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Abstract

In this research, the effect of heat input on the microstructure and mechanical properties of the
joint of two dissmilar steels D6AC and VCN 200 steel was investigated. For this purpose, the
samples were welded with the current intensity of 130, 145 and 160 Ampers by GTAW process
and using ER120 SG welding wire with a diameter of 2.4 mm. The metallographic results showed
that the microstructure of the weld metal consisted of lath martensite and acicular ferrite phases,
which increased the volume fraction of ferrite from 5 to 32% with the increase of heat input, and
the morphology of the ferrite changed from acicular to polygonal ferrite due to the decrease in the
cooling rate. The HAZ area microstructure consist of bainite, lath martenrite and ferrite. The
highest strength value was obtained in the welded sample with low heat input. With the increase
of heat input, the tensile strength has decreased from 1154 to 965 MPa. Also, with the increase of
heat input, the impact energy has increased in the welding zone due to the increase of stable
phases, and in the HAZ zone due to the growth of the primary austenite grains and the reduction
of the grain boundary locking effect. The results of the fracture analysis showed that the fracture
occurred in the weld zone with low heat input, brittle fracture, and in the HAZ area, combination
of ductil and brittle fracture occurred. With the increase in heat input, dutil fracture occurred in
the welding zone and brittle fracture occurred in the HAZ zone due to grain growth.

K eywor ds:Heat input, Impact energy, Microstructure, DGAC, VCN200 steels.

*Corresponding Author M. Belbasi, dr.bel basi @gmail.com



mailto:dr.belbasi@gmail.com

2676-6787 : S5 S Lls | 2476-583X 1y Ls

1403 b\:.ch K] ):.1\3' cZeJLa-i" crhé JLA

ol 91 S5 (5 39US g pols 4y pid

jwsti.iut.ac.ir

u!{! U’/l%’ U’/)C"} r;"

Jail Sl Pl 9 Sobsle p Q’)’jav“ﬁ S$9939 @l > b 3yl

GTAW (s,l<ig> 35 VCN 200 (1.6580) 4 DBAC s¥gb dilie s

ol Ao ol ol (guge

Q]J@J 46;]4 Q]J@J Jo-b hfy\“a‘ JbTeK..I.ub () CLAJQ‘]»& L;.N.LG,A SISl (Qdrs g Jl}ﬁ L L;.NJ\A@'A a}ﬁ

1403/08/01 :dlis 5 .0 ¢ 1403/05/26 @ dlis il s

oS>

s ks A e VEN 200 5 DBACALLL 5V 58 5o Jlail Sole ol 5 slrbass o505 <ol il Gais onl o
s )Ks > 2[4 mm ks LERI20SG % e S o3lial b s GTAW il 3 L o1 160 5145 130 slaok > oo L lad yas

Gl HAZ ailais .ol il o il &5 2818 b gy iy Co b G 31 b iP5 i 32% 4 5

g).:«ilj_é]l..l..)\ﬁT C,\MJU.VSLSJ))‘) CJ)‘]?-LJQJ\.:: 6)&..2:}? AJ}M DL (’Ml )LXE.A gﬁj':":"..'d. EEY] Ca._l.j_éjd,\._l.jﬁ)lﬁ o )L’(.>.ij._|.)

Shmadlaie 53 4,0 655 (83508 ol Sl b cioes ool 4l ,2alS 965 MPa « 1154 ;) S il (35,5 )l >
wily rals Ladils e SWps a8 31 tals 5 oyl Sl slakils s, I HAZ wilae 55 5l 31 ol slasl ol 3l [
3 S5 HAZ wilae 55 5 05 S oS (53505 ol b Ghar adlaie 3 Gl Ol (eSSl ol s ol
BRI WRT ;JJWHAZA&;A);JDJ MalS Cls B adken 53 (65,5 Dol 5l bl eslil Bl ;jsjmjgm_{:,

sl 0313 & &ls

VCN200 DBAC (slasVss ylilu sy s, 550 ws355 ol b g tdS oiladsS

dr.belbasi @gmail.com ¢ owlls dme & S 2SI Cns ¢ g okivs 5% )

AISI 4340 N3 4 ol RS SO 5 Ry Ol
2l 5 Sldas sV < 5> VON 200 55 [2] 505
Oddse 5 055 (JSG ole ol oS o3 WL plSal L
by el bl Wb s ndy JS2 55Vl L s
Sl g9 5 Saes oSl Sl 5 03 13,05
g 5 alss 0 oV e oblie SGSe ol [3]

(Sl bt S S OAD S F 5 s Sl

aedie -1
1380 MPa 3l olSouiul o5 (sl Slamtla (slasY 3
U W5 o odol oSomiee G lasVss il ails
ol olakas G55 JLals Oy s el G 48 rm‘ M«
[1] .,U\eajs “'\':i L§\°}i) Jﬁ)ls L.a_é‘j.é GLMp BE Lﬁbyjﬁ
oS LTS (S 358 slasV s alax 51 DBAC Y 5

9 UJS ‘rﬁ:u) > v.iL:A.:..Iv g_,.,:gj}' BE) S 03 ¢ Ja..ﬂj.w


mailto:dr.belbasi@gmail.com

53 51-614:;&..0 c1403 O\:m.aj K} ﬁi‘i 424)\.«;..3 cr.k.) JL“ c&‘ﬁ‘ 6)&:5‘99.- ‘5)‘9\.'.5 3 f*’b 4..1‘,;.1' ‘t!""u': .X,_:u K} JJ‘ u‘l‘ﬁ" 6.&.@.&

DBAC (slas¥ss 1 .ol ol OT ol osm 2alS
onl Galiber b Logles¥ge s> VON200s
B fji';ﬁ Sl clles B s [17] Lol g0
3 eyl pas gles SV eS8 esgdeee o fjiw"
Sl ol d.:.pj; Qj)),\:.avfwje duulfﬁ.ﬂ)\ i
e 3005 Sl S 488 e Sliies [15-16]
W3S o g 1) G Cup s S gy, LSS
L LgLArL{zL.N\ 0 58 hls s sk e Cel &S
oalail S0 YL: AJJ..p “ C,.AJLGA L: O‘JAA w‘wd L5'<AJ‘Q>-
Pl s bl g ssas ool 1[18-19] 55
Ll s s o S3UTWS SN e blie SGISG
ol o3 a8 sl 0l [20] eSOl a5 el =55
cHAZ &ls g:,...iv‘)J AJLE.AA L (0/5KJ/mm) vf ‘)L:.\m.i &S99
Az edalie S5 450w (12 Kjimm) 51 NG (g5,
JENCIY ST RRCIR JEpS VI T X} RPNy
Cop Ol e Sl soaas 2ol iRl L s
03 Gred el @Bl poad JLRAD ey s Cu b4 S5
10/5 Kjlem « 715 31 (35,5 <l = il bl LHAZ ailas
sl co b sl bl 4 lS oy il 5l el
sl cow w0 18/5 Kjlem & ol > 513l L s ccas
S35 Sl Sl bojlerle oxs cpl oS ol asl s
I 5 sl 0 135 MPa s rL{x:.N\ui.alS csl
) SO ol 5 skl o s30ss &)l > 6 [22]
ol aud Ko oyl = L TWIP 5Y 38 HAZ aibes s
s a2 ol IRl L dsls 3 ) 3550 0l
v‘<"f‘l" oS Eel ladils e 55 AuslS ey ol ol
)‘ w:.\}u r&}w‘ RGO B 4 LAJY‘)ﬁ Lfi‘ HAZ il BL)

el ool ey LasN gl 3 G wls s b
Sl sbml e wlia o slas¥s (o0

)‘ v.i:;&ﬂ u.pb;— 9 ol U:')} Lise Lﬁ;-‘f BE C))LL‘A

T P N CW gﬂ;;.ﬂmbgu\”jiﬁ o S
23 b Slidos Sl age sba el Bl SO 82505
Wl 4 S el e SGG ol OF 36w
oA L o Dol SRl Lol DL s e gss il
Pl [4-5] e (Ko a8 Sl b &5
HAZ wilais 5 2yl 55 [6-T] 228 plSowal 5 obs
Cel il Loy e (555 Dol Sl Lssd
e S el WL Ly SV e S
bbby opl JoS35 68 358 o0 2Vl oty 55131 e
ol 8] ssie G dile Sjin el sl
A s 2 e HAZ e LS5 4 e YU (52505
[8-9] spie adsl comad Glawls as, L Kejix
gl oo sl oy S Olse 4 alie s K
53 0328 sba oS ST S lasY b Ll g il
ol (Nigy 0 S8 4 ol laddus 5 LS Co O3l
slaslrla gy sbuloar selasy palin 22 (IS 3 55 0
O SO ol g el e il ol s ooglae

J10] was o S5 00 o | S 5 e o
boarg bl o S LU S (S G slasY
535 B ek sad e ShBVL dolee 1S do s
Lol o @S el BT S 55 pay) Ose
Gl ol b Kl b o e 3,5 e s
A YL Sl S50 L OSodes 5o edd il
08 [11-12]s50 eslinad 55 5 55800 5, GTAW
O L VL Gl lapSonad Ll s s Yl
Ghla 03 ohs 2 S 5 LSS (Sajhr S
Udas odiSs S5is ool ol ol o (i adaie & s 3
diles 5 oy wls bl gl o 6 LK L
Gl Sl e 53 HAZ el 55 s se odiSd
Cotl 5 e 0ds e 3l 50 gla i [13-14] il b
S5 sl & e 3 el WS S S e e
Sdse 5 JSS s S 3T obe 3y [15-16] sus



51-61423.0 c1403 O\:m.a)' K} J'«'-i‘f: cZA)Lq..’Ja cr.k.: JL» c&‘ﬁ‘ 6)&5‘99.- ‘5)‘9\.15 K} c‘,.\.ﬁ 4:\‘}.;.\' ‘t!""LTLJ .X,_:u K} J.J‘ @‘}3‘ 6'*«"’ 54

)5yl 5 =12
92 Pars EL 501 P ol&Kiws L GTAW o ISs 4 il 3
4 2[4 mm L3 LERI20 SG b a1 sslinul b s
doloms (gl el (3555 SOl e banl 5 s

[25] s 5 estinal (B) alasl, 51 53505 <l

1000 S )
Gl Co e S OL  ld T GWs Vodal, ) s
Slp S Sl L ek 5 4l e Jo e
Gl pize (2) s> s a5 L > 95% GTAW ol b
G Al e el ealid Gla il 5 IS
a3 0L |, GTAW

GTAW ol b 53 eslizal 5,50 (6,80 5> (gbe el ;=20 s

L3a3 08 | (A) Ol OiS ae (V) 5ty Ry Kj/mm 33,5 &)l
mm's
] 2
VDI 130 23 27 ]lw‘;)
s :
b g
vD2 145 25 }3?
» b G
eV
VD3 160 25 7 123
s, L 173

eJLQ~.~| ev\.MsJ.i U”Li"gf.)d“‘:"ij Uﬂli&gij\ d“j“”ﬁd\j’
L o0sSoT 58 5l (s aabue 5l Clablews gl A
S e bt oS5 S eslil 99990 o s
el 0 0315 OLS (B) Jsr L3 ek eslizul 3550 1SS

(39 o3 oslizul 5,550 5o = LR %15}'3JJJ>.'

pais b C St Mn P Cr Mo Ni S

P 0.048 0.045 1.65 0,011 0.048 0.48 34 0.012

Caadl Lol e S S e s il Sles )
Sl ks eslizal p Sty S5l Slles ool S 551>
S & 5 Gosd les S S 5 050 gles Iz
5 300°C £ S ol Slles sl @5 s g
aolsl 423200 4 310°C (los 53 ¢ Sy 51> Slihes

sl
[26] AWS D17.1 5 jltial ulel o8 Ll b Solac
op Sl el sl ey Ol (1) K5 s 4l s
Jde o5 2sSas ,Son Sl o e Gble bl

23] das e S S0 cou |y K i s e e
Sl 3l alis o gbadlall SO ol s 5 4]
b S oo s g Lol Sla e VL
G SEBe ol s p ekl plil sla fags e
Il s p 5 o3 WV opl wlie Jlasl aue) s
ol 0 a5 a8 GTAW 55, 4 sV ) wlie &
5 SOl sl s Sl S Geea opl s 1
el L VEN200 4 DBAC 5V 55 alis 2 Jlail sl

Wl 43S ey 25m 0 S 5 0 S e Sl Slibes

G g, =2

L VCN 200 ; D6AC sV slai,s 5l Geies cpl o
3V sladys il eslinal (1) Jsr ills plond oS 5
Sl oS ol Ll 53120%70%3 mMislal 4 oslizel 5 4
wils 5 aids 30 wde 4 850°C sles ,5) DBAC sV 4
Sde 4 5038 3w 08 s 53 530°C gles b e
oz U ot gad e 03 (610655 (slos ] s 4i35 10
53) VCN 2005V sl 5 (W s, dasme 3 GUI
Jos 5 01 5l a4 4235 30 e 0 850°C (sles
(B s e laes glos b 55> Slhas o, S

bl (lais, s dbaad (S3luze 5 (33 Ko (U8 ile 3l dny
SE L s oSS b UG LS s S
5330 sl bl St o el £ b

23 5 oslizal Jlas! bl gl o Imm ais 55

(J}jj .L.p))) oslizal 5550 slasV g sland ;.A:Sj-ldj.xq-

ddes | € sl Mo | Ni | Cr Mo v
D6AC 0490 | 0250 | 0.759 | 0.68 | 0943 | 0857 | 0.118
VCN200 | 0306 | 0254 | 0.849 | 189 | 202 | 0349 | 0012

i LS [2]ciilis okl s doles Sl
&y s T4T%51/05 5 5 & DBAC sY 35 sl 5 (25 1) alat,
5 S anle 5T% 51 VCN 200 sV,

CE:C+ ?_’- Nl':’SCN+ CF+TG+V (1)
CE=CHo 420 4 S 4Ho 420 4 2 )

16 20 23 7 8



55 51-61 420 1403 Ol o J:'lt:‘, ‘ZoJLo..i'» 3 Jho Ol gl g,Ke e (5,58 5 c‘,l.ﬁ & s ‘wl...l..s ds g J.p| <l s

sl G 1500°C ;i [EXTPPEIRPRIPN I R SRS LR EIY

Las 3, 300°C e S 5

O 3 Oloy 5 OAE 5 &5 slie =4 5

Gyl a8 Kjmm 25,5 <)l ~ °Cfs sas s g5 At 8/5 (s)
VD1 14 333 16.69
VD2 1.56 244 18.68
VD3 1.73 191 20.94

Sl gm0 -1-3

Lk sl y, -1-1-3

5 DBAC slasVp alils Jley, e (2) K2
s e 3l 8 LS sl S s 1, VEN200
55 Sphiles e Ol o s Wl b KE
Jols DBAC 5N jllug, a5 salie (2) IS
Sl 5 el el Cogiole we) o o b S Sl
Sl e Cog s g b slal g5l VEN 200 5Y s

VCN200 - 5 DBAD - ill w3l jlle s, =2 S
J BT

L S s gble jletle clds ReaS (3)J§...2 BE
O e e e DL il (o505 bl > sl 2
5l L dlal e 5 S pse 5 Jol glal

) (s gad (53l o3bel g pioman S o3l BX5IM
3 s A el 10%20mm slal s Bl e b (S
sdalin S 2h JWU gl Dolos 5 55 5 35 edbas
S Jglos 3l a3l Laseis Cgr A eslinad bl
5o A S 3 ees 0 Sy el 25100 Ll
L3l Ao ys Sl ooy Cogr o oslitad ade 05 90
lalpesl 3 G cal 3 A eslizal SIS 1105
A eslial (Sl ol s Sl GRS e e
Fe JBon o Slr S S e e e
ol on Gl A el e dhade glad e
Gb 510 b L WHB Ui S lKes 5l oS
G5S 5L s he by s ASTM EB il
5 L as G5A e ¢l oA eslizel 5 mm/min
S305 Dol p Sl sl Bk ss s HAZ bl
ASTM E23: kel b 2/0MMeslinss wa o 4 e 5

s Ealesl Jases gles s 5 sl

/'a_\
A3
e q
Y= S
I

Lol L;)K-‘-:‘j" JL,AT‘ lea &:.TLMZ —ldg.&
a= 30 mm, r= 1mm, f= 1mm

Cow @L‘.’S -3
a3 900 « 80051 0 s, Olos 5 L 5 5 olie
Do dile 4 Sonp HAZ wik 55 (AL 8/ 5) o1 S sl
53 5 b [27] (Aakal) Jis, sl JUR ;S

Ll 0l 03l QLS (4)&5.&;-

(30 <= () (D) = = 2w kv 2 K

(83355 ol Rl Lo wsb il (At gs) ol
9 Sl AS'.BLg_ ul;ibﬁ\ r.>=;- .X;-b B ol b)b Lgl.njf O‘)‘.‘:‘



51‘614"5—.@ &1403 btnn—ﬁ} 3 }:J‘ti &20)‘-«-:' grh} JL.» Lb'ﬁ' ‘SJK.:A"? 6)}&5 3 r"lﬁ 4,1}:_1. g‘-;-»l-:l-j Jg’fﬁ 3 y‘ ‘_;,“}:‘ st 56

el S Cosinle e adks o jletlag, A
W5 53 Ll S5 g S adlie 55 Lo b 5L (65550585
Sl Sl () U5 156 Kjimmiss s,y sl >~ L
oA OB e po s Co il 5B Ol S 6355
Sope a3y g edle el pl 3 Sl el el
ol oA A s L e b
w s Dol Rl L g s ol el 1SS
IS st b 36 (74) S s 173 Kj/mm
@ o N a5l S S es il el

el ABl s ey L Dy

S2a05 Sl 5o s oblie i glal -4 s
UT3Kjimm -~ 51/56- 1/4- 3

sl sl YLlS b sad sl ;3 HAZ a>U S5 2.8
Lo ool @l 5l S0 (b S s wat, ol 02
BEIRTGINV RPCE PR U SUE R PEs o2 D badils s
oo 43 Dl JUE) G 3 St ladils sy Wb
s w el ool 5w 28] Wles S as, i e S
aly adee (S5 o IS 51 S0 VL gles 4
LSEs sy, adee (i Sl Shes Jeolss s s
5 S i 3 83 Sl all Lol eld

S Sy P S sy e B by SR

Vb o3 S Jsb s gasus Ul SRl L
s oS 55 [29] 0les 5 Gy sKe 5 law 5 STO0 MC

J { o _.--._F.I.__'.-FL‘_‘_L_“H._‘\‘ 3
839, C))|J>- u*"““‘ﬂ e alises L;LLA ﬂ)@'?’dﬁ.ﬁ
173 Kj/mm- zs 1/56- < 1/4-

5 dalee Ciliis (63555 Gl ol >3 HAZ aidate ol
Ao e 0L (B) Jstr b ol o 55158 () J s s
Cxws UT3 Kjimma U4 51 55,5 o)l > il b oS
U ps a8 ol wnl 505 5/2mm L 3/95IHAZ ik

A2l o edalie LG (£-3)

alises S35, ‘_th Q)\f BL) uﬁ:jp-cbio ‘_gﬁfaﬂ.\.r"g)d}.lp-

Kifmm (53555 <)l ~ (mm) HAZ adle Lo oo 20
1.4 3.9
1.56 4.5
1.73 5.2

Sl 5o 1) @V Bl s b pblis 5 slas (4) Jss
)LB >j‘:‘k5° 4.]4;-)&.& S )jja.:l.a.ds M’d‘ QL:.; Calises RLE3Y)



57 51'61423& c1403 O\:m.aj K] ﬁi‘i 424)\.«;..3 cr.k.) JL“ c&‘ﬁ‘ 6)&3‘99.- ‘5)‘9\.'.5 K] f*’b 4..1‘,;.1' ‘t!""u': Aes 9 JJ‘ u‘l‘ﬁ" 6.&.@.&

o) cpaad glagils wi; @Y 0l 0 oal b o e
GISE s 5 U ol S VL sles (e 133 S e
el ol ol a8 el wls Cldps 4l Lo Al 3l el
Loy b S 5 Sl i malS 5 Slsey Il

[3L] et o aails

S ol s -4
ey S s -1-4
A e OVl il ol s ey Ol s
53l s esls Ol (T) S5 3 (s3005 Sl am
3 HAZ e poew o)l son OLSG bt oS5 Ll)2
i S el s Sl G adlaie SIS 4l
e Bl e gl LA 5 ol s e YL Ce e
S s 4 VA Kimm 3555 &l 53 sl e 3L
L HAZ wiliie 53 ol odd iy Lbgm s e oy 55k
S e oyl s o Sltlen, (WSS
G Dol SR L s S el e
5 S lEe (OAE 3, S 288 s 4 1/56 Kj/mm
Sl Sl bl sl ulssl ey K oy 3
Loases & Cond HAZ 5 G Gble o e (3505
S2305 Lol 3 Sl adl eSS (63555 Sl
Lo by i bl WSS s 4 173 Kj/mm
ol s 3 56 Sl s badils 0 s 5 g
pman el il Al il g s e Ol
Siss 1B Eal L bl 00 S5 5 g Sl
DS s G ise LB Kl e baails iy s Laals e
Sl S [32] oLan 5 esis S il HAZ ailae 5w
sls¥sd o e sasps ol il L& Lol
R e O N O S IR I L
3P Ol b s o 5B R 5 HAZ s 5l
el shE iy il 4 s HAZ s e

2 OMAW 6,18 53 3505 sl 5 [33] abr

e s aiie 53 2y 8 56 Ol i (B) IS
MJ&OWMJ‘J}\C}JJ‘QJLQAM‘L}‘) S99 Q)‘j}
l{)°-’j{5% g;ij.éjl.é Q‘J.:All4 KJ/mm RLEBE) QJ‘J}JJ
o3 0l U3 Kjimmas 35,5 &l > 2l 53l

el al ol 5l 32%a

eyl daay

et
o
[

36 .73

Eimm sog:3 =l
TR SO W TGO S I W S 3 L

Lg)JJJCJJ‘J}wLN‘ﬂ

(HAZ) o)) = 51 jlo 4l ksl (o) 2 -2-1-3
Sy o el S 93 5o dls Sl b el
A4 ess,5 syl = &l VON20O 5 DBAC (clasY 5
0Lz iy e 4 el (6) IS 55 /73 Kj/mmyy 1/56
bdes @l codys HAZ asl ltleg, ool ol ool
S S Dol s Al Cu b o Iyl
A VLo s e s 4 (&) 5 (W) sl IS
ol ol Bl e o 5l 5 s bl Gléss
M e (3) 5 (2) cla s wsas s 1B6 Kj/mm & (53555

S3308 ol b dged 4 Cand S O s e S
Sl wa ke s cuw Sl esdle /AK]/mm
Loosdpe odalin 5o g o HAZ ailaia)s 55 (35w S b
s Sojb DBAC 5V HAZ wilaie 3 8 Soglis o
Les aele «o00s Sl GRIBI LA edalle 5 pledl
BAE s oedle S @l LhLH e HAZ wsl s
56 el BB 4 e 4l ol 5 S Ladils
B N F B IS WGP P RLI
o oo oS (83555 Syl il L oS cul jasila

S L TRC T T S N O e ol slel



51—614&:&0 A1403 bt:m—ﬁ} 3 }ﬁ‘.ti gZOJL&:’ AVAA JL» gb|ﬁ| 6)&.5"? 6)3135 3 r"lﬁ 4,1}:..1' ‘J»L:.L.s J::.u 3 J-p| u—j'}:ﬁ 6“'@" 58

700 -
650 -
600 -
550 -
Ti =14 kjfmm
o 0 1 =8=1.56 ki/mm

I 450 - w=pem1,73 kj/mm
400 A
350 1 yazpeac WM VCN200
— » s »
300 T T T T T T T T T T T T T T 1
1234567 89101112131415
B )bt

cilie 635,55 el -l Jlasl amb s sy Ol kT IS

S ¢\l ~2-4
lasi 503 DBAC 5Y35 HAZ b 55 oS (8) K3 b

ooy 5 e RS s a el ol s el sl Gl

Al o NP HAZ 4l s Sasp )

173 Kj/mmL;”” Q)‘f BE) aﬂwk}.ﬁsdﬁ -AJQ

03 baised 255 5 s plSoul Jlasas (9) U s
Gaed K2 Gb ol s Ol Cilses (5455 sla,l >
olem F5 S 4 (LAKj/mm) oS (s55,5 <)~
Olps o VG HAZ ailaie 5o 2l o3l S5 5 5L
5> 15,1154 MPa 5 1064 5 5 & 228 5 s plSounad

. - SY
-*=UTS

|

14 156 17
Kymm g29,0=, »
L&A.rj.;uM}@.&Srm‘j;dwébj)jd))‘fjﬂ-gp

ﬂ‘ﬁ‘ L S sl OL:.J 9 bj.‘u. R b sz fYﬁ X5

osl HAZ 9 u:;‘y-&]a...a BL &M ‘U’L.’} S99 CJ)|J.>-

VCN200 5D6ac 53Y s slas ;s HAZ ailate jlisl s slas -7 IS5
US6Kjmm =5 5 = LA Kjimm=-c 5 &) 35,5 <l > 53
/73 Kj/mm=-s 5o



ﬁ‘f\ (S99 CJ)‘J?- ﬁ‘f\ L j."" 4.:))‘ &ls aj‘.,\.” Ja_wj:.n

sl a8l

6)&“&#‘ :'_4_4
Gl = 3 HAZ wilais 5 5y 36 glads yos @ i 053]

..,\A:& QLZ.: b 1/76 Kj/mmjl/4‘_§:)))

ET o B7.4 pm |

Slad sod S8l e Sl gy G S Sy S sl -\\T}_E;;
(g addate =l LA KjIMM (g5, Sl > 5 400
LIT3Kimm 35,5 o)l > gl s HAZ e =
HAZ ailae =5 5 b por ailaie =

Copisbe 2als L /56 Kjimma a5, ool > il L
jv:“fSerAHAZ adle 53 o By s 5B Al
L sad 53 el 4l 2als 889 MPa 5 995015 & (s
dadls o31ul 0uES 5 e 4 T3 KjImm s55,5 &l >
a8 HAZ dilaie 5 ()5 = b S 51 a0
S5 pde 5 Sl B J RS L 4 bl 5

Wl Bl EalS Sl oy 35 L

©po 55 5-3-4
a3l s ks coSs 5l ol a,e 38 Ol s
sl osls 0l (10) JKs 53 63555 Sl e 0
o 855 wsa0s ol Sl L (10) s Gl e
S5 0 OSG w ax s bl wil L e sl
Cole e e (63505 gl s i plend

l:j_‘;d‘,j,ﬁfugijtibﬁjjéij@@ﬂéjf‘):

30 WM
15 |
; WHAT VEN200
N
: BHAZ D6AC
35
a0
o
9 23
E
Y
-
15
10
04 i —

14 1.36 1.73

Ejmm  goeys oyl o

S

HAZ dilis 5 g ailee 3 4,0 (6550 ool uas <10 IS

wly JRals o b Odd s = 5 93505 ol RlBI L
s R s SR e b Ol el Jelag
S35 ol RIB L s s ca b Ol 5 S
@t 855 Gl el oS ol anl il 531 3204 Sh
T PO IR PRI SN P AT FR
23 el s S Stleg, L HAZ i gl w e
23 (Shsw Su b s el aly S (635,55 D)l

ol 53wl 55 Al s HAZ aikee jlstla s



51-614:;&..0 1403 Ob’mﬁj K) ﬁi‘i 424)\.«;..3 gr.k.: Ju g&‘ﬁ‘ ‘5)&:5‘99.- ‘5)‘9\.'.5 K) f*"\; 4..1‘,;.1' u;-“‘-:-lé Ao 9 JJ‘ u-j‘j-;-‘ S 60

5wl LI G ass 5 (Dl sl S
Ladils as) Ws @ 20,5 ol > (131 L HAZ adae s
Wl Al a5l e Sdisd B G el
Ot 4 ladigas oSS mlaw () peen el
S eSS s Dol GRIB L S se s« sl
C Sl G SE HAZ adlais 55 5 0 0 Sl 45,5 S

Gl 4Bl o8 3 5 G a0 35 4ed

Sl Sl LS sl olas iS5 el ol =l -
Aiy s 4 965 MPa « 1154 5 L;Lisr&a.ﬂ\ S39,8
el 4Bl 2alS HAZ ailaie 53 Lagils 631060 Lo 520

@\;.a
1-Tomita, Y. 2000. Development of Fracture Toughness
of Ultrahigh Strength, Medium Carbon, low Alloy Steels
for Aerospace Application. International. Materrals
Reviews. 45. 27-37.
doi: 10.1179/095066000771048791.
2-Sun, M., C. Sun, Y., H. Wang, R., K. 2006. Vibratory
stress relieving of welded sheet steels of low alloy high
strength  sted. Materials Lettrrs. 58, 1396-1399.
doi.org/10.1016/j.matl et.2003.10.002
3-Torres, M., A., S. Voorwald, H., J, C. 2002. An
evaluation of shot peening, residual dress and stress
relaxation on the fatigue life of AISI 4340 sted.
International Journal of Fatigue. 24. 877-886.
doi.org/10.1016/S0142-1123(01)00205-5.

4- Pirinen, M. Martikainen, Y. Layus, P., D. Karkhin,V,.
A. lvanov, S, Y. 2016. Effect of Heat Input on the
Mechanical Properties of Welded Joints in HighStrength
Steels. Welding International, 30. .129-132.
5-Dong, H. Hao, X. Deng, D. 2014. Effect of Welding
Heat Input on Microstructure and Mechanical
Properties of HSLA Steel Joint. Metallography,
Microstructure, Analysis, Journal .3. 138-146.
6- Rizvi, S, A. Ahamad, M. 2018. Effect of Heat Input
on the Microstructure and Mechanica Properties of a
Welded Joint-A Review, International Journal of
Applied Engineering Research, 13. 184-188.
7- Prasad, K. Dwivedi, D., K. 2008. Microstructure and
Tensile Properties of Submerged Arc Welded 1.25
Cr-0.5 Mo Sted Joints. Materials and Manufacturing
Processes. 23. 463-468.
8-Ju, J, B. Kim, W,, S Jang, J, I. 2012. Variations in
DBTT and CTOD within Weld Heat-Affected Zone  of
APl X65 Pipeine Sted. Materials Science and
Engineering: A. 546. 258-262.
9- Khlusova, E,. 1. Orlov, V., V. 2013. Change in the
Structure and Properties in the Heat Affected Zone of
Welded Joints Made from Low-Carbon ShipBuilding
and Pipe Steels. Metallurgist .56 .684-699.

TS G N ([ N Y e P ST IRCS JE e
Loy Cnsd mhv Al e 35 LSS D pson S
Ll ddl o ol Jltlo sy s & 0l a8 G55
PN CeSs 5l bl Oy o S HAZ diles s
23 o Sup b mpiole Sl sy Ak e 5 S
U Sl e Sab s 5 .ol Bt ol Jole HAZ ailaie
el e (D) (S8 i s ekt 58 S S
S <ol o u:ﬁ-‘\ih.uwcb.ﬂj\SEM o
S e S5 S Sl (- 11) JSal sl
Sy oS das e 0L oS gl 03 Sl Jeess Do
S s o by Sl S 5 s Al o eSS
AL e dges ol o g eSS bl YU s 5L
g5 3oy e Vb (62555 2ol LHAZ a5 s
ol (11) U s O ppas 8 ol 033 55 (S o )

NGO IS WP K

S5 et =D

Fm s Dol Sl L il S e sles 3 -
U] RN SR WS a>,5191 + 3333 s A 53 O s
Ol e, ol il 38l b iomen il il s
HAZ « il s 456 20/42 4 16/69 51 (At 8/ 5) vas s
el il (353l e ks s 45l 1/204 0/98 51
Locui s oyl lasl Jold s bl -
Olee 2508 ol SRl LAl o S35 505050050
Lo & S Sl Sa b SO s Al SRl oy b sl
Er bl HAZ it Sl ol il e e
ol SRl Lol S 5 ke 5B el 0ud s
Sl s edle S 0dd s Ce s s 4 2000
Al edalin 55 g b sletlag ) ool 5 o

oIBI L el gl HAZ 5 g Gble 55 w51 fals -
slasb ol oyl fals 4 Olg oo |y 25,5 ol ~
G &l o3l 2l s il s cy b e
s

)L):“il"j—""' Q‘ﬂ&.ﬁlﬁ&éb@db})j Q)\J;-u;i\j.e\b—



61 51'61423& 41403 Ob‘mﬁj K] Jﬁba 424)\.«;..3 gr.k.: JL“ g&‘ﬁ‘ ‘5)&:5‘99.- ‘5)‘9\.'.5 K] f*"\; Aij&a' ‘t!""uf Aes 9 JJ‘ g}‘.‘}'.‘-" 6.&.@.&

Misra, K. 2018. Effect of Heat Input on the
Microstructure and Mechanical Properties of Low Alloy
Ultra-High Strength Structural Steel Welded Joint. Steel
Research International. 89.

22- Deng, H. Liu, Z. Wang, X. Ma, J. Han, F. Wang, Z.
2022. Effect of heat input on the microstructure and
mechanical properties of the smulated coarse-grained
heat-affected zone (CGHAZ) of nove twining-induced
plasticity(TWIP) stedl. Materials Today
Communications. 33.

23- Belkessa, B. Miroud, D. Ouali, N. Cheniti, B. 2016.
Microstructure and Mechanical Behavior in Dissimilar
SAF 2205/API X52 Welded Pipes. Acta Metallurgica
Snica.. 29. 674-682.

24-Talas, S .2010. The assessment of carbon equivalent
formulas in predicting the properties of steed weld
metals. Materials & Desinig. 31. 2649-2653.

25-Metals Handbook. 1983. 9th edtion. Welding,
Brazing and Soldering, ASM International: Metals Park,
OH.

26-AWS D17.1. 2010. Specification for Fusion Welding
for Aerospace Applications.

27-Kou, S. 2002. Welding Metallurgy. Second Edition,
Published by John Wiley & Sons, Inc., Hoboken, New
Jersey.

28-Kornoka, K. Nematzadeh, F . Mostaan, H. Sadeghian,
A,. H. Moradi, M, Waugh, D., G. Bodagh, M., |. 2022.
Influence of Heat Input on Microstructure and
Mechanical Properties of Gas Tungsten Arc Welded
HSLA S500MC Sted Joints. Metals. 12.

29-Tomkow, J. Swierczynska, A. LandowskiA Rogal ki,
G. 2021. Bead-on- plate Underwater Wet Welding on
S700 MC Stedl. Advances in Science and Technology
Research Journa. 15. 288-296.

30- Mohandas,T. Reddy,G., M. Kumar, B., S. 1999.
Heat-affected zone softening in high-strength low-aloy
steels. Journal of Materials Processing Technology. 88.
284-294.

31- Kirana, D., V. Basub, B. De, A. 2012. Influence of
process variables on weld bead quality in two wire
tandem submerged arc welding of HSLA steel. Journal
of Materials Processing Technology. 212. 2041- 2050.
32- Neves, J. Loureiro, A. 2004. Fracture toughness of
welds—effect of brittle zones and strength mismatch.
Journal Material Process Technology. 153-154. 537-
543.

33-Chennaiah, M., B. Kumar, P, N. Rao, K., P. 2015.
Effect of Heat Input and Heat Treatment on the
Mechanical Properties of 1s2062-1s103 Cr 1Steel
Weldments. Internatioal  Journal of Advances in
Materials Science And Engineering. 4. 17-24.

10-Mendoza, B.,I. Malldonado, Z., C. Albiter, H., A.
Robles, P., E.2010. Dissimilar Welding of Superduplex
Stainless Steel/HSLA Sted for Offshore Applications
Jojnt by GTAW. Engineering. 2. 520.

11-Balley, N. Coe, F., R. Jenkins, N. Pargeter, R, J.
Hart, P., H., M. 1993. Welding stedls without hydrogen
cracking  Second Edition, Abington publidhing. ASM
International.

12-Irving, B. 1995. The challenge of welding heat
treatable aloy steels. welding journal. 74. 43-48
13-Kuma, R., S. Kasyap, P. Pandey, C. Bous, B. Nath,
S., K.. 2021. Role of Heat in Puts on Microstruccture
and Mechanica Properties in Coarse Grained Heat
Affected Zone of Bainitic Steel. CIRP Journal Scince
and Technolorgy. 35. 724- 734.
doi.org/10.1016/j.cirpj.2021.09.002.

14-Zhang, J. Xin, W. Ge, Z. Luo, G. Peng, J. 2023.
Effect of high heat input welding on the microstructures,
precipitates and mechanical properties in the ssimulated
coarse grained heat affected zone of a low carbon Nb-V-
Ti-N microalloyed sted. Materials Characterization.
199.

doi.org/10.1016/j.matchar.2023.112849.

15- Weglowski, M. Zeman, M. 2014. Prevention of cold
cracking in ultra-high strength steed Weldox 1300 .
archives of civil and mechanical engineering. 14. 417 —
424,

16-Saxena, A. Kumaraswamy, A. Madhusudhan,
Reddy, G. Madhu, V. 2018. Influence of welding
consumables on tensile and impact properties of multi-
pass SMAW Armox 500T steel joints vis-avis base
metal. Defence Technology. 14. 188-195.

17- Mohabat, A. sabet, H .2016. the effect of SMAW
welding input heat on microstructure and mechanical
properties VCN200 steel welding area. the 18th National
Welding and Inspection Conference and the 7th
National Non-Destructive Testing Conference, Arak,
Association of Welding and Non-Destructive Testing.
Arak Universit.

18-Zhou, P. Wang, B. Wang, L. Hu, Y. Zhou, L. 2018.
Effect of welding heat input on grain boundary evolution
and toughness properties in CGHAZ of X90 pipeline
steel. Materials Science and Engineering A. 722. 112-
121.

19- Zheng, Y. Liu, Y. Song, Yliu., J. Kong, K. Liang, Y.
2017. Effect of Welding Heat Input on Microstructure
and Softening Behavior of 5CrMoV  Stedl. Key
Engineering Material.s 735. 42-48.

20-Alkemade, S., J. 1996. The Wed Cracking
Susceptibility of High Hardness Armour Sted. DSTO
Aeronautical and Maritime Research Laboratory.
21-Wen, CH. Wang, Z. Deng, X. Wang, G. Devesh R.



