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Development of Computer Aided Process Planing System for Plate Bending by Line-Heating
(2nd Report) Practice for Plate Bending in Shipyard Viewed from Aspect of Inherent Strain
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Summary

In the plate bending process by line-heating, the decisions on which part of the plate should be heated
and in which direction are usually made by skillful workers. However, the number of skilled worker is
reducing rapidly and this becomes a serious problem in shipyard today. To solve this, the authors
proposed a method to make these decisions based on theoretical analyses focussed on inherent strain
in the previous report. The potential usefulness of the method was demonstrated through example
problems dealing with mathematical ideal geometry. In this report, comparison between the theoretical
prediction and the real practice in the shipyard to form curved members of ship hull are made and it
is attempted to visualize the knowledge of skilled workers, which was unvisible, using computer
graphic images showing inherent strain. Further, it is demonstrated that the same idea can be applied
not only to make decisions on line-heating process but also to design the total plate bending process

including those using the bending roller and the press machine.
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Fig.1 Model for experiment (twisted shape).
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Fig.2 Actual plate forming procedure.
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Table 1 Condition of line heating.
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Fig. 3 Distribution of bending inherent strain for twist-
ed shape.
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'Fig.4 Distribution of inplane inherent strain for twist-
ed shape.
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Fig.5 Distribution of error in geometry of flat plate
deformed under gravitation! force(2=100 mm).
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Fig. 6 Distribution of error in geometry of plate with
bending inherent strain deformed under gravita-
tional force (=100 mm).
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Fig. 7 Relation between the maximum error in geome-
try of plate and the magnitude of twisting.
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Fig.9 Inplane stress distribution of plate with bending
inherent strain in deformation under gravita-
tional force (kgf/mm?) .
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Fig.10 Flowchart of the process design for plate bend-
ing.
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Fig.12 Distribution of bending inherent strain.
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Fig. 13 Distribution of inplane inherent strain.
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H»oHHenR LI, WThOH Y OEHIZBWTY,
BIUVTAOATIE, REFRAOHVBTELTED, +
SuREEOHEREY HeRWwI L2855, 7, o—3
=L RICL T, —HEHCERL-HTEEO 74
HREIGEWETHETE % L, Fig.14(a), (b)ic
RENMES L CEROFRIZ, #ToFa2FELR
Bt (T I T O BRBETER T~ & PRI 2 BARRICR L
TWBZ Eilkd, oTIDX3EETE, AR»S
BonsBEMEPEEBRE L UERTAIL8TES, 2
DOEEFTIC & D /o o FRITEOMR (EH) %, BRI

fc} Twisted shape

Fig. 14 Deformation of plates with bending inherent
strain,
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FEMNE FINSE

TAWEIL (R LEBhEbE, FhFLoEizo
T Fig. 15 1R LTze 38D B TR DE/N & 123, 4t
BEUBBTRETEE VT ADSTES N5 HE O
DEDAPKEL RO2TWSE, —F, Z0O& 3 2HERR
DEEORE L UTEBET 27001, BIFMTORESR
ETREGICIBBRICHE VNI RELH B, F 2T,
RIS 2 Hic, PEPRCTEEOZESER L 7-IF0 M
I EERE IO 5T % Mises DFEYGHICDODWT
Fig. 16 IZ7xULTe, E72, ETDT—RARZDWLTIHIDOEREX
fE%%E LT Table 31 % L iz, ZNEROIEHDEX
BIRRBERIETT LB L THa/h& L, MiFoTa2gTfF
SNIHED, NEACLRENREL LCEET S I L
BB, BB, TITHELTRENLBE TR, PREY
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{b) Saddle shape
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{c)

Twisted shape

Fig. 15 Cross-sectional shape of plate with bending
inherent strain.

B

(b} inplane stress

Fig. 16 Residual stress distribution in pillow shape
with bending inherent strain (kgf/mm?) .

thEHE T 2 HMETBROEES M IcRR 57080, HWOTH
BErEELUEMMEE L THBER#EN 2T 2 LEE R,
4.7 ®&Y EEEELRIRNEOES

Wiz, BRRERMEEE LTI 2B L7 MEOEH
i3, BNEBE VT A5 %R LT Fig 13 &80 H#T
AU > TERT 2203 TE 5%, Thbb, &
V&5 2 2EBERENOBES VO TANERTHIHERLE
DONTETHD, MBOFRZEEOEVTADHFAICIL
TEREODFETHD, 0SB, NEE 2R
FEL b0, Fig. 17 Th b, kB, HERETRE, MES
L ARRINEC X D ES N B EE O T ADBRNEENIC
BSMZ8NTWANDT, MAEEROKSHEIZ DT
BB EE 22 2 EBNTERY, REL, BEVTH5H
WENUOTAOKE SXETSHNNL #2512 52
Li3TE R, flE, HEASEMOERV T ASmIERY
2L, MO RS DNEHAIE, BULOBTHYD, HEk
OFERTRDEFATH S, 18D TabbIMEADKRS
i, BpoEE AL, REARIICKE, &, FiC AB
BITOMBEIEZLBRETHD I Ld3F5, iz, BHELR
iz ouwTid, ROFRBICBF 20 TFALHRZESAAE

Table 3 Maximum bending and inplane stresses for
the three typical curved plates with bending
inherent strain.

pillow saddle twisted

shape shape shape

stress without O max 3.04 7.95 6.54
gravity

(kgf/mmz) O P nax 2.90 7.26 4.71

stress with O Pmax 7.84 6.40 7.14
gravity

(kegf/mm?) O7max | 3.18 7.30 4.14
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(b) Saddle shape » »
. 20
B ‘ A‘ f 5
l | || ) :
( ’ ‘ , (b) MIRIIBC & BERT
A
D Fig. 19 Real practice for forming plate with saddle

{c) Twisted shape

Fig. 17 Proposed position and direction of heating
lines.

IRIF—RET, PREBEEC R > TW2DT, ZOHS
FRIEFECMEL 2Tz sk, Lal, RElicDw
TiE, ¥HEIZIZECOZARAOER VT H3EMCS
FLTWBDT, BYIRAERT I ENTERY, R
RIEAMSE D BT b Ron 508, WIBOFREIZBITS
DT HDE S HROIRFROEWILETRKE L, &
RINBUI BB CIRL AT DELDH 2,

4.8 BETICLZ2EBOFIE

B
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350 R.L o=
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450
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@ T-I-ick s
A =mms
''''' b Siapikt
300
) 4 i A KX $
HIRARLRABE [TJ TTT 7T T

t

(b) R & BT

Fig.18 Real practice for forming plate with pillow
shape.

shape.

I ITERY BT -ZREod D 8 R B TSI L
TR OIEEFIEY O — 5 —I2 X 2B & RINEC
T Fig. 18, 19, 20 i2 R8T w3, Hgi T iz 8 TS.
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6~ R.L. .
S.L

(@) w—5—iTk2Hy

T

500
(b) ARIRINAIC & BT

Fig. 20 Real practice for forming plate with twisted
shape.
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