304-293 yoyo 10 o louds (16 095 (1395 (53 )30 SuilSo JwIio dlxo

iy Sy ele dolidle —p:_l_

O W0 S0 (wigo = 5
VAR
mme.modares.ac.ir ;):{;’@,

W 934 (T S gt cpri § (SITECS b s RO > w9y vy
ylxo

23

ZJ&?HL: daa ‘lg;l&'a ($3gosans ‘16..\:\.@.‘3 sie

S5 iy stnten olSutil (Ko suutie bl sli S -1
OIS i i oSl Sl puiige eolial -2
assem@sharif.edu 11365-9567 iy 9o «)lie5 *

LV N Al wleWb!
& adgl 55 g 5l Hainyge zokaws Sl @lio ol ol Jolite Jhan (g5lo S Alerl Cilise gl 4> (sH8 (slasyg ) olinal Job (stimgy allie
329 9 i 3 298 38 o Ol Sl 5 218 o) (siloded & Il lie ) ) el Cuaal Bl S (200l 0] 5SS 139;315 ); ;g :ﬁ’:
ol 0ad oalil CBgls g5 le s 13 0 AlS 3y Ca e eSS (glap g Jaiio S (gl Jde (gly sl oa 4By y 1395 )é(aé4 feals s A;|)|
9 ol Cundy Gyg JSB sl Sy =gVl g5 Llos S plsl g el 1331 o5 Lo 5 ol JUI L eGpg 0 bod s (58L o5l 4l
sokate cpl 403,85 e Jaiio (Sl bulpd g b (il (o (3l T8 sl el ad ot lisl S ol ol g Brg BIJSD
Glacs s g ol o Ciliso (gl21 63 ond bl (gjlodnd SaS 4 0] sy Jlono (5 gy b sl UK (5> (sl e k2 0l
S Sing L .05 il laool () b (oo (4K hjaal 4 Jndio <8 > g 5 ol (58l sl g 03 plo] e il My =5l go 3 b

sllae JS5 b oel oy JS5 gl ) g 00 Jlosl asl o5 Gyy S &) (olodnnd oS & U5 ) el ool Cany 5yl 25 g o e

) s 55
ol Caody 1u0y3 5l a8 gllas e B B,

Investigation on Line Heating Process with cooling and Determination of the
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Sheet Metals are widely used in different industries such as ship building. One important subject in
Received 04 July 2016 these industries is to create the desired sheets through line heating process. In this paper, first, the
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- > simulation of heat transfer between a gas torch and a plate during the line heating process is
Auvailable Online 15 October 2016

investigated. Impingement jet model is used to simulate the effect of a heat source (flame) and air
cooling on the plate by using the commercial engineering software, FLUENT. Then, the computed

Keywords:

Sheet metal forming temperature distribution by FLUENT is fed into the ANSYS FEM package for thermo Elasto-Plastic
Line Heating deformation analysis and the results are validated. Process execution needs heat paths and heat
Thermo Elasto-Plastic Analysis conditions. For this purpose heat paths of the cylindrical shape were obtained based on the Strain-Based
Impingement jet model Method. For thermal conditions a neural network was trained. In this regard, close to 63 different

Strain Based Method L " . -
rain Based Metho situations in different powers and torch speeds were run. Finally, to verify the thermal characteristics

obtained for the cylindrical shape, paths and thermal conditions obtained were passed on a flat sheet
metal by simulation and the result was compared with the desired shapes. It was shown that the Strain-
Based Method is very practical in determining the thermal paths.
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Fig. 1 Flat plate and fabricated plate after bending in Line Heating
Process [14]
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by b Slxio (mb JS2) Y-Z axio ) pgai « o cuai (>l 5 S
O JS8) XY asmio 5l pgas o )5 550

b gl ) e (S5 £9,5 5l b 5 mom ald SRT Sl Ge
s aly Gy oo bl saile <ol 4l 10 G 4y logas 2ol )l >
Glp Ve 5,5 sl sles a5 ol 5 le 4,0 700 b 600 s
el 00ls daslol 1) 055 &S > Coll e b s w5l el 20 S5
el 08,55 &S 1> 4y £9,0 jei Gy9 4 olol g4l 10 Boe Job 4o
S E900 3l g 03 yhe plp GESEE Sl (2gp S
GaAlols 5 ol 4zl 53l g8 &) )5S g S Sty oo
ey Gl el 4B S bl T SES o 200> as
Ole 23 emin 3550 9 oo Sll 99 ()5S 5 Jadn I (29
@ ad So05 Gy wles! ad 4 Jrte a5 e ilesg S s
GBS 5 2ol Jee £o,0 j0 o5 glalold )l Lais glais
Ol e Jrie a8 o el oud baas 50 e sleal jo ccdly 592
ol 00l 4288 Las 0 Cob sy b g Blo has (69, o Gaiod
@5 «bald (5l 38l 5 50 Julos sl 5l my it (sl 5o
Cond 53 g sl odal Csy alamd j2 40 5 abaii yo gy 55 gl gleo
ol a8 5138 oolaiwl 0590 (59 S i (gawle sl Sl >

Slawls s -3-3

Ceond )3 gy 090 Sloy S5k sl B)9 50 Led &35 Gmmline Sl
5 wload ojly Slael> isw 4 (599,5 o bl O&jse 4 mls ( SVl
2 By S5 i g oad Jlasl 55 4 qles Ll G Dj50n i85 0
et e a5 0T 4 azgi b ol ool Cawoas sl 3 slol yo g alad e
3525 25 1 o IS ks 5 Cans ool L5 L5 colad &y s S
500,85 Gl Bro 1,5 )0 vz g SYL Olyo b Ses 51wl w)ls
ol oy s cwl ol (B elail 4 e AS&L‘?QT 3 SKs s Julow
il 535 i B 1 UK mnis 1 G o siley Ll ke
ol 038,5 oolizal "B i a " oo

&9 rly> ~1-3-3
» )L...-a aliSe dhnl.m) ) \5‘5.4 ua|5:> Qd)ji Cewddy 6‘).! uL...Jl.o)—‘ labu‘

? Large Deformations
® Semi Transient

297

1000 r
900
800
700
600
500 t
400
300 Specific Heat (J/kgK)
200 t

100 r
0 200 400 600 800 1000

T(°C)

Fig. 4 Thermal Properties of steel sheet
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Fig. 18 Sheet metal deformation in different velocities — V= Flame
movement velocity
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Fig. 19 Lateral sheet metal deformation, Vc = Cool velocity, Flame
outlet velocity = 130 m/s, Flame movement velocity = 5 mm/s
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Fig. 23 Validation of obtained paths and heat conditions to achieve the
cylindrical shape (half of the plate)
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Fig. 24 Plate deformation after applying paths and heat conditions in
the simulation of flame heat source to get pillow shape from the initial
flat plate; (half of the plate)
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Fig. 25 Obtained deformation after applying paths and heat conditions
in the simulation of flame heat source to get pillow shape from the
initial flat plate; (half of the plate)
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Fig. 21 Elastic analysis on desired cylindrical shape to find minimum
principal strain distribution
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