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Due to higher demands for tailor welded blanks (TWBs) applications in the transportation
industry, it is important to understand their forming characteristics in manufacturing
processes, especially the deep drawing, in order to produce products with higher qualities. Due
to differences between the base materials strength as well as the existence of the welding zone,
the formability of TWBs is frequently less than the base metals. The aim of this study is the
comparison of weld line displacement and drawing depth in TWBs designed and produced by
laser welding and friction stir welding. Laser welding is more appropriate for TWBs production
comparing to the other welding processes because of the creation of limited heat affected zone
and suitable keyhole. The parameters of the friction stir welding process are very important
due to having a high influence on complicated plastic zone variation, the material flow pattern
and temperature distribution in TWBs sheets. In this paper, by design experiments, the effect of
blank holder force and linear welding velocity on drawing depth and weld line displacement of
TWBs have been investigated. Moreover, the harnesses of the weld zone in both processes have
been examined. Results show that by increasing the linear velocity of laser welding, the amount
of weld line displacement and drawing depth will be increased. Furthermore, the higher linear
velocity of friction stir welding will result in the higher weld line displacement and drawing
depth. Likewise, the harnesses of the laser welding zone are higher than those ones for friction
stir welding zone.

Keywords Laser Welding; Friction Stir Welding; Tailor Welded Blanks (TWBs); Weld Line
Movement

CITATION LINKS

*Correspondence

Address: Mechanical Engineering
Department, Engineering Faculty,
University of Tehran, Tehran, Iran-
Phone: -

Fax: +98 (21) 61119953

aliparvizi@ut.ac.ir

Article History

Received: November 27,2018
Accepted: February 4, 2019
ePublished: September 01, 2019

[1] A novel forming technology for tailor-welded .. [2] Investigations of weld-line
movements for the deep drawing process ... 3| The effect of the drawbead dimensions on
the weld-line movements in the deep ... [4]| Optimising the variables when deep-drawing ...
[5] Wind turbine performance ... [6] A comparison study on the effectiveness of stepped
binder and weld line clamping pins on formability ... [7] Superplastically formed friction stir
welded tailored aluminum and titanium blanks for .. [8] Tailor made blanks for the
aerospace ... [9] New attempt to wrinkling behavior analysis of tailor welded blanks during
.. [10] Forming limit diagram prediction of tailor-welded blank using experimental and ...
[11] Optimum tailor-welded blank design using deformation path length ... [12] CO2 laser
welding of interstitial free galvanized steel sheets used in tailor ... [13]| Experimental and
theoretical investigation of thickness ratio ... [14] Influences of thickness ratio of base sheets
on formability ... [15] Evaluation of residual stresses and mechanical properties of IF ... [16]
Limiting drawing ratio and deep drawing behavior of dual phase steel tailor ... [17] Weld
line shift in the case of tailor welded blanks subjected to ... [18] Numerical and experimental
study of geometrical dimensions on laser-TIG hybrid ... [19] Experimental investigation on
the effect of friction stir welding process parameters in ... [20] Laser-arc hybrid welding of
high-strength steel and aluminum alloy joints .. [21] Experimental investigation of
formability of Al-1050 .. [22] Welding of automotive aluminum alloys by laser ... [23]
Process and outcome comparison between laser, Tungsten Inert Gas (TIG) and laser-TIG
hybrid ... [24] Investigation of the capability of hybrid Nd:YAG - TIG welding against Nd:YAG
laser welding process ... [25] An investigation on capability of hybrid Nd:YAG laser-TIG ...
[26] Influences of laser welding parameters on the geometric profile of NI ... [27] A study on
the formability of aluminum tailor welded blanks produced ... 28] Investigation of weld line
movement in tailor ... [29] The effects of strength ratio on the forming limit ... [30] Effect of
laser welding parameters on forming ... [31] Effect of friction stir welding parameters on the
.. |32] Mechanical behaviour of FSW aluminium ...

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://www.sciencedirect.com/science/article/pii/S0924013699004124
https://www.sciencedirect.com/science/article/pii/S0924013600005367
https://www.sciencedirect.com/science/article/pii/S0924013601006720
https://www.sciencedirect.com/science/article/pii/S0924013602009342
https://www.sciencedirect.com/science/article/pii/S0924013606009459
https://www.sciencedirect.com/science/article/pii/S0924013607014604
https://link.springer.com/article/10.1007/s11665-010-9617-1
https://www.sciencedirect.com/science/article/pii/B9781845697044500083
https://www.sciencedirect.com/science/article/pii/S026130691200249X
https://link.springer.com/article/10.1007/s11665-012-0156-9
http://ijae.iust.ac.ir/article-1-198-en.html
https://link.springer.com/article/10.1007/s00170-012-4005-7
https://www.sciencedirect.com/science/article/pii/S0030399213000480
https://www.sciencedirect.com/science/article/pii/S187770581401340X
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-14392016000300721
https://www.sciencedirect.com/science/article/pii/S0924013614003896
https://www.sciencedirect.com/science/article/pii/S2214785315005714
http://mpmpjournal.iaun.ac.ir/article_579202.html
http://journals.modares.ac.ir/article-15-6239-en.html
https://www.tandfonline.com/doi/abs/10.1080/10426914.2017.1364762
https://link.springer.com/article/10.1007/s00170-016-9147-6
https://www.scientific.net/MSF.879.1057
http://bit.ly/2Wrhs5H
http://journals.modares.ac.ir/article-15-1646-en.html
https://www.sciencedirect.com/science/article/abs/pii/S0143816616305723
https://link.springer.com/article/10.1007/s00170-010-3036-1
https://link.springer.com/article/10.1007/s00170-015-7950-0
https://www.scientific.net/AMR.445.39
https://www.tandfonline.com/doi/abs/10.1080/03019233.2016.1235371
https://www.scientific.net/AMR.445.406
http://ijmf.shirazu.ac.ir/article_5006.html
https://www.scientific.net/MSF.587-588.961

ohlSan g oaljeael Jast VIAF

oS ol salz o3le 53 by 5 5l akiie e Sy Glalap
datin d9dse ol Sl g wlie ol LSiS 4 o
dndl wad Gz hugi gile Clie 4 sl (6554 (55 Sds>
Wl 09,0 4 Clie dss> (iS5 Ad) 4 e 45 cul
ol diwsy Jlall S caxil )3 dgde tol> Syidio Juab
Owizman 1d sialsd Jaie Sosen 4 45 39de sl 32
s wbls Jlail gy Jseme 3l (Sl (5, Kds2
Jols gy ol cwl gilugyss csio 3 laSiiwdyges
deol> sloS 51 oslasal b el g sl g3 (g lge dganan
b Syoio dabid Sy olad il 53 Lo sl jLid 3 SlShaol I
Jiad 53 g edlo sl (gl 9 3980 st wali ashd S
Jheel (Jlo glaa )5 a5 3,550 L3 oslisiwl 3590 lge Syido
slagbyy dede Jlail skl 5 zhicl czse Gulr Jlid
Jlail jshiody a5 3)ls 3929 (SEhol (g 892 sl (dasie
S8 eslitl 350 s3lane 5 38 Slge I (lossuS i
AiySe

2 s oly> g slge puiz )3 gaiie @239 So s W
5 29l pahd ashd ()T )3 1) slge dingy @j98 Llgie debs S
G BghSan 5 so2 Magd ainsm 9 059 pSadiz Grals el
Grae GRdS 3013 55 GuSy glagy Uiz b eSy un
b Ly ol j1 Sl 5 (slopls digad g3 Ll Laisslayy
b a8 ol glid zulil (0590l Gy Gaoe (S aplyd wed
Laly JSihbiue diged 51 yeS glonls diged )3 s>
Olse 4 cand slopls ladigad ;3 (SauSg,z sl § 390
Bly,Sen 5 sio ol jioS Gl (sladiged ;3 S455,2
sedss pisz b e8> 53 1 38 Hleel 595 JyuS sl
deate ZosSs a3 (5, 8bsz 10l 51 el b o Sy
B wygods ilodd 031y JLE Grec LEiS wild e g oad
colgiSoymt oy Jlael b a5 xisls plis LT 1055 any
b Gbez b w8 olsine Gy blie slocwad 4,555
38 Jyus

255 e 4 2 slagis 3l eslisl b HlglSen 5 o
5 15653 6358 <SSl cpmile gladh i glads (slayially
RIS gox paiSle s bl @ijsl e ey
ool 51 dingy el G @ sl ol el b sl aiizlay
cuols cSlgisy gujs8 5 RIS (sox LRalS jshaleds §od
Grae S sl BlohKen g glplilosl 3335 oy caws
390 ) 3Yss g parinegl 15 93 51 eadslnl uSy slagy
sl blael (Sl (5,552 (g 5 LT 0315 41,8 aays
odl slayebly w5 8 oslitul xiadSi olise
olid alid isls 8 aslllhe 390 H2dS Goe plize 2 b g
b Ol S ol S 93 ol S b as sl
s 035,135 slagy 5 ey 55855 5L PlpblSen 5 o2
9 il 5 ookl b 1y Sy slo@g RIJSD 2 B>
;51 ealasiwl a5 Lisls uu)bf LQ;T 35S P L_glmwlnﬂ
oalisil g 03 SaS (SuSgyz ey pelS 4 laaly 1SE5
3 1 8 ey 0a0))adSS slagny 5 sy 5565 51 plejpe
ol ALl Jgame (5333 dS S9

Sty pigm (BIUSD (g 1 eslasul b UlphiSen o jils
gz b oadadsi pouinedll 9 pouilind Sy slaiy sl
S 0is Sl ez BB GelS @ @8se aliael Skl
eyt 51 sl b Bl lSan 5 St aind Siogr sloslsn

WAA jo1,54 Q oyladd )4 5y98

Gos 9 U9z bE (mlrale i asllhs
b oosd adgi oaV9s Sy slagyy oiiS
chliag! Sl g 554 595 slagis,

MSc o3l5¢50l 3ozl

Ol ol ol o&aals g 6351 (SHlKe (uodige 09)§

MSc (g 50 0l

ol ol ol o&aals g 6351 (SHlKe (uodige 09)§

PhD (55395 (sle

Ol ol ol o&adls g 6351 (Sl uodige 09)§

oS>

S8y S (JiigJas caio Sy sla@yy il esliiwl dewgd wdedy
23S lasnls 3 YU caiSl ¥saxe s sly LT spiadSs
Pl @ gl bl o3 lan b cusnl (Frae GRES claga
Ll oSy glagys xniadSs (hez dibie 325 5wl dlse wglite
le-@ys GidS Gas 5 Gisz b lralr dulie el 4l @il 5 S
bl SBhel g)Sbgz g 55 (65 bgz gy 93 b e 3lgl (oSS
yly 5l Silie yisgame dihio skl wdedy .l Ghoghs ol Slaal dlas
GSbsz lagis) wle 4 cond ) sz wamlio 534S Ehgw 5
Sl 5)bgz sizld glojelly cwl caglsl 13 lags oal Wi sl
oyl 5 Suiedy 4l oy @l p ol 30 Juds 4 Galawl
2 e conl b b (1S slags 3 Led gagi 5 esle M 568!
hE ey 5 15 E9 o U S slanpialel b b e ol
o oy 55 gladys ez b el g (RS Gee p ) Sisx
5 e 3o Laild ol I Jol> Glez 4l ke puizes
el 4i8ly il (hoz b alrale 5 GRS Ges e i) ) Sbex
b Gilrdle e s phlicel Sl 55z Ghe ey GG
3 Olez 4ol G puizes Ll adly GRSl S Ges 5 Gho
ol Sl sigz s baiye sl (S ;I pldoy

Glrale (S5 gy (aliael (SBhel 5)Sdsz il )Sb s> aglgsls
ez b

WAY/AL5 el gl
WAYNNG : Gl gl

aliparvizi@ut.ac.ir : Jgiuwe siumss”

doddo -

23 S Sed oaiSulys gilie oryiees 51 S 4lds alws
S oS Gl el oyt el osd aslis Los
Wl 05y Lials audis Jolwg bwgi oadandsi oySamslss
dom slaojlo iy LRalS (sl S slagls) 5 GSe el
a5 £95 0l 3 oslital cual (1S5 (sl 31 oslisl 5 5
O 03 b &5 el By A58 ey ST sl (GHile 4
ol wiBS L3 Gy gt e plelBidls 5 olSieie
Wl Glacaje 45 3980 GUbI (laanld 4 Gy sl eans,
G YO wilgie anld ool mbie oili3l lgmuad; wygot
ey ielS ) 55585 S (39 %V

dox I Galaxl Sthel 5 5l 6Kdsr slaanls
wlehd adgi ;s osliiul yge 39750 glaainhs (yinSy
oz i ssin b solSbe nld e (eie
o WYL el g e el (93 (592 gt ey,
Gilizo golio 1 |y o S5 & caol Glolse dlox 51 AT
Saahs ahe 4 5 5l G OB bl ol (S
Jlasl aigld plal g lie azdem slaal sl 5L 390 @yl
5 OlleS om Bl il ol &8ly 53 sde eald

e SuilSe usige hbghs - (sale dolinle



TIAB osd 44155 (53958 1aSH slodng LES Gas 5 Utsr BB Lalzdily T asllles
3 5aS o Ghez 43 ez b Sl & sl plid Ll gl
sz 31 i S oz )3 GRS Gae Gl vl S5 gz
3gs (sl uin slel 236 BBlhSan o (oo sl 3
5 oo eyged boid 9 K GuSy 5Kbe s S
dgazmo izl amdw Jao SOl Ll 038 Gy (g3ae
el b G 20358 oslitul w3 (g33e (g5ludanid jslatody
038wl ) Jue ol 1 deols mlo (ouas glagiale]
393 03Lo (Ul « sz st slyl (55,35l Jale (e
Sl (olg> 5 i slaeglas (o 4 Pl Sen 5 il
pll b il aiblay Lawdy 5 ) (5,852 a8 £58 93
bl 53 53 dilowg (5 6256510l 33 5 Chlidee slagtale]
il it 23S dunliio SOusG b 1y digad 95y cxbws § wuelins
obgy 3l ookl b eadadsl Sy slagis & ol plis
Cile eler 9wl iy G gl pid )b
ls Lawdly (5,892 4y i (5 5 glhe

Shol Koz slaably il Plglhllen 5 she
2335 upyy el o SLIT 55 Jlail s, |) olae!
Slslazy 9y iz e g )l Ghs ey il LT
ol s 538 Gy badlas! (Sl (olss 5 jlizlugSle
293t 1L Ghe 4 Gy ey glacaad ;3 a5 sl
32 Los 3l yaS (glacud 53 5 JSb s ey Sl pitaslee
20 Sen 5 Ty wmanl e coiblinel dibie dils ol
5 Vg LT Jlail (sly oy sid usd (5,Sds> by,
45 3l Lt gl A0S apy |y 2y 03S )y bauwgd eguineg)l
95 (53509 s sloS il s el nl Suilke (ol
el JSlagay 53 0d Sid e —g95 4Y 9 b &ie
@Y ol szl b osdg s> Jlasl it )b 5iS1as paizeen
G @ PUGLSen 5 alue g aily iobsl %Y+ 351>
sz Uiy Sl T sl Sy gy wrbdSs
b oobe e pssesll glagy 5 Galiwl SKhol
Andigel Goe GRAS 31 e 035 osliusl Gilidee (slacaolins
codelewnds Suilke oled g cwlhsd s cuwd 4 dsgi b
23988 (sl |y (5,892 dingy slayially

2 M50 slayiehly oz Udsy b PohSen 5 al
cualid b S sl 258 48 )3 |y psainesll )5 (s>
wilail )5 &5 Sswy 420 ool @ Ll Dsgad Gy psie
PSS culxs b §ys 4l dse p3 cusld @ Jled ccdacd
2 b el iy Jolio 4 )5 puicen Ll b
5 e w30 &y iU Gye 3 el il co ailie
903 6Kde> b 1) S g 45 S oS> (23T Sen
&ko 93 o alold o yidiag Ll 03T dunlio S (g, Sbs>
Owizer A0S Qi) game i usd S Gl
LT s 93 syl | Obe> awsin p 53909 > sl
23 GBez j piden 3l Sy ()b 3948 oS sl lis
R Sen 5 28wl S (5,Kd92 51 sida pl¥ g
©oSgz hlie 53 S -Sagsa0) 3 (2555 (5, Kd 92 (Ulg3
duglie |y eouinesll 038 Gaugsils sladiy )5 lida L
oz slal 1y 6,9z slapiably 53l uizes LT i3S
=05 S (6, Sdgz 53 o aly lis Ll gl 4888
O o Al oy S (gl LS 390 5 olsd Al (g3
el a3 i (552

2 Gk wsd i Kbgr Ul BlyhKen 5 (28

Modares Mechanical Engineering

390 ly 55 W@ (68 Sy ol 5 G RhSd (22
sl 5l eslil 5 sl glad T auls wsls S5 i)l
obre 4 1y 68 Sy plise (ilanel SBhel (5,552
oo Plghllen 5 puwle so3pe pialS (42e5 LB
Sods Grae EaS 1018 )3 eadaddyl Bgyk o)led (SuSs >
olas Ll aasls )8 Julai S50 a2 9 (533 gy |y 5
9 20 3929 0 FS;B 4ol )5 Ll (SuSg 2 zlgel o5 2isls
ORI b rizman 3380 £3)d Zoe dw dawsi b (SaSsyz
A anled ity (SuSe,z ool ke (lrulz Glie

09> Fldo )L'f.s.n as wsls ULI.MJ DO]QI)&A& 9 UQ)M
1> g bz bi e8> Gt sl G w85l SuSil
S 035 gle Wl cwl Jlyo3y Sy gy 3 RadSs
G55 @y xrhdSd n e Fl Blse 35 plueals
Gl ey i Bl o S Ia )lme Jso puizen Lyl
(ORAS 3> Gt sl Gy el b oS ) Gl
eslaiwl b Dl]ul)m 9 (Add cwl ‘a)y Couo g edy A8l
Sle@is a9 cwlio adsl JSb game pladl glagby,
iy b Ll sl L8y yge ) e 4 oyt bs
oS S dsl Gaee RS anld y Glite gleps
ollidl g Ghez b ylS el ecl G S (gjleding
120 e 5 s tiar cunl 0ad oSy slo@iy s pdadSs
390 1y 3958 (595 534 (6,92 ld 5l (ol Jao pululy
GRS el il 5 eslinel U T Lwsls Ll b))
oz dhuwgas oadelxl wilall cass b))l glepasls
2 oo ptebly dw gl ogdle 3ls JLE G g |y 5
camlge 9 (59> ey il @8 il (B il
3503 Blod 438 ol 53,1658 (slasielly olsics |y igils
3 b A Gles ogeil ell b BgSes 5 pltio
5 bewls 5l 0g)S Lid jl ouSy 5 Gilike slalil,
e b D GsS Gy ) Ghsr b coglite glapuiz
2 830 Glayehl Guin 4 lraly —gx slaylages
welo> 3 Ubsz b aygly 13U puizen 9 Gl b lral>
b B Sen 9 Lopw aixblsy oadoiz @5l 5 SWlke
> wglite glocwlus cuwd gl Guad Glolgl el
Sl G Jsed S5l esliiul iz 9 S slegs
G b Goy Sl gopd condig gz 4l (giludnd
4 SHL dbcwlis cows LidlS b oS 1S ast Ll .6
5 703 835 GBS |y (s (RS Gae g S8l snlss Gygel
GRS 3 GRS s 59 25 &xs o 50 BlglSen
sy ol 3810 banagi Iy (55 loanid il 0388 Gunyyo |y Gaee
5 sloslgun xingl cuos @ |y culio 1S G o8 9
Bl undi g GRSge (5,5 &5 28T ams 101 San
2 Ghae delse 51 S e Glgz 51 lie o2l 4l el 5o
RS > 53 53B9> dse i Ghsr rdadSd eull
B @9 53 LES Cawd casgamo (5255l 09,5 el Ban el
o sl ool 51 esliil b ) cund ol gr 158 Sy
EW) aylin 9 LS Guyy 939> wigody ilie Guiz
3T caws a1y EdS

Wls 93 53 Gher b w8 Gy b phKes 5 (s3/0
g 55 a8 93 ol dunlie 4 K () Sibgz 5 13 (s, Sbsx
Ole  omizmer  ABlyy Guizesnd GSY sledns
A0S Gy b obgs 95 oal b eadandsl slagy sxdidSa

Volume 19, Issue 9, September 2019



ohlSan g osljysal das! VIAF

sshiiedy (258U Glalel ohb (g, cgaizd ol 53 adsls 13
by i 53 Jolge (sh0yd ppm dglewnsdy 5 Glalgl >k
sl S 0sasl 9 pey) SpiafSd cud el oad
oSy dlike @ )Sbgr gyl bl awglie
sl oddd esliiwl Sy sl §yg gawYgesd

ey ol Ghsyz cepw oyl BllghKen 5 plyudo
Gz 3 blize zshw bl cwdl g Sl gorden
390 b porinedll g e 1Sy lagyy alisl Skl
U A Gidpz ey b SBhel g 802 . 203ls )l
9 A8y y yioisliohs U Fe il (ggpiion cuopw ddiB 5> j931Vee
aly plis b cwl osd ‘algjl)hu].:.aY 0SSl cwdl
G slaay Sl cely Skl glayll 51 esliiwl
Cow g odd GRS 0905l )3 mlrall Sy Wyl g SiU
sl osdd Jladl codsS sgags g JIYU LdidS coglio (ial;s!

3 25585 938 350 S slogialesT b b clie el 53
» coliad! (Sl o Bas> 5 )5 bz Ghe e
V98 Sy sle@i Ger b (pladls o LS Gee lise
Jolo U9z 4ol b puizes el 485 518 oy 390
lid=i cwl odd duslio g LS):S")"-*—"' G A.uT)B 93 ol 5l
iyl 5 exisll Gisz b alaals 150 dieg 55 eadeladl
gy ol 51 osliwl b (sasd wlahd )3 idS G lie
g el due) ;0 wlidsd cdél sitwd 390 s Sy
bL3)I s 28 5 5k Ghlgy Bl a4 sgame gy ol 38
g Gan JU cwl o3 Si sl sl s Ghgs b Sy b
25U Gy 0 uswme Y5 3925 (imgly ol pladl wde
s GlSdsr slayielly 5wl gg il b alayelly
b el gl » Gree 2iS 10l glayehly (uicen
O Sxle el (sadgl @Vgame ) RAS Ges 9 Ubs
9 3 Gl glaghy, uSy el Gupn (Gl
slagyy sl @l oSl iy b palaxl (Sl
sl js Glegly ol GJLU ol puizmemyd oSy
9 L_S.u.u.? slogiad glgil il cad o cubly aalgs alS
ilosds gl Gree (IS AT)S (g, g 039) >

o2 (§3ludigad Y

‘°)92‘°)LQ’? [KLR LJ)—A.AS ))9 oKws SO )'| eslaiwl b |A.'ig|
(SULA-Sth: 3955 iz 31 5 siasbustor o5 & olais
oaly iy ctilie WolS” wyguods yiosLiocSy wwlis 4 g TPP)
usA)T sldigal ASTM E8 ylaitiwl uboly BT ST PR WY
9 80 o gl dw ;5 SHle polod Guyn @l LS
390 0w cwl 0ad lax aillus wiygods Gy9 yo 5l dzyade
oS u9A)T cwol Jluygaigy &9 5l S usA)T 53 eslasiwl
CSilSa polgs ol 418, olanil il ) (15)5 & 53 LoygonoS
5 exdosliiwl (538 (sl (sl (S usA)T)| oMTw)@
CaSH ¥ Jga paigen el osd ol ) Jgaz s lie ol
a3 Lt |y oslisl 3,30 (63¥93 (oSl (aleasid

0l 53 835 Gy porinedll (sl 1 o3 (S )Sbez b duglie
g8 S g wlg¥eer gt S lae by dwgay o) S (Gl
oslisul Syidee sz @yl gike 93 plgieds sV (S yusl
B calin el i 6 Sibsm s 45 s Lt T ol .
S50 ol Ghez ooy 53 i (3ulS Ehsw 5 wi8le
Ll coized ol 05 jlu 3985 Gae ao 43 g 3pS(oed
05 658 b oohan YU (55 wya8) g3 3S0gy o sl
G3Rl b ehan @S (6o @a8) 3S0g) sl 4 caws (Owsd
63959 <ol by el iy uwgs y3d (6)Sbs> 53 (Y wgS
i 03 5wl Sl a0 a5 308 b (Ksz sl ol
s ohe b smlss sl SasS sles I ke dihie
Siad ofedl o3 b Bl glayially 2OlghiSen
wlgslSY.Y (gasgs i S5l ealaial b |y IS8 auly 5Ldlsw
oololy lagalel gl asls S8 Gy 350 uSasSTss
cialel 5%, 51 6okl zxb SO glyieas fuly b by,
4 Gty Gl whast byl S Guy shied
@l cwl oad plxil Bue @l Gupie 5 o8k wYslee
Jdgn & o las golol GlocSuiSs by Julad 5 ayjs
b slayiahl 5y (slesS sbapielly wili e (5592
23 5l o ipee Olyieds Gbsz e ool 485 13 (53959
sz » pesSme 68 Glaleil ol 45 i ) Sds
SUid g ol mpe yitahly SO 1 55 5La8 L cdls salgs aiT)s
90 (5, Sbgz uaie slapais eel YL 55

S5 sledy sl Guad e S BTl Sen 5 cdy
poxies)l Sib wlmio b Shel ()b buwgs oabanlss
e oyglewsa b Bl oSlae LT sl &l 1,
330 ) o hlize glagsye 51 odlainl b (g nia S g9ae
Frophosy cwlis b IUWT Ghex polss asly Jl3
Wb Slse @ cawd ol GpiadSd 5 4S5 aslllhae 350
slady @ridSs Sy Kby bt cuwl oad duglie
Oz SWT (EpiadSd Grals 50 5 Ghex bd cez 45 (uSy
S GG P8l Sen 5 plddo g il Slge b duglie 5
330y oS slegys » Uhez ke lraly (Gllxd Jse
9 Pl s> cawd w30 plid Hlme ol sl 58wy
2 58 ey soladSd s> S gl celhs o
oliud o o5 olKin 3y lid gl casl oads 13,5 ks
Al g1 laie 1 S GuSH @9 53 el cawd b
GrhSh plals cely g wél salss Giolisl b (> wSy>
IRWIRV-APE

>y ExnialSs ey el cuws @l Plplade
ol a8)S 8 dallhe g0l (oSS slagyy xS
@y ol el gl yiole S cwlks b (3998 slagys
ol Ghagdy ool o sladily cwl 43S 1,8 oslitl 330
@Ygamo 53 cwSl casdse p Wlgie ool cuwd a5 sl
slayiehly b BUhSan 5 pltio HIK 1 uss
Gy 990y S sLe@as srdy S 58 5 (559>
St14-St44-TPP slasyss (Suilse (ols () Jsim

a2l (2pF0) TPP  dzpji0 dzpie

(42)3F0) St44  d>pjio azpie

(423F0) St14  dzpjio  (32g) cilidw wle> p (Sl olgs

Yy. YA® YYe o YAD [ YA
oy B OY.  OY. B Yo
" " neooon. " "
YA YA YA VA YA YA
¥ ¥ vy ¥ ¥

A YE. Yy
. Y. Yo
Y. Y. Y.
YAee YAee YAee
¥ ¥ ¥

(JSwliBo) s y2a1
(JSuwlKe) (algs s
(JSwlES) Sl Jgso
(35 yio 1 0SskiS) B>
09ley s

WAA jo1,54 Q oyladd )4 5y98

e SuilSe usige hbghs - (sale dolinle



VIAY .odd 21455 (53958 1455 sLong LS Gas 3 Uhs2 b izl Ly eallhe

1

Syt slaglsy pryadyd 1 G sk ez ojgsel
bagi anl$ ool el (3lugyis glio )3 GuSy sl
sz s i Tam b udly 50 (5, bg aidpitegy oBiis
ol 53 el osd plail Bilne 5 1 eslinul b g wlgVer
casdgo ploliolA Gully sles (JodA by 3 pieed
gy e glesheV i sein shS el SHglS
ﬁLoJ Sy 45 039y wlgghSVeOB ylgi als g ails p yio LoV
G Sde> izad cwl oxd widS iy coll lediges
55 slegy Jladl gl i by, (alakl Sl
MSgs > sadoslitul Ll liges g Sltge ogmd .cul
syl o ooy plid ¥ S s oalaxl SShel
o3l oy Sy 51 oslaial byl ool Gihes ey gaySeqls
el S S5 55 3l ] i sl ] g 53

2 osile 5 dui ondi(s,Sbgn sladiged (55Lueslel I e
oady aiblu Jhi 350 (S B 5 ond Hhb LS li8ley
olid b Gres (0aS QB unyile 5 ddw b S el
o3l HI¥ Gaee (S B s ladiged e B3
wWialgl 2hb Jslaz gib w0l (63959 slayielly siload
35 Bees GRES il cwl sud elal bagtalel 5 euiss
O30 5L b g 48l e kel ey b Jlgo oy oliws
aal 0 ol

3l ez b laale 5 w8 (655 51l sl o ol )3
ol 0y osliiul LS (g 5lwdand 13810y 5 (5ol SuiSS
2 95k oueme o3l 4 eedsS &S el g a IS iy
aLols 53 &S Siuyed buwgd Guerw .l 0l 031y 58 a—hd LS
2> eSe g oad i8S uSe digad I Yy 8 ash I ume
5 OealsS =3lg o3lail 8 S, Ly el 0sdh 3)lg LS l53108
9 3350 0359] Cuws @ Zaall o po S ‘om(_g)ﬂfo)'lx'l Slade
@ Uz b qlraly e cumal oy ol I eslial b
;51 bndigad M@A& G)ﬁfojbjl &lyp Oaised ] od0] Gawd
odds oals plias 0 S 5y oS oads oslatuwl puwgladl GuadsS
9 diw o, Shgs  (sladigal (SjLuobLAT 5! o RO
B yge GRS LB g ead mhb LS JBSley )y Gunsile
5 Gree GES a5 53 ladigal (e -l 00 dibl
GPhb Joliz @b wnl (39,9 layiably ailesds edls
sl 03 ool el 5 @ubais il

Modares Mechanical Engineering

St14-St44-TPP slasVed (sleosids cuSyi (Y Jgax>

] - yolic Loy 5
X QP EPURIPWIN IS NCR VY PRI g e

Gl
= = = = Y SR ¢ St14
PIRS RS A 200 eeed o) - St44
= = = - Y - TPP

3585 4y s (sl 5y sz slaanTd 3 Vb mhe GSle
5! oMa)B (5‘41:‘5)9 14 ccwl 40 S oslo g3 @LY
9 o Gladsy 9 iesliw (gt il (g)Spadle dlzpe
Loz U siload sdgeud (s> gl Jslxe buogl g
S 29 et MalS G ghale ahaw 53 35290 sl S39ll
Iy ogwl Jel=o bwgd cadossp (sladiges ah.w (thuo)LaT Al
Jsliz 4 a9l b dadigad (g5lweslel I (g amde las
el b e A0S iy ladigad laleiT 2k
23 U9y 93 3l esliinl b (5,52 wlilee ki 390 (slayiolly
oohb ool cwl oad el Galaxl Skl
YOUSe cwl sad &bl F g ¥ sladgas s agialeT

A23e ol |y g bez bg) 95 ol gl

=5

Weld Mrection

Hase Metal 1 Base Metal 2

Oy bawgd oa.\ﬁ).; sldised xhuw st»a.SLAT \ JSb

3 6sSdg sladiges pinlgl (2hb Jsaz (¥ Jose

< ) 69 - ks ey 5.5 w3l
gz i . U
Goai wge O O 2 Feiske) ) oy
() (4530 [@a5))
St14-
' oo o Yo
L 10 ) A
St14-
' \ Yoo A Y.
s o A
St14-
' oo Yo
C s 0 A A
p Ut o Ve \ Ve A
St44

Skl 5,isz ladiges plaleil 2hb Jgaz (F Jgaz

. 3 . .
« s 4 sk e 45l
e R [CULE . (5334€ (693 il
doai wgas FO 2 Falie) (sisls)
oH T (483 T (4
(disds
St14-
. V.. . oy
A pp ) ) s w
St14-
0 \Weo A oy w
B 'S4
g T Weo 0. oy v
TPP
p Stl4- Wee o oy w
St44

Volume 19, Issue 9, September 2019



@il g ey -V
chlaael Shol g 554 (gt 0l (5,892 b gladises
caleo I SO Lcwl oud oals Hlid Vg & s JSd 53 cadiyid
oSy sy GRS Gl byl 5 ke
el g 395 Glol wasdse 5l (hezr b wS)> 5 el
Whe b lrale Gl guedd cwl Gree (RS A08
edls wlys B9 SRS oS (53 it il
Jlail aemb Sy (20)S 53y csly sz b el
lsd S g9y (ly dmtue 4l G sll o Jlisa g
2B Rlyielly el b (plralr oo onl JyuS g
S9dse el ot g Ghezr b cudiS 55§59 (59 (S Skl
sldisas gy Gres GRSl pm Ghsz b el
Vo A gladSis s cadyia Galasel SKhel g 55 (5,89
5 S Goe plie 35 5 g O lagas ccwl sad esls L

2350 ol |y hsz b (aleal>

S @bz sladiged hgz> b (alral> (A B

WAA 553,54« oyladh ) 5y98

lodiges kS Gac (g pSeslail (& JSb

JsSly it a3 3l ndised oot (sl clie ool 5
cabld (Giolesl ol Gegee Gupds JWd cwl oad eslaiul
o] ey oldedu SYgd 4y (i SgS iyl pandds
9293l Byl 51 > 59,0 lSel e ((Sady9,8 051l (3938 gS
sylasbinl balyd cod oggel onl cwl wlehd (ausdono e
b @Ssls\ adsl (g9, SO Tl silasS ol alSiolesl
gl 3985 Cow a5 dgdise Yl diged b oaiiS3gds I eslaiuwl
59 Uil dmio g oad aidly a5 o 5> caiSiedl g oud
plod o gy gl BLSl L o el sl @bl jai0 3ac
oloswie @l gy ool dede Jleel el 5L 390 b
Slal U sgde il & (83l oley) ond s il
olgwae dlie ol 53wl adly sgog Sl Sl
Jsaz 51 oslisil b .l 0ad i8S 5 s aglile g il
G le JsSh e Jlade olubl G s
ol oad (6386510l 3ga5 Fec g oaSdai Hhd oad Jlocl
2B e o wloas Gl Ghgen vl yse ladiges
90 sz slaals g9 il @ 5 () 1Sd92 (slaytelly
34l s it (58Il 51 ey s 03ls H8 (L))
G 4 oSl G 5 s pladl e sladaad (e

el 0l Guetsiil 9 Jaia 35S0 G e 9 Jiy Jolse

e SuilSe udige ddghs - (sale dolinle



YIAR oad 3453 (53998 (sSyS (slonng URAS Gac 9 B9z kS (ladily oy dallhe
9 Uhez b lrale ey ladiged puiz il (Sdy>
Gox b ohor jd ey (a8l yls 15U H2aS Gee GlaliS]
St14-TPP Jlail ;3 (s> 4ol 5l (Sib czrge b 5560
a4.\b ).lB 93 ‘Q‘Sa.u.u' us‘.ﬁu LALCM lm4J9AJ dodd 33 el odd
o3ls c))A”J ‘Q-A-L-M-‘ ‘4L§;>.’Lw| U coow @ g bs Sy
Olire 9 LRAS Gac Hlade (g s> ey IS L el
Loy cwl a4l (ialisl adiged 3 gz b nleal>
Gos 9 Al Gy cadsS Ghez (sHSbsr e il
Olse 45 cdls dogi Ll aidl 4Bl ioll Gias
3 Ohez b lrale laie (ol el IS Gos Gialis!
sl el jiehly ool gl 1 Gla Gl b saly>
ey Glalidl Giige 53 11 ssdie ild 4l 3 SaSsyz
&S g1 elss ndo S @y Gres GRS 5 (5S>
Sy paside Hlyl j Gz b nlraly JyuS e
4l by ey (5,892 ey Gl b puizes L3S
gl So@hls ey Hlade ol 39die o Ghsz
Ohoz 4ol ao Gl bl el e ol 51 Heae oS el
9 @b jl il dihio 93 (g Sejglite )bl wylad g o)
o2l 53 e slaiad Giolisl cdmas j3 3gdd 0 dgai dibaie
solss eyl 51 ile 4ol casl § Sy by g 42l
bsiye D g B gladigai 3 C g A sladigas & Jouz @y azgi |y
9 wyldte Ghd ey b (shlauel (Sl (8> (g4
S 3o gldd T Jgan bt wilead bl pluse bl 5
B digad ;3 g C diged I ytdn A diged ;3 LidS Gee olio
Goc (h> ceyw g3y alidl b cwl D diged 51 yidon
il b pmizman sl @l (ihEl %Y sgam (RaS
asly Giohsl %YY dgi5 GIdS Gee (h ey (glopaVY
ol Glie b e (GhE wapw Gl b 1wl
caled 5y ol canl o e j1 JuSad el 5 aisl
OIS Gos Aalisl azl 53 9 (he> 4l e GlnliSl el
ol 03ly &5 5 € diged j 3lasl an aS 0ols &5 YL el
9 w'».ofﬁ‘&.’z&m' b)ls U.ub U}Lu.u ‘_}u.u‘o.&_\.&_\ UJ' ‘J.J)
2aS e Sy jiYb el b B cuow @ oy hs
olalidl b el C 51 iy A diges 55 (92 b lral>
Ol BYF dgu> (Jhs> b lrale (Ghe ceyw 10
3 Ohez b pleale (Gh ey GRS b Gy ol a8l
A2l )3 g Sedi oSl el el gl s bl A3
Uoagdin el plale ol cwl g 8092 cadsS plals
Seodly slagidyS sl wdedy (2198 ol )3 (3 wilshd
4 ol ol JyS dl Sk 9 el saitue oy (slxe
G e cadadyi wilehd )y cwss asl g
S cubls dogi 0l C g A sladiged g0 5 325 salgs
sl el iaS 15659 o 3 b Gher b lbral>

weaol o Lo yg @il 4ol )3 SaSy,2
el o3ls & Uiy sl 5l Jlasl (:f)b D 9 B sladigal s
Ol € g A (sladiged & caud ladigad ol 13 25359 o
oz b lralr ol S Eis G Rl b el adly
oSl L S Exs o LRS! ) el 4l JlalS
B oyi> JoIs 4 G 3988 51 B sl b §r9 g SWhael
ol 3380 el SBhol Gl ool 11U .S 6e 255>

Modares Mechanical Engineering

SISkl (5 S5z sladisas gz b lral (A JS

3 6, Shbg> (sladiged Free (idS li (& Jgaz

digeiay OO Grephe) ghgz bs lral>

A ey
B ¥1.30 £..0
c Yv.o ALy
D' aia W

Oeskse)
(Uhsz 42U 31 (L) Ubo 4ol 5l Gl

Shol 5)Sigz gladigad Gree (RS s (F Josz

e (iaukie) bsz b Gil>als

. . AS
coe (iaislse)

A \\Ag AVY

Y..x¥o (hsz 42 51 (Sl) Ubez 4ol 5l (s
0.1 R4

10.40 (hsz 42 51 (Sil) Ubez 4ol 5l e

O o w

llacl sloptss @ d2gi b (grae (1S A8 elil 51 G
@9 2> U5 caale gululy glsie | Gz b nlral>
o sleddlse sz b (alral> )3 5o Jole 5)S duzyl
desb 55 Sl Ldsas g 50 Jlael hg> bas 0 dg0c &5
o cewl b oylgns 1 3She 53 kS gl idd (g b
oSl Gr9 e w4 Laoylgns Sl Gl bE Sy e
ol g9 5l ild 4l 5 (S & (el 51 puizen be
T35S e eSyo 550 o3le canws 45 sz b 14 causl

D' C' gladiges 9 B 5 A" sladigas ¥ Jouz & 423 b
bl )3 g wylite ey b il () sz Glgs bgiye
Gos Olire & WIS 5o ol 0 Jgaz 2l wloads (b)) plesy
gl 31y D' diged 33 g B' diged 31 ytion A diged 43 (iisS
St14- Jlail ;s 6,55 ey ot Gialidl b cul C
Gl bl @l Giolidl %IV sga> idS Gec TPP
%\Y 394> LS Gas St14-St44 Jlail ;5 cpw g3uoydYO
ey Gl b esolewsdy gl b .cwl a8l il
wsls &5 obsz 4l (Sib St14-TPP Jlail s (s, a5
4 cuws D' digad j5 (hgz bE lale lade « > 5
Gl bl awdly glabste LB il €' diges
lals St14-St44 Jlail 3 ,Khgs cepw (Ga0)aY0
el plpt dgus Jhgs b

Ohey 2 GhE wem GRSl b a5 sese pldd 398l

Volume 19, Issue 9, September 2019



ohlSan g oaljepsal daz! V146

- - fsw laser
Yb-
¥,
= vo
= 1
2 - i
2 "
£ i HAZ Fiusion HAZ |
2 X Zone 1
x \b- 1 .
" i 1
\e ! I N 1
8 Base ! 1 i | Base
Metal 11 : i | Metal 2
H 5 =
A Y -F -A F Y Y A - Y Y T 8 R Y A A

Distence from weld line (mm)

ohliae] (Shol g 5 bz (Ew dunlie (Y lagad

S -F

6l GBS Gae (LG 15359 Sosd 9 Lmi E8SHEL L -)
S e %Y d93> i (g )Sds> by, I Jelo sladiges
el Galaal SBhel g sz by jl Jel> sledigas
o GSbez sy «Uhsr b (nlrale @ dxgi b puizes
Ao s &y |y (g5 b

St14- Jlasl ;5 y5) 6, 5bsn cap oY Lialil b v
Gl bl @l Giolidl %IV sga> idS Gec JTPP
%\Y 394> LS Gas St14-St44 Jlail ;5 cepw g3uoya¥O
ol o plpt 394> o9 b lrale g adly (ol
Sl 58852 Ghe capw 103 YY 5 Ve Gialisl L -V
b lrdle g BYY 9 IV dg0o cudyidy GRS Goe Shlace]
ol a3l L33l %VF 3915 s

9% 4 boipe 4ol i 1 yilden y5d) Ghez 4l G -F
ROMPR LW

Sl (5)Kbsz ladiged 2SE o BB L -0
Gl ol GhalS o )3 5 50 edgame U Ghlace!
logys ails 4l (6568 (SaSeyz 9 sl (SHb oben ks
dga> 4.3),5@)9 o el L o« s 5s el osids camlie
el o sl (g dn (SaS52 (o5

hlal SBhel by b esdig s> gladiges 55 -1
OidiS )3 doa 5o Lcwl 03y (s Al sl g (holas
42l Jlail =hb (Glgy 0ol b osdlig)Sdsa (sladiges Guos
39 el (g ptdeny glwebl cayd b b (b

3 ashd 4 Filhe o Sl wad glagii)S Jleel Judsey -V
colis oS adlge 5 il SShel o Kigs wdls
D9d (0 yihud yhe> 4l )5 digad (bl @I S slo@is
cwlhd b glogys el 5 5 58s2 1 eslaial palyby
23 sz 53 kS Elgw 1) yls s yicslhe axl (oS
]y olss (g ioglhe cadsS (b 5 Wl B el

i ol B aiuagi bawgd (6390 1531348 g St

it by By g (63,90 18U dganls

i ol o Bauagi buwgi (5390 :@8lie (oylal

ol Kiwgsy «(Jsl osiuagd) o3lipmal tom 1Baiugi pgu
Gle 1(%Y0) SaS Kyl «(pgd oMunyh) (§ybo el £(%0+)
(%Y0) (5 slel Sl ((pguw o diuanssd) (539852

i ol Byl buwgi (6390 1lle gilie

WAA 553,54« oyladh ) 5y98

G Ol b prizen b (el o> SIS @ slge
OV G O3l el Gyg @ esdlecl E 860
e Galil 3 (S Gace of JLisas g 390

23 @ Siez 51D g CF sladigas T ¥ (sladgaz 4y azsi b
95 iz b poladl Sl 58852 51D g B gladigas 5
ol 485 18 dunlie g oy H3e LS 55 G o
Sl dels sladigas gl S Goae &5 30 plis gl
Sl dele sladigad I yiing %Y 393> i (5,092 Gy,
@ azgi b puizen cwl Galakl (Sl g Bds> (b,
Ol s @R s> by, (Ulsr b el
cov9y ol b oedd g Kb sladigad 5o adl amd0 cuwd
Gladigad 53 yls 3929 i Ghez 4l cwsld 5 Gl
5 Ul LS S Ges ek Sl (b
ol S Y doail jd Ll 039 (g AUl yidon cuwnSD
b b Glez 42l Jlail ohb (ala] (SBhel gladises
Sopii)S Jlosl Judsay 39d pladl (g tdon plinebl oy
S Bhol g 82 cdl> s ashd 4 Gihe 9 Sl b
dgad ABl 05 Sy sodyg cweld & (SBlge yy Salal
©)Sde2 l esliiul plaliy Sedoe yFiddumd Gy 4l )
DI gioslhe dxmil oS culre b glagyy el ) )5
2 el Ehsw oS cwlre b gy 53 ol » oogde
Groolhe cadsS (g g wle sl el Hid (g Sbse
eusls solg>

Oyt el (G0l Ehgw SIS i) ()
dihio AL 4 ymie Gz 5 P92 Sl 4 Gos o
Sl (559> Gigy b dwlie 3 Gisz @y 5l e
Sy e dbuogdy Ghe dxde> S el oad alasl
Sytde Juad 3 eyl gabews I ey g Sashd (g9, J5U
Gl S i gl K03 eplie 4 35d 0 J5S gile 5 Aoz
S sleadl ey b 93 g Sl (g dzdg> 390 5
23 398 pjlgie (o £ 9 JiU S ey [0S @b
dopo )3 9 S Wwles sl dnde> JSb wonge oalpd
ey 09z b AleE plcaw] wadd b GRS
siliviag 1 &5 gloj sebly co3gs Vb 5 gy 55 5592
Los g loy Jole g3 du iy adsy 3940 S0 S 35 ol dils sy
Ay sl ewoyd cJole 93 gl (RS L j5 )3 45 o3gr ditunl
S oS eyl 51 ilie dihaie ot )3 e sl @5l il
EVRWRSIR Y

bugi osdg) sz gladiged e lo s
o 159 Hw ey (ALl (Sl 5 55 slaghs,
ol Hlid Vjlaged 5 Glauglio wygods g b 5l alols @
g e sl SBww dgibs0 odmlie a5 Heblas Lcwl o
ol el SBhel Gigr 4 bae 4l S i
aely 4 el 5 Sz anld el Vb ey Judsay
@ ol yeduw ajls paelsgzgds g b ey Gialjl
Olsie prigen 29dpe alisd] SBhol o)z Ll
Sirgz il 53 eyl 1 yilie dihie e 45 S sunlie
skl G gl dds el by 36 4ol 51 eS Calyedy 55
cdeds o5 el eyl 51 yilie dibie j3 Sadep wsl S
55 Souled anl ol il 53 Vb (les lalS Sy
S9dse sbge il Gl wlilee

e SuilSe udige ddghs - (sale dolinle



Y12 ok 34dgi (63998 (1S5S (slonyg UL Gac 9 B9z b ilrwily oy dallhe
G. Limiting drawing ratio and deep drawing behavior of
dual phase steel tailor welded blanks: FE simulation and
experimental validation. Journal of Materials Processing
Technology. 2015;217:48-64.

17- Satya Suresh VVN, Regalla SP, Gupta AK,
Padmanabham G. Weld line shift in the case of tailor
welded blanks subjected to differential strengths with
respect to TIG and laser welding. Materials Today
Proceedings. 2015;2(4-5):3501-3510.

18- Moradi M, Ghoreishi M, Rahmani A. Numerical and
experimental study of geometrical dimensions on laser-
TIG hybrid welding of stainless steel 1.4418. Journal of
Modern Processes in Manufacturing and Production.
2016;5(2):21-31.

19- Moradi MM, Jamshidi Aval H, Jamaati R.
Experimental investigation on the effect of friction stir
welding process parameters in dissimilar joining of
AA2024-T351 and AA6061-T6 aluminum alloys.
Modares Mechanical Engineering. 2016;16(9):394-402.
[Persian]

20- Wang H, Feng B, Song G, Liu L. Laser-arc hybrid
welding of high-strength steel and aluminum alloy joints
with brass filler. Materials and Manufacturing Processes.
2018;33(7):735-742.

21- Abdullah ME, Abdel-Magied RK, Elsheikh MN.
Experimental investigation of formability of Al-1050
tailor-welded blanks. The International Journal of
Advanced Manufacturing Technology. 2017;89(1-4):791-
801.

22- Barbieri G, Cognini F, Moncada M, Rinaldi A, Lapi G.
Welding of automotive aluminum alloys by laser
wobbling  processing. Materials Science Forum.
2017;879:1057-1062.

23- Moradi M, Ghoreishi M, Khorram A. Process and
outcome comparison between laser, Tungsten Inert Gas
(TIG) and laser-TIG hybrid welding. Lasers in
Engineering Old City Publishing. 2018;39(3-6):379-391.
24- Faraji AH, Goodarzi M, Seyedein SH, Maletta C.
Investigation of the capability of hybrid Nd:YAG - TIG
welding against Nd:YAG laser welding process for
aluminum foam sandwich panels. Modares Mechanical
Engineering. 2017;16(11):349-356. [Persian]

25- Faraji AH, Moradi M, Goodarzi M, Colucci P, Maletta
C. An investigation on capability of hybrid Nd:YAG laser-
TIG welding technology for AA2198 Al-Li alloy. Optics
and Lasers in Engineering. 2017;96:1-6.

26- Moradi M, Ghoreishi M. Influences of laser welding
parameters on the geometric profile of NI-base
superalloy Rene 80 weld-bead. The International Journal
of Advanced Manufacturing Technology. 2011;55(1-
4):205-215.

27- Parente M, Safdarian R, Santos AD, Loureiro A, Vilaca
P, Natal Jorge RM. A study on the formability of
aluminum tailor welded blanks produced by friction stir
welding. The International Journal of Advanced
Manufacturing Technology. 2016;83(9-12):2129-2141.
28- Safdarian Korouyeh R, Moslemi Naeini H, Liaghat GH,
Kasaei MM. Investigation of weld line movement in tailor
welded blank forming. Advanced Materials Research.
2012;445:39-44.

29- Safdarian R. The effects of strength ratio on the
forming limit diagram of tailor-welded blanks.
Ironmaking & Steelmaking. 2018;45(1):17-24.

30- Safdarian Korouyeh R, Moslemi Naeini H, Torkamany
M], Sabaghzadee ]. Effect of laser welding parameters on
forming behavior of tailor welded blanks. Advanced
Materials Research. 2012;445:406-411.

Modares Mechanical Engineering

&l
1- Kinsey B, Liu Z, Cao J. A novel forming technology for
tailor-welded blanks. Journal of Materials Processing
Technology. 2000;99(1-3):145-153.
2- Choi Y, Heo Y, Kim HY, Seo D. Investigations of weld-
line movements for the deep drawing process of tailor
welded blanks. Journal of Materials Processing
Technology. 2000;108(1):1-7.
3- Heo YM, Wang SH, Kim HY, Seo DG. The effect of the
drawbead dimensions on the weld-line movements in
the deep drawing of tailor-welded blanks. Journal of
Materials Processing Technology. 2001;113(1-3):686-
691.
4- Browne MT, Hillery MT. Optimising the variables
when deep-drawing C.R.1 cups. Journal of Materials
Processing Technology. 2003;136(1-3):64-71.
5- Padmanabhan R, Baptista A], Oliveira MC, Menezes LF.
Effect of anisotropy on the deep-drawing of mild steel
and dual-phase steel tailor-welded blanks. Journal of
Materials Processing Technology. 2007;184(1-3):288-
293.
6- Chen W, Lin GS, Hu S]. A comparison study on the
effectiveness of stepped binder and weld line clamping
pins on formability improvement for tailor-welded
blanks. Journal of Materials Processing Technology.
2008;207(1-3):204-210.
7- Sanders D, Edwards P, Grant G, Ramulu M, Reynolds A.
Superplastically formed friction stir welded tailored
aluminum and titanium blanks for aerospace
applications. Journal of Materials Engineering and
Performance. 2010;19(4):515-520.
8- Sinke |, Zadpoor AA, Benedictus R. Tailor made blanks
for the aerospace industry. In: Kinsey BL, Wu X, editors.
Tailor welded blanks for advanced manufacturing.
Cambridge UK: Woodhead Publishing; 2011. pp. 181-
201.
9- Abbasi M, Ketabchi M, Labudde T, Prahl U, Bleck W.
New attempt to wrinkling behavior analysis of tailor
welded blanks during the deep drawing process.
Materials & Design. 2012;40:407-414.
10- Safdarian Korouyeh R, Moslemi Naein H, Liaghat GH.
Forming limit diagram prediction of tailor-welded blank
using experimental and numerical methods. Journal of
Materials Engineering and Performance.
2012;21(10):2053-2061.
11- Fazli A. Optimum tailor-welded blank design using
deformation path length of boundary nodes.
International Journal of Automotive Engineering.
2013;3(2):435-445.
12- Hamidinejad SM, Hasanniya MH, Salari N, Valizadeh
E. CO2 laser welding of interstitial free galvanized steel
sheets used in tailor welded blanks. The International
Journal of Advanced Manufacturing Technology.
2013;64(1-4):195-206.
13- Safdarian Korouyeh R, Moslemi Naeini H, Torkamany
MJ], Liaghat GH. Experimental and theoretical
investigation of thickness ratio effect on the formability
of tailor welded blank. Optics & Laser Technology.
2013;51:24-31.
14- Song Y, Hua L. Influences of thickness ratio of base
sheets on formability of tailor welded blanks. Procedia
Engineering. 2014;81:730-735.
15- Dias JS, Chuvas TC, Cindra Fonseca MDP. Evaluation
of residual stresses and mechanical properties of IF steel
welded joints by laser and plasma processes. Materials
Research. 2016;19(3):721-727.
16- Bandyopadhyay K, Panda SK, Saha P, Padmanabham

Volume 19, Issue 9, September 2019



ohlSan g oaljepsal dax! V1AV
Chaparro BM, Antunes |JM, Vilaca P, Rodrigues DM, 31- Safdarian R, Habibian Tavan O. Effect of friction
Loureiro A. Mechanical behaviour of FSW aluminium stir welding parameters on the ultimate tensile strength
tailored blanks. Materials Science Forum. 2008;587- of Al-Cu tailor welded blanks. Iranian Journal of
588:961-965. Materials Forming. 2018;5(2):84-95.32- Leal RM,

VWA 9050 A o3lad 19 0593 oo SuilSe udige hbgh - el dolinle



	867
	867-txt



