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Abstract

Welding inevitably introduces the residual stresses which affect the fatigue strength of the joint structure, The mitigation of fatigue
strength depends on the residual stress magnitude and distribution, Stress relief analyses are of practical interest for all cyclic loaded
welded structures, such as ships and offshore structures, In order to estimate the effects of relaxation of residual stresses in the welded
structure, this paper presents a finite element analysis procedure and experimental results for the welded structure, Cruciform

specimens joint by MAG welding have been tested to measure the released stress, Relieved welding residual stresses obtained by finite

element analysis are compared with those measured by experiment,

Keywords : Mechanical stress relief(7 |48 S2 XZf), Welding residual stress(FXEFESE), Finite element analysis(f3I2ASHAY),

Cyclic load(E1=351=)

1 A—I = Aol LMSICE w2t SYTRSH 2t e T2
o T} oI Fo3 S s, 2ist TS ofE B
Jlet=Lo]| w2 T Z25He MEet Alz|EJF EEFRICHHan
270] offt 12 o ojHe Tx20| HESHUS FLAP| : h ;igg;;thl ol (lzocg)r): ||t‘;|'P . r H tc
_ - = et al., .omitn, et al. ©— Multi—=linear Kinematic
M, o TRSHE 7RSS MY MPIE =ololn hardeningS XMe3l0] 2FxES9| 215} 7|72 StQ A%
i - _ ardening2 Xg% oz0| 2}3l 51045
(Kim, ot l., 20083, b). SRS Tizsese] ppfie m  NOTNOE TSN SRETOSS EH TTTE TS
det 2 ST lov), Yumez 2| mRel oy ) > Lo SOl HAEKISHL, Bfs St Sykeol
SIAM shMdo| Tl molAlS Sto|s Sl A4 5
MEo Aol WRUTS Y2APIE e FXof Apojcy  BF HHS] SHL0! &0l QOIRS SolskR0, sA0l Sigt
= = 22 25} o= © ool Hisir
(Do, et al., 2000; Lee, et al., 2002). 023t 0|2 27| g5 o 2=t 0501 of2f2 2AIdS HHch
DRSS T2y Wi mefsie woss wa Say 0 = YT URA oI5l o5l amnc 2ansee £
S0| ARR=|T QUTKHan, et al., 2002). M2 Gsp| 2ot Sxoz fA=ICt MM Fx229 83 A
P Zt FTE mekely| I8t 7|E ATEAM MARE AlES CiAk:

FX|=l= Zo| op1, 2o 37| U gh= 3lof I 2 X4e A0l AZE S Z2UE MASIIAL §t
gL A ExEcks e RSk (Nitschke-Pagel & Cf. 2|2Hof| ofst SXFHFS=2| 2ksk= MSR(Mechanical Stress
Dilger, 2009). §3| <ol wi2iM A eiif st5ollM THF S Relief) siafe| dZoz & = QU g5 skEol| 28 MSRe|
o| tHF20| 2=t 4= Ucke ZofT Fot £ F ACKZhuang HEE motep| flsiME (1) 2| 88T 34 2%, (2) s
& Halford, 2001). 2 X TR 842 28 & u|2$¢ S5 37|, (3) U= sEe| =, (4) MR VI8 Het s 7
Y oo 2SR Y=CiH 262 m24Ho| gt = o5t EM S Hidsloiof SiCt 0| fI5t0] FEtAs|AMS

Al 20101 8% 262 | 2212 - 2011 3% 302 | 1 WAL : jh lee@inha ac kr, 032-860—7345



o
oy

A
=)
o
re!
o

2
£l
oo
=
Ho

olo 0l0 & U

MZ= AH36 ZRo|ny, Ale H2 Fig. 12} Zo| 850mm°| 7'0|
ot 115mme| £ 7K1 QUcth FAEm 4=
MAG(Metal Active Gas) MHE 0|&si%on, AF%E' 5{1 S
742 Table 10 Mzlsi%Ct.

'y
Y

850
250
[ 50 1i14
| I - 10) B

Fig. 1 Geometric configuration of cruciform specimen

Table 1 Welding condition

Current | Voltage V Speed
Mode
[A] V] [mm/sec]
MAG 200 28 5.05
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Table 2 Loading condition for experiments

Case Cycles [Loading Magnitude | Nominal stress range

C -

1 10 ompression Re—oo |
200MPa

2 10 Tension, 200MPa R=0.1 \

3 10 Compression . |
90MPa
Tension,

4 10 R=0.1 |
90MPa

TRea2 gl gkl Ultrasonic #HE 0|2351% 20,
As-Weld Al ¥ BH= SIES 716t o MM ZF S2S
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Fig. 2 Finite element meshes and constraint condition for
welding analysis
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Table 3 Boundary conditions for convective heat transfer

\/‘ 3x -3y —3z
6v3f, @ — 2 =z Room Temp.|  Step Convection Time | Applied Area
., (@,y,2) = o 7”/— e " e (1)
Lor . ' o All surfaces
15°C Welding Welding time
except weldment
Q=nVI (2)
15°C Convection 1hour All surface
0{7|M, @ 2t ne 282t heat poweret 8% o3 288 9
olsict, = Fig. Hol Zimp Zo| g&o| = Zlo - o -
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Fig. 3 Double ellipsoidal heat source configuration (Goldak,
et al., 1984)

Fig. 5 Constraint condition for MSR simulation

Fig. 4 Profile of heat flux apphed to the bead
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Temperature dependent material properties (1)
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Fig. 7 Temperature dependent mechanical material
properties
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Fig. 8 Temperature dependent thermal material properties
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Fig. 9 Stress and plastic strain relationship
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Fig. 10 Uniaxial tension behavior of the combined hardening
model (MSC Software Co. Ltd. 2007)
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Fig. 11 The measured points of residual stress investigation

Residual stress distribution at Side1/Line1
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Fig. 12 Residual stress distribution at Side1/Linet

Residual stress distribution at Side1/Line2
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Fig. 13 Residual stress distribution at Side1/Line2
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Fig. 14 Initial stress status of welded specimen (o,,) used
for MSR analysis

Comparison of Residual stress at Side1/Line1
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Fig. 15 Comparison of residual stress at Side1/Linel

Comparison of Residual stress at Side1/Line2
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Fig. 16 Comparison of residual stress at Sidel/Line2
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Table 4 Comparison of residual stresses obtained by
experiments and FEA (unit: MPa)

FEA result
Residual

Experimental result

Residual Residual Residual

Cases
stress stress stress stress

(at Oth cycle)(at 10th cycle)|(at Oth cycle) ((at 10th cycle)
234 108 339.53 240.7
309 49 339.53 24.7
147 111 339.53 329.8

385 101 339.53 198.1
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Table 5 Comparison of reduction ratio of experiment & FEA

Experimental result FEA result
Cases| Reduction Reduction Reduction Reduction
Ratio Amount Ratio Amount
1 -53.85% 126 —29.1% 98.8
2 -84.14% 260 —92.6% 314.8
3 —24.49% 36 —2.94% 9.7
4 -73.77% 284 -41.65% 141.4
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Fig. 17 Redistribution of residual stress at 200MPa

compression loading condition

Case 2 : Comparison of Stress Relaxation Ratio
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Fig. 18 Comparison of stress relaxation ratio at 5mm
from weld toe of Case?
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Fig. 19 Redistribution of residual stress at 90MPa
compression loading condition
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