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Abstract

Analytic solutions of heat conduction during welding which were first found by Rosenthal have
some restrictions. One of these is that models to which analytic solutions can be applied must have
simple geometric shape, and another is that quasi-stationary state must be created.

On the other hand, computational methods developed recently with the aid of the computer can
overcome these shortcomings, but the methods raise problems from economic point of view when
they are applied to 3 dimensional problems.

Taking account of these problems, a new method combining the analytic method with the
computational one is proposed. This method can be used in weldments with complicated geometric

shape in non-stationary state, but with the aid of the analytic method can reduce the computing
time.

A 2 232 A4, a8 Rosenthale s =
A4 A (quasi-stationary state) & 7}H & ol
&3 T 945 dAL Rosenthalol s 2 2, d& mdx oy s5etd Pao e #

+ 89 AR AS| 2A & VEoH P
* 434, 2elo} hack 2439(F), AeAT
474l
*x A4, HeAetn Fooe



54
off I§=lx ok, wjA 4 Ael (non-stationary
state) o] dAE dAL F3 4 (superposition) ol
s HAE 4 YAk, o] WL Ak 7|
o gated 7 -oliut 7—41% 7}% 1

e A4 = -’?—217* el 9
g dAE Ao} dAE LE}L‘?Jr 71583 Abg o
TFollge] glo] A& 7h5sict, e 334 7
stabd A =S A Yoz dAx H4
e A2 2L ¢y s Fole A4 Aoz
&l AA Al glolH TAE xelsiA dcol,

A 44 A+ dFE o] E3stod
32902 ZrFsolo} dxuf, &4 =AY wie
2 dwol YHshn $4 Ad W 29 2
7}7h & Aol vld 4 ade SAL A
2 ok oy EAL HAF o|&3ld, HHH
g o] AE —:l" 5}"4/‘4 A% uide AAE
9% 4 Sle A uhygg Ak

L

ol

)

2. 712 7+

43 Fo dAx 148 %3 Rosenthal el
£ ohge A =20 Ut
- dA5e] BASE A

A gt
- %3¢ (heat source)-& H49
source) ©] o},
-3l Ae dAEE FAg,
< E2AA At s
<A AL 2 A7) s fe T
oal C;;“ 2 7L‘—\-;]_
Rosenthal =12} #|%
ol & ohgeo] AG =
AR A5 25
-dAE 4 daal
o gut o =277t T3
AdAx A4 2x oE4
.uolzalzs]% ]

9E Fohe 9 e =9 Aadel

49 2= 424E ¥

(point heat

-3
|

ARt *‘*ﬂ a3 A 2 olzHe A2 54
A3 Ax, 944 AY B3] 24 5 BF
Aol 100 A= AAY sl FAE wk s

A5 ARF

o}, webx] g Ay woer Al FIHEc
= A 24 34 £33 AgN A TAAH
=] .

3. a4 Wy
dAE A4y L= YEAL FASY dAE
YAA L e ol ek
2T _, 0 o*T  o*T
‘5;‘—]?( ay2+ 322) (1)
A, T=2%

t=A| 7}
k=< 34§ (thermal diffusivity)
Fuio e AA 24 oS3} 3o,

Friaared (2)

ol 7]14, A=9A=-& (thermal conductivity)
o =< A =& (heat transfer coefficient)
ng oo WA wakg vehdict,
xEE dYe AY Wgoz Iz, wy YA
o] ¥dstchd, dME ohg3 Aol AHE 4 3
o},

T=ggre® f .20 3)
@Ae (DA Asta
o= k(—'£+—£ @)
B)AS (2) A Hestu
o .5 (5)

2 "ok & QAH ZE sY ez ¥
1, @AL @), BG)H2z 5o 324 FAL
221813 Hreh, (4), G)AE 239 3] APz
9 3)A) el =gl sl 3A] A7 £
+ Aolth, ()AL #3 2E- (finite difference
method) &2 A A|dglo] E{xng ZAHfAo
2, 944 aga x4 ude] 2¢ow (14
o] #7l dofxle AHeoldt, 338l x| HYWE o
Alg 2318 #idolmz 9™ AEst T3 wEd
o A AE A7kl dAVA wE" 4 9ld,

Journal of KWS, Vol. 8 No. 2, Jun., 1990



dA=E N4E A% & 4

% Aol o4 =AE Fig.13 2z, (4)
48 A3 Ay=429 W 43} Po| Hopo,

kAL

f::: ( ) (‘fm+1 n ::—l,n +f:;,n+1+fr:.n—1)
ra-E 2 ©®)

A714 Av FEE dEbln, pe A A
€, pt1& At A 39 g dAE XA,

Fig. 29} & ZAAIA e HAste g5 2
o},

fp+1 kAt

mn (A )2(fmxn fm +fp

mn—1

)

n-1

ra-.aan, e (7)

(34 o] AR e 2 B4, £71

< 4} (instantaneous point source)el & 7 3l v
ol F Aol M= FHol osf sr} dejA
T Stk Fd Ay AE 4 dYe 20 =24
L2 F 4 dormE, oY A7 o qo HAY

g

mnst

e T

%4

m-1,n

——— = - —

29

Fig. 1 Interia node

74

(a) Butt joint

(bl

(b) Fillet jont

55

m,n+l

m,n-1

Fig. 2 Boundary node

o] vo] £5 7 xWgko 2 o5 uf, g9 2
e 2EH tx Fo 25 FEE g Aoz T
f A 4 gl

T

ZJ; e " f(y,z,p)dp (8)

£ e $4%9 B 4ol $xaries
Aol Woz dyshd A48 4w, w4
Aelol 44 hach =4 Ewelqe) Yags
Y 4 UL, FHAEE AE Aol ggye
$% 25% 27 270z F3 v o o
g 4e] Aol ohirizhe H4% 4 Yok #H&
4 e oz mgol 9o £EY 34 o

gebd & gleh S8 ¥

()
(c) Butt joint in pipe

Fig. 3 Models to which this method can be applied
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Fig. 5 Calculation model and results
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