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Analysis of Weldment by Using Finite Element Method(2)
- Example Program for Heat Flow Analysis -

Young-Soo Yang and Jae-Woong Kim
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Fig. 1 Solution domain of 3-dimensional analysis
in bead-on-plate GTA welding

Fig. 2 Mesh generation of solution domain to
understand of example program
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file : node.inp
1, 0, 0, O
2, 0, 0, 20
3, 0, 0, 40
4, 0, 0, 60
B, 0, 5 0
6, 0, 5, 20
7, 0, 5, 40
8, 0, 5, 60
9, 20, 0, O
10, 20, 0, 20
11, 20, 0, 40
12, 20, 0, 60
13, 20, 5, 0
14, 20, 5, 20
15, 20, 5, 40
16, 20, 5, 60
17, 40, 0, O
18, 40, 0, 20
19, 40, 0, 40
20, 40, 0, 60



2 $9F-AA g
21, 40, 5, 0 *CONDUCTIVITY
22, 40, 5, 20 51.9E-03, 0
23, 40, 5, 40 51.0E-03, 100
24, 40 5, 60 48.5E-03, 200
42 .6E-03, 400
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file : ele.inp

1, 1 9, 13, 5, 2, 10, 14, o6
2, 2, 10, 14, 6, 3, 11, 15, 7
3, 3, 11, 15, 7, 4, 12, 16, 8
4, 9, 17, 21, 13, 10, 18, 22, 14
5, 10, 18, 22, 14, 11, 19, 23, 15
6, 11, 19, 23, 15, 12, 20, 24, 16
Arks 93 238 3AE tem.inpel™ FFAufol] *
FAE Wz S sl Aoy e Fo 24
o dlolH S et} ** FAl= o] glon W
3 A9 o]t}
file : tem..inp
*HEADING

3-dimensional Temperature Distribution in GTAW
xgg Yy

*NODE, NSET=NALL, INPUT=node.inp

** node.inp FHgelA AHAE olg.

*RE QA4S NALLE 393

*ELEMENT, TYPE=DC3DS8, INPUT=ele.inp, ELSET=ELALL
** ele.inp FgolA SAEHUT ¢lof,
 DC3D8L 6WA 884 4G sl an
*ELSET,ELSET=LEFT

4, 5, 6

IR RE nelsh] st dEH 2AaWs
*ELSET,ELSET=FRONT

1, 4

IR RE nelsh] fste] dEH 2 AaWs
*ELSET,ELSET=BACK

3, 6

Y712 dRE 1Es] fste] AEH 24
*ELSET,ELSET=TOP, GENERATE

1, 6, 1

IR RE nelsh] fste] AEH 2AaWS
** GENERATE : 1%¥ 6714 18 37}
*ELSET,ELSET=BOTTOM, GENERATE

1, 6, 1

IR RE nelsh] Aste] oliEH 24aws A%
*SOLID SECTION, ELSET=ELALL, MATERIAL=Mildsteel
* RE 949 A8S Mildsteel 2 32

*MATERIAL,NAME =Mildsteel

*DENSITY

7.860E-6

*% O
=21

e
o,

e
o,

e
o,

e
o,

258

29.7E-03, 1200

29.7E-03, 3000

e we dAg A

*SPECIFIC HEAT

480.0, 0

506.5, 125

531.6, 225

573.4, 325

623.7, 425

703.2, 525

786.9, 625

845.5, 675

1431.6, 725

950.2, 775

736.7, 825

648.8, 875

657.2, 1125

686.5, 3000

ek mE Hg

*LATENT HEAT

273790, 1452, 1550

R =L = L S B

*INITIAL CONDITION, TYPE=TEMPERATURE
NALL, 20.0

™ REQA(NALL) G 2712% 20°CHA
*RESTART, WRITE, FREQUENCY=1
*STEP, INC=100

*HEAT TRANSFER, DELTMX=50

0.1, 12.0

** 27 AR 0122 1220FE3R) 74 a4
** A AlZHbefore step) AlAFAZIe} Hl&X2lo]7} 500]38k
*HEE AT S HsAR

*DFLUX

TOP, S2NU

= TOPLe® AolH 9 2Wo| heat flux 4
** defo] A7]= user subroutinedl|A g
*FILM

BOTTOM, FINU

TOP, F2NU

FRONT, F3NU

LEFT, FANU

BACK, F5NU

* BOTTOMO.Z Aold 94 1Hel| dFaAzA
* FIAE ASE user subroutineclA et
= TOPLE Fold ok 2wd hFAAzA

** FRONTZ Aeold 24 3w tif4A x4
** LEFTE A9 84 49d| UF44 %2
 BACKC.Z Aol 94 5Hel| tFaAzA
*END STEP

= 719 (0-12%) ALt &

*
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*STEP, INC=100

*HEAT TRANSFER, DELTMX=50
0.1, 3000.0

** 122004 30002 (¥7 ) Ak
*FILM

BOTTOM, FINU

TOP, F2NU

FRONT, F3NU

LEFT, FANU

BACK, F5NU

o RAAE

*END STEP

3777 (12-3000%) ALt &2

A FEFA(X=0) Heldes FE tiFgelr] dE
o gdxolw, ZrIagdN e A= glo] e
lo

i}

Gf<(heat flux) FEfS] oG U BEE 9
v 2xo] wWE dFEALD ALY HYE 4
USER SUBROUTINE 21288 XEZ dojE A
43 tem.for IL¥} 2}
file : tem.for

SUBROUTINE DFLUX(FLUX,SOL, KSTEP, KINC,
& TIME1,NOEL,NPT,COORDS,JLTYP, TEMP,
& PRESS, SNAME )

INCLUDE 'ABA PARAM.INC’

CHARACTER*80 CMNAME

DIMENSION FLUX(2), TIME1(2), COORDS(3)
CURRENT=200.

m
(o

2
il
>

POWER=EFF*VOLTAGE*CURRENT
RBAR=5.0
ofZ FENHE (ol 2EY HFEEE S3)
VEL=5.0
&=
X=COORDS(1)

c AXE L Qe 84 AEH XE HE #%
HC=VEL*TIME1(2)
Z=COORDS(3)-HC

c AxtEa Qe 84 ARH 7% A A
DIS=SQRT(X**2+Z**2)

o

o

c ofaFAAA 22 AEH7A Az
FL1=3.0"POWER"EXP(-3.0"(DIS/RBAR)**2)
FL2=3.14"(RBAR""2)

FLUX(1) =FL1/FL2

¢ 7 ARte] olagl A FHow oadde FFEE &
RETURN
END

SUBROUTINE FILM(H,SINK, TEMP,KSTEP.KINC,
& TIME1 ,NOEL,NPT,COORDS,JLTYP, FIELD NFIELD,
& SNAME, NODE,AREA)
INCLUDE 'ABA_PARAM.INC’
DIMENSION  H(2),TIME1(2), COORDS(3)
CHARACTER*80 CMNAME
H(1)=(TEMP+273.1)**1.62)*21.69E-10
¢ 2= (TEMP) ®iglel] ©h2 difgdd2 A5
SINK=20.
c W7leE
RETURN
END

= 2Ol olgste] AA| ALkt &
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TEYo|th @40 RIS U
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Fig. 3 Temperature distribution in solution domain
(time=12 sec)
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