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Application of pre-heating in the reduction of distortion in the dissimilar joints
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Article Information Abstract

Original Research Paper In this paper, thermo-mechanical behavior of the welding process was analyzed to determine the effect of preheating
Received 26 January 2019 on the distortion magnitude and distribution in dissimilar joints. By using a verified finite element model, an efficient
Accepted 18 April 2019 user subroutine was developed to consider the effects of phase transformation. In order to verify the model,

Available October 2019 experimental data for dissimilar joints, obtained by CMM measuring device method, were utilized. Good agreement

Ke - was observed between the finite element and experimental data. The results indicated that the developed

ywords: . . . X X . L L. g

Distortion computational method is an effective tool to predict the distortion of dissimilar weld joints. The present finite element

Preheating model was developed in a butt-welded plate to consider the effect of the preheating. It was observed that the

finite element analysis increasing of the preheating temperature magnitude of distribution decreased on the carbon steel and stainless steel
sides. Moreover, by increasing the preheating temperature more than special temperature range the preheating has no
meaningful effect on the distortion on the both side of joint. Whatever, the preheating temperature become
asymmetric in dissimilar joints, effect of the preheating on the distortion reduction is negligible on the carbon steel
side but it has important effect on the stainless steel side. By increasing the preheating temperature invariably the
carbon steel side has distortion of welding less than stainless steel side because of that’s high thermal coefficient. In
addition, it was observed that by increasing the preheating temperature in the welded plates, longitudinal residual
stresses on the outer surface of the carbon steel and stainless steel plates decreased 35 and 50 percent, respectively. In
general, there is no significant effect on the magnitude and distribution of compressive longitudinal residual stresses
on the outer surface of the stainless steel plate and carbon steel plate. Also, high preheating temperatures will have
wider distribution of longitudinal residual stresses. The results of effect of preheating on reduction of residual stresses
show that the obtained results of our project are true.
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A240-TP304 Al06-B
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Fig. 1 A schematic of the plates prepared for the welding in this
experiment.
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Fig. 2 The measurement of distortion with CMM.

.Cl?}cl L;ﬁfo)'l..\.;l Zyg> CMM oKiws 2 JS<

5 Sl B o Joo Sl baglasel Jodo sl
) je 2

Sibedse gy 3l g (Sl T yemme B L pwnin Joe
i Dlakd (5lem (Sl 8, (ileand slp JioS e
Ao osalin Lg‘)'f u")‘L“ ol 00l oolazul 0,95 fhg>
Jls o 9 il S w2 (S s Sl
S0 a5 45 Gl 5 s, Sl S ok S5
SRS (her b o ok jo il pll sl gl
e bawgi ool ed Ol Az me Jlesl Gl
o dlore S Jow 4 Sl

3 A5 ) B Sl Jan 55, 535 900
gad i o ond s (slaglrgel s aBlol susy JolisS
s 0g e Jday wiad adlal bee,S a4y wolisS
W ool (gdlym 35 Ghg, 5l i) Ghez wld (Sl
Gilwdds jo ol Sl o Lo @y ausly &gy olg> oled
Golwdnds Sy ol dallas o J11] ol o VER S
SS9 g ey 5l GBS e 0 Gher L ol
05 adsl slaplall «ba, ol 43 el 0dds eolizul lapLal
il b S LS ey S Jlel b esss,
o)L.sso 0L JL:.S ).& LQLQ’QL*” g o JL:.9 )J ‘QL»‘S,JLM:
T4y GG Dyl e S5 b e e 50
Sgd oo JUd dl> o 4 al> 0 90

&l dgame izl (gunasiils laojluil conlus Lo
w5 Sialy pas 5l liebl 5 45 30 cemlie 51 el
ookl vgamme ledl Jow . d dy plodil (guindaSil ax 0 4
ol 00l oole oyl 3 I 50 gilw o ol 0 0nls

2 Axisymmetric
% Increment

54

S e wul b sla el b 1 Jgu
Table 1 Welding process parameters

- o) .
"l;f‘“ s -~) . ok oan sy oled
RISt s b
()m ) B (») V) ot

1105 16-18 1
120+5 22-24 2

135+5 25-28 3

4/16 GTAW ER 308L
2/9-3/7 SMAW E308L-16

2/6-2/8  SMAwW E308L-16

aladi S adadi can o Ll o490 Jlasl jo zlagel (65051l
plxl Jlasl Bib go jo o lie alali a5 s> 35 e 0
o odd ol sla ii,S CL?'}C‘ oslasl 5l eolawl b
Gl i 0,5 dwlre 3 1) wilewy o i g8 0 Dlan
S ighos S0l glhgw (iwi)S gy b silews
ASTM EB837-08 o lasbiwl ;o ojluilbin] (e, & lein
é‘)ﬁ"‘"’ Lg‘)'f YL: Sy L» 6)&51)9..» [10] Sl 00 (59)"‘"
TGS 9 05 (o plonl b S e (635 e 4l (03,5
WNigds oo (5 S 03l () SE g e yo 00 o5l sla
SIS L owwldd o Lol wilews sl s

Ssbogn toln (2) 5 (1) Ly, o ot o] sloii S

[10]
&g +e 1
Omax — 14A 2 - E\/(‘% - 81)2 + (33 +é& — 232)2
(1)
g te 1
Omin — 14A 2 +E\/(33 — &)+ (83 +¢& —25)?
(2)

Ja,wj.s ol Lg)jo)bq‘ LngL)“"’)S 613 82 563 U‘ )d 45

9 Flhhgw s 4 aily colo B g A s lagw yid,S

Moy (25 S0l 3 0Bl n il 18 SSlSe olyS

DL 5 £3,5 bl & bype (slo i 0 5| 55l sl

B 05590 )0 lagyeFosll o So Sl usd 65 oo
S8 oo pll Jlasl e

3,90 slazl>gel &S o5lal Cp> CMM olKiws 2 S
[10] s oo slas |y las

Ve g C)Lo.ﬂ & ylwanl -3

&9 SxSeiMl slp dgame lll g, ol aslllas o
2235 258 Oz 5 65 e duld 0 Ol a0
el 00l oolazwl ).'a_» 3,90 UA:P JL@‘ o J.iw

6 ol 6 095 1398 L3T (lnl Sss 5 il wdie



U 9 3 )2 Ule 0 304 i T 3355 ) SV9d yuwickad pag ks L5 Hisga ) TL ol YR 59) 2 oS Uy H3l w22
6v3fiQ 2/4.2 2 /32
= VX (-3x%/ag?) o (3% /b?) (4)
X.V.Z e e
9:(x.y.2) agbcm3/2
6v3f.0 2/, 2 2 /p2 2.2
= Ir* ,(-3x%/ar?) p(-3y*/b*) p(—32%/c?)
X.V.Z) = e e e
4(x.y.2) a.bcm3/2

()

s e 5 sk sla iy e (6) 5 (4) Lo,
Slaine coiyn Z g Y g X Yol ol o ais oL S
2 8% Sl S Sl fros fr9 Sl e OB
Sl e Ol @ aibbee S g 2ol> (Pl
& bz il Sledlll 11 ol Glgi e 45 Conl (6,5 s
i iy alis gl slel S 5] Cany 20
gy oo &l gy sloesls I lei co wilS 0ezge
3o alold osls (pl 3ub a5 0,5 eolatul o) Ken 5 STAlS
Sud Sl alold g Bex oy 5l oot b pln Sl e Jlis
Slslgrin [13] el (257 258 2l 53 b pln o)l e
S, 50,8 Jae Sy g aind oolaiwl dllae (pl jo jeSde
D athgs ogazms plall Jae o aslipp; S () e

Cobyal e Ut &)l aie ghio ol
ol 00 o0ls Lz 4 S o ciloads &85 el

S Jelod onl e oad eslinul 5 A sla bl
1 Jgo> o WDl o (2,20 g S oslail slaosls e
el 005 4|

aulp Jsb yo e L adS ojse ol Jlal
R R I A S R Al
B (7) 5 (6) Luly, ygm an JS o)l JUil oy oS
12 11] cenl ols
a, = 0.0668 T (W/m?)0 < T < 500°C (6)
a, = 0.231T — 82.1 (W/m?) 500 < T°C (7

Cend sl a8l ang iy K Jlel b by, oo
e oo Jlasl g0t ledl (55l

S5 (5 jlotonds Cur sd 4l ) Colan (o
S yS Joe sl [L1A] 05 2l 99 gz amos> bz
A5 9 Gl koS (Bex axdee o sl (Sl
oS 5ol Sz ol (ST (o) 5l e o0 s S
o oolaiwl vgazme Ll gilwands Jdow g asim jo ol
Wb ooliwl Sl siledae sl a5 Sl gy [19]
cue bl pldl cpl ol o aw Sl colues oo LB
Pl g (L) ol a0 SO lyls 0,5 o as il o 0,5
S 17892 slaws sgae yledl Jow jo el LSS lge

6 ol 6 0,95 1398 L3T (Ll Sss 5 il wdie

Fig. 3 FEM meshes for welded plates and temperature contour in
different times of welding.
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Yield Strength (MPa)
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Fig. 4 Dimensional symmetric two elliptical thermal source.
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Fig. 6 Distortion in outer surface of carbon steel without
preheating and stainless steel without preheating.
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Fig. 10 Distortion for joints of carbon steel without preheating and
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Fig. 11 Distortion for joints of carbon steel with preheating 100 and
stainless steel with preheating 230.
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Fig. 13 Distortion for joints of carbon steel with preheating 300 and
stainless steel with preheating 350.
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Fig. 12 Distortion for joints of carbon steel with preheating 210 and
stainless steel with preheating 230.
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