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Effect of edge preparation on residual stress of welding in 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
Received 08 March 2017 of edge preparation on the residual stress magnitude and distribution in dissimilar joints. By using a
Accepted 29 May 2017 verified finite element model, an efficient user subroutine was developed to consider the effects of

Available Online 28 July 2017 phase transformation. In order to verify the model, experimental data for similar and dissimilar joints,

Ke ; obtained by deep hole drilling method, were utilized. Good agreement was observed between the finite
ywords: . - . .
Residual stresses element and experimental data. The results indicated that the developed computational method is an
groove shape effective tool to predict the residual stress of dissimilar weld joints. The present finite element model
root opening distance was developed in a butt-welded pipe to consider the effect of pipe wall-thickness, groove shape and root
opening distance. It was observed that the pipe wall-thickness has important influences on the
distribution and magnitude of residual stress. Moreover, By increasing the pipe thickness in the
dissimilar butt-welded pipes, tensile axial residual stresses on the inner surface of the dissimilar joint
decreased on the stainless steel side, but only a small variation was observed on the carbon steel side.
The compressive axial residual stresses on the inner surface and the tensile axial residual stresses on the
outer surface increased by increasing the pipe wall thickness, especially on the carbon steel side.
Increasing the weld groove shape and root opening distance leads to higher compressive axial stresses
on the inner surface and higher tensile axial stresses on the outer surface, only on the carbon steel side.

S weer £ Ol g 03 SIS g Bt sl B donis -1
OVl (Sl el g5y (e Fl Wlgioe ez wlowy A5 @)l g perdg st coliend mlie aloxl smio las )8 I (55l
orizmet et VL] o [I] ably adly (Sod CuSh 4 Coaglia Jlo ol (e el slao¥sh 4 (28 o5LIT sleaYsd L Caio 5
o 31 ALl 5590 pas I SebsS (Sloy p3 CenSh 8o 5l ke 5o > bl Blo 1y plociul adsl wlogile  cwsly w¥Lasl dacil 5o aigd oo
2 R el slas¥sh cVlail o Lher laceSs iy Sl Sl 51093 n g3k Coeal | 5 (S99 s (plys oSl
b anage &) Uber b3 Syglos 50 Sy Vg Byl Sl e dilate b s adge il S cleay igr b (Sesp o glagsl 5 wlewy

Please cite this article using: s lod oalil o3 &,Le 5 Ak ‘;;:J W, el gl
M. Charkhi, D. Akbari, Effect of edge preparation on residual stress of welding in dissimilar joints, Modares Mechanical Engineering, Vol. 17, No. 7, pp. 307-315, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-10720-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

GS13913 9 A2 Ve

QMRed a5l alg) G5 Hisgn 23 Sileay Sl s s Juas] Gldad awsin il

Sl @l alwl [7] o Kes 5 zosi lawgs AISIZ21 5555
Ly o2aS polie shls (e (a5 )0 (Jsb wiloy sla s ols (las
SO plie i o0 w0 5)L8 polie 4 Mgz LSl ol e
>l g aiten gy polie Ll ek B §)5 50 Slows la
A adlige yoghs 10 culs b Gy9 5l 53,5 B9 nl gy iS5
SYgd izmen ppd DY) )5 s wlewy Slo A (555 59959 &>
b ()2 [B] B b 5 (65T Loy ALDB ()5 9¥58 5 304 (555
Wlany gl i ST (63555 Sl s b &5 ols Lt Lol gl
ORI e (6999 Ol Gl LS (ool Gl Dol e
ORIFIL sl 2als (505 Y58 Bk s ae 9 597 s5La8
0Py VP ()l )3 (58S Wl 5 pSTas (6099 )l >
&% 099 D)l Gl b peizmen i VLAl o S Iy I
Gl ()5 Vg8 Bk 4 S 5T gd ik 53 wlewy la s
0P 3Ysd Byb s dilewsy (sl A 2Sla> e Bl (5
[2] OB 5 Gez 0l s ()l g3 el cnl &5 Sad sl
Jlasl 5o oailadl lagis (tals jshaie 4 1, 82 JisSul 5LIT &Y S
AISI £55 316 ¢35 K5 5Yg5 5 Cr2.25-1M0 2y 16 o¥sd o oot ol
eYlail oy s wlewy 25 Sl flgn adllas ool po 0851
Sl bl e ke LSyl dndl iy Ui, 5l eolinud b bex
SV b peimen é Jlail o (oiaS ailony (a5 510> ol olas
59 350MPa L plp Loy 5 olaSs S0aSo b Y (50 5 82 JisS)!
WY b (o oV Byb HAZ dibie )5 (658555 Silewy slaiis
G sdmlie gy Y ey b oV a5 b 4y cons (o5LI
S peizmen pd Jlail )3 ¥ 5 (08 OV S i gl 50 aileny
Om S e gl 0 5 ) SeS ez g B ek 05 160 MPA T
@y 280 MPa Loyl oS &Y oo Jlail )5 (Bexr Gl (a8 0V
"G p e sl all Sl oy 4 [9] i ,bie g L )STiad odalis
Sl Gz 5 S5b e gl Jame gz 5l (80 Sloy sl
ol 3 Jole @l G yipte 4 olol 55 IS, 5000 (g e pgrines)]
9 62959 & EP ald (2l a8 RISl Sl Ghagh
Sehen §y970 3 (sherre dlowy S Sl Eel oole pulus Sl
S S G e S gipter JB slas il Jsb (s alee
Al orzed 0,0 gy g (e Sleny AT At 59, 35 B
Jelse S Jy JlSs (amme'y (559700 Wlowny (35 595 2 ()5 a3
S9u> 53 i (§ 97 Slow 5 S9) 2 5999 S5 £ 9 Sl
ol oo oy (15 595 2 W1 3l 99 9 4l s

5 Oz Jlal awans jll Sl gogamme o Slides b cnl b
A 50 e slagias @i g ojlal 2 1) 6, b9z wnlb sla el )y
lass

Vb 5 ALOB-B 1S o¥sh 5 uiman e sloaly) dlis ol ,o
Golwdnds 3l oolannl b anly iz (6,5 Sig> sy A240 TP304 35
ool Cewsy Wy (A5 mje8 9 00d (gilo e dguzme ol guny 4w
4 wilowy (25 (g pSoslail 5l eoliiul b sasl Casay (go0e il ol
S s ey ot (halS Bas b ad anl )5S 5 b,
e byl Sl Jlail cale IS5 5 bl )l Sl 5,k
O @ip g o3l gy Ol agly g ads; (F3585 w0)lpd Culha

7 o)l 17 095 1396 jue (o0 SuilSo wise

S5 S5 e oses ailony (15 doolSg s 50 el Joms gy S
5 03l e ol [2] wes g o> 50 'HAZ aihats Jsb 5o
dlion el SV 6557 Gl o 68 Bgxr Wlows A5 @95
oVl jo Slowy A5 69y SR Lulpd S ganaid (e
Bl oo s ime yod

Al dilonsy Gl @ig g o3l )0 Conl (e (AliSee sl al)l
Jelse 5 3lge ols> 4 bagrye byl ) he alp jo I
laally )ls wlowy 5 @95 9 o3l p g JB ST 5 e
"0 0Lz 5 3y (eed S5 o Saep k5 ) b9z wl B e Jelt anl B
(P dmain g9 g Cubs (Ghex Jlail g5 Gher )Lt 5B el
3 Sl Gl 59, Sl Sew &5 wiis )L la S
Oldes abes I alie sla by, oliime awsl a8 56 ie> oYLl
TS Rl e 1) Slals )l eslistl 5 i (S S (Sl
slyully Jras bocal pogdle [3] wlosly anss sz wilewy o
ol 1y gz wlons sla i g oo Dlibes plonil (o ) (6,5 A9
5 ool oly Sy e Jlasil il 5 65 sn cmslio (sl el il ol
G5 2l (5] el g Sl (o3 ey 25 2805 (sl a5
ol 31 sl sas Ll B osd (65 gz csloojlos 31 6 ybomms 6yt ilany
Pz (Slowy (25 G0 St sl serse sl sasey )
el (6978 scenlis (b 4 liws Cox

i piman e oYLl i s SlSe plsE s gl
5 bl 5 plSmial OS] Y5 g5 90 Syl blal culps S
e SV 3 dilony 25 @395 (eSS 81300 4 e o551 oS
[2] G 008 uizman

Sz ol wlowy 25 amlre )3 g3 slahs) 059l
9 Silede 59, 0L Gl omp 8250 513 oolitul 3550wl oo 00
Sl Sl adlae @ Gl 5 cosl a8 ploxl gz 0 (Sl el
SIS 1984 Lo o wlaidlsy Sher Syl Ak 50 b sbo el
Gl oz S)lm @i e Su g glell wax by, S 4]
SO Gz o) 58 eslinul (leae jo (Sl )L S, 5l sl 08
L8] 58 iladowe 5 1) oud (6 5 oo sbavosle jo (51> sla

“ et ssbie 4 [6] OSen 5 (Soiezse bawsi 278 5 goue Ul
oo lp Lol 285 plnl (05 Y58 sladly) o Wl A5 (S
Ol ey 5l eslaiwl b1y wilewy 355 (6 865l cgoae sla Jow i
GrSoill gl s,y cnl o w8 S s Ll sl plmil (g g andl
B e N e e
eP B b S ek o wleny a8 B Sbaws 5 Sy
Smiie d9amwe Slall gy sl eslaiwl Ly go¥ed Cilan o S Sl
5 7S 5 b iged ol g iSIl e s I LT izes s S
@ R Fpte 208 adllbe ilowy (25 @395 5 o3l (55, 1) S0
IS (oh)e g (LS (Jsb e A wisls (LaS a5 39 cnl LIS
hez adlaie 5l 90 a4 (55Lad g (e b (K005 0 (S sl
Sro & Su33 la il e adlate 5l 93 (bt Jolgd 5o 5 95800 oln]
3B Slomy AL g Lo )95 (255 9 G090 (om0 Gtz et
SYgh izl Sglite glaculbs b 55 90 Jlail o 6,5 s wl

1 Heat Affected Zone

308


http://journals.modares.ac.ir/article-15-10720-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

GS13913 9 A2 Ve

OReD pat sldralg) ()5 Higa ) dilowny SO YIS p9 JLasl slaaw aw i H3l

bz 25,5 e $35 p0 dhali (9,5 gl sl Vb S b ()59
Wb 650l (oSS ygs ey 5 0 ol gl iS5 S plov
oad olj] (gl )T (6,5l b wlalad 45 Lol wilony (slo 5 pes

A dslxe (2) 9 (1) Laylg, 4o

&g t+e 1

Omax = 14A 2_E\/(53_51)2+(53+51_252)2 @
&g te 1

O ==+ gV (& — )7 + (e + &1 — 26)° @)

baiwis,S lwg oad Sojll sl i S e58, 985 1 0 &5
oo b (Sl pleS g g S8 4 atly ol B g A it
(S by Alwgy oad (6 pS ol wilewy (sla 2 2 S8 il
blis 4 by po (sl s 3 51 655l sl [10] a3 g i 1y &9
mo3lal wilons (25 Slewlons 50 (S S (g () ez ObL 5 90

el @35 ploil gl 9o Jlasl Jows 51 LS 0 5590 53 lags S

e 999 Ol (3l dmd -3
2O 4z @i S oslal sl sgamme Sll ) ol anlllas )
Sy90 Ghoz Jlail o dilowy A5 @395 iz 9 B U9z akl b e
FOWA PR v )]a.:

5 Sl B om aw Joae S5l wlens glagis Jolos ol
Sl s ilodae i) 5l (Sle ' pmme )5 b guin Jos
oals oolaiwl w0oy55 hex e Slahd )l SGle LS, gilwas
Jelos ma 9z wulP (Sl aie esalie Sy plply ol
o 2ol by Kooy I Jiee jshay (SSl Jolos o2 5 (Sl
Gl i (e sl e Jsb 0wl el s (Sl olil azye
e @ (il Joe bawgi 0l (sl &)l 4250 @8 Jleel 5l Sl
Al 5l B (Sl Jaw s, 00,5 jeyd ez b Al SOG
@ oligS goi o 50 ol dwlre sla i b alol gam TobigST s aes
ald Sl v g bt Jdod aind @l oS
50 Leo a4 anily eler al eolatwl jeudl - Ses e, 3l g5 hg>
il g ol anlllas o il oad Wl 31USE Lo b Sl

ol lagylell Sy g W5 g, 5 o gz (e 50 e B iy

Fig. 2 Residual stress measurement by the hole drilling technique
Ehsm i )8 (o) b wilowy (15 (65 03l 2 S8

* Axisymmetric
2 Increment

309

W85 1R oy )98 Sl

P8 S )2 -2

Sleslainl b puizren e Jlasl G o ey sl i ol> dalllae jo
oz 228 Sledbl cwl oud 483 ojlal e w5 b,
il sy sl dgamme lall o g, ) el oy @l (o) 2
el oal 4185156 Sa5 3590 o>

aig0s 5 3lw oolol -1-2
o Sl gl B ol b s als aslie soin claseia b algl g0
WA agd ye e 220 Job g e Jie 818 Cubrs e L 2191
9 A240-TP304 (53555 oV9d £9i 98 5l wizmen pé Jlail (om0 S
Oy oY¥ed adel Jlislog, cul ouds colatwl ALOG-B o, oYsd
50 Lol el aalas (6318 o (48 ez i 50 9 009 S| (TP304
L35 walys Sige (LSl 56 had (gu)S SYs8 Sk

V O)gon g sload awain b 65 e Cuz oal ookl slaals)
Wiloads ools las T JSs o Soleds & ygeay S

b aw b (S Vb g O3PS VS g9 93 | puizmen e L]
b (eSS (mod )1 gz anl8 ol oolanul b ol (ol o 03ls (g
ploxl (ghas 09 2SI Ngy & 6,1 oo g S0 slaply g Ladla IS
s ool bras ,hd olyiny EB0BL _ipnu] o5y oVgh b S
Silodae o gl oad A1 Joazr 0 b o s slayull
i 41,5 IS5 L el )l e 55 gamme Ll

Nilowy (S ST (5 w0 31l -2-2

GrSeslal gligu (w3 gy b ilewy glo i (s cnl 5o
00 3yma ASTM EB37 s uskiwl ;5 5 luibinl by, oSy lyies 45 cions
S ahais 003l jo Sl 850 Jlas! jo Wlewy 1S (5,505l [10] el
35 el Jlasl Byb gs jo o)lite alali gy g her S e 5o alals
i oy oy 2 5 gl (55, Lo S

60

A240-TP304 Al06-B

wwgr'g

1mm

2o | | t
Fig. 1 Schematic view of the specimen used in this experiment
Sialesl ol 30 6,5 ez gz oads oolel sladlg) 3l (Sileds 1 S

S ez anls sla el )b 1 Jgus

Table 1 List of the welding process parameters.

G gz sy I3 . S Wy o)leds

(mm/s) &, o Aok M b
0.55 GTAW ER 308L 9545 9 1
3.4-4.1 SMAW E308L-16 11545 27-28 2

2.7-2.8 SMAW E308L-16 14545 25-28 3

7 oploss 17 0,95 1396 o LS00 Al S Siud


http://journals.modares.ac.ir/article-15-10720-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

GS13913 9 A2 Ve

OReD pat sldralg) ()5 Higa ) dilowny SO YIS p9 JLasl slaaw aw i H3l

0 200 400 600 800 1000 1200 1400 1600
Temperature (°C)

=~a pm/m°C

- x 10% ]/kg°C

8

5

Q.

2 +E x10'° Pa

o

=]

o}

& ;

= —K x 10 W/m°C
=5y x 107 Pa

30
=-a pm/m°C
25
-#( % 10% ]/kg°C
20
15 . +E X 10 Pa
10 {
—K x 10 W/m°C
5
0 : 8y x 107 Pa
0 200 400 600 800 1000 1200 1400 1600

Temperature (°C)

Fig. 3 Material properties of A106-B carbon steel and A240 TP 304 stainless steel [11]
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Fig. 8 Axial residual stress on the inner surface for joints with
different wall thicknesses
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Fig. 11 Axial residual stresses on the inner surface for joints with
different weld groove angles
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Fig. 12 Axial residual stresses on the outer surface for joints with
different weld groove angles
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Fig. 9 Hoop residual stress on the inner surface for joints with different
wall thicknesses
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Fig. 13 Axial residual stresses on the inner surface for joints with
different root openings
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Fig. 14 Axial residual stresses on the outer surface for joints with
different root opening distances
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