KO BB W B
$6% A1, 19884 38
Journal of the Korean
Welding Society

Vol. 6, No.1, Mar., 1988

11

RS BN BRAeSE BRHEM 235

W At ¥ AR 8 Al

Kithipe] Bl A e weld metalst FES base
metalsfolo] jn#at A cycled] £EEE F T
H—a D) e = Wele #Bel Baxh
ol 2l WS MY MELKTV SEAAY HE

oz g HMlE, BEg o 2sE Fole
#el T WEE AHsla geh webs RS &
pibsl Jitke) WHel EaRkslel Ax sled,
Mo == MBS kel =t B B
el R, e dN EAE g -
Ryo 2 #URE & Hike] FESHA @ slvh

B Bl SifRel oA EUIRE BB Bk A
Ee Bl S $4 BBel Bidste X

HE st 2ol o9 HEsly, oS Hi
b BpTel v BBRE de ﬁ%ﬁ%iﬁﬂﬂ HEAWe =
gl ol ok gol. BB =0l E Blls 2=
et B HE wEA RIEAA BEE ol
REE HRYE + 7] Foleh. el BEEE
el A B BES BN =27 #E 5 K
HigA el MEEEE 2ol sh - R el B
#i{E= modele] ) HERAYQl RS HERHEDS M
fEsted MRS BEIE 2 Roloh whebd K
el BfEmsel & BiEE B MW HUg BB
o] HWEEme A delal %&&%Cﬂ 315} datan}e]
o BB BE" BB a0 E BEE & 4A sl

®= BEE A5 de HESES BFE £

HHETTH A EdTE

ek EF BB =019 HE B B sequenced
BE, mEEU ERD U RE % BRT
& gle] WAle] MEMOE BHE BHIEY 4 QA
o, = BEGHAMES ERs #Es oy
BELEFE gd 4 9o

2HAE Figstn AF7AA SUeEE, HHEY
& BfEstE dede € 28] Hx Fioe AE
R#sAAE, 2 B TR 92 #FER
O T KERSmY BES B gl AFelh
Z s} HEYG EEEDY BpEE 2 datay F
Roz ubvlqrol ELIE RS =r1e HEWES
BfEs =T QoA SBRBES @EMe T FLE
¢ BBE B sn b olB e HelA Mg
2] el g MW 2 detad] HEel, MR
modelo] ¢]gt el ol o], L A fo] W o
AR RAeohd TGS fEshsd gelA A
2t ©-3o] = FHolr}

webd ARl e gyl oo Wiy, MR
¥, el 3 bowingl HEEERy Faes)E MAAYS] B
BEHE BWstn, T WEE o) Ee] vehtE w9t
A EEEmA A BB =27 3R e Wk
S FEEMS = TS TR BT
& w0 s 4 B wel wiTstel HWHHY
o] VERE BAIE B s BEge 2 AA
o ol o} AT MW Ml =-go] =ud #
o o7 A EE KeEsRel v MEATA-S WIS
Wikt #id ¢ Ax o= o EmEs BNR



12

4] el WAEZ zlolH.

Biel Biibske BUEE K] Easor @ Mo
], = R AE B e 4 S
gzt deiskA] Fiior FEE & g0 A K
Mol e HE e BIkKS #Rslr] 2o BE
2719k B 3 HAEEE) dstd 2ot HET T
Agilstgleh. ol o8} 2 HWEA 2eh vkl o
ol Fomx i Bl BRIEE] vt B
s BfTE AL, = BEHILE 98 oS gEad

Jitkel Wael #rd 4+ goelzta vy s el

2. 81 Ex BB

2.1. 2tti7) o| 22 72 HE(Transverse
shrinkage in butt joint)

Fig. 1.2 ZEffd] FEEQ Bime =, butt joint
Rl Vet REWS JE Mfge] o1nld BAE
2 zelz e g #Hife v sME Be Fao
leb. BEE sl7] Adl Bl Jelhd EEEe A
o Aela fEsta e ol HEERY BT
Abs] Bb A OB BRG] #e] BHE s
HAria). olz Weal Hie m#Esld BES 34
3, weld metal®] dgfgo] Fk=A =3 A &
B BEL o= REJE Zcoh(b). Weld metalo] o
ol A4S RS MElelA =l A4S} Alfge]l &
Aol7]l tafEdeh. ook W& whio] MEEEERSl T
B3] Bgiol =33 o] ¥ wHlel BAR
o} & WeZI& fezhar sbat. A|zb 7t £ 2k =2
=l BEE TEER =275 ZHA] Se olwE
EHETE HEES wdle] MAEE m, FHsE L+3Y =

T
I i @ t=0
/2 ‘e L2 !
Su/?l
(A K] (b t=ts
: 4&—&//211
I ! 1
i .[[
‘gEA A'HJ (€) t>ts
52 —’ﬁ'—'” (L 455 +5i)/2
i '%:
[ Tla é AHJ d) t=w

Fig. 1. Schematic presentation of a transverse
shrinkage of a butt joint

7l - AEA - 2 FA

7l 4] weld metal=}a] o] 4S5 A L] £Zo ¢
- HEF(8)o] #AESHA D). REKL T =]
BEESD =27 67 gloja ) Ast Age 5, na =
o] ZA =1, m weld metale] 8,7k MfslA =
o, Su+8mbEY F5o] wtg A (). ol
A ZoE 80 =Zre 10% olulql Aoz oA
Siek b

2.2. a7 olge A (Angular distortion

in butt joint)

Angular distortion& Fig. 22} 7ol Fu]x groove
o BB A4 A& & ek WY T
=%, b)), ol et e WL HiRpal MER S &
S AfRd o8] wrAst=d], beadifFoll 4] = melting
point7t=] 227k LRSS Ha ofelwle ) &Y
A el 2oz gle FelAde zxsk FA 2
ex MR Y] W Eoloh. w29 weld metal
ol mee] HAZO A HEF A 0(zerodsl
Aol m 2 A kHe ol % el FHY W
el o8 vl BEBEE A Hd, dARdd =
weld metalzl HAZ7} o]
Vel 28 FAews i
W Gl neh $AYE -

s

E(ze $R%A AA%

(a)

(b)
Fig. 2. Mechanism of an angular distortion in a

butt joint
o2 o] & 2¥ (a), (b), (c)¢} -2 spring system
22 AYdT 5 gloh A fkES 24 ge ze
WE B Az By, F9¢ metald FYL 2=
spring2 2 Wz, Exd Ag %7 REEY el springd
o] S melting temp. 7}=] m#EASL L. olw] Ex)
A7} 7t o) o ek #MPEIE strain(E*)-2 7}%] 3 spring
< BEAANA =, Adl= w4 BiEES(E)) A
1Al Reb 227k #Him=l Al =o] 700~800°Co] 442
ol o] 2A W £4 A9 strengthz A9 gl

At

K

Journal of KWS, Vol.6, No.1, Mear., 1988



HEREDY MR REE s BRI 2o

A A1 o o4y ddFe EaA A9 KARE
(8’) 2= } oA BEY Sxd oEgd 4
E4 A9 MEEB(E)E &= +&+8&2 At
o] 1 Tit@ﬁﬁ EA Aol A spring?] #KHie]l €
2A A9 goleh o] uhake o ek,
] &= spring®] HFH el gk &9 bl 2

l‘hﬂr\i

QA Asas) e wgEE BpERT A
o AYEe] ure] AAsd WAETY 28

PO L IS O g /R
i,
32

HAge Ev=8"+& +8 8 A Rel Aed
700~800°C o]}l 4] Zrx= 7} EE=] M strain
&'k s %3t qA BEHE + JA
el 2" A 1'01 wWHEoez §7Ad oA &2 4
" ErE Fo Be] Eelnr A
Aolel Wzt FA 2k SUE AR
FlE A (& Dol EAlekA sk & platedt
sle] L E4Mst ¢l butt joint -SR] mAE

rga agugd Gg $AY F99 4

spring¥

8;’=ﬁ” +< ge’ +&

1o
=
2. 2
o
31,

w
5
g
5
)
[id
2
e
il
o,
©

TG sh fabshd 7
olel® bowing2 7 o]ulgk
plate }T¢ &

ST 5 AR FEAD LA bl

.. Bowing2-

Bead F£]¢] base metal® E-gAd77 %7 &

A AEE A QA b TH B
29 0.3_79_%}1 2SR A12bs] 3, 700~800°C
slskal A AR Aol 4 WIS A7 A et

i 7o)

Fig. 3. Typical bowing produced by bead on plate
welding

KigpsERersE, 6%, 18R 19884 34

13

A 29 AL B 4L
to] =l X, Y, Z 0
e

371 Ak W

) = w

QL)

Sk
o 2
g% REHSS FF54el REHE 7

‘o] =)

ol gaf FEde] BaA Ak o $HG
FiEh Aol weldiol  frishAl sle] of qo] &at
EAES FE olFE TUAYel BAsE A
o] o},

Weld metals} 2aje] —@oe] 4 o KEK
A 9] stiffnesss] 2]3) —‘[L »]1 ’E{ﬁ){éﬂ A7
WA AR T FFF] FhsA Dok
= —fel bowing Qelet= we], Faloh e b
2 mAle #e] sinkE 2FEslx] o EEEH] 2

] mAl Al B =5 o] weld metale] &
o] gkobAx, weld metalo] vl A} & —fE7] Yois
WS e ga IR ol B9 Fo] mAA

o

AY 5L A wlekd £3 RBTHR dY e

weld metaloe] x5} Hie] convexdt bowing &
F v 4= g

ol ¥k el d ¢ £ = = platefmfiel =
& Ao iy} critical length o] Arel 7 $o] JiHE
Aol vl &8 e} 28 bucklingzhe] A
o] =i $- HEEaH, ol Wi HA Helet 1 2

of o magstet. Y
3. BEEmel AR =4

3.1. Box Beam?| {fiy 8HHE

Fig. 4=

dimensiong-

AL Y] boomel] 2F-2-5] 3= box beamé]
Gebda gtk o] FAEL 429
fillet -2x1 0 2 A &t= vl ¢4 corner{fifize]
B A H2(1,1,2,200] Eaeln, &%
process®, 210A, 24V, 8lcm/ming] 3—_73_3_»
Al =k

28 o] FxEL At A twisting2 1000mm

%% 0.868mm3=, bowing2 1000mm7 1.735mm3zE,
® _4®
o

©

H

e
3.2 3.2 3
[©) = —

184 @ © 6248

Fig. 4. Schematic drawing of box beam



14

angular distortion® 1% BN W] O severesd}#] =
B gt oleiet aF2AL BEnA, & WFL
35]/‘31}-6]—11]‘ HEhEs 4 ]%} FHRel 2117—.‘011
2 D] 2’
*a‘ 18} “NPE} Kﬁ’a%° =3
&A] -8 2'E T B st whak
9 277 wvlako]l Q1& ¢ 9lvh 4T FAld &
el ®fg kel g4 Fesk g
= AEsA ae dlof
oh RS RE BERAQ. 1.2, 2 208 B4
o &Ase A2 HEW f’éﬁﬂi Az 7] o F
o =g WiHe] Ao WA & Aow o4y
°i 2o}, WSR-S 1,179 2,29 248 HREo =
dAlshe A 24 twistinge =7 Y45 gL
Zlolv} bowing-& Aol 7A$xch ik =A B4
T olom dAasEth drAe BER SdEE
Wy mrlE 27kx Sl wlsled  BAge 24
alternative® fiftsloxt stgdch. 28d = F71]
W2 271 & ol Fsl aylE, ZuR models]
BTV RN A3 e, 3l #ilRo = o
B gl& W olef o] AR FAFe 7B fel gled
A \EE ﬁliﬂ O RS T s ST I & =
o] ohjrl, Box beam®] 7% angular distortion
ot twisting$ welsh= Wd Y A5E AY TH
Begte ivk o] FxEY Hulv, AF nH=EE B
BENUFE As) & ol o) 5ol =77k =0 B =
A uE ez flEY 4 e Holeh. fUEE:
bowing-& analytic solution®- ¢]-23}

90
It
1
B
B

o] ol7] ']ﬂ W] A A w8+ glE Hel
o oA 2744 Hkel ue RES shuz
st ek
Bowing-g o 23} analytic solutionel] A] &3] i}
%
C=~0.335x ax qiin X (Z~Z1)/cV] m
OID%’

TEo] —@waleh: 4] max. deflection2

fhax::c'l}/g (2)
o] ®rf.
714, € : Curvature
L : Weld length
Z—Z,: Distance from the center of gravity

of the cross section to that of the

sum of the thermal deformations.

: Moment of inertia
. Specific heat
: Density

QR =R O~

: Thermal expansion coeff. o] t}.

Box beam®] #|zr:)ell wF =] bowingd =7 B
el 4 o A7 analytic solution®g o] &) A] o) &3l
AR, LUV, 2,92 4858 T4l 3% A4,
max. deflectiono] o}z JFFo =z 0.256mmr} =

Aoz WA=, Hrhez L1UVEEaE =4
|5 A9 AL ot wrsFo g 5.153mm o]
2, 2,279 A K N A4 94 uge
Z 4.806mmul-E WHe] FhEE Aoz Jd3EgdH.
g7/ 1,178 2,25 Wywes A5 ASE

Ve SAlel A "ol miXY EAle] i o
HE o3 HERT 5 o1 W Eel FAld $4E
she sl W3 msst F Aelnh. 2V £
A el el #Igel 2A wAske
A st wyge] aA e LUE Vg £
HaA == Wy 37 E FY 4 drke A
fEee: 4 gl=h D

g3, o] TFEY L2 #HEK bowingd =77}
1000mm=} 1.735mmo] » 2 -2-2wid fEel] 4] B
27kx]) $iRE 82 sequencel= 33 FHHel b
oho FIEE ek el o] dl &R we fElw
FHA HERA 2 Kol AHG A Se] o
T 9z viuk 2% HHzA ol&w 4 & FolH,
FRE S B H AR ksl o e
#al ol o #ErE Sl A sk

=Y

off
o

3.2. Damper Blade Welding

Fig. 54 A R.el #ilYy-e damper bladez Ay fillet
4oz A=z FHE BEY =27 bowingd
geiA smm=z HE= 2 et o TRER HBEH
fairing%-9] FEER] 7153 A7 o, A=k
procedure | #E#EH flame2 & 4= 9= A7 9
o HiHzihel WH-S Al WAL LEA A
ol % st TFxE Bl FiEiel A 8-processe]

‘\

_T

45)

+.
Bl _L

2000

Fig. 5. Schematic drawing of damper blade
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