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Summary

Plate bending by line-heating can be considered as a process in which plates are bent to the three
dimensional form by the plastic strain caused during the gas heating and the water cooling. Therefor,
the plan making for this process can be separated into two parts. The first part is to decide what type
and how much plastic strain should be given in which part of the plate. The second part is to find what
is the proper heating and cooling condition to get the desired plastic strain.

The authors investigated the relation between the final form of the plate and the plastic strain or the
inherent strain to be given for the plate bending. For this purpose, the Finite Element Method is
employed. Based on the knowledge obtained through the analysis, a method to determine the part of

the plate to be heated and the magnitude of the required inherent strain is proposed.
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(a2) cylinder and heating lines (b} unfolded cylinder with cuts

Fig.1 Forming of cylinder.

heating line

(a) spherical shell and heating lines (b) unfolded spherical shell with cuts

Fig.2 Forming of shallow spherical shell.
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Fig.3 Press forming of spherical shell.
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Fig.5 Deformation of plate due to plastic strain.

~ 1.0
~

~N

=

8 0.8F
[}

-

Q,

2

E O.Br
Q

Yy

[4]

o

8 0.4f
e

=

o

hal

Q
So0.2}
Q

>

-~

)

3

Q 0.0 1 1 i 1
& 0 40 80 120 160

Height of perfect spherical shape h, (mm)

Fig.6 Deformation of plate due to elastic strain.
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Fig. 7 Relative contributions of plastic and elastic
strains for forming sphere.
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Fig.8 Deformation of plate due to inplane strain.
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Fig.9 Deformation of plate due to bending strain.
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Fig.10 Relative contributions of inplane and bending
strains for forming sphere.

ORI £ 2, Zhi, 1Bt B L UHEO#RE
xR /N EVE, P MIBLTHERNV FADR TR
FRWITOTAHEHEL TKEWILR2E]RT 2, 2D
Lid, BENEHTMIETIBO—->0EHE LT,
/Rt BI/NSVEBTRET VT AR, £, /Rt BBKE
WEECREANV T A2 ERNCERITREThI L%
RELTWwb,

4. EBAERDER

HE T}, 7V ARE 2B, BA B L CEAESE VT 4
YENTINI, 2 SWRATSY VI Ny 28D T—igE
BER{Tolkd, ZOETIRNRELRMBEL, ey
B, HH, TE5EITREEEEHORESERET DD
FEEmatT %,

4.1 BRAMBLE L HFMORTE

EEER: L THNEED A 2ER L BECODVTR
SATERRMGD S IBMTE S L ST REFABERE
T2ZEBTED, LL, —iciR, EAB X UHTE
BHUOFAOTA 2RFICIE CCEESE VST 2 BEHH
D, ¥, O—NVIIIR AV AMI X 2 —RETFINI%
21 EM O IR IMTE~OXEHEEEZL S &, B
HHRHECE D FRCEBASH S, —F, WITINT
PESICEECEE T LW ACBLWTRERERER
BhTBY, B0 EWSEoMEEmLebn 2> THE
HWiERED—D R >TW53, 22T, ZOWETIE, FEM
W& BEM KTz bAEIICETS &, BRIMBOMES L U
BEEERGER2RET 5 HFEOAREEERET L Iz,

BB B & CH AR D FIECHE > TRET 5,
G
(1) ¥R (—RETROBRTH BRW) EEKEE

TR B ¥ 2 $TERERO AT,
(2) ¥IREMIG LT FEM O Xy ¥ 2538,

IR 8 & U AR ORE
(3) ¥R & R & THREIR YRR s &,
ZTO@BBTELZ VT HEHET 5,

(4) FHEEINLUOTHEERNRS LHITERSCIEEL,
ZhZThDEVTASHES T 7 4 v 7 BEICER
T 5,

(5) EROUVTFASACERL, EOF VO THHKE
WA R IMBGEIBIGEY, MAOARREVTAD
FRCEEZARET 5,

(6) BJUOFAOMMCEEL, 0T HOMNMES
K& OEE 2 INEE A, MAOHRAIZV T4
DHEHENBEARTH 3 EFHACEELRFAE T S,

4.2 FEITREEBUOTHOBREKEEDRE
EBEEEER, Fg.2 WREhL XS RV AAE A
i, FEERLEOBEMICHEL T, Zo¥niAas
2T 5700, MBGIEB I b 2 EZOBMEGRE LI

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

582 AAEMFERRYE F105

5D 1/1000 1 BET 2, 2 DRET, TIHHERD & BKRF
RE TOER MU 5 £, A%, HESkoogLT
VLB DT RS, BESMCEFL, ZOEBERINB T
E+REEEVTADLVREEEROKRE 2525,
43 B & f

EFNT— A L L CHEEERE, MRE2ESSERCIT
THMELRRET 5, 9, AREHFEMEELREL T
WA D & Bk TER S ROV FA2HEL
720 BIETE s A ENTADOHM %2 a=500 mm, =20
mm, #2=100 mm OHFEEFIRLI- D Fig. 11 TH
3, HbhoRMZOIFAOEHFRLREEERT, BKE
moTaolkEE, AAFAITHI»S, MBI IhCE

y Ism‘max = 15 Xl()'z

Fig. 11 Distribution of inplane strain (=20mm, 4=

100 mm, R=1300 mm).

&\N heating zone

A

Fig. 12 Location of heating zone.

FOEZRFAETRINER 5w, iz, HHEEAAETRE
w—TH B 5, MBEREAAAaCEMRTRIR
B 50 EBD B, —F, BT O T ADEIZIZIZ, /2R
=77X10 T—H/HL T3, Lizd-> T, HiFU T4
DO5FED S BFCEBENEMBMNEIIRE >RV, B8,
Zofcik, BRERVTAOBNMEDORAMEIZ, 16X
102 ThY, BROTAIZENICZ>Tw2, EOE
Bh o, IMBGRPEEL LBERBS NI VERT DS
INBERERDES Fig. 2 DL 3 CED 5,

wi, BEEROEERD 5192, Fig 12 XRnaEni:
EFNVOERBF 2T o1z, ZORKRE, Fig. 130 & 5 %HE
WEE O FAOAHENES NI, lp oo E DT,
OO T A RINBGEBOBRIIZL ALEPRL T2,
IDORRICHETE, MBERCHIEROVTHEWAY

y 'amlmux = 6.14%x10°2

Fig. 13 Inplane strain distribution in plate with heat-
ing zone ({=20mm, ho=100mm, R=1300

mm).
10
p
0.15F
)
s 8} As
P T N
<. 10F E 6
o
° 3
+ v
~
a
S sk
A
o O
., 0.05F @
© A
~ =
=1 o 2—
@ 2
g @
o.L 0 PuT 1 1 1
0. 0.2 0.4 0.6 0.8 1.0

£ /a

Fig. 14 Distribution of shrinkage 4s and angular dis-
tortion 468 along A—A’.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

HEMTERMTARAEER Y X 7 2ORR 583

R IVEREEENRES, ZDIIICLTKRDT:
WAE A BLUALKE 40 D A-A 8 LD 3465 Fig.
HITRERT VS,

LD & R FET, NMBERCAETREEEVTA
HEVIREBEERLKE 70T, REDEKRTIhE
bAOEOEARKICER, ThICE2ERRER L, 20
HETR, MAFEROBERZELTVR U TADL2EEHE
VFBELTERT £, ANBIUHITOEEV A
DEERHBET 210, 2UTAEZEZLES, BRHS
WRETOT20A 25 L BEEOEZD0HEIC DV TE
BE2{To7,

¥ ¥, Fig. 1513, MEEBNOLVFA2BEEV AL
LTEZ SR, ERLLAROFRETOES £* 2R
LT3, WFhOBEEs, BROBRTHZORROE
Ehe kDb B IFNSWERIEE>TWS, ik, Nk
ERUANOBERE U VT AREROTAL L TERE
RTwuhkwiedThs, 2OFER, RESEL, ILE,
Thbb hNEVFBAREVAMETOER LS ¥
2y, W h DSINS W — A4, BT OER U T A XERY
B — ARG L T3,

BARVOTABLUHITVTE2 2 TS 276
S Fig. 16 8L U Fig. 1T RENTH Y, REHN/NE
$, BREBOE S ho 23K S OERCH, MBGEBICER S
ARV TADOATENE T 2BROM OB ERET S 2
LBTEBIELDD, L, BIRRESKEL, hd
MRS, HTOTFABKERICRS D ZTORRDY
EZETILEND D,

< 1.0

2

~

=

% o.8f

©

4

o

o

g

E 0.6}

o

“

o

]

Y

00.4L.

Ee)

=

o

Rl

@

= 0.2

o 4l

>

ot

+

=

@

2 0. 1 1 ) 1
0 00 40 - 80 120 160

Height of perfect spherical shape h, (mm)

Fig. 15 Deformation of plate due to inherent strain
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Fig. 18 Plates with doughnut shape.
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Fig. 19 Doubly curved plate models.
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Fig. 21 Inplane strain distribution for plate formed
from cylinder (pillow shape).
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Fig. 22 Bending strain distribution for plate formed
from cylinder (pillow shape).
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Table 1 Geometry obtained by applying inherent

strat B T DENDY, RiC, FEOEEER #1857
pillow (mm) | saddle (mm) D OE, BEEMETE LR T IER 5B, KRXT

hoa/he | 127.07124.8 | 127.0/109.4 g, AREREL AT, RMBOLHE, HE, B LU
how/hs | 100.0,7100.2 | -100.0,7-179.7 BEEROKRE & #IRET 5 HErEEL, 20BN
Boc/he 221.0,°219.5 27.0,54.2 ML 7o 20702, 7L AT EEIC, #@FmMTCS
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