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A Study on Fatigue Design Automation of Plug- and Ring-type Gas-welded Joints
of STS301L Taking Welded Residual Stress into Account
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Abstract : This paper presents a fatigue design method for plug- and ring-type gas-welded joints, which takes into account the
effects of welding residual stress. To develop this method, we simulated the gas-welding process by performing nonlinear finite
element analysis (FEA) To validate the FEA results, numerically calculated residual stresses in the gas welds were then compared
with experimental results obtained by the hole-drilling method. To evaluate the fatigue strength of plug- and ring-type gas-welded
joints influenced by welding residual stresses, the use of stress amplitude (o,)r, which includes the welding residual stress in gas
welds, is proposed (c,)r on the basis of a modified Goodman equation that includes the residual stress effects. Using the stress
amplitude (c,)r at the hot spot point of gas weld, the relations obtained as the fatigue test results for plug and ring type gas welded
joints having various dimensions and shapes were systematically rearranged to obtain the (c,)r-Ny relationship. It was found that
more systematic and accurate evaluation of the fatigue strength of plug- and ring-type gas-welded joints can be achieved by using (G,)x.
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Table 1 Temperature conditions for the welding residual
stress analysis

Density CTE.

(Kg/m? (109K)

Young’s modulus
(MPa)
Base Metal ; 18,966
Joint Metal ; 21,516

Thermal conductivity
(W/m'K)

7974 117 163

C.T.E. ; Coefticient of Lmnear Thermal Expansion
Model generation }7
l (1) Temperature dependant
Input ~hanical b ies
mechanical properties
(1) Temperature dependant ‘
thermal properties
(2) Lutial condition
I
‘ Heat transter analysis
[
‘ Heat transfer result

Input

Thermal stress analysis ‘

Welding residual
Stress fields

Fig. 1 Schematic diagram for the welding residual stress
analysis
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(b) Ring type

Fig. 2 Gas welded joint specimen(unit:mm)
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W 2% 2 71 (convection temperature condition)<

°C, Y LLE 1450°C = A A
qom, & = s AAxA

Hel ez AlgHe] T4 node 9 X, Y,
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(b) Equipment

Photo 1 Welding residual stress measurement
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Base Metal

Fig. 3 Strain gauge location for the welding residual
stress measurement
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Fig. 4 Longitudinal welding residual stress distribution at
the plug/ring type gas weld
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Awzkgd 2A] FZ2A e lojA tisEd el 84
ol5dHl 1 &% | &F olsAldl g
SHEXINMS EZXO=F Fig 5 9 o] AlEHoA
Fdl(simulation model)= A|ZEF3ITE. Fig. 5 9] (a)
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Table 2 Chemical composition of the materials

grs | C | Si [ Man | P | S | Ni| o | N

30IL | 003 | 1.0 | 20 | 004|003 | 68 | 16-18 |02

Table 3 Mechanical properties of materials

Yield Tensile
Material | Symbol | Strength | Strength | Elongation
(MPa) (MPa) (%0)
LT | 22156 | =5488 | =44
STS30IL | DLT | =343 =686 =39
ST =411.6 | =7546 =34
HT =086 =931 =19

Table 4 Plug and Ring type gas welding condition

Materials STS301L
Welding GMAW Semui-auto robot
Pass 1 Pass
Current (A) 100~200
Welding Voltage range (V) 1213
condition | Travel speed (co/min) 8~10
GAS(%) Ar 98%
Flow rate(1/min) 18~20
Filler metal AWS ER 308L

Table 5 Specimen of the various gas welded joints

Welding joint type (plate thickness)
type O+@
Pl | ST(1.54ST(1.5)
P2 | ST(1.51HT(15)
P4 | ST(1.5+DLT(1.5)
Ring type R1 ST(1.5)+3T(1.5)
(@ ;upperplate) | R3 | ST(1.5+HT(1.5)
(@ lowerplate) | g4 | ST(1 5+DLT(1 5)
Number of specimen type ; P1, P3, P4, R1, R3, R4)

Plug type

(@ ; upper plate)
(@ . lower plate)

3.2 siAzt

Fig. 6(a), (b= Z21 8487 9 BS) 71287
olgAe] SHREEE YE Rl 9o g
Ho+64 (max1mum principle stress)< 3@.1"% E$
(toe)e} dodgF Hof FHoA HASIATE.
| Al AF S UEE o, 0@3
FHol H $¥ kS ST(1.5)+ST(1.5)7} 1,130MPa,
ST(1.5)+HT(1.5)= 891MPa, ST(1.5)+DLT(1.5)¢] 7
1,464MPa .= YEltor & 874 o] 9] _Q_Z—]H
T gigk Ao &9 #& ST(1.5)+ ST(1.5)7}
1,340MPa, ST(.5+HT(1.5)% 1,265MPa, ST(1.5+DLT(1.5)
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Fig. 5 3-D FEA model of plug and ring type gas welded
joint for stress analysis

(b) Ring type welded joint, ST(1.5)+ST(1.5)

Fig. 6 Stress distribution of plug/ring type gas welded
joint
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(b) Ring type welded joint

Photo 2 Failure location appeared on the plug and ring
gas welded joints
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Fig. 7 Ac-N; relation of the plug and ring gas welded
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Fig. 8 (Ac,)r-N¢ relation of plug type gas welded joints
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Fig. 9 (Ac,)r-N; relation of ring type gas welded joints
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