & Design, Val. 110, pp. 775-781,
2016.

21- Schricker, K., Stambke, M., Bergmann, J.P,,
“Experimental Investigations and Modeling of the
Meting Layer in Polymer-Metal Hybrid Structures,”
Materials and Design, Val. 103, pp. 278-292, 2016.

22- Chan, CW., Smith, G.C., “Fibre laser joining of
highly dissimilar materials Commercially pure Ti and
PET hybrid joint for medica device applications,”
Archives of Mechanics,Val. 67(1), pp. 3-24, 2015.

23- Piekarska, W., Kubiak, W., Saternus, M.,Saternus,
Z., “Computer Simulation of Temperature Field in Laser
Beam Welded Lap Joint,” Archives of Mechanical
Technology and Automation ,Vol. 32(1), pp. 37-45,2012.
24- Ranatowski, E., “Thermal Moddling of Laser
Welding. Part I: The Physical Basis of Laser Welding,”
Advances in Materials Science, Vol. 1, pp. 34-40, 2003.

State on Laser Joining between 1050 Aluminum Sheet
and Polypropylene Resin Sheet Using Insert Materials, ”
Materials Transactions, Vol. 52, pp. 1041-1047, 2011.
13- Yusof, F., Yukio, M., Yoshiharu, M., Shukor, M.H.,
“Effect of Anodizing on Pulsed Nd:YAG Laser Joining
of Polyethylene Terephthalate (PET) and Aluminium
Alloy (A5052), "Materials and Design , Vol. 37, pp.
410-415, 2012.

14-Cenigaonaindia, A., Liébana, F., Lamikiz, A.,
Echegoyen, Z., “Novel Strategies for Laser Joining of
Polyamide and AISI 304,” Physics Procedia, Vol. 39,
pp. 92-99, 2012.

15- Bergmann, J.P., Stambke, M., “Potential of Laser-
Manufactured Polymer-Metal Hybrid Joints,” Physics
Procedia, Val. 39, pp. 84-91, 2012.

16-Woon, JK., Yousuke, K., Sdji, K., “Laser Direct
Joining of CFRP to Metal or Engineering Plastic,”
Transactions of JWRI, Val. 42, pp. 5-8, 2013.

17- Hussein, F.I., Akman, E., Oztoprak, B.G., Gunes,
M., Gundogdu, O., Kacar, E., Hgjim, K.l., Demir, A.,
“Evaluation of PMMA Joining to Stainless Steel 304
Using Pulsed Nd:YAGPaser,” Optics & Laser
Technology, Val. 49, pp. 143-152, 2013.

18- Sano, T., Iwasaki, S, Ozeki, Y., Itoh, K., Hirose, A.,
“Femtosecond Laser Direct Joining of Copper with


http://iutjournals.iut.ac.ir/jwsti/article-1-229-fa.html
http://www.tcpdf.org

