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A Preliminary Study
on the Angular Distortion by Line-Heating

by

Masaki NAKAJIMA*,
Kazuyoshi KAWANO* and Jyunichi KATSUTA*

The line-heating process by oxy-‘acetylene gas flame is extensively applied to the bending of thick-
steel plates in fabrication of steel structures. But it is one of the difficult manufacturing techniques in
the ship-building industry. In order to solve the technical problems in plate-bending process, a lot of
investigations were conducted in the past 30 years in Japan. Although their results have been reported
many papers concerning line-heating method, there are many problems remaining unsolved and is not
used enough yet in automatic and efficient process of ship-hull plate-bending.

The authors carried out the preliminary experiments on the effects of line-heating for the efficient
method of plate-bending. The purpose of this study is to find a relation between several heating condi-
tions and induced angular distortions.

In this investigation the following facts were clarified;

1) It is necessary to consider the heating breadth for calculation of angular distortion.
2) Angular distortion is influenced by not only the difference of peak temperatures at heating sufrace
and back surface but also the value of peak temperature at heating surface.

3) Angular distortion is affected considerably by the pre-heating due to heat conduction.
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heating test

Table 1 Chemical composition and mechanical properties of test steels

Chemical Composition (%) Mechanical Properties
Specification Thickness YS TS EL
(am) . . .S. S. .
¢ Si | Mn ) P 510 gt/m) | (kgt/md) (%)
6 0.15 0.0 0.51 | 0.013 | 0.010 [ 0.24 31 46 30
JIS SS400
12 0.16 0.15 0.62 0.024 | 0.010 | 0.26 32 47 30

# ! Ceq. (IACS) =C+Mn/6+ (Cr+Mo+V)/5+ (Ni+Cu)/15
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Table 2 Conditions of line-heating test

Thick | Presure of | Pressure of| Length of | Discharge of | Dischage of | Distance between | Travelling speed
No.| ness | Acetylene | Oxygen Heating Acetylene Oxygen gasburner and of gasburner
(mm) (kgf/cn) (kgf/em?) (mm) (¢ /min) (£ /min) plate (mm) (cm/min)
1 10 12 25 30
2 125 20 30
— 15 18
3 20 25
L:{j 10 12 25 30
5 6 0.5 5 250 20 30
— 15 18
6 20 25
7 10 12 25 30
8 500 20 30
— 15 18
9 20 25
10 20 30
11 125 15 18 20 20
12 15 15
13 20 30
14 12 0.5 5 250 15 18 20 20
15 15 15
16 20 30
17 500 15 18 20 20
18 15 15
o ERI IR R TOFAIBR TH S, O S,
cetylene Oxygen .
N IR B LSBT, £, AT xRN i

Carrige

Adiabatic Material Heating Line

Fig. 2  Schematic diagram of line-heating test
3. BRINEIC L 3HIROER
3.1 SBROERES

SEAT - RBRO 5 5, RE1200T500mm X 500mm D
RER % 1 ERRINEA L 7258 0RO LR LRED
REfREE %, Fig. 3Wmd. kB, ZOBEDMEAE
1% Table 2 1R L 72 MEGHN1TTH D, BREIZM
BReFR DR & WHICRE L7 BER O IR,

MY, ZOBMEICER L THwE I EtPBbhr s, I
i, MARORRESERMOEREL D bREWVE
DICIMBARIHNCER T % DO (Fig, 4@S8), M
B3 R IR 42 B 12D N TR O SRR B RIS S
BETT 270, Z0FEOBEERELERIGTIE
WERSMICHIR S LB 2 1T & o THNEE I Eim O 8Bk
Efnid 2 5 (Fig, 4 OF]R), z0k, FANN—T8
WE L HRHMSHE D, ERBEERL EE8IX
WL TMEBNOERHERZ 2 b0 (Fig, 4 ©O2R)
rEZSND, MBET 2 TRASRERIZKRDY,
#9200°CF TIZERIIFIZICEL T2, F i, TR
URER TR A A v — F BSFIET B A LR OB AR
ELTBY, INBRGERY A NN—FOBERE X
DHHEND L, BICERIETT 5 MERIEHO%
DD IZbDOEEZ NS, &8, AR
e rpREf e Tid, BTERBCERND 4, Z
i, JNEHREER & REL & D H R N— I & B HNEL
B (ABE) OEEPWREFHFOBRVICLIZHDL
Zzoh5,

— iz, BRIIEGC X 2 SR OEB I AEHE L L
THEEIND, 2OAEFER, Fig. 5@IFRT L3,
Ehig xR L T L IR TL L BREATTE S



58 REOEM - FE Of0F - BE JE-—

800 T | T T T | T 20
Temperature of Heating Surface —
. £
600 |- :\/ 15 E

\
. :}\ Temperature of Back Surface I
O
° ] \ ¢
swol X 103
£ : \ Displacement at the Edge e
. )
: " 8
i I < 8
£ 200 : =~ ;
g : ‘l, \\\~\ 15 g
5 End of Heating e — E
= - 0
Y, @
0 028
[an)
Flame on the Center of Heating Line
| ] | ] ] ] ] -5
0 2 4 6 8 10 12 14 16
Time after Start of Heating (min)
Fig. 3 Transient displacement and surface temperatures by line-heating
Expansion . Plastic Deformation Contraction
e "E
- — .
—_—
i

Heating Area

(a) (b)

Fig. 4

AEICL->TEHENTWS, LI 52, SEIOER
BERTWE, Fig. 5OIRT &, MEASNEFIX
Brpaileis, MAEFROMITERLTHRSZ
EOBES N, EROAEFEHETALO L S ITME
PP SERT BT TRAVI EXb ok,
L7zd3o T, SR L 2 AEFEOER T,
Fig. 5(RT & I 2, NMAShIBRTCOEREIR
bELTH L OEERL, MEEERVBIHER
T2H0LLTAERERXEH TS Z LT,

3. 2 ZEHBLCHLEFTTMBERGORE
SERBL 2R % Table3 @RY., &8, Z0
RICBY L ALEHER, BHBBEELSROAL R
BF O h R TOERE% AT Fig, 5©IR
L7=HETEE LR, £/, BMBEXZ, BE—7

Heating Area

Initiation of angular distortion

EF Vv DIEERIGIC L > THRET BRI YD
DEETRTERL, FENOABREBERT LOTR
BV, BMEBEEZ, FRcIBEEZwbOL,
PRI BNENE bOBHY, iz, FRCBRSH
TBED TN THHROMITICHEE T 2b I Tk <,
SR IR L THiR 2 ORE:2 LA SN D b DS
hbrirREZONE, BE, ho0EERXET
LR TH LD, SROERETIE, (VXTH
BENABE—TEFLVUHADMERGIK L D RET
ZEfREYELDOLME (NEAE) 10k > T, M#
FHERBIT Sz izl

7EFLry1moléhi) DBE—TEFL LD
REED,

C.H,+2 + 0,=2C0,+H,0+301.4Kcal
LizhioT, 72 F 1 14 %70 13.45kcal BET 3



SRR X 2RO BT 2 FREE R : 59

“«©
i)
=
5}
=
@
0
3
.// } ™
[ )
e
A
Angular Distortion 6 Breadth J

(a) General definition

Heating Area ;

(b) Deformation by line-heating

!

Displacement §

Angular Distortion 6

(c) Proposed definition in this study

ZErEY, TeFrroiEA (L /min) Tt BEM
BT 2L, BNEEQ,
Qr=13450X A Xt/60=224-A- t (cal)
EoT, MAESMNL (m) DBESOEMES YLD D
&L, KA TEZohBZ LTk 5,
Q=224+A-t/¢  (cal/cm) (1)
AEFE L MBAE DMK % Fig. 6 R, ZOMM»
5, WEOHEIC & > TAERE—NHAERROES
DPRELCEL->THD, FAUMAERCHL TREDE
WEIREEDIZ D) HAEREDARE L A>T e
bhd, L1388, EBERCL S L REAOREE
BINEOREWREDIZ S SRE L L 2EEANHD, A
ERECRBCREROREZLZ I TREL, #HO
bR BET I ENELONSG, £72, B
CHETY, MEESIEVIES MBI T 2 AE
FBENAKE ZoTWS, Zhik, b 2EHADMNE
ENRILCTYH, FANSN—F0Z ICEET 2HICED
WRALEEL TFEIR TV 70, FANN—F
FEL TS RS, EESEWHETHEART
BESELRY, AEBHIER LS I LBRATR
RO EEZOND, F72, MAERNR DRGSR

Fig. 5 Calculating method of angular
distortion
Table 3 Experimental results of plate-bending test by line-heating
Thickness | Length of Heating | Heating Condition | Heat Quantity | Peak Temperature of | Final Angular Distortion
(mm) (mm) (Table 2) (kcal/cm) | Heating Sarface (°C) (X10-3rad)
1 4.7 600 —-2.1
125 2 7.0 716 8.0
3 8.1 890 ’ 12.8
4 4.7 522 —1.3
250 5 6.9 785 25.3
6 6 8.5 875 30.4
7 4.0 745 —27.4
4.6 507 —34.7
500 g 6.9 835 59.2
7.0 663 45.0
9 8.1 810 59.2
8.3 779 59.2
10 7.0 400 2.5
125 11 10.5 790 6.6
12 14.0 1150 10.9
13 7.1 600 7.4
250 14 10.5 705 6.8
" 15 14.1 990 12.6
16 7.1 623 5.8
7.2 567 4.7
500 17 10.3 775 11.2
10.5 628 14.5
18 14.3 1070 19.3
14.2 697 25.6
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Table 4 Displacement at the edge in the case of
repeating line-heating

Number of | Heating | Temperature of | Displacement
Repeating | Condition | Heating Start
Times | (Table 2) C) (mm)
1 18 18 5.2
2 18 18 5.2
3 18 110 8.4
4 18 140 8.2
5 18 150 8.9
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Table 5 Displacement at the edge in the case of
continual line-heating

Heatin Heatin Displacement of Final
: g . .g Every One Path | Displacement
Path Condition
(mm) (mm)
One Way 16 2.2 2.6
One Time 1.4 J—
Going and 16
Returning 5.4 8.0
-0.1 —_—
Two Times 5.1 N
Going and 16
Returning 5.4
5.5 21.9
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Table 6 Final angular distortions in the case of line-heating with water cooling

Air Cooling . Water Cooling
Thickness | Heating Heat - - - - - - -
Condition Input Final Angular | Time Required until | Final Angular | Time Required until
(mm) (Table 2) | (kcal/cm) Distortion Displacement Ends Distortion Displacement Ends
(X107*rad) (min) (X10~*rad) (min)
10.5 45.0 25 55.2 15
6 8
10.1 59.2 25 55.2 13
7.0 14.5 20 10.7 5
12 17
7.1 11.2 20 9.4 - 5
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