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On the Deformation Control of Ship’s Thin Plate Block
by Applying the Tensioning Method
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ABSTRACT: It has been well appreciated that reducing weld-induced deformation as low as possible is important during fabrication for a more
efficient production of blocks. The weld-induced deformation is more serious in thin plates than in thick plates because heat affect zone of thin
plates is wider than that of thick plates and in addition internal and external constraints much more influence upon weld-induced deformation
of thin plates. This paper deals with the application of the mechanical tensioning method to butt weld of thin plates to reduce the weld-induced
deformation. In order to investigate the quantitative effect of tensioning wethod upon the reduction of angular deformation and shrinkage in
longitudinal and transverse direction of weld line, butt welding test have been carried out for several thin plate specimens with varying plate
thickness and magnitude of tensile load. From the present experimental study, it has been found that the tensioning method is very effective on
reduction of weld-induced residual stress as well as weld-induced deformation.
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Fig. 1 Arrangement of experiment apparatus

L1

1 Lz T2 T3

400

=
=]

g4
[ L3
X

Fig. 2 Location for deformation measurement

AEE

Azt glo] 1 Pass £4< 31, 6mm A H-L 50°9] fAz-S
Zbe V 7HAdelL 2 Pass 832 3tY Fig. 12 A3l AH8-
" e viHE RoFEnh

2.2 HEHSWY
FRYFS 2H3t7) A Fig 200 B nhsl go] $HA
g SHAY £ WPOE s0mm PAOR AXE 2
T BAE el B T A AR wehasl (¢ B
gozo WS T Aol ASs] AP Vol
ol E5E3 A5EFS $HA DAl Wa) HA
e 929 AYE Mol ARz P AESAT

_Y‘i

2.3 RS HSUY
Aol e AFSHAEHL XRDAUIE AHEh] 25

ok F-&E 54 ARl (8RN 0, 25, 50, 75, 150mm)
Az Ariris B3 AlEe] EHAEE & F STRESSTSCH
AFe] X3000_XRD 7l (Fig. 3)& AH&-std Z27-8¥e 533}
Ak

Table 1 Mechanical properties of specimen and weld material

Yield stress  Tensile strength e
Specimen  SS41 (kgjmmr) (kg/mm?) Ductility(7%)
50 29 90
Weld -y jesos 46 57 28
material .
Table 2 Welding condition
Thickness of specimen(mm) 4 5 6
Current, | (A) 170 240 270
Voltage V(V) 22 24 26
Weld speed o(mm,/min) 210 380 380
Heat input (cal/mm) 256.46 218.27 532.04
Process O O, O,
Tip distance{rmm) 10 10 10
No. of passes 1 1 2
Wire diameter (mm) 12 12 12

Fig. 3 Residual stress measurement



FeEde 489 HA GBus

)I

B d OM Fagt Yo $HZE Fig 40 Bk A1A
Z7HB PGS ASSL £ HANE & A F
dogel Aol AYE o] H=E Y S 7t
3F AAElolA &3S TRt 18-S Fig. 1914 BEE ut
o} o] 8454 & o & 150mm] Tab pieceE £33l n
ZZ Tap piece® TAAZ deloA 9= Tap pieceE #H
B0 ddste A& AFEHo) ‘:"’"3% T IEE 28
Ak B AReMe FAEE ZHS WA A3
stath 94 HS Al Ho|9 FYolAM Z wene] i
28o] 0, 5, 10, 15, 20MPa o JFEHE=Z AFHE 718 4
HollM &3S FHsde §40] &E5d F WA 14
Ztolw, §4o] JAHWA Ten Yzt Fol JZHe] 7158}
o 2 WsE AHE F =S Atk 4As] Wad gl
A ABE Aol w3 21-80A 7)1&d Wl whel Ao
Aot FEFE A5 HFF = F&E3h

2.4 Als{upe gl 2
3,

ok o

%xa 5 9 870 928 § U 3 g 2RPAE
slgale] 7185 ele) Az GE WS Fig 59 2 §
A¥e B £40) AWHWA £H4 Zoherozel 3
ol wpal7] wiol QUAEo] ZHasAEr Wzt Wasw
A Aol geel AYR FEoz s PAe T
R

3.2 Sl MEN oMy

AAHez 71 QY wE 55T AFSF
32 B7)98) Fig. 63 Fig. 7914 RE uke} Zo] 9%
o we HPFEE FASAT A3 F de HP9Jr o
HEEL 94 wid gade vE HFE 93
5 87 UFH| oJF Poisson EFHZ —0-7P5}“
& & Ack FA 4, 59 6mm AlH) ts] 20MPaE X

o

bR o8 €
o ol 1M (B

to by B rl

BARE 2435 W38 E50] 242 636, 4509 51.0% 7+
3ted, AEWo] E5EF Hho) AGS d39E Foe A
gk 4 UATh

U & Ao BE NEEAAZA Fig. 82 F7 5mm
Ql o] A WA WisE HoFe otk Wel HE 4
A g 108 3k Rolth Fig 99 R nie} o] A%
$99) 27l Mt AYE PePozel FPARel WA
3l A S-S € ok

102 4 ATl FHY P22 FYW
EXd F= % Bl A3 Fig 201 B &5 HPgh
12 -4749*} e FAEER] T2 $JAoM Y S E 37]
W8S Fig. 99} Fig. 109 Zr FAEE HAok 3§ HEdzke
FTE Y dsiM= Fig 29 L2 91X 2l AEdlel disiA
T T2 9AAM AS3 wEFe] o €38 Aoz Aas
o olg V|EH o HA3a 1 7|EMORHE] HAE ¢

Measurement
of Tensile Load
to Temperature change

Fig. 4

35000
30000
25000
20000

15000

Tension load(N

106000

5000

45000
40000
35000

.

Z

< 30000

o

225000

=]

&3 20000

5

+— 15000

10000
5000

0

60000
50000
40000

30000

Tension load(N)

20000

10000

Fig 5

)

105

Procedure of the present welding test
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Fig. 6 Longitudinal shrinkage vs tensile stress
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Fig. 7 Transverse shrinkage vs tensile stress
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8000 —e— 0MPa Table 3 Maximum longitudinal bending deformation to tensile
7.000 -~ . —=- 5MPa
L = e ~ —&- 10MPa stress
E o R ~<15MPa|  (a) t = 4mm
5 o v =N —*- 20MPa
z 200 Pl ’;’j?\\%\\i Location
s _//V \.& L1 L2 L3 Average
o 50 100 151D-ransver:éﬂdistanc2&50 300 350 400 Tensile Stress
@ t = 4mm 0 MPa 16.92 11.10 14.19 14.07
. ey 5 MPa 1367 926 1010 1101
s S +?:;::|2 10 MPa 12.36 7.90 723 9.16
= 7 —h— a
e — A - 15MPa 15 MPa 1105 490 6.75 757
2 s A — X 4”.\\\
z S 20 MPa 9.95 440 49 643
. o
0 - S
] 50 100 ISDT’a.nsverzzﬂdistanCEZSD 300 350 400 (b) t = Smm
(b) t=5mm Location
7 —+-0MPa L1 12 L3 Average
§: //\\ ::?::S;a Tensile stress
. NN = 15MPa 0 MPa 1876 1679 2017 1858
2 : /-//W,_‘.\\ N —o— 20MPa
‘ é/m 5 MPa 1546 1401 1724 1557
’ = b B sveres distancs. * = o 10 MPa 7.77 10.01 1241 10.06
© +=6mm 15 MPa 11.69 832 8.78 9.60
Fig. 9 Distribution of deflection in transverse direction 20 MPa 572 583 4.79 545
(along T2 in Fig. 2)
1 —o— OMPa
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g 5 —4 10MPa -
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E . //’;ﬁ:t_. == — -_\\‘;‘\2:"'“ L1 L2 L3 Average
2 —3 Tensile stress
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0 50 100 150 200 250 BDﬁonZ‘lgE;:IUd;DaE: dl::nczﬂﬂ 550 600 B50 700 750 800 0 M1)a 1513 15.37 13.52 14'67
(@) ¢t = 4mm 5 MPa 72 7.03 834 752
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1 =t _s 5MPa 10 MPa 4.75 4.03 425 434
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e e 20 MPa 287 300 213 270
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Fig. 10 Distribution of deflection in longitudinal direction
(along L2 in Fig. 2)

Fig. 11 Final shrinkage stress
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