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A Study on the Transverse Shrinkage in
the Butt Joint Welding of Plate

Woo-Soo Lee

Abstract.

The mechanism of transverse shrinkage for the butt joint
welding of plates is investigated in this paper. It was certi-
fied that the compressive plastic strain due to thermal expan-
sion of materials during heating play an important role on the
transverse shrinkage. It was also pointed out that the trans-
verse shrinkage has to be treated with the samples which shapes
are as close to real shapes of welded materials as possible.
Because the distribution of temperature and relative rigidity
of materials during welding have great influence on the trans-
verse shrinkage.

The formulas for the calculation of transverse shrinkage
were presented and the experiments were carried out in order to
verify the formulas.

The main results are as follows;

1. Because the transverse shrinkage is effected by the dis-

tribution of temperature, thermal stress and thermal str-
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ain during welding, the transverse shrinkage has to be tre-
ated with the samples which shapes are as close  to real

shapes of welded materials as possible.

For the welding of bead-on-plate, the transverse shrinkage
in the beginning parts of welding is the smallest, the end
parts is next and the transverse shrinkage of mid section

is the largest.

In bead-on~plate welding, the equations presented in this
paper concerning transverse shrinkage coincide fairly well

with the experimental values generally.

Transverse shrinkage increases generally as specific heat

input per unit thickness increases.

The theory of transverse shrinkage for welding of bead-on-
" plate @n be applicable to butt joint welding but interval

of tack welding'has to be more studied in this case.
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Nomenclature

Thermal diffusivity (cmz/sec)

Width of samples (mm)

Specific heat input per unit thickness {cal/cm/cm)
Specific heat {(cal/g/ C°)

Modulus of elasticity (kg/mmz)

Measured error by angular displacement (mm)
Welding current (A)

Degree of constraint

Intensity of heat source (cal/sec)

Measured error of transverse shrinkage (mm)
Transverse shrinkage under the constraint condition
(mm)

True values of transverse shrinkage (mm)
Transverse shrinkage under the free condition (mm)
Room temperature (°C)

Temperature at point (x,y) (T)

Welding voltage (V)

Welding speed (cm/sec)

Moving coordinates

Coefficient of thermal expansion (1/ )
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Coefficient of heat transfer (cai/cmz/sec/ T)
Thickness of samples (mm)

Angular displécement (degree)

Thermal efficiency

Thermal conductivity (cal/cm/ C /sec)

Specific weight (g/cm3)

Elastic limit of materials (kg/mm2)

Bessel function of the.second kind of order zero



phel el o) & mHEEe) Rl AT MR 279

1. F i

wgEol WmHMO wATFRoZH Txmeo dd HASD wHFH
s o3 pe Z HMBEE F9 vz s ol ko, AE
ol mEpHEd A B OF e wkgh zel, wE AANEES R
st wmale m@mmsel sl 2 skl B4Aswm, o= K 3t
o W7 BEEESFTS BH B BEEH HRE HAT W BESY
< mEAI MEYd Hged EES iAo

mEapd s GEs HmY KEd A2k, SR (=8RG
o el HEME, ®AED BEEHOE W EE, DERY, el
W 2 TEsE %ol god o Feld Mgl Mt T ¥

o u A tEmE (Welding Quality) & wESE EEF EHO| 5 3
ojch. A ZAAS IR UsEel I HEINEFL, —XRT BHE &
e W RS E®RMoE® kstm Fig. 13 L Slit-
Type, H-Type, Ring- Type % 6 - Type %9 #Khiol dstd 72K
@ol W ASE HwEY BES WNGT HREST TaSA JH2KE
B mEmeel MEDS kd #R ded e K& dAd.

St ! 1

= eeemes ses vow eae e nan nue 1
Stf 1 + 0.086KY (D




980 MEREAR KBE BLE BN

9714 St'e #HERREAAY AZkEolm StfE HHEZE R

Bl A9 Jl2d#Eeld Ko #HEEol

2dd VtRKES BRI REHI] B|ERLS HEEHYI B

%' la) One Dimensional
Z ' T] Specimen K=0
/ 1
7, !
7 —e}-e— Shrikage St
(b} Slit- Type Specimen
Welded Joint
K:-—zi—
I.._ L __l Tl
_"_l+ {c) H-Type Constrained
o] |[4—Welded
~ Join K E
LJ S em——
== )
1 2Ls

{d) Circular-Ring Type

Nl

e Eo 1 (o b B-dy
[ S X
le) ©-Type

\Jomied

Fig. 1. Specimen Type



el bl oS rBEsEe] 7hE el 3 T 281

1

wohn wme wn, oy pEe GRS 29 B LHER

gl Wl wep FepRlde A Fae #EEelth aullE
wmmpol 99 RAY e e otz dod R MR EE
W ol st  webd & HRAAT EHAA HA wel 2
of - el wulz ol Egd sl ThRMES BB M

sty o BEaEmmel iR

nfo

gopstaab, A Pl viel = =
Eglol B gol RS BRWOE FEST HES # 77 SH L 51

oz ggoz y@EsStAch HRS Tl AueiAn del= 2 FelelE
2 mmotw, ®EmA&S tEFE AHes A 2 EF 7h 2 A

oz Apoeh m# FE wlels E

e

ol E WS FR Mol #
s magol FEe 9wyl olg el mAY T AE7HE  WELS
7 glshe] ool IEA KHRE KHEI FHR EES wmEe 7ol f&
wale T BEY WHE FHd vel= & FHCIE ol HHS

gz @B 7 dF FE 38 3H A o

o



282 LR R PN e L

2. FIRY IS % EESK

ol og WEL BREMSZ BBMEE aAT (o4 axs B

BiRG#olr ATE EESCEoC. )2 Xy B4ZZ Sz

O}t

& EFsw Bgdl A% BESAS Jolop s
B w7 o g fEgd & BWESAA FHAE 249 (Ro-
senthal) &} Kol HFH3t, —wd HEZ BEY o, HES F
Moz M3tz MEY EFHEE X.ﬁhii Feon #MEFEE AUz #
Wl #FHAY BEF ERE yEoz s= aﬁmgmiw # 04
Bol A FRAL A $d EHMBASERL 9 e RER
}bowe zAwe geldh sy o RANE FHY  FE A
RAESE MM Bl ¢ mERe &Rz Y. wEEH)
CEAEH FAYA Heol BEIE MmEo]l B WE BEAIAY M
mEe ®RY F Ae Aok  Pzd V(Rykaline) &  HEF K
e %S BB TR MEANA BAsE BHES BHd 3 M
WEol Hetol EMA L Ml Hd EEY 4+ e mEF &
i, REANAY HEERST TFE (Newton) o] #MESEHEH B (cal/
ad/sec/T) 24 HMWstod 2L RT B og XL AN

o.



Bl il ol kB ez irgsol Hat B 283

2a ¥

T (x,y)= e Ko(HT) + Ty wooveeeeen (2]

27WAd
o 7] A Q: # sk (cal /sec)
Ao B EEEE  (cal /em/C /sec)
o el FA (em)
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