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Thermo-Elastic-Plastic Analysis of Plate Forming Process by
Flame Bending Method

Seyyed Jalal Hemmati, M.A. Niazi, M. Maarefat, and R. Naghdabadi
Faculty of Engineering, Tarbiat Modarres University
Mechanical Engineering Department, Sharif University of Technology

Abstract: Fiame bending process is one of the forming processes of steel plates. During this process, plate is formed with
heating by gas torch flame followed by controlled cooling along specified paths. Considering simple tools used in the process, it is
a popular and economical forming method. At present, this process is manually done on the basis of skilled technician’s
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experience. Experimental and non-automated procedures decrease productivity of the process. In this paper, a method is proposed
for simulation of material deformation. Regarding the physics of the process, large deformation thermoelastic-plastic analysis has
been applied. In the simulations, a new analytical solution is used for thermal analysis of plate. The analytical solution along with
finite element analysis of the deformation in ANSYS program is able to interpret experimental observations. The simulations
show reasonable results, compared with the analytical results by other researchers and with experimental data. The method and

simulation results can be used to study the process automation.

Keywords: Plate forming, Flame bending process, Thermo Elastic Plastic Analysis

S s o e s b Olosan Z¥sles
Al 45,5 s Les b slge ol el (- LG
e B s L eel S 4 B s Al
et U el plonil 15 (5, g sleipesl ilesls 0L
Al s gl o ) e g5l

sl SHU Gy wk el [V s 5 olige
Glaadse 85 5 53 gl L SaaVl Gos e dsles oS
DL e e 3, e S8 e (St 5 ale S
JS SHS w5 oS SVslas gl sl gl 55 Ll il esls
Ales S 58 bt Sy wly B el sl s
A 3 e By Sl gl gs sl ol iamen
oslizal (65,0 Ol oy, 51 Vsles Jo (sl il ol ab S
oS v @ G nl 3 ekl o B, el s
2,055k i LS 4 Js A8 e WS Gy S s

L ledd Zol Aol o B [E 5 V]l 5 i
SIS dd oS Bus ildde (sl Ll iles S - e
235 e ala s b oS Aile S bt s ses
CIl gl g Lol ool kG0 4 kil S kS
s b ol s St s Js ol ialesl Szl
el S

S am e p S adlaie [0] 1LSGn 5 Sibr
wla s g a8 s S gl esle i (g5 005 Ses
So bl 2 sdmmal Goy 4k 5l e b el ol lee
Sleddle (gl m S ol 3 5d e et (S 005 Flyse
S s S abe S s Jpbos fate oS -

Pyt

YYAY el ¥ 5 e VY Jle (Il

4sds — )

sledos s IS0 glaanl 5l (S gladad (o
S S s Gl S Jlesl bl s el 5ol (o5V 5
S5 15 0T eBus a5 e S s el 53 0 J 28
233 oS rdie b 85 b SO By s e
oo ey glglsl S el Sz o Ks G b oS J-
n 53 5 gl S sleblslslnl Eol ulbis sl s
o 45 sy e ol S Glamio Glas s 5 e Oles
Boy Glamio LAl 5 gyl S8 ons Esl s
S S s VL LS e adlee 3 bes O 35 e
Ll Sadly S i ol Gl e (055 ok
R SRR S pln > Bl e
ssb s (V)UK 558 0 Gos S Jhaes Sl 5 0l
Sl e 5 ol osls 3 By 5 adsl o By SOl
e JSTE ol D3 s e OLE 1 Bus s b S
Sl S b s dlesl 5l Gy sl ausls S ok 000
ISt sLgs 5 (sl a0 gmd () UKo ol 0k esls ol
Aas e OLES Ty gy ol 4y el 6ol

el o Ui Sl e e 5 L sl
divs J Sl iy Al el plsil Al Bl 53 B
Joe 5l T ool o LI V] Sy 5 1 pelsl Jae i (gaogs
oLzl L o5 Llos S eslizal (2le S Last 13 pee (Shne 53
G2 s il 53 s e Jed e WS A,
Sty SV ledi S Jold IS G5 S w55 4 35
ol Ll e 85 sl Sz s (o S B S

)‘Mud)ﬂ}ﬁuﬁudéu Lﬂ‘ﬁo‘j@‘b‘)ﬁjﬁ

e


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

6‘4&3 LSJK“; g}jjdfe.\.ﬁ °°‘°J§3‘6l€5)}}‘ 6|4§3.§_YJ_§,_’;,

5 SV Ll s s Jad gt e 5 Bl s
D i sl il o Jeds &S - L i, S
o) = 53 T Oel i lse 5 gt e Sxudly S s
mwﬂjﬁc_s\,uu.myu,u‘pm;
e ls L3 S S A8 5 S S
3K ye S i g ek ot 2 -
Jloss sole Do ot o Esl walpe ol 0o Loy &
Pyt

e Sty SVl 5 ke e () S5
Ciliss e ol o esls O ot 3 o3le JS05
A8 e el oxds 4l ANSYS (o)l aali 53 Jlos
Wi 53 0k &1 Lo, 5l dad sla bl cpen 8y OW 5o
oS mis dde () S Lles S eslizal [V ]a 5 [
St ol en 4 (3555 2o S LSS gl =, LS
ODLd das e lis 1y (5,40 S e 5 Sl Slass
g Gos L aad S e Lab 5l abai s 55 63455 2l S
535 o s 25 s Sl adad 350 1 ekl
A1) = dopax EXP(-11) ™)
olas 3l cQmax chad S 0 53 oenSLe LS

_ eff.y
Imax =

()
4 L‘YL—l SValase 02 Y 5 Yeff duﬂ.ﬁﬁ Jj_::wd 4.~_wt>r.a

e abad S S s S Ol S S

ARy

Heating Lines
Line Heating "W

- N\C

Flat Plate Fabricated Plate

Positive Curvature
:

Heating Zone

Angular D eformation

s (ol slaaal b dul b s gdme sl Jolos
a5 S ol [AT el o2l [A] gl VIS Vs Jaee s
Gy SIS mn ol and gl D IS 5 Il el
i e 5 ple S o e ol S Gl
w8 ol Slalllas 3 ol 035 sl o gases O3
ol Jlasl osls S5 S s Sty sVl 5e 5 Lo
0Pl el S (JSS ed s bes Sl Ysens
e Sl 5 Gl 8 e s si e 58 Les sl e
s it e S o 1 s a8 s IS
g e Jleel Szl | o s ol S (551084
Sl Ll Lo el Gl eslinad b G opl o
Les Ols 5 630,55 (2l S 03 Bus 03 LS sl o
Sl 5 Coms (M 55 (5 S0 DU ge g (oo (s
Ly caalsl s Llosls QL 5 G58 ras &l ole S Jibos
Jeslos 5 Las Oligs (sl il ol el 51 ol aslin
5 ANSYS Sl e 0 SaS 4 S 085 5o sl

Sy Sl Al b SSlKase 5 (ol 4 gl 2

Old g s Sy, Y
5 2l S Ol Ciss el gladas 6, Aol b s
e plad L8 50 e pells IS 508 5lrs 5 05
Bl G5 o b aled S e Juab 55 03l Sl IS

YWAY el ¥ 55l VY Jle (Il


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

Working Parameters
aracteristics,
13 metry, etc.)

¥

madel ing

Pra-Procdesaing

Y

Thermal
Propartieg

rature

Transient temper
distribution

astic

agidual stress,
idual strain,
Regidual deformation

osbe K& otd Szely Szl go 5 Jdows a g, -Y IS

o 4 S0 55 S omie 5 oSl Slate (Glgatumm 5 Alad ol S W o S m55 due—E S

S ks O3 o 5 rde a5 LK e B re
L}—l’L’dJJ_sfﬂ Cbu‘flj@ﬂj&);#@&bdw:b
Lo DNV eid i s o, s S el il 3 ol S

o315 5 5 ANSYS 3 )5 s 5 ol y LISl 1 e3lizd

Sl Vi (o ool Gs8 a0 55 ol 0l

YWAY e Al ZJLQ.JJ ‘YY ‘JL«J 4dm‘

1G5 e i slanall
s 6l g5 sl bl s ol s

(V) s S 31 Ll KDy StV 5
53 Gus bl (Pl 55 5 o b 5 (Qeff) S5 O

S0 sla bl e 4o gy s 5 oldie >

Y


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

A il el b o

Slgn Lol s —¥
Pl G ol 53 edal e lesle e 5o
o o 53 g N ol s Silislpe b S
ool (V) 5 (0 s nps oan § b s sl Kale
Olis Los 5l s o pmm a1 p 0 5Y 53 40 b e sl
wps 2l S b oo (VIS 5op skcp e e
Eoy 55 (VS 55 Llesle JSr 5 ol S Clds oy
Lo nl N e (s S CS S wa S ET
b bl o 5 Sl el s NS AT s
s les ml Do 4 S ol sl 4t s Llesls
o=l Uleds e § L s (V) Sl b alie il
L S SVl o ol ) L slad
ot (B st 53 N S-S g 5 S Fanl e

]

o3 slgdow z -0

J=b ensles 8 ledisn 5o i s oLl
o le S Ll s s el s 5 Sty SNl g 3
I Qe vV h el JS: (\)Jj.k;— )JL@.L:&;J A.)'l‘ BE 4.2.5) )lS
C,.Oj_w ué)} St b sdasOlis &_a.::JJ‘UJ)J?' L'),ﬂ):}/
Y8 W 4_§b\ @Lﬁja.k.i LSJ'.‘S A)".L;‘ L;'j"";’. Lgl.a o3> cdl.llﬁﬁ
AR sV cO]JJ\a:ﬁJEJJwQLEb;AﬁM .]asz

‘)‘ij—pjdj—lad—.’g;&zb’fé))‘kj}‘H’J‘)b
Ol o by glesoms .l ol 4z S a3 ;3 Yeox Yoo mm
Dvdsde s am s adlae opl Jdod s a0 Sllee
BE &T%}aurjjaRjjbd)j .19_.,:) .bl_LL;\ﬁ
JSi ol s aS gosb Olea L Uled esls OLES (A) IS
)‘ oJu.j_fZ: (’JS =9 4> é))JSJAdaLLSLoJ JJJL;O o>

Il e g ey e 0T (Sesgi e alad S e oS (glebas)

AR\

Sl S s sl s, S iyl b S s
SR 5 S pes Dype 4 BBl L Gos gl S Dol
ol on (6,80 JLS S (5w b s el Jhich o
A 53 0L 5 s Sl James sl ge (ol gt e 1355 oo
Lo Slams Gosm psdae L oS 8 3 il o a8 S
(el S e 5 Sosus e S LS el Sl g (2 S
aule a8 Glas Ol 5l sd o s 8 S slales
SVl s o gl ple S (S L Olse 4 el
2% 0 G 05 A1 addllae opl 3 5l e ealinad oSy
LLE ol 55, 4 laamses o8 8 OLL 55 255 e a8 S L
350 A oS S sles Ol aulos 5l (A S
05 03 sl U ol o)Ll IS 5,8 o 13 olin

Al e aelsl s

B9 9 gl 5l Je -V
i lie lay e slanly o ladad (e ol 5 s
s S Glelal 38,5 cubs glul; 55 po e = 4o
g N N I SV PR P PRI
e Soo S = p s 3 gdme il hs 4 G
s 5 g0 Bl ul byl e ot 8 SVslee
sl gy ie U (0) S5 s Lol el il 5
So (SlSase 5 gleldas jo s e 0L G5 s
e ass e “-*-",5;)‘4 23 Gy b o wlﬂ; L
Gus ias gl XZ a4 S > 5 OIS0 O,
Sy olued 5 ol O oot 8 a5 L sl e o
Sy e oslial a8 Sl dels gliml 3 WJe (gl
o s e 3 A8 sl ) e e ban S de Gl
NIPCHT NP R K JUR TIPS PG JE
G e ) alad 5 b s osle Sty IS80 ot
o S s sk s bl 53 s S e
S el Calies glaly s Les 0lal SV

d)}%dj_]égaucjjw}j\awgu_ﬂ

YWAY el ¥ 55l VY Jle (Il


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

B <R sk 6J¢a.ui'~°d.Jw—OJ§.§

250 400
0 Cp(cal/kg."C) o 0y (MPa)
200L = E (A0 calm.sec.’C) - ]:;Z ((GII:? ol
2 1ofm? 300} o
0 P (10" kg/m’) s e ET(GPa)
< 150 g
=< r 200
2 =
oo 100 ;‘\
)
100
50
0 L | 1 | L | 1 0 L 1 L 1 n L L I
0 250 500 750 1000 0 250 500 750 1000
Temperature ("C) Temperature (°C)

[V] s b Coge @ ol SO ol VS

V] s 51 b e 310 gb B ol 1SS

38 Slghlon gl 0 w8 S s b Bl 5 -V g

No. h v
(mm) | (mm/s)
| A o
Y VA \/Y
Al VY YIA
f-0-5 1 §-0-1
V_A-4 YA §—0—

VaoNSYY | Y.

L G =) 55 Slsls Glos a5 58 o Sl i
5 S Oy il Sl sl si Cl?u.‘ [V+] @Lﬁ
G 03 4S5 a5 e kN 0l DL LS el
Siie b G cpls and; LS 4 sl S Jlasl Julos

YWAY e Al ;)LQ.«;J ‘Y‘f JLM‘J ‘J)’\.E.:.wl

Qefr Y
(cal/s) | (mm-2)

Yivo /e

AV+ AT
e ey
e Ty
e Ty
e YA

abd ol ) Jade S e e Sl ey oS 5 S e
s i ol 5l e 3 ST @ Les (t=Ys€C Lo i)
e Ml Lo 2alS Sal S o 04 oS a4 g5 Los

M) S 3 ez dS o Ty (IS Sl e

¢


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

el Jlasl La S (63555 5L o5ldie (g1, (1) oles
S 5 o YEVocal/sec Jais s Oy ul
A s eemm/sec Jados o 5 04 Y Y mm 2 O
NHPRWPIRY
Sl llesle s cubslepe b S sl
¢, =0.098 cal/gr.”C

k =0.016 cal/mm.sec.’C )
p=0.00782 gr/mm?>

55 Aot o ey wls slye Sl Lol iomes
S i caallan ) 3 e plail (530 el
WelS ol 4 U s 55 oS Smdly 4l s 558
FENCIEI

Sl s G g s ad Glagsls IS0 ess (O JSS s
o=l ol aS gk Olea il 0l o3y OLES T a5 O
sl QLSS I a3 esle [l 553 0 a8
L o s asdie psSae hes Llrs o Il s
5ot S G lausls S8 i 5 e 0T 005 p S
S sk an S e e (sdly Sl Ce 4 OF i
3OSy s 99 o el LB e g T= A ST
Sl /0¥ rad gl Lo &

o Gy Slmio SLEl sl b jlade (Vo) IS5 55
H)yfgﬁ)JEUJQWuOMUL&JJWué‘j
S osars Gos Sup SIS i b gl opl 53 ol o
i ;g Dol 4 Al Ll s AS Bu sy e
S o I g dal g ol ol lls 50 oy Sle
JSd gl s cal Sl l bl icte ol o le
Sl s ol OSG andllas a8 aoe s T2 0/Y (Gl5l &
by somie 3 a g Al sl )5 18, S el
ol sl y sl s bl 5Ll i [1+] 1l o
w|)>°u¢ﬁqj)ag\}kWﬁw\@bw
VU= a5 L oS S50 0 N oo Ll

w\)énﬁrjjwj):d)jjsﬁ%:ﬁ@nMuw

Vo

800
o Ueda's results- Heated face
» Present study-Heated face

600 E, o Ueda's results-Back face

& N
o F & e Present study-Back face

g

2

400 -

g

=3

B it pg e
= 200

0L - 1l n | n | n 1 L 1 n
0.4 0.5 0.6 0.7 0.8 0.9 1
Dimenssionless time (tv/L)

[V ]os sguoe sll gy 5 Goow

YU Gl B 558 bl /0281 mm 2 a5 05 (o b
[V damor o o3 a5 S 5ad o 8 35S odali s
S| RS IS G- U ECPRRLIOH IS WSS RN SV | mm 2
N e
L—.’O‘wad@(ﬁ‘ﬁéﬂg}ﬁ;@&b&@u
O3 Sl b oS alis [V Jer e 50 el el s
Sllloke O a0 53 a8, 8 @
SVl 5 L, 5, L ssdeee sl B, Sl
o sslitl osla S5 IS iS5 Sxadl Sels
RS il g 35 1 S s S el o
i O 8B e dyty 0ol 55 51 5SSl sl 5 en S
DS )y « gl eals L;ﬂiﬂjiﬁt» ooy bl
oo Sl s dds Gl e Dlasle ol o3
Gl s ledas 83 (6, S Sl gl o e Jles!
el b s s ledal s 4 S iy
SeVl e 5 g3 Sls. |l S [Vt o
et ) 53 e e w3l i St
i 5 2l S sl (g5 8 ANSYS wil ,p SS
Sonp gl Ll el g ) 255 4 U
S TG s U Ll s3ie oo Jaul 15 03
ol o3l ANSYS ;5 sialS (5 S Kol SIS

YWAY el ¥ 55l VY Jle (Il


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

o Ueda'e resulis[10]
= Proposed analytical +
FEA results

o FEA results

| n 1 n | n 1
0.2 0.4 0.6 0.8
Dimensionless time (t*v/L)

Geiod ol 5 [V 03 edd alone 5,5 g ) lasl KO e el -4 S

0.006

0.004

ge (wh)

0.002 -

oUeda'e results[10]

n Proposed analytical +
FEA results

o FEA results

a —

0.000

-0.002 -

Normalized shrinka

-0.004

0.0

| n | n | n | n
0.2 0.4 0.6 0.8 1.0
ormalized coordinate in Y-direction (mm)

w&‘)b'b"“4‘:‘“’“&)}6‘“"“&@‘4"1&_\. J&Zr

0.0

02

0.4

0.6}

08

Normalized Z-coordinates (z/h)

1.0

o Ueda's result [10]

m Proposed analytical +
FEA results

O FEA results

-8

5 4 2z o0 2 4 6 s
Plastic Strain £7 (*107)

Gy b bl Ho Saudly 8 S anslia VY (IS

L ubdd‘ OJ_LJ._! J—<’ib LJJ..»)‘ k;a.w‘ J)j}.&(\')d&l

PEFNCIA /'\J.:.g.b}k;'- Lobe osle ,_<...\,:/“"L_\jl S muﬁb—
J_AJO_A oli b Lﬁg'lﬁj n.Ll.b_ w‘ (\Y)Jg.& 'LJL;“ S99

Loy cpl 55 O UISS 5 ad Gl 40 bgo o sets

YWAY e Al ;)LQ.«:J ‘Y‘f dLﬁﬂ ‘J)’\.E.:.wl

(H)J-{—J‘JJJH;‘@W 6)@&;‘)&-5 LY"‘“")

Siele S al b Cus FS e a3 8oy Cubhs gl 5y Sady B8

AMriujij)-’“Sﬁ‘@uﬁbw‘nMﬁ)
J—E-; M‘C,_w‘ ol J‘)‘Jj e §"" j‘l J:"’JS;}'.', -~'-“.

cd‘wfu‘bjﬂjéﬁﬁéﬁbd@u.k_w)ﬁ

1\


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

L L,Y:'J,‘L—‘Jf ‘b':‘)_& g;.w‘ OJJS ub&;‘ 63})} )L.:A 6‘)L~\JJ~A
Sl dlesle J ke

v =12 [mm/sec]

Qefr = 800 [cal/sec]

y =0.164[cm™?]
Gl 93 o an by e Oley —les lgrois (V) IS s
Lo 555 o0 aa>De a5 (5,5b Olaa Lo osls LS
Obey — 5 slaslsged 5 (V) IS 5o Ll Gdaie o8 Y8
ol Al ey el o S s 53 s S e b gl
33 a0 el A 5 e S e e OLAS e ls 5el
Slasd 3 sdiel Cws 4 2l 5l el OLSS
Aol ad gl o sSas Shast s B 058 0 ale lun
33 o 1505y Vol ()i S s A2
)Jgiﬂz;)\myﬁw;ftumhusguzb
Dbl S )5k Olan oy b e a3 K s Jab )
ok L e e o UL Les Ol S sl 4 95 00
NGIUM v PR
e B b o Sy S i g lide (10) IS
e 55 Sl ol s s e 0L 1y il slgles sl
Dl (G 3 0 s ey DM Sl S (oS NS
2 S S i D3 b 3 Kl e el ) e
ey e3le il (RS Ol a3 5 b G Ao
b SI G LS e 0586 S ol S5 LG
ol 05 6,8 o3I
o ol 5l b b S s sl [0] S
&L»Jf@;ﬁ L Jode oy opl 5o .l 3 S eslanadl JS 55,
o b dlie ol ol al sl e sldde (Glakals
Slod (25 15 ) 83 Dl S L 1) ddad S S
(VD3 wlsl ol o5, S s [0] H3 sl iyl
pom iy 53 SOl b S Ll s ok el gls
Ver s a Sl nl s Bus o 5 b Kl el

.MMO"j

A\%

oale 8l Ol bl 3 eale b ge SSUl ey VY S

S Soye 2 NS e i Gh b e Gl S sl L
ot DV Tl e kS ) & bsise (Rl S Ll 5
Bl ed GBI oy
S Soales 5, s 5 it (1) S s
S Gl R s et By el g DS 52
ol LT g5 5 (9008 DS S 5l oS Szudly
P N R NI NN A WP AT) BT
els (ade — s 5 (aue DLlS slelldss) aslllas oyl
e | aalllas 3 ol 4 S 5 js ol gt and sl
G oo & S ol 5 il ol S ol ol
SVl 5a 5 osls L, oS Sl sl b lods 53 Les
o=l d Ay e bl e a4 5 b s S
e 50 5 035 (pse S8 alad e plad LalS aallas
Sl Kos G b 5l das e Sl 1 Sty 35S SgeS
b 1 alllan s 3 01alS (5SSl Jlasl 35500
ool (308 SulS Lot ol 5L e (glala>dle LG
o3 ab o i) ol Kes al cpl edias DL b S
L oandldas o 13 30 el El e Uil Ol
Sl wbs aalllas 55 50 S Gt Slpen 4 ax g
st B 4 il
A Yo emmoslal g Sos cJadod s o
Cbil gysb adlas ol s Gl S bl bl sl 4B S
s S les 35 p Slls glos 55 45 Ll el
Sl ol s ol [V]] s Glaws [V] ] G 53
et 3 Lo S Jisl Shlos b Ol s 4 ANSYS 1530 o 5

Ls‘j_") duﬁwﬂﬁ@)}:]f}‘w‘ b)}é)L&A\Jg‘;

YWAY el ¥ 55l VY Jle (Il


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

1.5 800
o Lee's results
_ » Present study
T Lo [
5 o Lee's results 4
S os| 2
= 0.5 m Present study R 400
S &
T £
a 0.0 & 200
05— 30 0 %00 1200 b= ‘ '
0 200 400 600
Time (sec) Time (sec)
S sln o s 5 [V]J Gedow 0b) — 58 Glpomin VLUK 58 00 6l Aad Gl 5 [V](J Geows Olej-les (glgeomin V¥ IS
ok f;f ey okl f,f 4y
0.005
o Lee's result
n Present study
£ 0.000 —)
£
)
=
g
. -0.005
-0.010 : o e— “
0 100 200 300 400
Time (sec)
B slp e Geos 5 [Y0 ] Geow Ol SKaudhy 5 S slgson V0 IS
2 Shely 53 0dd 0 £ axy
4.0 600
o Experimental data[16]
3.0 » Rosental method [16]
'E 6 o Present study
£ = 4001
\; 2.0 E
E E
2 1.0t 3
% E 200
B 00 =
-1.0 1 1 I 1 0'i 1 L 1 L 1 !
0 100 200 300 400 500 0 100 200 300 400
Time (sec) Time (sec)
2 Gew 3 Ol 5 Gl o -1V IS Sl 5 028 Oboi-bes gl V1SS
Jy=vemm js e Gdsw 5 Gl 5 [0] K>
s p S 4y S o
VWAY il ¥ 55l FF Jle (Il VA


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

L Gt ol 03 Sl il o slaslie OA) s
L 45(5))190“@‘ 4.:.9; Q)jﬁp g<.sL>- dfﬁ 6ueé‘b
b 2 OUl L slo and s 355 oo oalie 35 IS5

A e olis s slaesls

S S 4o —F

23 Gy S i 25l adlllae (gl ) Wlie ol o
Jem oy Sl s ol 53 i a0 sledan (oK Al b
osliul a8 Sl als ol o ol en Ly Olbe s
oS Sl Jlasl 5l s o 51k e a5 350 0
Oy 4 5 0dd e Lod Olts Jbo i o S 55 L g5
3,500 Sty SVl e 5 o s gl S (61080
5 S i ol Sk el a3 3,5 e 1 eslizad
s obols gle S ol Wishis B4 S S (NS
Sl ol 5 PSS s o o by o p3lis Bl
Sl o0 ol 03 Ko a5 a0 55 (V) IS des s
2y g oslial (g3de O gl LIS 51 alad gl el yl s
S s O —Lles b Ol s omie a5k 0l (6l 5
sl

Az L e Sl P il e el i e
et Sla el L5l 3 s o 2 (Sla esls 5 Olids
b8 tS s ool adpe (Sl (s o sSae
35 0l e S ol 13,8 sdalie s cpl L Ol 5 s
el Gleslw 4 5o 58 eolinal w3 (6 2l Sladlas
835 ford go 3 pr 50 LIS 4 Lol By S kS ol
e s el s i Sl S

J}.J:L;a

14

0.02
o Experimental data

L
E n Present study
= =
=
=3
E - DL—IE\ ° L]
g g © .
20011 | g EJ
o [ D|:t,
Bt E 0
= O g0 o
-

0-00 L 1 L | L

0.4 0.6 0.8 1.0
1/vh® (secicm®)

lasls b et plonil (sl sluant gl amslie 1A SR

[0] K 2w

DL |y Kb Slalmn 5 o 0oy —los iomie (1) K0
d= ol sleslanal b 5 (V) Jsdr gla eyl l3l a0 das e
23 Olaibes slguonn o And G o ad; I8 4 Ao
s Gl Ol o S8 s il el asls 0l (1) I
o e ey Sle 5l sl e dbNe a5 sl els b
(M3 51 aS sds 2158 e e calfsec ol Sl o,
G ) 53 0l 350 1 ey SLa LS L 355 e 4
S e adals gl Ol = 5 1o a0 (VW) IS Ll OLLSS
s e QLS 1 (il i ol p3 el 0 S axs
(013 Gos S o 4l 30l i (5 Seslu il
10 Lo & ol 53 Slabee 550 5lde .ol 8= Y/41 mm
U | SOV o] CURCOI P WS 25| K W RN V- e
S ey Iadme S pl 3 e e Sl Jsd LB
G S5 3 ph gp g e adsl Sl s 55 5 O
CiS el Gus oSyl sl e sdaline Sl 5l &S
S o ) 68
SOl letalesl b Jle 8 sla by elad -
03 Aledd esls s 5 (6,503 slghdo (o s Jdos)

YWAY el ¥ 55l VY Jle (Il


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5

[ DOR: 20.1001.1.2251600.1384.24.2.10.5 ]

1. Iwamura, Y., and Rybicki, E.F., “A Transient Elastic-
Plastic Thermal Stress Analysis of Flame Forming,”
Journal of Engineering for Industry, pp.163-171,
Feb.1973.

2. Moshaiov, A. and Vorus, W., “The Mechanics of the
Flame Bending Process: Theory and Applications,”
Journal of Ship Research, Vol.31, No.4, pp. 269-281,
1987.

3. Shin, J.G., and Moshaiov, A., “Modified Strip Model
for Analyzing the Line Heating Method-Partl:
Elastic Plates,” Journal of Ship Research, Vol.35,
No.2, pp.172-182, 1991.

4. Shin, J.G., and Moshaiov, A., “Modified Strip Model
for Analyzing the Line Heating Method-Part2:
Thermo-Elastic Plastic Plates,” Journal of Ship

Research, Vol.35, No.3, pp. 266-275, 1991.

5.Jang, C.D., and D.E. Ko, “A Study on the Prediction
of Deformations of Plates due to Line Heating Using a
Simplified Thermal Elasto-Plastic Analysis,” Journal
of Ship Production, Vol.13, No.1, pp. 22-27, 1997.

6.Yu, G., “Modeling of Shell Forming by Line
Heating,” Ph.D. Thesis, Massach- usetts Institute of
Technology, 2000.

7.Lee, J. H., “Three-Dimensional Simulation of the
Mechanics of Line Heating,” M.S. Thesis Department
of Naval Architecture and Ocean Engineering, Seoul
National University, Seoul, Korea, 1995.

YYAL el ¥ 5l YE e (Il

s

8.Clausen, H.B., “Three Dimensional Numerical

Simulation of Plate Forming by Line Heating,”
ICCAS’, pp. 387-398, 1999.

9. Ishiyama, M., Tango, Y., and Nakamura, Y., “Studies
of Plate Bending for Practical Use by Computer
Aided Line Heating System,” Journal of the Society
of Naval Architects of Japan, Vol.183, pp.335-342.
1998.

10.Ueda, Y., Murakawa, H., Rashwan, A.M., Okumoto,
Y., and Kamichika, R., “Development of Computer-
Aided Process Planning System for Plate Bending
(Report 3)- Relation Between Heating Condition and
Deformation,” Journal of Ship Production, Vol.10,
No.4, pp. 248-257, 1994.

S R £ e g e wsols T o (—on )

ol slgdoy s IS0 s e sl il 6 e

Sl (S5 Wy st e S s 0 S
cose S 5 oSl

12. Manca, O., “Quasi-Steady-State Three-Dimensional
Temperature Distribution Induced by a Moving
Circular Gaussian Heat Source in a Finite Depth
Solid,” Int. Journal of Heat Mass Transfer, Vol. 38,
No. 7, pp. 1305-1315, 1995.

\Ve


https://dor.isc.ac/dor/20.1001.1.2251600.1384.24.2.10.5
http://www.tcpdf.org

