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Fabrication of synchronized hammer peening with pulsed laser welding
and its effect on 6061 aluminum alloy weld

H. Ebrahimzadeh, H. Farhangi’

School of Metallurgy and Materials Engineering, College of Engineering, University of Tehran, Tehran, Iran
(Received 1 November 2019 ; Accepted 5 September 2020)

Abstract

The non-continuous laser beam in pulsed lasers allows the mechanical peening between two consecutive beams on a
gtill hot weld bead. At a very short time (20, 150 and 300 ms) after laser pulse application, mechanical peening was
performed on the welding bead. To achieve these short times, the light sensor detects the nth laser pulse and the
mechanical arm starts moving. Upon reaching the tip of the pin near the workpiece, the n + 1th pulse was irradiated to
the workpiece surface, and so the pin impact to the weld bead after traveling a short distance. Desirable mechanical
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properties were obtained at the highest time (300 ms) and highest pressure (6 bars). In this time and pressure the weld

beads were not broken due to bending forces of peening.

Keywords. Pulsed laser welding, Synchronized hammer peening, 6061 auminum alloy, Delay time; Pneumatic

pressure, Mechanical properties.
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Abstract

Nowadays, the use of advanced high strength steels (AHSSs) in body-in-white is one of the hot applied strategies which
is followed by the most of the automakers. The study of weldability and weld challenges facing these steels in
resistance spot welding process as the most widely used process in the assembly lines of the automotive industry is
essential to use the outstanding mechanical responses of AHSSs. This study can result in improvement of mechanical
performance of the resistance spot welds of AHSSs. Our results indicate that AHSSs experiences different welding
challenges which this work aims to study them by discussing their causes, mechanisms involved and potential ways to
address them.

K eywords. Advanced automotive stedls, Resistance spot welding, Weldability, Susceptibility to welding defects and

discontinuities, Segregation.

Dl G5l b3l bl Sl U Sty b o

[3-1] 5505 oLl
Jlasl T op sshe Gl moslie (o So Ayl
el 3 W sl Sl Jlasl T35 5 sd s
A gl gl e GbSHES s
Gy il S L xS e gl i glaanl
Slabi aslis U 0 sy Sies SEaol
33 Lesarta S8 slad,s Jlal sl ol T3 J pens
B P R N PG S e mbe
Soal Oode o052 S5 o AS My bl s pad LG
3gi e eslinal (glabais 3y 5000-2000 s5u- 5l Ysane
23 Gl gl I Aol b Coeal £ e
Salal b amen s 0 0L m sl ]y 505 S
G 3 (s 3l B0 Gl e ) bl
JEe odkd fate Dl o GlbE i ) plaes S
Cope a Ml g sl lat ) p et st
SOA Gk orl S s S Jes (S50 po 0 sla e
A U Gslal ply 5s gy sl duled Ol | Coslas
Slbit b b SOl 5 Shes 5 Sl w0l
IS Ol 4 gl i CaSlE s s (Say
ks plalid ol pais e s cnSs Jol gl
2 Al e ldes la s S IS sk o4l
AL IS st a5 ) e s e Sl
Sy CeSd Slhosas 5 o3 See (oiS ol pl

e Sl Lagyn gt sl 5 plss (b ol (sl e slie

aedie -1
2 losasr Kol 5 Sl glag,s Jomd ol
Soslw b s s ol 51 LSS It Slslas
Jolo 53 Al cpl s (261 el i Ll 5 s
S o Wl GIE gy andia b g esle Ol uS
oMo 4B iy VL CK>=L.N| slas¥ss YL e I8 LB
L Lol (g ndy JKo bl das¥ b SOISG 5 Sles 5540
5 o IS L lalad ol Sy 5o el 35 2580
o Ol e S glaanl 3 L1 anl el gls 1 b
Cxo 53 S I s 0581 s LY ol S s
Shodas sl 1 Lgasst el 5 DS B sl o 50
ol DGRBS et St Sae eSS b
Ll o g0 Cmo ulal la 5l Ol
ab i YL rLiz:,.A sV 5l eslanal oSSl @ a5
LVl S0 3l s e cal & (el il
Sl 3 62,08 GFLaal S Ol 4 g0 Cis 2
S estizal [A3] 552 o Jlis s Sp slaslassss
e S w05 SR L LYl
B N S T
Ll s s gyt oslexel B ol e YU S i
S a3 Gl 4 maly s Laslas¥ o p e Sl
by sV Olpe oo sV Sl as S s
4 0l oo WL tege 3148 Ll ol ann s ) g0
otz 536 el b Y 53) (530 dir (g3l53 lasY

LiLSLAJY}é)evLi- L t‘b rj.éj.::a; cwﬁ)u tm_wjé



15 13-274:;3..0 ¢1399C)L':M)' K ﬁi‘i 424)\.«;..3 cr..i..i Ju c&)‘ﬁ‘ 6)&3‘99.- ‘5)‘9\.13 K f*’b 4..1‘,;.1' c&b&aﬁ K ‘5}32.9 4l Cj)

LS gt esls 0L welsl s &S kiles 35l (gl
Wlp Vb Jsbe n S SUT 2 e i 53l
Jolss ST sy (Sesbsns ol 5 ooy S5 5
AL o S Ll e b Al Sl ae Lo
L (sl alas el (s ISC8 o tnl b 0 OF oy sloe 5T
ok Sl g ahi sl 5 S 5 RPN it
o SO e gl Bl el (gl aldlaa

ey e 0L ) gys 95 Al o s g

SRR ey =2

LgLA.NjéﬁLJ SIS A8y LgLA.Njé b s ol 2
Cgr eaeen WS oslasl TWIP SABC CP (TRIP DP
.Njé)mijmfptpj\ sole L;L,aﬂj;j\uwuﬂ o
A3 8 eslizal SUT oS (VL plSouna

S a8 5 eslizal 3y ol Bus s 4 LIUT WS
G wlb sl iy b (St 4 Cuslie spp S
C.)LU .]a.mj; la 4..:}4.: 6)&&}7- .J.}Jﬁ ol eJ‘J J:"“:'ji
el apdts (IS 0L b ol el sl (100 5
b S (1) JS8) allss silussns oS0
s S el b B (LKS s Cgr

S T e 1 5 Dl s Sl sl
o9 el enls sla bl Jlesl 5 Oliabl g aS 55 |l
U‘i‘ Q‘j; ~° u‘v\.ﬁ ;JJ d‘jﬂ Gv\.iv\.i )‘ ‘-’L“:""‘b‘ v
o e (S35 gy ey il el s 1) b
S Oasl Gls 4 pes s o sdalie 51 (5 ISCE
Wmfdw@&wlw&uwy
ISO 18278-2: 2004(E) s bl ke (o, K0 4> asl 0 3
oo 4 (2) JSKo s 5 ool g sed (K (6l
oslizal (580 o S lasiiie (1) Jsr 5 (slols b

'MJL;“ QLJ..: b J:“A‘ﬁj“'i U‘i‘ BE ol

Coanl s b g opl 2k J 8 e ol 51 s A
el Ol

oslatal gl p clie GAlL LIS s ab iy (gl b
gl ams 8 WAL e g0 A ol el s
sl sy prose O Jo 5 ol SO ol I
Sl o35 cpl e A0 cpl 53 S 2l a5l 035 (6 5kns
ﬁ)é&f\fduﬁwj\bﬂuﬁﬁ@jé
B OV T B LR VIS (M Rt
2-1] sl eas LoV ol Gl sl B S
[6-5

slo Ul L [7] o slasVs L oaslin 53 asY s
N S SIS Glp bl el S e g R
s N 0T Rl Caslip s Cais
Slaekl 0T 35 gl 3gms 316 28 U3 )z
Sl Gy o0t Cxe bl sl s el
o3l 5 asle gldal zeslie (e AT 5l ol
e SO 5 Ses L) S5 B8 o3Il 4 i s> 4aSs
Sl s hpr 4aSs (SUS sy oS e
(2kA J3la=) o3 28 JIS o3l & 5l G (6,18
Cae S s S5 sle sl 0yl c
2] o e

Gadae elge &S sl oals DL s la o GL;
Wl s ol sl bl Slms o3sdoms 5 G Br
L s adhy oV ldad aslie (o2
oo 53 Ly bV ol 5,8 el ol S anS e e
A pbelidy S e axlpe gl Gl Lo
(25l S5 ool sy 3 b Sus il s
mOleall 3l g Al (S e b eSS 4 Comle
3 oose MSKE 5 s S0sm ekl (ady
e N PR U U N W PV | LU e P SV &
[9-1] S oo s 500mn 15 SV (5 dy 25

Slp bl (pl bd sy 4 3l e Al (]

seslie S wul B s st wbity glasY



Sl LKSU 10M Jie KSTM 28 olfies S b
sl Sl S 5 gl ks 100 L Jesd
- S s dgesl 5las Olml aids e e Osesl
ol Gl et g 3 S oslinad (3] e b illas

LA eslas! SORPAS S gd>ee

Loy g b -3

ol b e a Jlel 65,0 sl Aol S s
3 Olwebl Gl sy ol Sl el s S slaad) e
s ks Jleel sla G Sl (G 5 Ses
o S Gla gl ot Olojen b g &S el oY
Bdes ol 53 Jlosl 0 s L8 13 sblise 225 5
58S piles wll i) LEES bl 6505 53 5 b
@ o5 a8 iy sV sl dal gt esls Olis dlis ol
Rl e s by dls e gl (Sausnl 5 e
s S s She 51 S Olebl (6l ‘e
Sphs aeo S papd Wl sV ol dal el
cos ol Skl SO glacas 5 el
Q) Ko oyl 3 Sabys SO O30 Sl i
Sl b maslie Gl i (Sl S s Sas il
DL wblize (528 5 i 23S 0ge5] s |, TRIP 5Y 8
035 oSG 0L Jil58l L aS 558 e dalie  das e
S AL o Sl s S ol (63558 Dol 4
Gl 053l 5 s e Jess LB L Sas el
Loy ool o o Bl e SO s Shas
Gy mn 6 s Cillandl o 4y 8 TSS & CTS s ) 5
G Ol SOy e Al el e (g,
Aoy 6 31 3y Gl g a8 S 0T a8 w5 Gl
L e LS (s Sllanil s OF S

};):‘Aﬁ}, A‘J‘l‘)‘> o eslaal Lg‘A.la.L L);A‘}LZ.A uﬁ:}} Ql{)—ldg..fr
P B G N L P PP (G- JE S S WP PR v P

% A ] )

3 395 59

-tm A

._,1 Siws> Bl >

9

g

3

a ooy fesas oyl 5 el b N
(JSw) b

Osls i slp st opl o s S bl ol G
JSE U oS 2 mp s 57 e SUT i 5125 580151 n o

la g vﬁfKﬁ 5 Shas bl A el a3l PRRLY

u':"h.ﬁj":" UZ" BL) ol enlaial LEJK‘:')" K....»_ Olasein —1J‘}.\>.-

S ol

ok Ol ) SIS e plowi! S
I Ol B R T £ »
SR LT L SIS g
Sz Jlest
;\'_,s 4 aily
) I V7 SV ] T s by "

ISO 18278-2: 2004(E ) » k! i_,,.L..J,,l-



Gl JBOL oz easdee RS Slae 4 Sl
SISl 53 s ol Sl A S sl s
Sl s 4 Wil s L e J  Salus
o b i ol G304 i e b St
LLE el pl el IE 1, S5 s alr o St S
Sl bt geslie gl g 3 a5 S CINS &Kl
saosst sV s et ad iy sV
S5 Sady S oo GV e el
e o B G 503 6 3 s {755 2-1] s
JSo Sl S shiles LS e 13 Salus IS L o
o P BN AL s bl jasis (4)
WS o Fla 1y b S Osa3l 53 oo BB L Shas
bl S Oge3l 3 Jess BB L Slas s S s

Méd‘)‘}jﬁ;u@b

£ ol yon & TRIP 5Y35 31 5 g 4S5 by SLe (a4 s
S S g i3S gl (8L e (s of e e sl
(i Sl (Rl s s ol Siar SGa bl

b o sloe 0L, ol & [O] cl eas esls OLE
Fo Sl s O 5 VL s S cl K
U Sl oS 0L o adke o) ol 31 odas s
aiaie 015 o 1y (S35 05 oy 4 i OIS OL >
S sl o p ml Al G e 4 Sl
S5 L papns as iy slasY g oS sl 0L tass ol
IS ge 5 ul 3 b 5 SUT Sobe 51 5 8 aled
(52 oo SWT 0 a5 e 40 e 45) 5 oy
s (G Ray S Dxs 4 owlas a3l Ll
Sy & Ao s oS S Ol5 o (78) JKE s
ot b SRl G o VL s ) e (55505
Moz 13l o S5l ol S 9 0 Ol > s (1S e
sbob = 4) JKa 5 ek esls OLE s e

[ - o =
& 1] - " n n (=3 n

(5 o) 92> 4055 plad

35 4 45 5 55 6 65 7 75 8 85 9 95
(o ) )02 b 2
1 04
0
;13 o k035,
Ii]:m ' 03 ]
14 e
] j
) k(1,25
310 3
1 Bﬁ 02,3
l \
49 : Lois 9
21 il g ok
- P iu‘r’:hs; .”'u,'ﬁ . a8
35 443 5336 65 7T 758 85 9 95 l
= ()‘"’T 3“ ) GJ&"? Uh.l’ whie F35 b a

55 Jood BB L Sl (G s o 4eSs o3l (il s =3 s
28 Osa31 53 Jams WG L St 5 (TSS) i = 228 e
(Mg 0L~ LTRIP Y5 (CTS) ablize



Sl Bk sy a5 SiS Ol5 e (S35 05 0
by Ll e @St 5 ((5) JS2) ey SIS o3l
S Ll l By 5o a5l U |y Ol (S350,
s S g s s S L Olges 6 5 s Ses S
ailin sl Sty K3 i daulyy ool 5l e ailete
Gl o 1 Sl aaSs st ely 5 apd e S
TRIP Lo SV 5 il 3l o gl S o o
G S 3l 53 L (s Ol OLL s HSLA
S5 Sl S shiles Ll s el (6) U s 0L
3 St SSe Gsb glls HSLA 3V ol et
2w 53 &S Gl TRIP g)s 95wt iy sV 9 L acslis
A 3l el Fge Vg nl (S35 s ey G
Sla adlaie 53 Syl SplT feS 5 Ol aSs m e A2
OF Jlis & 5 SGI Gob ol by 28 3 o)~
30357 b saa¥s 53 Clle p&ass) (S35 05
R L IR IR W& R IS VYV | VGV B
g sV ol gl e adke SO ol

Jol b Jas e (glaodsy om0ty 51 flie o (050055

d@&fﬁ .L‘J)s e 02 ol ajaa-bjl&.:: ng/.:‘ J.:): “
[9] s Bl o iliz 5 e L2535 WOl 5 ol

e

S b O oy DL (gl abaki by Sy Sl S -5 S

Ol el ) e adlae s

s i slas¥ g sla B g bacalas 3 ome 4 aalsl s

5

2395 S35 B ok -1-3

b losas o a,iy bV S b s 5 S
Ao ge 3l G b o3 S35 O oy dited axlge O
OL = Slaee e3gdome QUG sgdome o ol oul &S
G Ol Sl easdee gl 50 e S
woar g Loyl Doy Jsogls sy e glasls )l 3
whily Vs (Sple fad CnSOa Sl
A s gd Bhl clasYgs ) ol &S b apn et
Obyr o ol Obz esgdbe (55 L wDjpe
Gy Calies t OF 3 48) AVE aaSs o3Il a0 peie (6o
e NS Ol b (ol e e 0 K2 55
GO O o Slme o3 5doms Ol e 40 (555 05 oy 4
Aile i lasVss (gl easdme pl &S S Oly e
ol kS 3T 5418 L1, 55« HSLA 5 IF slasV
S Gl easdee ol S cldl sl 7] e
Sl ol ol b papet w iy glasYe
5335 4 s 5« TWIP ; TRIP DP L JKLLKS
3Gl Shar S3l Kl el Sl Ll el ghs 2
ol Gl b sV opl (IS g O 2 Sl 03 5dos
ol G0 5 AT plad oS5 Gl (S
oy 5l lges baslagse it o ol o)lil & o3V Ll
oIS 25 S ) L Sl esdome b 53V
seslie i s O ks i ol s a
S e plsal (slabas

sy &S Cl ol Wl Jsihe L &S g S
S Il 4 o 4S5 4 Ok Shas 335 (S350
e b ) ahi eslie S AT s 1 S
vgc;&ﬂéuq,ﬁguyd:.,gdcsgas.usdwf



19 13‘274}5&.& g1399bt~\-ﬁ} 3 hti gZOJLo.:I “...i..i JL.» gb‘ﬁ‘ éjmf 6)3‘}5 3 r‘,l.ﬁ 4&,:—1. gb‘)&mﬁ 3 ‘5ﬁ.~:.9 4l C}J

o (7) s 55 TWIP zoxa] 38, Vg 5l (gl dbais
ol 3 e x Al 5TIC Mn ST jole Jilis 3sd
Sol3 o g el il oYL e Bl s
S ol G 5o 3Tl SO e s sl Sk
G Olgs oS s &S Lolie pl & syl Sy O
Sk S5 a0l Cowles 5 SUT 005 sk 3 ek
Sen Spo 4 e adlie IS 53 el elde 53 Aines
oeals TWIP s 56 gla aasiin 51 S LSl ol L]
S 9 2-1] el snd esls Ol ol il slesl
Seslie G al b s Odds e YU Sl s e
o o en 4 (6 5 18 10000 45,6 ) (gladais
N ool ol abs gbe g Ldd foo oo TWIP 5V
ol O Lmemal sleasl Las e opl & 55800 LRl 4
02 S pshiles el l XS e e mbse Dse
SO 3 Shae wad 3l 4 apd e e (8) S
255 or e Sl Gl Gramek 20 e e L
Slyme s5ms o8, o VsE ol s Jessd BB L aiy &
oS 55 HSLA 5N 5l oo 0T 3T jobie 2ty Sl
S AS o Ol by S8 cnl (A 1 (8) JSCE) sl
SO sl feily Ll5 o ST ol 03553 xS

Temperstuce "C)

. o

1 600E+03

13626403
L 1 204E«03
1 OSEE+03
F0BIEHI2
7 EO0E+02
§120E+02
4 BA0E+02
1BIE+02
1 6B0E+02

2000E+01

[ =

750 °C

TRIP g HSLA (slaoYsd sl 5, Kas> oylej sl o ()l (o5l am ol aunlie -6

@ Jeall 4 Ol e gl lad pl g3 &S L s
4 s o sl S35 O ey J RS slalSel
SUT ol 5 sdme b B (g3)lge 4 Ol e bz
S eslinal (gl abits zeslis K5 4 Of b sl
Copdke candl Lo 5 el e Gl sl wl
Ay 5 S Sl K e 55 250 DUl

.bja.} ULf:‘ u”)" S g’.‘i)'u

g:‘i""’.“f‘:".‘.'""*"’_z_3
L{g)\.«.o@j)zj}uéfiﬁduzyjé);“{rLi;d..,Am_o.L:.U
(ST pobie 035331 0T & Odews L & 3,8 0 g0
sy S g0 5 iyl 3 5 ST il ol 5 sdome 1 b
g55 5 Ol ol L b Sl el isyls Syl
s Gk 3l gls osline il 4 e S 5UT obs
s 4 olg L3 SUT 55 eds o 30 Jhll L
a.Lf:)Lg CJJ..I:M)U}L»ASd‘AJa.LJHJLb u{})d)m?
Slrge bl o Sy bl SSoa fas L SU
355l o oalh 1 Ol adlate s i 4 Cowles

esle o S Clde adlaie 53 il pl 5l ai el S



13'274"5—# A1399 btnn—ﬁ}jhli gZOJLo.:I “...f....i JL.» gb‘ﬁ‘ éjmf 6)31;53‘:‘91.9 4,1}:_1. ‘b‘)mjép:-g 4l C}J 20

Lllg oo e (Sslus @ISL 3 (S ee

L3S o e P Aege Sl eSS

TWIP oYg8 o> dilaie 55,0 10 (o5LIT yolic @je8 slaasis -7 S
FE-EPMA U1 5, 5l Jol>

2
1
1

[
o

031031 gl o Joou b ,U
(Fies o) Ll g aoS0
(39 %2 ;30) SWT jolis sl gizme

— —_
4 o=

[
L
£

—
=
=

DP TRIP TWIP  HSLA
TRIP DPclasYsd L TWIP Y58 (o5LI1 jolic (glgime dunlio -8 IS
LT sl sz (SeilSe 0 Shae g HSLA

s o S Bl S5 L s S ol
JJI:L_:nSj:ﬂjmﬁbff‘}M)&C)&j}M):

3 Ses Sl 1y ks dleb Lol SV s 1) (6 i
b S w bges iy T ol B SO
(B) s i o e sy S Sl i S
3 TWIP Y5 Jad LB L aiy &8 das e 0L 55
SV il oV 5l S e B IS O e
Slyoe Sl o8, o il alins Sl L TRIP 5 DP
il el TWIP Y55 51 2aS e a0 a0l (3UT Sobie
ol 4 TWIP Y8 VL jls cola Lo w0 5505
Sl S e Ol e w Ul l ol
SN g 5l iy eslanal gon Sl gl golasl Ll oo
ah iy sV i caulis aldl Lol (5L
23055 e SV L aclis 3 Rl 4 st
oy psd e (S5 ke gladly e
S ke adeie 3 abge DA b s S5 a4 conles
ol 219 55 2-1] L ldlas aps e s WOl &yl >
3o S| s a4 Canles 35 oS 3l CIYs 4SS
© dlis pl wolsl 3 oS ol sggde ier gl Kol
(il e BT 2alS gl s e oslal T 51 =
cslabads gaglie s Ayl 53 s350s )l IS
Lo el Aol plnil 5 Olle 4SS slazil o e J 28
T e o N C P P PO NP PR S R

Al 0 Sl bl (IS

Sl b S 5 a4 Cawlas -3-3
et Wy sV b U 5l S S
(LME) lde 53, 3 (30 S5 als S5 4 Sl
S5 st S gss wb e Lol g ol
Sk e Sl s (sbemdl) oSLEl (o,8) S5 s
ol edd eals ol Lol sdes (9) K2 3 &S
e S A s Lt (Sl S i 5l S 3
Sheole S e opl 5l 5 as b 5SS o
i loses S Cuslin il 550 blis 53 oS ol losls
Sl a s Sold L s SOl s Shas



. " s e 5 |

"":itshdji/r \ _

™IP

 LMES S LMES 5

< e s s 0 5Ll S 5 (o volie sy, 5l 256 S 5 (-9 s

L2909 &by



13-274:;3.0 ¢1399 &M}jﬂ‘,\t cZA)Lq..’Ja cr..i..';'a JL» c&)‘ﬁ‘ 6)&5‘99.- ‘5)‘,l:3‘,¢‘,b 4:\‘}.;.\' c&)‘)&uk}dﬁ.i& Al Cj) 22

Sl Zndly 3 (Sl S5 ol e LT )
(A1) U)Wl oty e (555 dhal o b S 5 6 Sl oS

14 o -
— g g by
12

e (503 ) (9o OY g

—_
]

(P9 ghS) g

0 05 1 15 2 25 3 35 4 45

(0 o) >
Vb ol iy meslie sla fsm 5= (RES ls el awslie =10 IS

(S8 s O3k 5 LTWIP

SIS Ol e b S s ol BSOS 5 Sl o et
Soo 3 W B dm w 2IS 155 s Olegen sz S
SIS 5 el S s S s By e 3 Sl
3l i Gl At mlE LS e il Sl B
osls 0Lz (12) IS s (SasS 5 4 comlor O > 1
aibie ;3 a5 Jas e 0L o5 nss LI R
Gl o esls Olis (alF9) Ko s &S SUS 5w ol
S Wb B e a5 2 Ole (g, (B sles
P2 L SAS S Sl al Ologas s il
» (12) U5 55 s Sk o 4 axs Lol
s Joe sloms adlaie 53w cpl Ol gl 3 o pan
25780 olal e )3 &8 S Ol o Bl b o5 Sl
e o B ol Lo 3 K0 o5 80 el Ot o s
Sl e e b Sl ade ol jslee 5o s
S alem Aol SGngzrs Mo 4 s b 5l el &)
aiaie cpl 55 L Rl e oS ey o by JIS S
e gla Loy b Sl 5 sy b nd a0 s
L SAS S5 5055 o ol Sl 30 S sls A5 55 s

A3 0B

3 JJLAA aalze BE) v.:‘jb SJJ ‘v.:j)).,\.:.é SJJ Lk.)‘v\ﬁ S
sl e 03 S 1051 S5 e S5 s
ol b S5l Iy Cens e (gl dbd eslis
ST s Slms o3sdms Sl 28 5 sl b
Sle 3l 5 6,5 LU S5 s 4l g o
03 S5 demy pomen 355 e (S e fab Gl S
o O SOl ol il b 5l ) e il
e 55 5 e Sy o (S35 Os e el a4 Al
oM 4 b 3y pd e Gady G S
L R B e P e = SR PP
ui‘ ev\o&«.[g )5 ‘2-1] Sl 0 o> Cj.pf (a ;J..:SJ;
S a3 5 Sl s L Sl b S5
QI u.pj..,apu: QKA Lgi BERE) v.:b}u U:'j} S ej‘.,\.}\
OLi Sl Sosr 4eSs o3l &5 Wipd o LSS25 SuS 5
sl oY (S @A) o ool Blas et
Sl S 48y ol Jle gl sl e S5 S
Slr Sl o 4eSs oIl 3l bges o3 S5l
P Ol meS Clde g, Sl U S S
LA;S}&K.ZJ@\}@U@ELAS})\HJSJAJ:@
Sl Sl B sl e et (SAS S ol e S
ol bl ade amelr gl oS b SAS 5ol i
Lg))j|wilj;,\§}54faﬁwwwd|ﬁ¢.ﬂ|
GlasYs odas 5 Col ol atlid zaS O Jle &S Ol

Jﬁw‘bﬁgMLw}QIMULAJﬁUQj)JJeMT
s s T cpl 5l Clde g, 5l LS ;.,\:SJJ—LQJJ
Sl cr 4 ol sdes S ol =l s a iy
el bl el ekilag oy 3l ) AY dauly 4 S es
@‘W}JJ\J}J&ﬁJﬂJ(lO)J.i.lvd.g)jia;m;v\.:gﬁ

b o e ((835) S G55 Sl b Ee s



1000 -
S sbed o
900 |
" -
3 LME iy sled -
= 700 - s
3 _ i
2\ - g A s
2 s00} s |
——— -
4[’{' ! d j Py | TN Wz
wol T e, ; L. AT

0.0 0.5 1.0 115 I 2.0 ZIS
(mm) 93 4653 35 5o 31 ooxdaw ahold

30 - L e U
= e . S

sles iy 5 s K Ll 55 05 o & (35500 55 0 b ed ) S50 31 Ko 3550 Gs o Slos it e =12 IS

S Sl G ailate o) S5

b3l e POl (Sisipe s ol LW 5 s (S0
Oy b (SAS 5 ¢lsl b ablie slaylSaly Ss 51 s s

S e 03 55 5 Sl e (3505 Dol S

‘_gLava.“SJI 4 vl Jals ‘_gLa:JSUJ e
& Oy g SUT 2ol & 05 e B 53 ed oL
o35 sl b 5L (il 4 2aS Conlees> L 3L



& TWIP S iy Conlo s el Jsn bline 228
OF alin (8 4 o alial (K 55 il
el Gl el S Dl S5 AS e 03,5 W s
D5l gl s adity gV g il ol
DS (sl 3 ety sl (sl Gledf e Ll 5 03
st Shar il 53 glend le S Seal Olps
o b s SYsb S 5 la GG LSSl lsls
3UT b Aol &S ki e s ls sl CLB L
3 S gl Jouily SN L Jlail Sl sl

O] sxeen WKL, s

-
-3

oS o T e abliie S g0l

[
L=

L -

o S

5 55 [ 6.5 7 7.5 8 8.5 9 9.5
(el ) 5 w92 b >

blite 258 5 i S (SulSe slagyges] gl amlie -13 IS
TWIPHSLA sl sla s> sl

L5

(P99 o) Joix BB 1 dhn

5 00 4iwSh TWIPIHSLA alinl Shez aiges o cdilhe =14 IS

e 535 Moy Sz Bl gz aaSs JSG L abline 23S (g5
WS A,

J‘ oalaul 9 U:lj} WS> Lﬁ?"i)"\: Liy o ‘_5)&2}7-
sped Wl ) el b S sl S

sV wlinl o Ko 55 g pd Slassl cdl -4-3

23235 byl
oY aw el Sl s A bl el edes
S50 s G 58S e aY 5 A5k o Xl eds S0
0 Geas S Sl o i b (e e pas da U )
35S S) b e b L VL plSouiad (slasY b 05
L VL ool b iy slasVss 5 Ole 53 (20 oo s 5
wY op s Sasn s (e e o 5 S5 ) 8L sl
Lyl alanls & oS s By St cal s O sl Bites
B ol WpE e e b 4 (gl e el (5
2 pases ady gla¥ alial K s
S Ol 4 das e 0l Lol alie (S anylis
B P LR AU - C RG-S P
(=3 USC2) o5 odd o)lal ziy il il sla (o ¢ 5
SLasV g 53 abline (128 Ogel 53 Jaos M6 L iy
03 Jomd UL et Sl S Sl v 4l i
ConS 53 onl S K03 Oy el B = RIS O
Slo pdpe atld Gl Gl Sl ol 4 S
el ol e s slasY g 5l S a i slasY
Moy ALAd 3l LYl alial (I s o
a iy sV alial e e s Ol 4 S
((13) US2) s (oS Sl s pdyillanil GLls 5035
TWIPIDP  wlisl  bs  isr e wbs,  omr
e 30 & 81 Al oyl ot edalie 53 TWIPITRIP
Ll s Sl oS 5 jes Ll e 2555 03ls muly
o bl Bl G S8 sl e S g DA
CoSh 4 i ol 4 Aas e 0L ablize (23S (el
ol Jde s el ((14) S2) S mie o
Ol S5t a8 S Ol s oS O L s

Osa5l 53 g 4eS> a0 S 5 1 w339 50 g 4wS>



25 13-274:;3.0 ¢1399C)L':.....A)' K J'«'-i‘f: cZA)Lq..’Ja cr..i..';'a Ju c&)‘ﬁ‘ 6)&5‘99.- ‘5)‘9\.13 K c‘,.\.ﬁ 4:\‘}.;.\' c&b&uﬁ K ‘5}32.9 4l Cj)

TWIPIDP alial sla b sblie (2285 0 pa3l 53 et 550 il SIS0 L 4o gl =2 s

5.0 kA 55KkA 6.0 KA 6.5 kA 7.0 KA SIS 0L
= - 0sa51 dob (s
- - a_,ﬁ;,ir,;&s,.‘. Clde (S35 09,
- o 0051 g Sy
IF IF IF IF IF Sse30 Jsl s
IF IF IF IF IF Os050 035 S CSh 54
IF IF IF IF IF O3m50 iy S
7.5 KA 8.0 KA 85 KA 9.0 KA SIS 0L
b Exp. Exp. 030 Jol 5w
- Exp. 3030 £33 S Sl (53505
- Exp. 03030 p o 5
IF IF IF IF Sse30 Jsl S
IF IF IF IF Osa50 033 S
PF PIF CunSis 330
Elos) Ehos)
IF 2SSxS IF SaS
LSYRUTS) S0 2 O30 oo S
(TWIP (TW 15,
- 3.84 mm 3.60 mm SAS anSs s

e S35 05 mEXP 5 o S ke b CoSUPIF (asee G S PF (S 2ia fuad S IF

SAS TS sse 555 (L Sles e3gdee S s
4 Cowles Jyobas e LS o Sl i aeSs
wlial o s lopar Spie fab oS
Slaoilr 5l S s Wbty sV ((2)dsx)
Gl i zeslie i anlp s Ve ol bl
wu‘ré-‘&;ﬁ“f%lfu‘@u;ﬁ‘&bdﬂ-@‘
s & Bee (238 ail 53 S5 St s 45 3500
S P IE SRR SE RTINS
ol Ny el P S L AS (bl Gos 90 e s
U503 53 208 S5 some p1S 45 33,5 (0 2 e s
(RN o s LBl Sliam s S e 0
e85 Il oo ailate > olard gla S SKeal 5 Sl
G Sy Skl SO Gk oS sl 5 S5 S s
S 55,5 3l 5 S5 Ak s b 1S 4 S
gﬂ&,:gj_?m),\_;sw&as&ju)g_@zrﬂ
ot eslie sla s 53 feS S5 A b Sm e

Ol bl onl pdipd (oo (0057 4l slasY b

5 e Juad CunSll 4 Sl -5-3
= S sla sl ped slis Ol e (10) IS8 4 s oSS L
WSs (SAS 5 (Sake fab oS s 2 sl A
CeSs 550 35 pl Ol aes b Joocsb 1y A
sy Sl $LaBl 4 5 ol e Sl o il
bl 528 Oga30 Olej el 0l oals OLis IS5 ol s
DSy 228 sl O3l aan 53 35S S Sl 4y a8
S GRS Osel e b B S S Ul e s
Lol p b ois B (550 cnl 6 e (5550 dor J 3
Jad CnSs Glasge gl Ol ol 3sd e S S CLM.J\)
1AL 537 (55w (10) Yo s Sas 5 S et
ot CaSs S sl CIVs el Lok ol o
R oS i 4aS3 (SAS 35m L aglie 53 (S e
ol kS e w2 1 (6 S e 55 Sl L
Coio 53 SIS gl Osa3l > SuS S 35§ s
Sl 3 Sas 5l Sliabl sdiS pnd (g3l A= B 50>
IF s HSLA (slas¥ s o5 sy OLE Solaalie .culs s



13-274:;3..0 ¢1399 &M}jﬁ‘i 424)\.«;..3 gr..i..i JL“ g&‘ﬁ‘ ‘5)&’5‘99.- ‘5)}U3}¢‘,l.ﬁ 4..1‘,;.1' g&)b&aﬁ}dﬁ.ﬁ.ﬁ Al C"J 26

4 Comlem 5 o0 4B il sV Llisl K0
e e3sdome Sylge cpl Ol S xie b cuSs
Juast Blos S e dadme ) N gl S
Lol ls i 4 sV ol (SO wr  glac L
Sl b A nl (bl ey 4 e ol s
ool S Aulp s pape adly slasYd
SUT o e S (65,050 45 A odalie .oty (gladais
Gl s ek I aeld L Dol (S
gl S awey ol Jelge NSl eny (Sepdse s
Foly oo SUT (bl s S il o b Nl
S Ll bl gaglie S dnlp a4 O
Loskd ASlol gl abi geslie oS5 slaagl s
ol SO wtar sl Sl Sl eslinal g 1 el

ey e OLAS gy 9 Al s LasY b

&
[1] Rouholah Ashiri, Md Anwarul Haque, Chang-Wook
Ji, Morteza shamanian, Hamid Reza Salimijazi, Y eong-
Do Park, Supercritical area and critical nugget diameter
for liquid metal embrittlement of Zn-coated twining
induced plasticity steels, Scripta Materidia, 2015, vol.
109, pp. 6-10.
[2] Rouholah Ashiri, Morteza Shamanian, Hamid Reza
Salimijazi, Md Anwarul Haque, Jin-Hee Bae, Chang-
Wook Ji, Kwang-Geun Chin, Yeong-Do Park, Liquid
metal embrittlement-free welds of Zn-coated twinning
induced plasticity steels, Scripta Materidia, 2016, vol.
114, pp. 41-47.

[3] R. Aghiri, S. P. H. Marashiri, Y.-D. Park, Weld
Processing and Mechanical Responses of 1-GPa TRIP
Stedd Resistance Spot Welds, Welding Journal, 2018,
vol. 97, pp. 157-69.

[4] R. Ahsan, Y. Kim, R. Aghiri, Y. J. Cho, C. Jeong, Y.
D. Park, Cold metal transfer (CMT) GMAW of zinc-
coated steel, Welding Journal, 2016, vol. 95, pp.120-
132.

[5] R Ashiri, H. Mostaan, Y.-D. Pak, A
Phenomenological Study of Weld Discontinuities and
Defects in Resistance Spot Welding of Advanced High
Strength  TRIP Steel, Metallurgical and Materids
Transactions A, 2018, vol. 49A, pp. 6161-72.

[6] Iman Hajiannia, Morteza Shamanian, Masoud
Atapour, Rouholah Ashiri, Evaluation of Weldability
and Mechanical Properties in Resistance Spot Welding
of  Ultrahigh-Strength  TRIP1100 Sted, SAE
International Journal of Materials and Manufacturing,
2019, vol. 12, pp. 5-17.

Sl St bad coSE g e Seles 8 oS
Sl SRl 5 e (Sl o 1S5 4 01 Sl
S ke o G5Hl ol Ll Sl plend
sy ol 3l S s sl ke pl 55 S e
e B 6Ky laal L Ll s e

O] ol Ll s ol sla 5 5Kanl 5 b Ko sl

Gyl b 5 b ol 5 lalbwiul OAS iy -6-3
P 5l

L Olg o sy a iy glasYs gl Sl s
sty s e bl SOl 5 Shae il s (6] 40
0 Ol e LOT o jtege 51500 oslal Gblue of 55 Al
DP slasVss ol = 5l Sl adlaws 55 o yile Ssd 3
(ol b ki glaetsty s Swus e TRIP
53 b il e 5 Sl sd 5 A3, 5 B0 Ssde
Gepa 3 ped oLl g o adie 5 oadaie ol
bty GV pux 3l 5 s sl Gos @SS
slo o, 3l eslinal (o35 ) s b w53 a3
e S Sl Jsene D3 s P S
53 ol e 5 i LSS 4 0l e Lol e M
o ol Sl 5 g 038 w53 58 s S adlas
Spdylasil il s 5 B o SlS 5SS
[12-10] 5505 oLl b 3

& S aomsi =4
Gddate Julge a5 ol ools QLS oo la ) GL;
LT3 s SE g (sla el Sloms o3 5dos 5 s ud Br
b oot adin oV ol abl eslie (5
Como 3 by WVl s lS el ) &S S e il
i Sl Fa S e axle e L
Galie S anlE s VS ol gl
S G535 Osgm ey 4 Camle Sl A le gl
a4 Coele (S S rar 4eSs S e



27 13-274:;3..0 41399&&...»} K Jﬁba 424)\.«;..3 gr..i..i Ju g&‘ﬁ‘ ‘5)&’5‘99.- ‘5)‘9\.13 K f*"\; Aij&a' g&b&aﬁ K ‘5}3;.9 4l C"J

cold metal transfer (CMT) gas metd arc welding
(GMAW) of zinc coated steels, Science and Technology
of Welding and Joining, 2016, vol. 21, pp209-
215.

[11] Md. R . U. Ahsan, Muralimohan Cheepu, Rouholah
Ashiri, Tae-Hoon Kim, Chanyoung Jeong, Yeong-Do
Park, Mechanisms of weld pool flow and dlag formation
location in cold metal transfer (CMT) gas metal arc
welding (GMAW), Welding in the World, 2017, vol.
pp. 1275-1285.

[12] C. H. Muralimohan, M. Ashfag, Rouholah Ashiri,
V. Muthupandi, K. Sivaprasad, Analyss and
Characterization of the Role of Ni Interlayer in the
Friction Welding of Titanium and 304 Austenitic
Stainless Steel, Metallurgical and Materias Transactions
A, vol. 2016, vol. 47, 347-359.

[7] Sajad Salimi Beni, Masoud Atapour, Mohammad
Reza Salmani, Rouholah Aghiri, Resistance Spot
Welding Metallurgy of Thin Sheets of Zinc-Coated
Interditial-Free Steel, Metallurgicdl and Materials
Transactions A, 2019, vol. 50, pp. 2218-2234.

[8] I. Haiannia, M. Shamanian, M. Atapour, E.
Ghassemali, R. Ashiri, A microstructure evaluation of
different areas of resistance spot welding on ultra-high
strength TRIP1100 steel, Cogent Engineering, 2018, vol.
5, pp. 1-13.

D3, S5l oy p3lKe L5 (st Wl 255 [9]
Seslie S e el 5K N s Gl
& ils (SIS molse wdkige (6,85 Al (¢l abis

1395 (Olisl s

[10] Md. R. U. Ahsan, Y. R. Kim, C. H. Kim, J. W. Kim,
R. Ashiri, Y. D. Park, Porosity formation mechanismsin






u!{! Uo?;; U’/)C’.} r;"

29'39 W;1399 uwj}ﬁlﬁ AZBJLMZ gv...’.'....’i JL« gu|ﬁ| 6)&3? 6).9“.9?}‘\’ 4.1,.’.'.’

) dail (5 5 (S o5 2 (25 1 (SRl G Wl b sl e 50

o 4 p e )]

POl e sy g3 OIKEN el S5 by
0L {(o3) oot pLal LISSL dy DL 35T ol (g3 8 b SOl dige =1
e o oKy g itign =2
O S e Ol Al oDl 15T olKisls (Sl wkige =3
(1399/03/26 : s 3 . ¢ 1398/03/01 :alis 3L )
oA S~

53 sl A (Ko 5 SO ol s ey S 2 S8l 2 b slaiie b e G0l G Sl s
(199744 s (o gl2) e ) S 5305 S g5 3 Sl g oSis Sl esliaal b o slite ol sl e I = e
oS e 5 A o3y e il o5 s 5 (Sl L L Il 4w 53 lie s L (1050 (sol alls) M;ﬂﬂ J)
DL 5L S sl L W oy gl o238 13 (S Sl ol gt bty S o s o B (S e (sl tule
Aoss z ool Sl o ol 55 (55 e (36 b sad S e b 03 L 10 510 alie 5l g o LS 5 SIS
pwwu@‘)ps@C)ﬁ)ujQA>JJ&JMUL:;Jutsp‘w.;};&aﬁspﬁ}@&;s(muwﬁ@
5 S 5 SO el SRSl sl 03wt i cle A3 SIS S s St fad s s A sl 4l
15 bar )5 JLis 510 bar s5us 55 (Sl JLis b s ses ¢l 10 mm s Jlas 515 mm o5l s U gl s bl s Seo
S AU i Gl o (Sl aale 5 VL (S SU glie W CUALp i s sicn JT (550 sl ) s

A s gad S ST sl Rl ol 5 5 Ol el RS 8 s 5 S e Ko (5m Sls S e e

O I S I O IOV O B e I FE P R W CCH N LY

Effect of rotary friction welding variables on mechanical and physical
properties of aluminum-copper tubejoints

Y. Ghorbani Amir?, A. Zolriasatein®, H. Torabian®

1-Yadegar-e-lmam Khomeini (RAH) Shahr-e-Rey. Branch, Islamic Azad University, Tehran, Iran
2-Non-Metallic Materials Research Group, Niroo Research Institute (NRI), Tehran, Iran

3-Tehran Central Branch, Islamic Azad University, Tehran, Iran.
(Received 22 May 2019 ; Accepted 15 June2020)

azolriasatein@Nri.ac.ir © S s 2SI S ¢ ghans ookinw 55



mailto:azolriasatein@nri.ac.ir

29-39 4 1399 Qbm-ﬂ) 9 Jﬁ‘i ¢24)La..fa gr..i..i Ju g&‘ﬁ‘ ‘5)&1‘99.- ‘5)‘9&3 9 f"'\; A:sfi.s' g&b&uﬁ 9 ﬂ‘ u"“f; f"Ll 30

Abstract

The aim of this study is to investigate the effect of rotary frictional welding process variables on microstructure,
mechanical and physical properties of copper-aluminum dual-tube pipes. For this purpose, using a thermosetting
friction welding machine, a copper pipe (99.44% purity) with a similar diameter aluminum tube (1050), was welded in
three different conditions with different friction pressures and forging, and then by metallographic, hardening and
microstructural testing it placed. The results of this study showed that with increasing friction pressure from 10 and 15
Bar respectively, in the interconnected phase, fuzzy interclassmetal samples were created and caused a great lossin the
deformation percentage and tensile strength of the interconnected sample. Also, with the reduction of frictional pressure
and theremoval of forging pressuresdown to 5 Bar, thereis no proper bond between the two samples and formed in the
interface between porosity and cracking. The most suitable result for the microstructure, mechanical and physical
properties of the samplesisin tubes with an outside diameter of 15 mm and an inner diameter of 10 mm, for samples
having afriction pressure of about 10 Bar and a forge pressure of 15 Bar. The presence of intermetallic Al-Cu phases
such as CuAl,, dueto higher electrical resistance and ceramic nature, increases the electrical resistance of the joint and,
on the other hand, the presence of cracks and pores has reduced the flow rate and eventually increased electrical

resistance of the samples.

K eywords:. Rotary frictional welding, Tube sections, Aluminum-copper joints.
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The effect of activated flux type on theweld profile and angular distortion
of A-TIG welding of the AlSI 2205 duplex stainless sted

A.Lori Amini, H. Sabet, M. Ghanbari Haghighi

Department of Materials Engineering, Karaj Branch, Islamic Azad University, Karaj, Iran.
(Received 8 July 2019 ; Accepted 24 October 2020)

Abstract
In this investigation, the AISI 2205 duplex stainless steel was welded in the form of bead on plate by A-TIG process
with different amount of the ZrO, and TiO, activated fluxes. The results of the visual inspection showed that the
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specimen with 50% ZrO, and 50% TiO, activated flux, had the lowest face width and the specimen with contains 90%
ZrO, activated flux, had the highest penetration depth. Also, the results showed that the angular distortion of the
specimens with mix of the ZrO, and TiO, activated flux were 225% less than the specimen without activated flux. The
results of macroscopic examination of different samples showed that the maximum length and width of the macroscopic
grains were related to the sample with 90% ZrO, activated flux and the smallest length and width of the macroscopic
grains were related to the sample with 90% TiO, activated flux. The hardness test results showed that the highest
hardness of the samples was gained to 90% TiO, activated flux specimen with 950 HV and the lowest hardness value
for the sample with 90% ZrO, activated flux with 410 HV. The results of all tests showed that surface activated fluxes
(ZrO, and TiO,) affected to the depth of penetration, face width, angular distortion, length and width of macroscopic

grains and the hardness of weld metal by changing the longitudina and transverse melt flow in the weld pool.

K eywords. A-TIG welding process, Duplex stainless steel, Activated flux.
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Experimental study of formability of friction stir welded
ultra-thin sheets of | F sted

M. Safari’, H. Deilami Azodi

Department of Mechanical Engineering, Arak University of Technology, Arak, Iran.
(Received 22 August July 2020 ; Accepted 14 October 2020)

Abstract

In this paper, the experimental investigation of formability of friction stir welded ultra-thin sheets of IF sted is
investigated experimentally. First, the sheets are joined by friction stir welding process based on the tests determined
according to the Taguchi design of experiments. The investigated parameters in the welding process are as tool
rotational and traverse speeds. Then, the tailor welded blanks are formed based on dome height test up to the defect
stage and the dome height is measured for each test. Therefore, the effects of friction stir welding process parameters on
formability of friction stir welded ultra-thin sheets of IF steel are evaluated. The results show that by increasing the
rotational speed, the dome height in forming process decreases, while with increasing the traverse speed, the formability
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of tailor welded blanks by friction stir welding process improves. Also, the results of optimization based on signal to
noise ratio method show that the tool rotational speed hasthe greatest effect on the dome height of tailor welded blank.

K eywords:. Rotary frictional welding, Tube sections, Aluminum-copper joints.
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Modeling of temperaturein friction stir welding of duplex stainless sted
using multivariate lagrangian methods, linear extrapolation and multiple
linear regression
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Abstract

In this study, the temperature in friction stir welding of duplex stainless stedl has been investigated. At first, temperature
estimation was modeled and estimated at different distances from the center of the stir zone by the multivariate
Lagrangian function. Then, the linear extrapolation method and multiple linear regression method were used to estimate
the temperature outside the range and center of the stir zone. Temperature estimation is based on three parameters
rotational speed, welding speed and distance from the center of stir zone. In the first method, by generdizing the
multivariate Lagrangian method, the multivariate Lagrangian temperature function was generalized according to the
above parameters. In the second method, in order to investigate the effect of the variables in the regression model, a
comparison of two complete models and a reduced model based on the sum of squares errors was used. Then, by
analyzing the multiple regression equations governing the output variable, a multiple linear regression function was
introduced. Since the temperature of the stir zone is not measurable by the thermocouple, soin general the best fit curve
for estimating the function is when the moddling is based on parameters that minimize the error function.To implement
the multiple linear regression method, the error function was introduced to minimize the sum of the error squares and
the error derivative was calculated in relation to the parameters of tool rotation speed, welding speed and distance from
the center of the stir zone. Therefore, multiple linear regression method was considered as the basic method and as a
criterion with other methods. According to the results obtained from the prediction in the center of the stir zone, the
temperature difference in all three methods is desirable and negligible. The maximum temperature difference of
multiple linear regression method with multivariate Lagrangian method in all nodes was 18.8 °C and multiple linear
regression method with linear extrapolation method was 26.36 °C. Therefore, the multivariate Lagrangian interpolation
method isless different than the linear extrapol ation method in the center of the stir zone and is more accurate.

K eywords. Duplex stainless stedl, Friction stir welding, Multivariate lagrangian interpolation, Linear extrapolation,
Multiplelinear regression.
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The effect of bonding temperature on the characteristics of TLP bonded
jointsin AlSl 2205/BNi-3/Al1 Sl 2205 assembly

S. A. Beheshti Bafqgi, M. M osallaee Pour

Department of Materials Engineering, Y azd university
(Received 28 September 2020 ; Accepted 20 December 2020)

Abstract

In the present study, the transient liquid phase bonding of AISI 2205 dual phase stainless steel with amorphous BNi-3
interlayer was carried out. Based on the initial experimental and analytical studies, the parameters of temperature and
bonding time were determined. In order to investigate the effect of bonding temperature on the microstructural changes
of thejoint, bonding was performed in the temperaturerange of 1050-1200°C for 20 min. The microstructural and phase
analyses indicated the completion of isothermal solidification and the formation of a uniform Ni-solid solution in the
bonding zone centerline. The interdiffusion between the bonding zone and the adjacent base metal resulted in the
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formation of boride and nitrideintermetallic compounds in the base metal adjacent to the bonding zone, which the area
fraction of this intermetallics significantly decreased with increasing bonding temperature from 1050°C to 1200°C
(reduction of the intermetallic area fraction from 85% to 40%). Evaluation of shear strength of samples showed that
despite the completion of isothermal solidification in all samples and shear strength of bonded samples significantly
depends of amount and morphology of intermetallic compounds on the transient liquid phase bonding shear strength.
By increasing the bonding temperature to 1200°C and reducing the area fraction of intermetallic compounds up to 40%
of the shear strength of the samples increased from 450 MPa of TLP bonded specimen of 1050°C to about 85% of base

metal shear strength.

K eywords:. Transent liquid phase bonding, Diffusion affected zone,AlSI 2205, Cr-Boride, Microstructure.
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Abstract

Dissimilar welding of API 5L X80/DSS 2250 steels was carried out using PCGTAW process. The welds were produced
using three types of filler metals (ER2209, ER309L and KJS-124). The microstructural investigations showed that the
microstructure of ER2209 weld metal is duplex (ferrite and austenite) and ferrite content changes from root pass (35%)
to cap pass (41%). It was revealed that the solidification mode of ER309L weld metal was ferritic-austenitic mode and
its microstructure has an austenitic matrix with skeletal ferrites and smaller amount of vermicular ferrites along the
grain boundaries. Ferrite scope results revealed that ferrite content of root pass (6%) is less than the final pass (10%).
Micraoscopic results showed that the microstructure of KJS-124 weld metal consists of grain-boundary, Widmanstitten
and acicular ferrites with martensite-austenite islands. Epitaxial growth was detected in the interfaces of ER309L/DSS
2209« ER2209/DSS 2205 and KJS-124/API 5L X80 and unmixed zones and type Il boundaries were detected in the
ER2209/API 5L X80- ER309L/API 5L X80 and KJS-124/DSS 2205 interfaces. Theresults of impact and hardness tests
revealed that ER2209, ER309L and KJS-124 weld metals have the best toughness and the KJS-124, ER2209 and
ER309L filler metals got the highest hardness, respectively.

Keywords. High strength low aloy steels, Duplex stainless steels, PCGTAW process, Dilution, Unmixed zone,

Epitaxia growth.
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Abstract

In this study, diffusion bonding between titanium and AISI 304 austenitic stainless steel by Ag interlayer was
investigated. In order to carry out this research, samples prepared after surface preparation were placed inside the
fixture and placed at the temperatures of 750,800 and 850 °C in the 30,60 and 90 min in the furnace under argon
protective gas. The phase transformation and microstructure of diffusion bonding interfaces of the joints were studied
using optical microscopy, scanning electron microscopy and x-ray diffraction. Then, the hardness of the samples was
measured using a hardness test apparatus. Finally, the samples were tested after being placed in the shear strength test
holder using a pressure test device and the shear strength of the samples was measured. Examination of optical
mi croscopi ¢ images shows the diffusion of silver in titanium and the partial diffusion of silver in stainless steel. On the
other hand, increasing the temperature increases the diffusion region as well as increasing the grain size in the
specimens. SEM images from the samples also confirmed the diffusion of silver in titanium and partially diffusion into
stainless steel. The results of the XRD test on the samples showed that the temperature rise to 800 °C leads to the
formation of TiAg and AgsFe; intermetallic compounds, which the existence of TiAg intermetallic compound increases
the hardnessof the sample. For thisreason, the sample at 800 °C showed the highest hardness. The shear strength of the
samples showed that the increase in temperature increased the shear strength of the samples and decreased the shear

strength by increasing the temperature above 850 ° C due to the formation of brittle intermetallic compounds.

K eywords: Titanium, Stainless stedl, Diffusion bonding, Interlayer.

0?5 5 Les Obey QLS a5 LB sla il ol 5 )
ol slas )8 (6358 (SIS g 65 el Ll (G55 e
5wy 53 105 9] sl a3l 6351 5 Las=Tsm mlis 3
sl Loy ST, (sl ot s (635 (6,180 4 ¢ ool
Sl (358 G DY pame ol 5l S350 e
sl 03,23 O (5l LS sl Gl 5 s slacedl

J11] e
el c gla s o 0 K5 Y wlie L8 sl
53 St 3yl Sl s [12] il s )
w58 Sope 05 S5V 5wl 358 Il o sast
5 ool 358 Il sas p sl sla s 2 [19-13]
Fe by 5 b SLS 5 oS Ans e 0L 05 K55 5V
o3k il T &S s 555 e 123 NE L Cr
3 ol i e 3l Ay 055 S5 SV 4 dtee
sl o s Jlasl s TiFeys TiFes ;b ey LS 5
S amen il oS Sl Fe s TIE > 15 sl
LS 5 TIC (el (68 SLAlS e ol oS bl
v TIC TiFe, TiFe 1St K3 G, b 5lsy i o
Sl s Bk Sl L e R el Saesls

Y555 Ti W e ol sl s bl co b sdas

aedie -1
3 0LS Sl oo Blge cp e 51 SC 0T sa3UT 5 il
S5 4 0f a3l 5 ol [251] aul o ot & s 3
Ghls Bdlbows 5 sdimr o3lall G5 Il ST s S5
LasWl ol osdle an [3] s VU (S5, 4 el
a5y s il b caglae Lok rl&z:.ﬂl shyls
slailin mlw e m8 b @l s 0l
s Jlail [A] 6,8 e 013 eslinal 550 e zbe
St Sst a Caslie 5 (SO ol s 4 Y5
2205 K35V 5 iled Jlasl .ol 4 515 a5 55
53 el 3Y 8 Jlasl 51[0] 5ls 5 S las Cnis
Sheatin ol [6] 55 e ealinal 5 (K2 sl S
St Lol e ST 53 cnl Jsline (0S8 s slail b
SLS S SE 5 A58 a0 aleed S5 s skl S
L il 5 ¥ oo JLal sl [B,7] ol (5515 o
lasl LS e IS ie b o3 la s, 5l sl
3 el 2l [B] el ol e TIC 5 FeTi ile o 2s
3 Jlail SNy oilis Jlasl sl solgdy sla s
Gl dalor LI s (o g T 3 (63548 Jlasl [5] !

0 d e rl?;}‘b\ygjbd‘ﬁ@j\% by &S



105 103'117423& clngO\:m.aj K} ﬁi‘i 424)\.«;..3 cr..i.."ﬁ JL“ c&‘ﬁ‘ 6)&:5‘99.- ‘5)‘9\.'.5 3 f*’b 4..1‘,;.1' c&b&aﬁ K} ‘5)‘,” |}A} A.X:..a

SIS 5 G PSS pslal (bl
XRD oaws 3l eslizal L 5 Al g Wt sad Loy, s 2SI
S35 = s se sLasls Das jasiie Gua b 536 3L
ol Sl osliinl b s &gl v s A plrsl L o
sl o Le as gl plasil e (S o3l i e
JJH)L.;“.}Q,_MJeK:.N:)'\ osliwl b s Cwglie pw)

S 5 o Sl ]

Rale3l el 2, 9 3190 =2

O3 K3 3¥55 gt sy ol 3 oslinal 3)5e adsl sl
sl 5 3V e 350 a5 wiles J e 5 304
besipadea Telil 5 pahn b a3 b plasl il o) 50
sV sl (oS 5 LS el b ISl oK
Lol s5lblal slord oS 5 ooman 5 o3linul 3550 ol
Ao ss b palls o 5lcal st 63,50 (2) 5 (1) s
L os s odd 3, 5,5 Aoy 84 Ol 4 S U985 =
o el Jlasl Sle oY Olge 4 e e 02slsss
DL (1) s 53 8 s 4 et gl ol sl sl
JS8) K3 53 5 i S 13 LSS (g el oS a3l
5> el b 5l edd eslinal S0 o0ls 13 ((2)
Cogm ¥ &= SO Sas e e ol 3x3 sl
sl aas O o) SLE3 (51,50 5 Laas sad (50365
NG

S~ G’A—wwm SoSheslanal L Jlesl b jLa2
Sl L (SOl gess8 5o s 4ged 5 S Jlas e o
Glaola 5 bles s 0551 o S8 oo 51> lles
o] 1S 5 s sl i (e il
ead il 0 6351 (3) s L3 e gl 4 s a3l
s sl 3 MPa sl L Ldlasl el s

a3l 5 Ay s 3 el dess 5 bl e s 4
L s A oslital ks Joe XRD o8 (g s 4 oS
S el L s go (sla s XRD olas i35 p 5 31 eslicud

)‘QJLQ_MN‘LLSJLA}L,.NﬁJLSLAw)f.,L:vu:.:a;d.:j)‘j.p‘.&

[8] 35 0 S5 sl e oS 358 e alm) s
sl (Sl B olides SV 5 (il (6358 Jlall ae) 2
GlasY 5 a5l nl (63,58 S 4 Ol e & Sl 0l
3 oo (S dher 5l slite Sle slaanY L il
[5] 5lsan 5 555 [20] 55 o)lal oS 5 Slo glaaY
034 304 e T 055 S5V 5 ol Il s
slid e 5,8 ol 455850 2 950 (sles s 4V Ol
s aS sl ol Laol oliss =l s 2 MPa
5250 3L Y jslae o (6358 4l s Jlall iyl b
JS2 NI 5 O Fe (g5l B-Ti sl Jslome iz ) slorme
FeTi s FeTi lajl sty adln )5 piomen .ol ol
[16] aollsCans 1S (6 Ks oy 3wl ol LSS
304 05 K5 Vs 5 ol Al il G 358 L]
AL sls J1E e s se ) e Y Ole Sl eslinal L
el s 43S sl 53 900 (sles s Ll plsonnad
SalS Eel Jlasl sles [l a8 sls 0L s praen
[17] (S 5 (i ) o 3 2355 0 JLai] plSiomzud
dy ey SUIT Sl aslinal b Y53 a4 (il (6354 Ll
AS sl L el Lsls 513 s 3ose L &Y Ol Ol
s oS e a3 800 5 5oL sles 5y VLl s
sVl b= pl bcs o O 4ids 180 ke w
ssban Sley e s s, 8 sl a3 850 les
e Y Ol Sleslizal b 53 S plnil sl o s
ssb o CL Fes T odl JUl 5 358 5l 5538 0 Sl
Ti-CoFeTigse o SlS 5 nlnl 5 253 65 g
Ny 5 el Jlasl [18] (lien 5 oo 0,8 o ISC2
53 bl e s o b S Y Ole L 0 S5

5,8 58 oS sl a5 850 sles
05 K55 2V o (358 Il s 40 ol Eas5
s S Loi s 0k LD S iles 5 304
o) Sl ) S pSotl 5 e b T o] Sl
O35 i SOl 5 ales 5o ol 4y (gladgod skt
Lo sz $lp 5 235 513 08T Bablos S8 i 058



304 555 bt oS 5 L1050

s Fe Cr Ni C
(%oWL.) sl aslizl & yas shile VAT A4 NN
(TOWL) > )|kl & 503 il \4 g A

543 il aloed oS 5 U2 Ui

as Ti Al \%
(SoWL.) ol alizesl & a5 qy/fy \7AN YAY
(BoWL.) 3,105kl & g Shle o/0+ Y0

b 500 4 ol o3ls oliantl OS5 s ol Lt 5-3 Jsd

(azds)dlasl Ol ) Jlai! les @ gas AS
$. va.°C 750T60M
1. va.°C 750T90M
\Y. v6:°C 750T120M
$. AveoC 800T60M
q. A+ °C 800T90M
\Y. AOC 800T120M
g A+ °C 850T60M
3. AS°C 850T90M
\Y. A6+ °C 850T120M

i ol Ol 5 B S 13 53T s e H2BKS Jos
s (3) ISt s s (58 sl Laisad 51 S s
el ol 03,51 oSz Oge3l ol dSS Sole
s asel 6 513 Gep (4) U3 s e

el 0 03l 0L 5 plSomna Oga3l ol AgSS

Cow @LD—3
b 5 ol b e 5 Jlail o u-1-3

FeS Obey 534S A asiine il Jlal glad gal oy 52

FEI ESEM  Jiis (SEM) s, o501 oS S
ccidiee glajl g e JUT . s oLl QUANTA 200
¢! EDS Silicon Drift 2017 Jus EDAX Loy Sal L 5
s 3l sl Jlasl (glad sad o oy 2 sbie 4 LS
Lo SokS O] (65,8 b 5800 Lt 4 (o (5 s S
G S eslinad badpad g5 46 10 cis 0L
31 lad el ol L;)K.:ﬁ-c;uh'é&;ﬁrliz:w\ RESPIRC
S5 51 e Laas el eslizal ol i 51 gledi S
sl Hlas s olKiws 3l eslinad b e lngSS s 5 S



750 5 ;xS (slaos 55 5 Lales 5l pluS o (sl 43 60
Sads 0ad oS g L gles s 4ol S sl s
S sxb w28 e el ol 5l S s ¢l
A e st (T cnl plnil 6l S 015 e
a>53850 5l s Les S1isjls sgms Jlid 5 0les dbes
355 osd g 4kl @ Y Ole (L 55l ol S sl
Cose il 03 S o L o w gt s s e Se3F
Solis 4 Sl il e 2alS S5 o 4 sl
;A—ih}ﬁbwdbﬁ‘d%@dﬁwﬂz'\’”’a
S slas 81 s Gy bl e Bl 4Y Ol
rL?J Dby SVl o BLsl Szadly 3 i 354 5 MPa
plosil (gl (BU Oley s & AL 4i3s 60 5 xS bl
S G b sl e Bl Jlasl b Bk sle i1
G il s iy aiss 120 51 bl plosil Ol S|
Sty IS8 i 4 Ol5 e 1y 0T W o8 sl s Gl
Losls LU 30 o o3 DS 5 S men 5 aad el
LS L slaaisad jo aml Jlal s Gy alb @ g
<5 Jlasl 850T60M 5 800T60M 750T90M 750T60M
3550 Ladsgai ol Jlasl ol gt aslsl 53 cpl ulo o 15,

5

Rl

=3 r&}n‘.\.ﬂ‘ u).a)\ Lga.b)lJ@);Lam}u SRS Lga)>r_}—4J§..~

@0/9

S g5 Jlasl sl wes 8 5 5 Sl -1 K2

a

S o e Wged 5515 —2J§..~

=3 rl_(x:.w\ oyﬂda.\;)u&' Soles JU,‘;—SJQ_:,



103'1174"5—# &1399 bkm—ﬁ} K} }:J‘ti &20)‘-0-:' gr..:.:o JL.» Lb'ﬁ' 6)&.:0"? 6)}&5 K} r"lﬁ 4,1}:_1' &b')&mﬁ K} 6)33' |}h} 04:-.» 108

bl Jlasl gla & gas ls o3101-4 Ju

850T60m 800T60M 750T90M 750T60M g
\A/A \O/A \AA¥ (UMt &s o141
il Jlasl sla &g oy r\s,m\—S Jgd
850T60M 800T60M 750T90M 750T60M & yas IS
\§o Y Y of (MPa) 5 oS

il 5 e 05l Glad e sl 1B nl S
2l gl (5 ol S0le 5 GBS s st
Image J 51531 p = 5l eslil Ly el Jail (glnas 5ol

sl 0l 63501 (4) U s @Lﬁ 5SS eIl
el ialssl Gel Olay g Lo il bl cJ g 4 am 55 L
L ol ol s a8 conl sds aly Jlasl (glad gos 53 «ls
sla s vy Ko S laails us dbl-l 4 Ol
Olaa ol s JLast Oloj 5 Lo iol58l (6 ames s JJ&)}.
OF p3 a8 sy g o [21] JhKan 5 glulil & &S
JS oS Vs el Al Bl e 38 JL)

850T60M (> 3 800T60M (i 750T9OM (o 750TEOM (&l (5,95 295wy ,See prglai=B JSi

S PS5 S Shesli il Lol d g nslad 5o
ol me 8 Jlal s cmlie 35 5 Ll ((9) JsS)
sl 3l eSS Sl ol sdal i LG C—25
Jsb dlas Gl b ol s st (55 55,5
L Ll 35 Jialpsl OF e oS asly (53 (6358 (5 40U
S a3 055U &S Sl s nles 15
Jsb e dul b gl il il b ool o plosil (53545

el Bl i3l 635k g ab
Olas o bos Rl b aS 250 oo ool slai 4 4 55 L

el @Bl ol5al (6n i U el ges s als (gol) JLias!



JILS S O e

T50TIOM & 505 55 0,5 ¥ 3 el LSL&5 JIAS S @l o -6 S

850T60M (> 5 800T60M (- 750T9OM (> 750TEOM (i) (sla & pod s iU gy sSs Son o sloai=T ISCs

v_;fu}_ﬂ.x_;b;“v_,ajc,_mfuj_ﬂm &l go3lkl U= Aol G Al NS e by e 8 Y Ol b
5Ol S s 5eds —iash 53 b a3l 4 ged G5y S e gas o sy See pslab odalics 31 O]
ssliul Ol | oilis 5 5V (6358 Jlas! [22] il en ol Lanl Jlasl glad el 3 &ils 63101 a5 sl s Jleas]

53 3L,8 sl 4> ,3800 5650 (gles o3 5i5es 53 Y OLs | O Aty Sl S5 4 e 3Y Ll e 15 Jlasl Ol 5 e



-4

21210000 LS5 L850 TEOM(s 5 800T6OM (- 750T90m (o TS0TEOM (ill (slasi sas g S 58y Soo s slai-B8 IS

750T9OM (¢ 4 503 EDS {5039 IS5

asbal Lads sl 5l il (g 4l 5 Ry oy 2 oshae @
sl (1) S g o S Sy S

M:&Q’LLJ‘)[.“M‘}AJJ;J))&)J;Q‘&}QAJ&

5-4L

41

i 3 o o 0T Wsls 13 ey 5550 433 30 0o
Lo Sl Ly sl 5o baaisad (55 Sy See o slad
53 S (6) UKo 5ol e il siles D3 (s el
5 Cmbge (S anslie b5 gd o sdaline 750TOM & 5o
4 0l 1 S yi 0l [25-23] e b il o3l
A elal s, S A Jlas S 8 51 st ol i Olse
3yt Dl (6 teS b kel oS Sl Jlus S
bt &S 5B bl (pl 2 SAL 5 s sl
315 AV g akek 4S5 (3l 2 4 ks (g S pd
LB e 3 J ol 358 ) Jds 4 5 A8 e 358
LS I lals ol ol o ial5l S b abi
4_;é§J|.L;SJSQ|J_1>‘Q|J_é>&_i|4_{4_Sm>&U,&>
el D3 o S8 g o B 53 Sl cpl sy s

el ol ol o8 5 s b abE e



eZAF Smart Quant Results
Element Weight  Atomic % Net Int.
%

87.16

0.00K

00 17 34 51 68

85 102 119 136 15.3

Status: Idle CPs: 1294 DT:43

Lsec 180

0Cms 0000 keV Det Element-C28

Jlssl ailaze ;3 T50TE0M & yai EDS &3 5051 5omi=10 |02

plonil TO0TOIOM &5 gas Y35 =0 135 5 il =0, L] pebane
(9) 2 534S Osesl ol S5l ol s gas ol s
4SS Goge 53 03,8 34wl 3 0,8 el e a3l 0L
el e o Sl 58 358 Y e Il e 3
C&JQM\Q@|M¢K¢MQ—J}»J§J
ol plad sl Sl 0115 i eS e 53
Gl 3 gdee Jls dol Jglowe LS5 2L 0715 51 2
sl 5156 pm a1 472 pm o & ul gl [26]
O] ol Jloee LS55 Lyl 1 4 a5 Lol 215 pm
Jodoen 1S5 Jlexml (0109 ) al 5,88 a1 gl 5zl
Js i s s Sl e WG T s 0 & el
JesCi5 (0/20) stes 5 6,8 o) plad J o LS BBl

sdoe 45 (g pobe (g S g S psbal 5
23 G378 5 e e s 4 Ll g e e
Pl il S e e b ol 4 Cand S50
o=l a8 Ll e (Bl 0 Gble 50,8 s, bl
B U S S OO PR VERL W I
sdalin 358 05 4l 5 S5 458 s Ll guilate
o sy S S s Sen st (8) UKo s
Ol ) i oS5 b aslis 53 0,8 358 (gadlate 5l 0l
o (§ ke o B g, sadlae polal wax g L des e

s o DL 1) (6358 (54U (5 S (g adlats 5 (il
T T e S S PR Wl PR
53 (EDS) Sl (5552 5531 S8 i il 0505



103'1174":&# &1399 bkm—ﬁ} K} }:J‘! &20)‘-0-:' gr.:-:o JL.» Lb'ﬁ' 6)&.:0"? 6)}&5 K} r"lﬁ 4,1}:_1' gb'JKnA K} 6)33' |}h} 04:-.» 112

eZAF Smart Quant Results
Element Weight  Atomic % Net Int.
AIK 1 11.‘00 28.45 203.78
TiK 17.8 25.79 303.38

198K Ao
L76K
154K
13X
L10K

0.88K
0.65K
044K

02x{ ap

0o 1.7 34 51 68

85 102 119 136 153

Jlasl (s ailaie 5 850T60M & sl EDS g3 s poai=11 IS

3350 = o O S s JLll a1V slabes
Ll e Rl JLa] Jome Sl 3,8 alole L 558 Ol
el glaas sai S0l 552 Jiln Sl Jool s [21]
sl o313 0Lz (12) IS 55 Caliis sla0les 5 abes 5 aily
750 Loz 3 55 o sdalive IS5 53 48 458 Olaa ol
Sl ssr e slasls 4i3s 60 Oy 5 51 S sl ax
@33 90 0lejy 5o, S sle a5 750 sles 55 .Ti 5 Fe
LSy s & sl ol b den Ti 5 Fe g 50 slasls
31,8 ol a5 800 an bos il bl anly il 53l
Fe s 50 slasl 5 350 0 LS5 TIAQ AgsFe, (slajsls
a>,5850 & Les ulpl b s TIAQ 5 AgsFe, (Ti

o i g 3 el sl sl @SS 53 08 el gl

Lpde SIS G o DS 5 D) e
cpaoliS 53 0 358 Olye 5 adigad 5 335 oy p skt @
5 150T60M (sla 4 505 EDS 0 5ol 5l ol o slas
2o ol e, B S e | 5> 850T60M
sdalie &5 455 Olan . 0 03,51 (11) 5 (10) sls IS5
a2 850 w518 mle a3 700 51 Les (bl b5 s e
anl a8 7114 L 85/16 3l o i Jjs dwys ol 5 sle
ol 1718 L 816351 iles 55 dess B b )l
ailaie 53 0,8 Sy Aoy 45 Cawbine Ol opl ol 4Bl

0o, s S Ol Ol o e el oy a4 a sl (S35 8



:
counts P
900 | 750TEOM ®
m B A
+eoe |+ A + Fe
00 Pvmestnd ¥ o Mo B A W Ag3Fe2
* ﬁ"’**"ﬂﬂ"h-\n-\- > bl ..\.‘ g ‘M'-"u‘ﬂ . -ri

750T90M

i
W

s SRR RE— T

+ Tiag

]
) A \

— "'-'f"w“-”

I J I
400 [T allogy’ @l e
e\

1 | [ (W
M vl it e Y bt e

O

850T60M

400 P et o ¥ b .

o

position[*2Theta)

sl Jlal sl £ 503 WSl 655 il 5,012 S

e el L TIAG (51 e oS 5 255 & oS
DHSen 5 Sabl5 (R0 Gaiosd 53 25 g0 ki gad
o el 3led W5 slaSUT ol 5 kel [29]
SLS 5 a0l sls S 3 s 5550 L o S35le Jhss
A 5 oS I (o Ken Sl slls 1 TIAG 556 o
355 [B0] Ll 5 ooy S i ils o pdlae SIS
Al o (6358 Ll el B s b o SLS S s
S eslial 03 1y wilas Ly 3 5Y 58 (63,4 Jlas! Lol
LS 5 A8 S Ol 5 dosls 58 ey 3) 50 anY Ol
Il S e b s Jlasl 3w FeTi 5 FETi (530,

.J.;J.AT Sem g 4w

u.i:.'»lga upl‘,:'-—z—3
ol (13) IS s Laasad 5l ol g e s S b
J._..a.éjég;b'-h.w g;_ﬁjgs_ﬁj&iﬂ 4_54.;}.? g_)LmA&L.w‘ ol

L;uw@aigwu@_gm);ﬁug—ajadﬁm

O Jds el anly 2als LS, Sl & odd ol 5 sl
gl 2 Vb slabes 53 0,8 S5s o s Sl 4 05 e
S XPert i3580 o5 53 coal S5 4 05V 3l i JLal
23298 s 5 4o TIAG 5 AgsFe, Ti Fe slajls xx
53 [27] 5L Kes 5 1uls .ol 60560 5 491287 (11198
N 5 bt (Sl o 6358 Jlal O 55 4 55 rassy
W53 S st 1y e 4 Ol Sl eslinad 1304 05 S5
S om DS 5 Ol 5 0 LS gl & Lol 518

b e SRl TS sles Rl L S ke fuad
ool b sV (63 5h sl i s [B] 8lan 5 58
53 50 WOl disls Sl 3 s 550 Y Ola S eslizal 05 1,
SLasls JSi o Loy (Rl a8 il s 5 Jlags:
oS Glided 4y a5 Loosd o Jlail gadlaie 3
sl ool TIAG (630 o oS 5 sla S5 el 055U
sl p ctagn 3 [28] HLKes 5 S O el

Olo ol ass 1S s | TIAG (5318 oy S 5 ol



50

DISTANCE (M

100 150 200 250 300 350 400

RON)

114

- 7 6OM
sy e
L -”
6OM
—p— ] 90
e 50T HOMN

450 500 550 600

il Jlal sla & g0l ey Ko by o-13 IS

(355 Sl 53 e Gl dals dilesls plowil il
b Jlasl St b s (e (1 s Lol s,
o=l > S DS S S IS s il Jse S8
sl OF 3 a8 (6,505 Guiod 53 (ppilies ol . Lilazdls 4>l
A3 s 2y S5 saY Ole LSV 5 2S5 (g3,8
Jlail gadlan ;3 oo a5 Al Cowd ameS cpl 4 50 Al
Al 3 i (b LS 5 oal sy s o
ol el Lo (Rl 81 s S 0le oomes el
[32] st asl s e 8l s 3 5 DS 5
il o)l s sty 53 [22] s 5 0855 sakss
e LBl s Y Ol Sl eslinad s SV 8 5 (Sl (g3 5k
ol g e oS 5 LS s 4 el gadkie s
800 « 650 ;I Los 2153l L ks S Olo Cwomer WOT L
iyl Jas! gailate 3 _gsew 31,8 Sl 5 s

Al

g rls:é;u|—3—3
ol 03,51 (5) Jsis 3wl Jlasl gladi yos =3 r&?::.«‘

Cged 5 o e 800TEOM (54 gai gy o ol L3 o]
el wdls 1y ol Olss op 28 750TOOM

S 5y Ol oo a5 cmul aiy e ghyls & e
ﬂ%‘ﬁﬁdﬁﬂ&ﬂjbﬂj‘@djﬂdbb
Oljen S nin Joad 31 005 8 alols L Lol gad ann (gl
S ks S Sole 4l i 4 by e e
J—@)D ‘_53‘}_4.: ‘_54_:>LJD.,\_.ZL:L5_A AJAJAJJ?};JA dL.,aJ‘
36 03 Lls w2, e 830TBOM (5 yos 6,8 ailis S 2t
S k:,_'w‘ Jj'iij 550 G 500 ab‘)v\m DL uﬁ?f-\ﬂ ‘5“)\5 T|Ag
b en ;3 800TEOM s yos e 31 ,2eS lde ]
e Ay Ol e 1y el el s el (5,555 650 5 50)
S oab sl Loy Sl s oF gladils o310
Q%ﬁ&&ﬁﬁ:y&:&\ﬁ\@@@f&\j&
e Los A Sl i il 5l Ll e il 59l (g 5oy
WJDD‘}J&AWULASQT&WJDJAJBMJ
el by l5l oY me B S rie feab > e Llis
OF s Ol o &S ol j2iin (Sl o, a0 o 5o s
S5 sl FEAGy (31 e oS 5 Sl ke L2351,
Sl bl osbys & adew s [B1] JuiKes
WY Ole L K5 5 5V (358 sl SO ol >



115 103'117423& clngO\:m.aj K} ﬁi‘i 424)\.«;..3 cr..i.."ﬁ JL“ c&‘ﬁ‘ 6)&:5‘99.- ‘5)‘9\.'.5 3 f*’b 4..1‘,;.1' c&b&aﬁ K} ‘5)‘,” |}A} A.X:..a

53N e (5358 sl 05l [38] 8IS 5 Sl
Sl sy Sl o AQCUZN S 5 &Y Ole L o5liS
Lt poi il 03 5dma 4 il s Ll Slaius o5
a3 860 51 Les il sasl e JSLLIKL 85 548
el 2ol 1 4 30 51 ri sladle; 5 318 sl
52 [22] Jlsan 5 OLS sedes Aty o pl s 5
Al s Y 5E 5 0ilid (6358 Jlail e)los &S 5 s
ol L Ll b cadly Jlasl slaad s (35 oSl

Al

S aomsich

304 055 K55 5Y55 5 sl Jlail ey 0 R0 cpl L2
s at s ok Y Ole 5 (o358 Jlal B, 5l eslizal b
Zj\wjgpemig.ﬂ:@@uw

03 4l Il gladgel ol (61K 5 ladgod o 551
60min-800°C 90min-750°C H60min-750°Clal,
Lads god dody 4o S (52 Jlas! sl,1s 60min-850°C
L3 g

Oley 5 Lo Lial il begslit b 5y gla oy bl 5.2
L Les il Js ool 4l 2al5dl (6356 gailate Ol pue
sl ol an Ladils W

i 358 s (s 53 e 358 Sl SEM 0551 5.3
sl Y 53 g3 6,

S5 g el o o o8 Sl opd ekt s 4 4
sl sdaliine JIUsS S ol i o Y Ol 53 0l s 6,i
sl

850 4 750 3l Les Lil33l L EDS 05050 2 ol 25
Aos 358 sab s alie gkl s ol S Sle a3
Sl Ll sl s s 5 R 08 S5
il 6358 AU 3 0l S5 s SO e
cCewles

318 sl ax 53 150 les 3 e LS5 LS 5 5 a3l .6

3,8 Sl a3 800 b Il L 5 ol Ti 5 Fe

=3V 55 Jlal Coa ) o pad Ser L5 CnSs K05 (G
S = Il Ol 5 Loy (Jodr o ax 5 Lol o 0,8
P o=l a2l U aly Jlasl gladd pes 3 plSoel
oSzl i35 60 Olo 5 51 8 Sle (s3T50 (slos s &S
Los e 534S a8 5 ol JSLLKL 56 & 5ad o
i gad b plSotl L oo 5l 433 90 & Ll 0o
& a3 2l s Bk 5l e Shals JSLIKe 32 &
DL Jlail (slos S5l L 1) Wk ged (b plSouad 2ol 3l
850 (gloos 4y Loy o (b Pl 5 S s e
oS &S J gl 4ids 60 Ol 5 o1 S Sl e
i35 90 Olas 5 a3 790 (slos o by o b oSl
ol L o il S s Ol e pcnl Sl
e I TIAG (55 B S 5 ST s b
L badsad o plSonad 423500 5l zin Glaol) eoeen
e a5 a0bs o3Il A 3l i 0 S s«
5 S5y e Srals Jlal g Sty s
el il Lox GhI530 L s ass 53 5 [B1] sles
SRS ol > (55005 0T Sl e lSutl 205
Il gailain s Sl JSd i 1) o oo
Slaad s by plowul s pomen ol 035 Ol e
Ol KA 3 JolS 355 pde 1 oS (slales 3 sl Jlas!
534S 5 Godes 53 55 [30] Julan 5 on S ol o3 S
A 035 S0V 55 S ks o (358 Ll O
Ol i dals D3y a e 1 Y Ol Sl eslinal O
L Los Sl L b gad o plSomial 48 il s 4
5 Ss G 3.l il sl S Sl g 455 850
tlis 5 Y (o3 i Jlal a3 [19] Lllsen
& 4253 875 5850 825 (slas a3 1, Law sas ol
53 ool 5ls 0L ol sy 13 Sielesl 3,50 o 8 ol
Wl e b ges e 3118 Sl 6 a3 850 sles
L slS mbe (s a3 850 los b plSonal S5 ol w
a3 850 51 5 o lales 55 5 Ll e a5l s il 53l

s 03 Al e LS Lads el a8l o5 sl



103-117W 1399 Ob‘mﬁj K) Jﬁba 425)\.«;..3 gr..i.."ﬁ Ju g&‘ﬁ‘ ‘5)&:5‘99.- ‘5)‘9\.'.5 K) f*"\; Aij&a' g&b&aﬁ K) ‘5)‘,” |}A)' ok 116

[9] Anon., Diffuson welding, Welding Hand book,
chapter 52, section 38, 6th edition, 1971.

[10] Duarte L.l., Ramos A.S., Vieira M.F., Viana F.,
VieiraM.T., Kocak M., “Solid-state diffusion bonding of
gamma-TiAl aloys using Ti/Al thin films as
interlayers”, Intermetallics, Vol.14, pp.1151-1156, 2006.
[11] Lee H.S., Diffusion bonding of metal alloys in
aerospace and other applications: Welding and Joining
of Aerospace Materials, Wood head Publishing Limited,
UK, p. 320, 2012.

Sy Ol g DLl wp Olilandt ap s sllas o5 & sllus [12]
N5 o UNS S32750 536 55 05 5

g b Ol )5 55k 5 psle 4 0 AlSl 304" ...
A-8 i 1396 s 5 0l ol

[13] Bhanumurty K., Kale G.B., “Reactive diffusion
between titanium and stainless steel”, J. Mater. Sci. Lett.,
Vol.12, pp. 1879, 1993.

[14] Changging X, Zangpeng J., “The evalution of
microstructure and diffusion paths in the titanium-steel
explosion weld interface during heat treatment”, J. Less
Common Mater. 162 (1990) 315-322.

[15] He P., Zhang J., Zhou R., Li X., “Diffusion Bonding
Technology of aTitanium Alloy to a Stainless Steel Web
With an Ni Interlayer”, Materials Characterization,
Vol.43, pp. 287-292, 1999.

[16] Kunda S., Ghosh M., Laik A., Bhanumurthy K.,
Kale G. Chatterjee, S, “Diffuson bonding of
commercially pure titanium to 304 stainless steel using
copper interlayer”, Materials Science Engineering A,
Vol. 407, pp. 154-160, 2005.

[17] Elrefaey A., Tillaman, W., “Solid state diffusion
bonding of titanium to steel using a copper base alloy as
interlayer”, Journal of Materials Processing Technol ogy,
Vol. 209, pp. 2746-2752, 2009.

[18] Cooke K.O., Richardson A., Khan T.1., Muhammad
Ali Shar, High-Temperature Diffusion Bonding of Ti—
6Al-4V and Super-Duplex Stainless Sted Using a Cu
Interlayer Embedded with Alumina Nanoparticles, J.
Manuf. Mater. Process., Val. 4, pp. 3-14, 2020.

[19] Deng, Y., Sheng, G., Xu, C., “Evaluation of the
microstructure and mechanical properties of diffusion
bonded joints of titanium to stainless sted with a pure
silver interlayer”, Materials and Design, Val. 46, pp. 84-
87, 2013.

[20] Zhang Y., Chen Y. K., Zhou J. P., Sun D.Q., Li
H.M., “Laser Welding of TC4 Ti Alloy and 304
Stainless Steedl  with Different Joining Modes”,
International Journa of Metallurgy and Metal Physics,
Voal. 5, pp.1-7, 2020.

[21] Atasay E., Kahraman N., “Diffusion bonding of
commercially pure titanium to low carbon sted using a
silver interlayer”, Material s characterization, Vol. 59, pp.
1481-1490, 2008.

[22] Vemurugan, C., Senthilkumar, V., Saraa, S,
Arivarasan, J.,, “Low temperature diffusion bonding of
Ti-6Al-4V and duplex stainless steel”, Journal of

N g, 8 GL» 56 Jlasl

IS 55 FesAQe 5 TIAG e Ti Fe ol o sdle

SR LS 5 ol Ol Led Rl 31 L @315 53l
ol a5l

S ol gl me 8 S ke b s e Olpe o i T
5l adilate ol 53 (538 LS 5 ST O e
el BO0TBOM (5 35 40 Bate om0 j2in

il Glak g o2 plSomtnl (555 Ll 0oy 5 Les 8
b e Rl Les Gl el s 3 sl
L badsad o plSonad 423500 5l zin Glole) eoeen
Jltie 850TBOM (gass sas i plSoil . ns o SialS

] i

e
[1] Kahraman N., Gulenc B., Findik F., “Corrosion and
mechanical-microstructural aspects of dissimilar joints
of Ti6Al4V and Al plates”, Int J Impact Eng, Vol. 34,
pp. 1423-32, 2007.
[2] Barreda JL., Santamaria F., Azpiroz X., Irisarri
AM., Varona JM., “Electron beam welded high
thickness Ti6Al4V plates using filler metal of smilar
and different composition to the base plate”, Vacuum
Vo. 62. pp. 143-150, 2001.
[3] Evren A., Nizamettin K., “Diffuson bonding of
commercially pure titanium to low carbon sted using a
silver interlayer”, Materials Characterization, Vol. 59,
pp.1481-1490, 2008.
[4] Balasubramanian, M., "Development of processing
windows for diffusion bonding of Ti — 6Al — 4V
titanium alloy and 304 stainless sted with silver as
intermediate layer”, Transactions of Nonferrous Metals
Society of China, Val. 25, pp. 2932—2938, 2015.
[5] Ghosh, M., Bhanumurthy, K., Kale, G., Krishnan, J.,
Chatterjee, S., “Diffusion bonding of titanium to 304
stainless sted!”, Journal of nuclear materials, Vol. 322,
pp. 235-241, 2003.

ol 316 05 S5 VB Il p i (5,55 0 st o 26 [6]
sl 5 psde 0,25 Al s lauls AV L ool alls il
=95 w1399 Gl 5 e Aoyl it o Ol (6,8

.81

[7] He P., Zhang J., Zhou R., Li X., “Diffusion bonding
technology of a titanium aloy to a stainless sted web
with an Ni interlayer”, Mater. Charact. 43 (1999), 288.
[8] Aleman B., Gutierrez 1., Urcola JJ., “Interface
microstructures in diffusion bonding of titanium alloys
to stainless and low alloy stedl”, Mater. Sci. Technal. 9,
(1993) 633.



117 103'117423& clngOb‘Mj K) Jﬁbf 424)\.«;..3 gr..i.."ﬁ Ju g&‘ﬁ‘ ‘5)&:5‘99.- ‘5)‘9\.'.5 K) f*"\; Aij&a' g&b&aﬁ K) ‘5)‘,” |}A)' ok

Applied Surface Science, Vol. 257, pp. 10692-10698,
2011.

[29] Szaraniec, B., Goryczka, T., “Structure and
properties of Ti-Ag aloys produced by powder
metallurgy”, Journal of Alloys and compounds, Val.
709, pp. 462-472, 2017.

[30] Kurt, B., Orhan, N., Evin, E., Calik, A., “Diffusion
bonding between Ti—-6A1-4V alloy and ferritic stainless
steel” Materials Letters, Vol. 61, pp. 1747-1750, 2007.
[31] zhong Z., Hinoki, T., Nozawa, T., Park, Y.,
Kohyama, A., “Microstructure and mechanical
properties of diffusion bonded joints between tungsten
and F82H sted using a titanium interlayer”, Journal of
Alloys and Compounds, Val. 489, pp. 545-551, 2010.
[32] Zhong Z., Jung H., Hinoki T., Kohyama A., “Effect
of joining temperature on the microstructureand strength
of tungsten/ferritic steel joints diffusion bonded with a
nickel interlayer”, Journal of Materials Processing
Technology, Vol. 120, pp. 1805-1810, 2010.

[33] Soltani Tashi R., Akbari Mousavi SA.A., Mazar
Atabaki, M., “Diffuson brazing of Ti—-6Al-4V and
austenitic stainless steel using silver-based interlayer”,
Materials and Design, Val. 54, pp. 161-167, 2014.

Materials Processing Technology, Vol. 234, pp. 272-
279, 2016.

[23] Kundu S., Chatterjee S., “Characterization of
diffuson bonded joint between titanium and 304
dtainless stedd using a Ni Interlayer”, Materials
characterization, Vol. 59. pp.631-637, 2008.

[24] Kundu S, Chatterjee S., “Diffusion bonding
between commercially pure titanium and micro-duplex
stainless stedl”, Materials Science and Engineering A,
Vol. 480. pp.316-322, 2008.

[25] Sabetghadam H., Zarel Hanzaki A., Araee A.,
“Diffusion bonding of 410 stainless steel to copper using
anickel interlayer”, Materials characterization, Vol. 61.
pp.626-634, 2010.

[26] Sidney H. Avner, Introduction to physical
metallurgy, McGRAW-HILL Book Company, 1974.
[27] Kundu, S., Ghosh, M., Chatterjee, S., "Diffusion
bonding of commercially pure titanium and 17-4
precipitation hardening stainless sed", Materials
Science and Engineering A, Vol. 428, pp. 18-23, 2006.
[28] Guo, C., Chen, B., “Microstructure and tribol ogical
properties of TiAg intermetallic compound coating”,






O Uo?;; . o3 r;"
119—135 W ;1399 QL‘\'.-.-AJ' K] J.:._"L_’_ AZBJLMZ gv...’.'....’i JL« gu|ﬁ| 6)&3? 6)‘9&5 K] 63\9 4.1,.’.'.’

3\:3%5 Y g5 4 617 Ji sl 5UT ale b dlast (85,55 518, b5
A387-Gr.11

S sn Al gy dew (2hens Lo, oy S (g e Al Jls sl 01 a8 Ol 55k 4 185
Ol gl Glaal Ol jam dugd ol (g 0dSills 3l o pwdiga 05 S
(1399/10/08 : s 3 .3, ¢ 1399/08/06 :dlis il ,s)
oS>

S b o o S s, 4 ER309L u:ﬁMLJJAI%S?-Gr.lle:STVSN}égM? Bl 3UT (s ol o
it i Il 5> 516 5 A3B7-Gr.11 jL:STVS 3V 17 oSl ST ([Say 50t Sl Il 55 esls Jlasl (285 55 2801 L Lablows
=S5 5 (NaCl) 2 (HzS0s) sl fases 55 (EIS) pliais S il (LKl 5 136 0 el o S 5050 Lo 55 o
Joloms a3 Sg b 5wl Sl Gl L EIS 5 0l S ool 51 Lol R A ey Laes sles 5 (H2SO,+NaCl)
Al e LS LTS SN 4 b 5 5l g g6 4 617 LSl SUT 5l 5w (Sa) e 4 aeslie Olpe oS 5l 0L ey
HeTB1T 5Kl SWT SOIIS 255 o SSIIE (S35 0 ol o 53 0L g 5 5l 0 O sl Sy (sla o i
2 s 3 S el 6055 s Sl eslinal b g5 onl SSLIS S b s s TM NaCl ey oSOl Jgloes 53 5
5035 Joe 53 J;To\}-.muzﬁ}u‘Jzﬁ}5/617)'—@10@;@@)“531”& uQTJIyB@Lﬁ.J\J sl sl 5 xSl

b o Sl st 5l e T pnATem? 5w Jlas! 51 30722 pATen? 51 ol (Ss, 550 cs e a5 (G w0530 S, Sl

cstbon s S 55 sy e miliel (6 Kkl 6 O gl 50 05031 GTAW (o5 5> A3B7-Gr.11 5V 5 617 Sl 5UT gads olads

Corrosion behavior of dissimilar welded joint between Incond 617 alloy
and A387-Gr.11 low-alloy steel
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S. R. Mousavi
Department of Materials Science and Engineering, Faculty of Engineering, Shahid Chamran
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Abstract

In this study, Inconel 617 alloy was welded to A387-Gr.11 low-alloy steel using ER309L filler metal via gas tungsten
arc welding (GTAW). First, the corrosion behavior of Inconel 617, A387-Gr, and the weld metal was evaluated by the
Tafel polarization test and eectrochemical impedance spectroscopy (EIS) in acidic (H,SO,4), neutral (NaCl), and
combined (H,SO, + NaCl) solution at ambient temperature. The results of polarization and EIS measurements in all
corrosive solutions indicate that the corrosion resistance decreases from 617 alloy to weld metal and from weld metal to
low-alloy stedl, respectively. The Comparison of the polarization curves of the base metals and the weld metal showed
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susceptibility to galvanic corrosion between Inconel 617 / weld metal in 1M NaCl solution. The behavior of galvanic
corrosion of this pair was evaluated using the mixed potential theory and the electrochemical noise measurement. The
results showed that in a galvanic couple of alloy 617 / weld metal, the weld metal acts as anode and corrodesin such a
way that its corrosion rate increases from 0.22 pA/cm? before joining to 1 wA /cm? after joining.

Keywords. Incond 617 aloy, A387-Gr.11 sted, GTAW, Tafe polarization; Impedance spectroscopy,

Electrochemical noise analysis.
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Ultrasonic welding of thermoset matrix composites reinfor ced with glass
fibersusing a co-cured retaining layer

A.JabariRad, D. Akbari , M. Golzar
Manufacturing Engineering Department, Faculty of Mechanical Engineering,

Tarbiat Modares University, Tehran

(Received 9 April 2019 ; Accepted 11 January 2020)
Abstract
In this paper, ultrasonic welding of glass fiber reinforced thermoses, co-cured whit a thermoplastic has been studied.
Co-curing process forms a connection between the thermoset and the thermoplastic while curing the composite.
Considering that the cal cul ated stress should not be related to the dimensions of the sample, a horn with atip dimension
smaller than the standard overlap was used. The results show that the actual weld dimensions are bigger than the
intended weld dimensions. This has happened due to the movement of the melted thermoplastic to the sideways during
the welding. The design of experiment has been done using response surface central composite, and a quadratic
equation based on the lap shear strength of the welds containing three principle parameters time, force and amplitude
was suggested, aswell as predicting the optimum val ues. The equation shows that the force is an insignificant factor. In
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the samples with a higher time value the thermosetting resin started to degrade. The dominant failure mode of the
specimensis segregation between the thermoset and fibers. The results show that the optimum parameters can result in
alap shear strength of 28.2 MPa, which is a very decent value compared to other methods of joining.

K eywor ds:. Ultrasonic welding, Thermoset, Co-curing.
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Evaluation of fatigue behavior of cast and ultra-fine processed Al-7075 by
using friction stir technique
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Abstract
This paper presents experimental results on the fatigue properties of the modified microstructure of cost Al-alloy 7075
viafriction stir processing (FSP). Themicrostructural behavior was investigated by using optical microscope. The grain
size of cast FSP-ed at different locations was investigated via x-ray diffraction analysis. Uniaxial tensile and bending
fatigue tests were carried out at room temperature on both cast and after FSP conditions. Fatigue properties were
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investigated using a fully reversible bending testing machine. Significance enhancement of mechanical properties was
attributes to the elimination of porosities as well as uniform distribution of ultra-fine grains throughout the matrix. A
fractographic study was done to understand the fracture behavior being changed from quasi-cleavage fracture to dimple
fracture. The resultant ultra-fine grain structure causes significant increasing in tensile and fatigue properties.

K eywords:. Cast Al-7075, Friction stir processing, Rapid recrystallization, Ultra-fine grain structure, Fractography.
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