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TIG Welding Characteristics of Stainless Steel by Design
of Experiment
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Abstract: Welding is very popular method for joining two or more metals. However, welding causes
residual stress and distortion and these give a bad influence to the structure strength. In this paper, TIG
welding technique was performed to investigate the joint characteristics of AISI321 steel. For its
evaluation, the orthogonal array method and variance analysis were applied with three factors of electric
current, travel speed and argon gas and also three levels of each factor to tensile tests for optimum
design. From the results, the increaser weld speed the narrower bead width and the lower weld
penetration. The increaser electric current the brighter argon gas and the wider bead width. Also weld
speed influenced most on the tensile strength and presumption range of tensile strength at optimal
condition from reliability 95% was estimated to 635.02+14.64. In addition the increaser weld speed and
electric current the fracture occurred around bead vicinity.
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Table 1 Chemical composition of AISI321

Grade | C Si | Mn | P S Cr | Ni N Ti

321 | 0.08 | 1.00 | 2.00 {0.045| 0.03 | 17.2 [9~13

Table 2 Mechanical properties of AISI321

Si Tensile - Degree of

Grade (SN““g't') Strength D“(f;;'ty Hardness | pensity
M) | N/vim?) ” | HRB | HV

321 | 205 =< | 621 =< | 40=< | 90=< | 200=<| 7.93
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AlSI321 Steel

Fig. 1 TIG welding of AISI321
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Table 3 Factors and each levels for experiment

level 1 level 2 level 3
Electric
Current 100 110 120
(Ampere)
Welding
Speed 90 120 150
(cm/min)
AR Gas
(I/min) 6 8 10
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Fig. 2 Tensile specimen for FSW

o1 AEL 9l Fig 33 o] "SAIFEY
(MODEL: KDMT - 120)2 ©]&3}93 olAe

g AL [5mmeEA RE AAETE
2mm/min©. 2 dhe] sEM B el AFH A 24X

o ola| wlolElY} A=A

108 =SAHIASELA| HigH M3, 20144 68

AT T
1 Touch Load Yalve Comntral

AP S8l 84 WAL AR, SHEE
CIEEE), hafd VR stel Wl gl
HAMAY] UelE ol g3kl F 27819 UL
A A

a)90cm/min b)120cm/min ¢)150cm/min

Fig. 4 Welding results at various welding speed
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Fig. 5 Welding results at various electric curent
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Table 4 Tensile strength results at various conditions

Factors
Mo et | sped | o |
(A) (cm/min)
1 100 9 6 586.85
2 100 9 8 597.59
3 100 9 10 592.01
4 100 12 6 597.15
5 100 12 8 571.41
6 100 12 10 592.00
7 100 15 6 572.02
8 100 15 8 585.10
9 100 15 10 592.02
10 110 9 6 601.03
11 110 9 8 604.68
12 110 9 10 597.15
13 110 12 6 592.49
14 110 12 8 602.30
15 110 12 10 589.85
16 110 15 6 586.85
17 110 15 8 590.46
18 110 15 10 585.02
19 120 9 6 580.01
20 120 9 8 610.02
21 120 9 10 628.04
22 120 12 6 635.69
23 120 12 8 641.94
24 120 12 10 627.42
25 120 15 6 594.34
26 120 15 8 580.42
27 120 15 10 560.68
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Table 5 ANOVA for tensile strength before pooling

SS 9] MS FO | F(0.10) | F(0.05) | F(0.01)

1691.72 | 2 | 84586 | 3.76 | 3.11 4.46 8.65

B |2473.93 | 2 |1236.96 | 5.50*% | 3.11 4.46 8.65

77.93 2| 3896 | 0.17 3.11 4.46 8.65

AxB | 2722.72 | 4 | 680.68 | 3.03 2.81 3.84 7.01

AxC | 22294 | 4| 5573 | 0.25 2.81 3.84 7.01

BxC | 52328 | 4| 130.82 | 0.58 2.81 3.84 7.01
E |1798.15| 8 | 224.77 | 1.00

T ]9510.66 | 26

Table 6 ANOVA for tensile strength after pooling

ss | @] Ms FO | F(0.10) | F(0.05) | F(0.01)
A |1691.72| 2| 84586 | 5.64* 2.62 3.55 6.01
B |2473.93| 2 | 1236.96 | 8.25%* | 2.62 3.55 6.01
AxB|2722.72| 4| 680.68 | 4.54* 2.29 2.93 4.58
E |2622.29| 18| 145.68 1.00
T |9510.66| 26
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Fig. 6 Tensile strength vs. welding factors
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Fig. 7 Graphical illustration of contribution on all factors
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Fig. 8 Welding results at various welding speed
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Fig. 9 Welding results at various electric curent
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