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Selection of Optimal Welding Condition in Root-pass Welding of V-groove Butt Joint
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Abstract

In case of manufacturing the high quality welds or pipeline, the full penetration weld has to be made
along the weld joint. Thus the root pass welding is very important and has to be selected carefully. In
this study, an experimental method for the selection of optimal welding condition was proposed in the root
pass welding which was done along the V-grooved butt weld joint. This method uses the response surface
analysis in which the width and height of back bead were chosen as the quality variables of the weld.
The overall desirability function, which is the combined desirability function for the two quality variables,
was used as the objective function for getting the optimal welding condition.

In the experiments, the target values of the back bead width and the height are 6mm and zero respectively
for the V-grooved butt weld joint of 8mm thickness mild steel. The optimal welding conditions could
predict the back bead profile (bead width and height) as 6.003mm and -0.003mm. From a series of
welding test, it was revealed that a uniform and full penetration weld bead can be obtained by adopting
the optimal welding condition which was determined according to the method proposed.

Key Words : Root-pass welding, GTA(gas tungsten arc) welding, Response surface methodology, Central
composite design (CCD), Desirability function, Back bead, Optimal welding condition
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Fig. 1 Weaving patterns for root pass welding
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Fig. 2 Feasible area according to weaving pattern
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(a) Pattern 1
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(c) pattern 3
Fig. 3 Comparison of back bead appearances

Fig. 4 Experimental setup
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(¢) back bead width > 8mm
Fig. 5 Cross section of weld
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Table 1 Fixed conditions for the experiments

Tip-to-metal distance(mm) 50

Front gas flow (1/min) 15

Back gas flow (1/min) 15

Base metal Mild steel

Table 2 Chemical composition of specimen

Element C Si Mn P Cr Ni

Wt. % | 0.189 | 0.072 | 0.520 |0.0021| 0.023 |0.0042

6.00mm, °lHRI= Eo] 0.00mmel thal, E3XFIA
FE uEde 4208 3] fd FAERAGEE
o] g3lgitt. ojAv|E shed A A &4
ZZ1& Table 39 U W%, o] 2HC2HE F4
AA8S B3l F 1739 838 FP% F 4L &
S ZHe Table 4] vebd A3 2o,
FALEGGA A EHEE, S3HF,
A Zof) Uit S ojRH| = Z3 ojHH|E Fo|

o FAA e 4(2) 2t

Width= 6.292 — 0.340z, + 1.3002, — 0.110z4
+ 0.864z% +0.41523 —1.735x;
+0.013z,25— 0.163z 23— 0.375z525

Height=0.075+ 0.011z; — 0.126z,+ 0.174z,
— 0.282z%+ 0.143z3 + 0.353 3
— 0.0202,2,— 0.060z,23+ 0.298x,x5
v
3¢ 3ARYS] §BA<E Table 59 Z& E4E
Aol FH% (F-Test) & B A (coefficient of multi
ole determination, R?)dl <alx #add 5 gt}
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Table 3 Factors and levels for experimental design

Coded value
Factor Factor name 3 0 1
Welding Speed
1 1. 2 2
X — 8 2
< Welding current 180 190 200
(A)
x3 width 3 | 35| 4
(mm)
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Table 4 Central composite design and experimental 2 (209 S et ZARHES Table 6°
result BT olZeRTAL oS FHoE oA W
A a A} mo go a5 i=3
Coded variables Response _° 2 v P FEL 2ol Aga] Wi A
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2 1 -1 -1 | 385 | 062 B, 7 0; 3.689] €. .
T T T e Ty R vwdl # 9 Rl Feed 222 894
4 1 1 -1 78 -0.15 O] %.Q]é]—lﬂ»—‘-’c Zi‘% ?':_} ‘}I: 9\11\1:}' ﬂﬂqoﬂ T’Hid’ 7—375‘74]
5 -1 -1 1 5 0.35 ‘/F-q %)E‘% Table 7°ﬂ "]’E]' LH%—Q—D%, @7@74]'? gﬂl/‘]
6 1 -1 1 0.44 AAAE A B@aTin B ¢ glong IR E &
7 -1 1 1 74 | 075 g3ste wdojzta & & YA
s | 1 645 | 045 2 ATddE s AAge W1 93 57
9 -1 0 0 75 | -0.3 T S AlgslEon, oW Hlze] EFth go] BT
10 1 0 0 6.7 | -0.2 EEgE 23 Jor® A(3)FH B =g
11 0 -1 0 6.5 0 E olgsigr}. oiH|E Zo gk SZFTAA o
12 0 1 0 6.8 0.3 Hul= Zo| 3 5mm ©l&kel 8.5mm o132l A$= 0
13 0 0 -1 45 | 025 °% 9, H]E Fole -0.1mm °|&t% lmm o4
14 0 0 1 45 | 047 ol 0o At o|Ed U Azt 3HE I
15 0 0 0 6.6 | 0.15 = 44), (5)¢ 2t
16 0 0 0 6 0.15 olHH|E Zi} ojdR|E Eole EXFE /HE
17 0 0 0 6.5 0.2 2(4), (5)9] FAIAEITE A7 78 vy olE
FAsle] HFe AT Fegks 2A Hed, o8y
Uetde, F A3 vV Z AFASF] ol F¢ e 46)S ALt
% gAN9 Aot 20
F-£X8E o83l FA fHoeEdy AR Table 7 Analysis of coefficient of determination
(k,n—k—1) @& 714A(k, n—k—1;a)8& F :
o ) width 0.886
oS A @ Fla) 3 Hlmstd F)Fla)ol¥ 3 R — e
elg .
Axo] fositia & 4 9t
Table 5 Analysis of variance table
Source of Degree of
variance Sum of squares froedom Mean of squares F, Fla)
. ~ _ SSR MSR
regression SSR:B,X/:U - n(y)2 k MR:T m Flk,n—k—1;a)
error SSE=yy— ' X'y nk-1 MS’E=%
total SST=y y — n(y)? L n-1
Table 6 Analysis of variance regression
Source of variance Sum of Degree of Mean of F, o)
squares freedom squares
regression 27.81 9 3.09 6.03 3.68
Width error 3.58 7 0.51
total 31.39 16
regression 1.75 9 0.194 4.44 3.68
Height error 0.306 7 0.044
total 2.056 16
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Table 8 Optimal welding condition

overall
coded variables Natural variables desirability
function
x1 x2 x3 | speed | current | width 0.993
0.83| -0.29 |0.35} 2.166 | 187.1 | 3.675
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