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ARTICLE INFORMATION ABSTRACT

Original Research Paper ual stresses and distortion are of the main disadvantages of welding process which determining the
Received 04 September 2016 amount and distribution of them have great importance in the design of structures, especially in the
Accepted 21 September 2016 space industry. In this study, a finite element method is used to analyze the thermo- mechanical

Available Onine 22 October 2016 behavior of a spherical shell due to TIG welding. The spherical shell is made of titanium alloy (Ti-6Al-

4V) with 2 mm thickness. The modeling of welding process is based on an uncoupled thermo-

Keywords:

Titanium alloy (Ti-6AI-4V) mechanical couplipg. TIG welding is exar_nined for six cases pased on current intensity_and welding
TIG welding progress speed setting the voltage on 12 V in all cases. Distribution of temperature and residual stresses
Residual stresses caused by TIG welding of the titanium spherical shell have been extracted and compared among the six
Finite element method different cases. The effects of current intensity and welding progress speed on shell distortion and

herical shell . : ] : ) - h
Spherical she residual stress have been investigated. The results showed that increasing the current intensity and

decreasing the welding progress speed have the most effects on longitudinal residual stresses which the
amount of this increasing reached to %44 for decreasing the welding progress speed. Welding
distortion increases to maximum %132 by increasing current and decreasing welding progress speed.
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Fig.1 Mechanical properties of titanium alloy (Ti-6Al-4V) at different
temperatures [19]
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Fig. 5 Comparing thermal Analysis results of the present study with
experimental results [22]
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Fig. 6 Comparing axial residual stresses of present simulation with
experimental result [22]

b Gaios ol gilwancd 5l Jol> (6 smmesilony slo i b el 6 Js<&
[22] lae oy b

@ oy g o

Gy gl -1-4

5180 90 a5l du gdlais g0 )3 (Lo ~led Sloges o 3 1> 5JIUT plxil b
Al ol oals glsuinl GlS Gigx alise > il (gl ax 8 270
97 S0 5 S reshes B ogax alols ;o pg abali g (9> S5 50 sl
sasools Hlis Les awle bl 9 5,5 Goer cuz T UK o ol

ol

ol wud it -1-1-4
Bla s 1o )5 e iz > 1d glp ey cen Lo loged
sl 585 b o by S5 s o ol sad eoly ylis "13 1 8
g 3 85 CiS g @S tsr Gilise cdls id s Sl
o glos 1o ol Sl Gl L adido e slee 400 55 e

Welding line

Fig. 7 Welding sequence and temperature calculation points
Lo dwlowe Llﬁijé)wub? ey ,_]S.&

10 optess 16 055 1395 ore WASAARIESL LD | T


www.sid.ir

Ti-6Al-4V ol SWIT (59,5 Almgy K5 55 yhga Il bl Silawwy i Linis 9 Lod 2595 3930 Yloll ) 3

Ve 9 (oAb dusun
2900 4 _ w
- : | e 2-90°
2400 4 | i L is0°
1900 + l i we=n 2-180°
Do 1-270°
= |
Z 1400 4 z i —— 2-2%°
~ | I1
900 n Iy
‘ X
AN
400 e
i, L p— |
-100 | + ' i
0 100 200 300 400

Time (s)
Fig. 12 Temperature versus time in the fifth case welding

B ez poes Sl p0 ey ey Les 12 g

3400 + 1-90°
1 g
2000 £ : | """" 2-90°
| [ o dkiot
2400 + | i -——- 2. 180°
: 1 = 12700
~ 1900 § | tl
3 ] —— 2.0
~ 1400 £ i \
900 +
400 4 J
-100 ; ! ' |
0 100 200 300 400

Time (s)
Fig. 13 Temperature versus time in the sixth case welding

LS)lSuﬁ}? WC.JB o L)L") o> Lo 13J&»)

gc
=

— 400mm/Min-100A-180"

------ 400mm/Min-120A-180°

L - R |
s 2 =2

== 400mm/Min-140A-180°

Von mises residual stress (MPa)

0 10 20 30 40
Distance from the weld center (mm)

Fig. 14 Von Mises residual stress in the welding progress speed of

400mm/Min

4By p yia e 400 (59,00 S s )3 e (98 Silowy 15 14 S

s Gl 55 (15 JS) 4885y e sl 300 (5,00 Sy 3
PS> 5 098 o0 0043 Jare (98 Wlowy (AT )3 (pugme S Oby
762 5769 776 L plp i o pxiy 5 )k oo ladl> o s )l
Sl S Gl o3 5 s gm0 il ISl
50 A pl g Candle her Suoi bl 4 o] oo eandS d, iis ol
S oo Rl 4 9,8 ez 35 e 5l (55590 akeold
4>l 0wl e glid conle Gyl a5 Job daore wilowy i
atuls o1 Gad 5l asb ol 5l Gad He0 b aS ols (6 i DAl Lhe
Cople yoss b b 5l 650 Lo 20 S50 alold o s cpl ol oo
Slade 4y g ialS 4 £g,8 0,lgd g 0,8 0 095 A4 LiiS Sl g ools

11 o plass 16 0,53 1395 (ais oy Sple o diico

Sl Sz 50 A5 Sl 1S G oo SIL e 4 ez
180 aysly ;o W e 3l b wlawy i ol ool Hlaidd e

ol wul w-1-2-4
Sad Gl by (14 JSa) aido e dus 400 (59, 5k Ca o 50

20 9 B3 oad GLbS (puigme yk Jucns (598 Wilowy (A5 ST (b >
JSallSe 774 5 TT4 756 U iy cosiy 41 poms 3 p3o sl cocdls

ol

2400 + : —_— -0
! | ...... 2.90°
1900 + l I - 1-180°
i l === 2-180°
_ 1400 T : . — 1-270°
o | ! —— 2.270°
™ 900 l !
400 +
-100 ; : 3 i
0 100 200 300 400
Time (s)

Fig. 9 Temperature versus time in the second case welding
GGz pgo A o e o 5 Lo 9 Sl

2900 1

—_1-90°
_— I | J ,,,,,, 2.90°
- : | l —- 1-180°
1900 | l —
: 1400 I !
£ ! ;
900 1 l\
b 1I\I
400 ¢ '
-100 t + + {
0 100 200 300 400

Time (s)

Fig. 10 Temperature versus time in the third case welding
GGz ey by oy e Led 10 S0

2900

2400

——t

1900 r

1400 +

(o)

900 1

400 4

—+r

-100

Time (s)

Fig. 11 Temperature versus time in the fourth case welding
S plez Sl 53 ol ceem p Led 11 S0

148


www.sid.ir

UKo 9 (i bis Jumas Ti-6Al-4V Ia,»Lw)"LJT B9 Aiwgy S5 G Yo I (L Siloamsy sl S 9 Lod a3595 3930 Ylall ) 3
50 900
E 04 E 200 + :
= 50 = 700 4 — 300mm/Min-100A-180°
w o L
- b
£ -100 g 0Ty e 300mm/Min-120A-180°
= a " 3 % s00 4%
Z -150 1 ’ — 300mm/Min-100A-180 g - . 300mm/Min-140A-180°
] = 300mm/Min-120A-180° F 4001
2200 H 300mm/Min-120A- Z
3 b - ) g 300
= 50 ¥ = 300mm/Min-140A-180 = L
2 E 200 -
B = L PN
g -300 S 004 i
-350 + . ; } 4 0 e T P R R
0 10 20 30 40 P 10 20 30 40

Distance from the weld center (mm)

Fig.17 Longitudinal residual stress in the welding progress speed of
300mm/Min

4830 5 o oo 300 (69,00 g 50 (Job aizme wilowy (25 17 S5

olas 1y Lialsdl (3.2 ¢ %17.7 Joles) JSubilKe 25 5 115 sga> Lo o,k
sl )5 0l 140 4120 5l oL, Gl il b jlade ol aies e
JBble 13 5 32 sgu> oy 5 pge S 4 Cond A5 g pow
s e Lid |y ialsl (W16 5 %4.18 Jsles)

D)ls (Job ame wilowy A5 59, 2 1) 556 (i Gl S0l
30 ol Y wgeire el 120 45 100 51 oL, Sal ioli8l jo 556yl
Lo ,F S e T a3l el 120 44100 51 ol > o o ke ol
395 511, 197 sgam o caalibl (6,5 be> Sl (GBL pogane (3959
4 el 140 4 120 51 Ly cal Gl L lade ol a5 wass o lis
Sy o0 1116.3 590

Gautn o 3l -2=2-4
098 Slowy AT lie 2SS 05bioe g o yghn Sy AL
MoBe a0 el slml igx S ye Sl s akols o e
4 G Db oSS liee @Bly )0 0l emgnne 1 IS S Ta>
B b ced gy adlate g 39 0anlS e (23
(20 Jss) sl 5 prlez lacdls (sl 5l 200 (2 B 0 06,5 o0
Sl a8 p e e 300 4 400 Gl 92 (59 0 S B L
20 sgu> 0 Jgl cdbo s o pylaz Sl o e 98 Wilewy 1S
Dol 48 peismed s ae olad ol (%264 Jolas) JIKWLKs

A Comd ey S 0 s’ (498 Wilowy LS ESTa el 120 oL,

900 T+

750 £
1 — 400mm/Min-100A-180°
600 41
1 400mm/Min-120A-180°
450 4|
i- — - 400mm/Min-140A-180°
300 | %

Transverse residual stress (MPa)

150 +
1 x——_..__,_____.-l' Y —
-150 — —— y
0 10 20 30 10

Distance from the weld center (mm)

Fig. 18 Transversal residual stress in the welding progress speed of
400mm/Min

4880 e heo 400 (59,00 S o (o0 (e wilowy 15 18 S

149

Distance from the weld center (mm)
Fig. 15 Von Mises residual stress in the welding progress speed of
300mm/Min

488>y o ghe 800 (55, St o )3 o (98 Wiloy 25 15 IS

ol il b aS 85 sanlin g e T 5 16 sl JSi" 4 az g b
sl s Jsb (e wilowg (25 151> a1 120 4100 51 o >
JEbBe 1545 350> 50 o)l 5 JslSlacdle 4 S ooy g p9o
s il b iEe el iaias e oLi | ilsdl (104 5 %25.6 Joles)
Gl & Cons @il 5 pa Gl 43 el 140 43 120 51 o>
1y sl (%20.3 5 %16.3 Joleo) JSwbKo 52 436 d9a> ;0 poxis 3 pgo
Wlowy (A5 51 Ghe Suo3 4l gl Sad Gl b aies e Las
S el gz S e 5o 5 S el s 6 (Jsb e
Ser b5l G )l LS e el g8 2 o5l pad Hen b
O IS 1alS 4 £9,8 0)bgd 5 e se plas | GRSl g lade s
55 & i8S Sl g ool Copple il (AT (6 e chee 23 1 20 alols
Pebee [Ken fho oo 4y (pp § 3,05 (o0
el oS Comle LI a5 5 sdye asmo Wilomy i ,ESTus
Sodee owalin (s> S 5l ) alals 3 pbym cud AIBIL
GalS 4 g9,5 Ghez bt I ud 30 b i ol (19 518 (slas)
sl 3y L el B her b 4 Suop 4l s 45w e
Conle pois Ghe> bl 6e e 5B 3 sg0x alols jo A5 e
Soo & 9008 alS 4 £9ph 0)ligs 5055 (o0 393 4 5,Lad Ll g 00l
Ui pSTas el 120 4 100 51 by God Gl b oS e Jie
5 Jyl slacdl @ Cud oty 5 pg0 Slacdl yo (o050 (ase dilewy

50
= 0 4 F-3E R i
-9
< 504
m
£ 100
" s+ .
E s V7 — 400mm/Min-100A-180°
T - 400mm/Min-120A-180°
5
:E 2250 4 — - 400mm/Min- 140A-180°
E
300 1
=]
-
-350 + 4 " .
0 10 20 30 40

Distance from the weld center (mm)

Fig. 16 Longitudinal residual stress in the welding progress speed of
400mm/Min

4830 5 o oo 400 (69,00 g 50 (Job arzme wilowy 25 16 S

11 o plads 16 0,93 1395 yars JASSAGsS b L)


www.sid.ir

UKo 9 (i bis Jumas Ti-6Al-4V oS SWIT (59,5 Almgy K5 55 yhga Il bl Silawwy i Linis 9 Lod 2595 3930 Yloll ) 3
900 + 900 -
R00 +

AR — 400mm/Min-120A-180°
600 1 |i
500 + vvvvvv 300mm/Min-120A-180°
s00 § |
300 §
200 +

Von mises residual stress (MPa)

100 +

n i i i " : i " " " # " i = i i :
0 10 20 30 40

Distance from the weld center (mm)

Fig. 21 Von Mises residual stress in the 120A current
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Fig. 23 Longitudinal residual stress in the 100A current
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Fig. 24 Longitudinal residual stress in the 120A current
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Fig. 25 Longitudinal residual stress in the 140A current
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Fig. 32 Distortion in the 120A current
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