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ARTICLE INFORMATION ABSTRACT

Hot gas forming process forms materials with low formability or high strength at room temperature
such as aluminum, magnesium and titanium. With increasing temperature, the formability of these
metals increases and the strength decreases. In this process, for producing products with desirable
properties, determination of optimal parameters is essential. In this study, hot gas forming process was
investigated numerically by using Abaqus software, and the effects of input parameters on the outputs
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Hot metal gas forming, Optimization were studied by analyzing simulation results. In order to validate simulation results, the experimental
Genetic algorithm test was carried out by using hot gas forming setup. For modeling hot gas forming process, artificial
Neural network neural network and regression models was created by using data obtained from the numerical simulation
Regression model and then the accuracy of these models was examined. In these models, pressure, axial feeding and time

were assumed as input parameters and the radius, minimum and maximum thickness were considered as
output. In the next stage, best model was used as input function in multi-objective genetic optimization
algorithm to obtain Pareto front and optimum process parameters. Optimum parameters were obtained
as follows: pressure 15.82bar, axial feeding 2.76mm and time 69.02s. In addition, values of radius
corner, minimum and maximum thickness achieved from using optimum parameters are 4.43mm,
0.808mm and 1.93mm respectively.
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Table 2 Simulation results

(MM (mr:;:w (O)ol; (MM)siis (ban) s il
4.85 0.85 1.90 30 1584 1
4.23 0.77 1.48 90 1584 2
5.32 0.85 1.48 90 0 13.2 3
5.9 0.92 1.67 30 15 13.2 4
5.35 0.85 1.48 30 1452 5
5.04 0.86 1.89 60 1452 6
4.32 0.8 1.96 90 1584 7
4.96 0.84 1.74 60 15 1452 8
5.86 0.9 1.48 30 0 13.2 9
553 0.89 1.87 30 1452 10
4.45 0.8 1.77 60 15 1584 11
5.94 0.94 1.82 30 3 132 12
48 0.83 1.72 30 15 15.84 13
5.69 0.91 1.85 60 3 132 14
4.73 0.82 1.43 30 1584 15
4.90 0.82 1.48 60 1452 16
427 0.79 1.79 90 15 15.84 17
4.74 0.82 1.76 90 15 1452 18
5.65 0.89 171 60 15 132 19
5.4 0.87 1.73 90 15 132 20
5.48 0.89 1.89 90 3 132 21
4.80 0.84 1.92 90 3 1452 22
5.44 0.87 1.70 30 15 1452 23
4.41 0.78 1.48 60 0 1584 24
4.68 0.81 1.48 90 0 1452 .25
450 0.81 1.93 60 3 15.84 26
5.6 0.87 1.43 60 0 132 .27
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Fig. 9 Effect of input parameters on the corner radius
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Table 3 Comparison between simulation results with experimental data
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Fig. 11 Effect of input parameters on the maximum thickness
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Fig. 12 The interaction of input parameters (in equations, pre: internal pressure, dis: axial feeding and time: pressure time)
(abn sLed Jlasl lo; tIME 5 5 9me arius dis o A5l Led Pre o¥olus 1) (655,9 (sbo el bline 3112 S5

- 1 — 1 . L P R .

le , y = -Xyi, Xy = XXy, o b slayll I Sose ly (omas 408 Sgel 2B L)l
sxz—x % y2— 3y oad gilwdnd bl o s (ygew )T uliid diig g diaS (algS
ey Sy cmlie e Sl o0y r:l:u‘ smas FLOW 9 9
GQUS Ryy b &S cul g (Sod oo (05 it 90 (Suod
warls (Sted coyo e Cany (4) alaly Gllas g 395 0 o0l
1 mo)lsad copo cpl was oo lis 1) e psite oy adaly 10 a5 Col
5 JolS (Soor SL L ply (Sos (0 4T 90,0 ailioe -1
S1adlior peiins yf 5 JolS (Koo il -1 51 5 0l oo odins

R =XY_%y
i Sx%. 52 (4)
Fig. 13 Specimen produced in 500C and 12bar S - ) o ol oS
12bar Ls 3 500C (sles o o alss aiges 13 JSui el gy D90 4 Saed oo Joo,8 Gl 5 S »

371 10 o e 16 0555 1395 s WSS LD [ 1


www.sid.ir

oo 9 03l) bl yu03 3 j40

e wlakad 3ugi e Yb saled )3 (e (DI JSHh AT )3 Adad i (5 lwding

Jowe (3) Wolee o polie (o BKlr b aind deslos L penST oplies
O sbodloles & g0 4y cuwles aiig g Culbes dweS wigs slad ol
09 Am‘y 7 9 6
radius = 14.65206 — 0.79634pre + 0.072667dis
—0.017307time
—0.000925926 pre x dis
—0.000105219 pre x time
+0.000318519 dis x time
+0.012818 pre? — 0.015037dis?
+0.0000798148 time?

()
min.thick = 1.87705 — 0.10278pre + 0.031335dis
—0.00197426time — 0.00130051pre
X dis + 0.000016835 pre X time
+ 0.0000403704dis X time
+ 0.00244235pre? — 0.00157531dis?

+ 0.00000806173time?
(6)

max. thick = 6.09354 — 0.64499pre + 0.018889dis

+ 0.00118519time + 0.010017pre X dis

+ 0.000119949pre X time

+ 0.000964815dis X time

+ 0.022032pre? — 0.031901dis?

— 0.0000241975time?

(7)
Ogem S5 e85l &85 D3l (sl (oras a8 30 50 o AS e
crl g2l plodl guae &D (23 g o0k (gilutrd blE o b
Sz, (Gt 0 S Sy Jae S8 pwyn Gy S G
s aiidy g 4eS @bsS glid byl Suys ol el
6.5 ladoles I ol ml 5 0ud (sjlords bl oy (b3 (oaw 5
53 el Gy o zs 5l a0 sl (Ko s 5 aplnil 7
Galyd 5 Sge Sy S 5 Siltnd @S e b 5T, 15 UK
el 0 o0ls plai o g, 5l plaSTa 1 ol Sinen
s plod sl (Swod cuyd 9580 odaline 157 Ss s
Joe @Vl s 5l Sl Vi Siaras Ly ol bl o 0.98 YL
calpe dnlie adboe dle GBS doiin 0 G,
calpd e Gl (oS, Jle g (ras 4D 3 (Sen
wras Joe Sl i GeewS) Jlegln oz pled 5o (S
b 53 5 0.986 Sge )T, oo 53 (Sron ulpd (Sl Bl
Jae 5o (Fen core O3 i il 0936 Ll as
el Joe ay Cand (GgewyS ) Joo dllacs Gl o w200 (LS G 5
Jodo atboe dlas sl 29> (i Slr S8 5 Sl Jue
Gools 15 olaws 5 mae oo 4 Gl (Feaw S, e YL Cdo
a5k omiylisl 5 Ghalal e Risel polaie 4 (ras Joo cailige Al
oo lid 0g5 3l g el SLIS U oy (g sbosls

S i 550157
Slazs® ot O eras Jhe g (S S ) Joe E85 anglie 5l
B glyls Geew )Ty Jow dlass cpl jo a5 0l Jol> ass cpl wanl)d
sbyll sln ane lulys 8l e 4 asll )5l i
Sde 9,8 iSlas ol jLad Jleel (loj 5 (5y9mme wdss (Sl jLad

! Design Expert

10 o lesis 16 093 1395 5o (e Swille  Swiie

5 g aS 5 goue Gluand polis o anlie I ol &l
JSs 0 la 9,5 5l plaS e (sl san] Cansy (Sinood olps e

4 a4l e o olas a5 el R =092 51 YL b jlogas (olad (gl

ol oays Giigel o9

Ogew Sy Joe —4-7
SO 0 SesS, Joe b e aSl cBs anlie jslhate @
(3) alul, ©jpo @ pgs az s lbor wiz Jus Il lazg >
(e ke and heasl Candy bl eslaiul b el snls oolaxul
I s esliinl b g (Ggmm )5y by SeS @ dolas (l cwlpo polia

61 R=092
5.6
5.2
4.8

4.4

Radius in neural network (mm)

4 Ll Ll L]

4 4.5 5 55 6
Radius in simulation (mm)

Min thickness in neural network
(mm)

0.7 T T
0.7 0.8 0.9 1

Min thickness in simulation (mm)

29 R=096

(mm)

Max thickness in neural network

14 L] Ll L
1.4 16 18 2
Max thickness in simulation {mm)
Fig. 14 Comparison between radius, minimum and maximum thickness
on the simulation and prediction of neural network
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Table 4 Comparison between simulation and regression model result in
optimum point
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