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Investigation of the combined process of deep-drawing and gas-forming by
Taguchi method for producing cubic parts from AAS083 alloy
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Aluminum alloys have become widespread in the various industries due to the characteristic of high
Received 02 February 2018 strength-to-density ratio. These alloys do not have a suitable formability at ambient temperature so they
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‘ formed at high temperatures. The main hot forming methods used for aluminum alloys include deep
Available Online 11 May 2018

drawing and gas forming. Both of these methods have their own advantages and disadvantages. In this
study, a combined process involving deep drawing and gas forming has been used. In this process, the

Keywords: R . 5 A )
Warm deep drawing first stage is to create a pre-fum using deep dl_"amn_g and_m the second stage, the _ﬁnal part is produced
Hot metal gas forming by gas forming process. The aim of this study is to investigate the eftect of the main process parameters
Aluminum alloy 5083 on the thickness distribution for the shaping of cubic parts of aluminum sheet 5083 sheet. These
?P“m]'z‘“‘““'; i parameters include the temperature and blank-holder force of deep drawing stage and the temperature
2guchil metho and gas pressure at the gas forming stage. Taguchi experimental design method was used for this
purpose. The results show that the temperature at 350 © C and the blank-holder force of 1000 N for deep
drawing stage, as well as the temperature of 485 ° C and the gas pressure of 0.6 MPa for the gas
forming stage, can achieve with the least degree of thinning in the final part.
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Fig. 1 Schematic of the hot HDMP_GF process
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Fig. 5 A deformed part after deep drawing process
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Fig. 2 Schematic of the HDMP GF process equipment
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Fig. 9 The wrinkled specimen from experiment No. 1
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Fig. 7 the paths of thickness measurement
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Table 2 Parameters level based on Taguchi method
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Fig. 15 Thickness distribution at drawing temp. of 400 °C
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Fig. 16 Thickness distribution at deep drawing temp. of 450 °C
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Table 3 The results of statistical analysis for the effect of the deep
drawing temperature on the average thickness distribution
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Fig. 12 The thickness distribution along path 2
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Fig. 13 Thickness distribution at drawing temp. of 300 °C
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Fig. 19 Thickness distribution at blankholder load of 1500 N
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Table 4 The results of statistical analysis for the effect of the blank
holder force on the average thickness distribution

Mm) Sl Cualies Zoh
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0.6975 2
0.6575 3
0.5050 4

3 a1 p by

S b g IS 5lod 1 g 2 -3-4
5510 . 485 450 s ez 5 b BoUKE slos | oy solite
Gazg b oles sogame cpl iesl ond 48,5 Ll 0 ol 5 il 4z 0 550
ol e Lo Lol cde [10-12] el st Qi ol Kos gla )5 s
adlge B Ghen b o IS0 plal G5l g oole plSouiul salS al> e
SIS les o Culs a5 @ by Jloged 24 JI21 Sla S o
it dgd e sdnlie aSjgbolen il sad eaygl LSS B L
31l sals sloul (B) diged aligS g (A) diges &5 4l g0 0 ol
ol Al pyp @ ad Goas IS alo e e pd e JSS Sl
13 bl go B UGS j1 08 B (glaoylss b p ity alold (5 JS.2)
Sloojlpd & S 5L (2SS al> o 1 0ud o8 Sy Wiged o)l
28 (€) 0)l920 9 D) & (g )3 diged Cualied Nas g Wz o0 B
L 2o 54 al> o glos jielil a5 vmo o plis cpl o)l (glazg LB
B al ol wzr oo B 2y 0 o5 (g o Sull 75 o 5

.J)IJ ;5)1......: )l.......; ij’

97

25859 59585 Pl o)y -2-4
g 1500 1000 500 g, v Sl 5| 25855 S35 S o o5k &
5 Sk el 2585 0k s (M sk Sl o enlanul (s 2000
SN0 Ggm 005 e e AT ald (> 0§ (Sad S
gion 120)lgrd 9 25559 amli 1 B9 (FaSgyz el 2555 05 90
oS Dl 4z 0 300 Gess 225 gles ;04 U1 o)Ll sla diges
o5 Sy Jedis 1 o)Ll diged al o)Ll a5 (b len iloads oo S
OF el S 5 0us (@) ad 4l 3wk SaSya s S5
25558 Sae 1B LA L2 gladigas o Lol ol g2y o al> e s
2 S el ol el lesl g ead s’ (FaSy (e
2585 S > Subrs mig @ bape Jlagai 20 JI1T sla s
L g 4 sgoe sanlie a5 jsbilen ol oud 03l (LS
Gge ad a2l 53 Dl Ll wb e Gl (Sad 3L 25855 950
oads Jitie axl pl 4y Fud Sk sSlas a5 gl ol i (D)
25559 9 el 99 Jlize 3b ouzas Ol B8, et onl 4l
b RIS p ree S Slkeo g

Sadiges gly anhd Culd p2eS a4 by e Sledbl 05,5 51
i gl 4 Jgir sl oals s, lal slo b plal 9 00 osls JS5
S ssklen s gl 15855 g9 el At zob (2 Ske
s del (S5 1500 5 1000 1535 55,5 03g90me 355 o0 salie
oo bl 20 8 o nfile jolay 0,235 B30 sgus 0 Fod SL
N385 2 o oSl 5l 25855 59,05 el Soenl 4z )0 &5 a0 e (L
2585 950 Ol 4 (e 1000 58,5 65,5 98 gl 4 azgi Lo
4l 0 G (FaSar bl cel 500 (ol ad T s il
S e sln ) s Sulis g Sl o s setes 258
JCEL g E ) - ¥08S

Thickness (mm)

0O 10 20 30 40 50 60 70 80 90 100 110 120
Distance (mm)
Fig. 17 Thickness distribution at blankholder load of 500 N
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Table 5 The results of statistical analysis for the effect of the Gas
forming temperature on the average thickness distribution
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Fig. 25 Thickness distribution at gas pressure of 0.3 MPa
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Fig. 21 Thickness distribution at forming temp. of 450 C°
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Fig. 22 Thickness distribution at forming temp. of 485 C°
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Fig. 23 Thickness distribution at forming temp. of 510 C°
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Fig. 30 Formed part by optimal level of process parameters

99

o 5 sles (5. 1000 Beoe  iiS 58,9 (g o 5 Slo 4z o
e JELLEL 06 515 L o IS5 Jlas 5 of F il 4> 0 485 518 L
azilai 3539 aad plomil gla tulesl 5l plaS mo o Vb oS5 a0 F
ad plomil Lo el palas oS5l b tales] S jalate pem as el
03,5129 IS 10 1 ojlads jeus Job o Lol> digei Cuslies pyje5 o5
Sgagp dy 22 B Ful SU 05 e sdmlive a5 jebsilen ool sul
el gl eslell Lol eols IS8 aslad pgai 30 S5 o ol 00 S oy

] 005 2l ul.:.» Lb‘,“_.obk tﬁh""

S 5 4w 5
3 pS Geee S5 Jols (55 a0 wnlS Su fagn ol 0
poereasll ST (355 iz 5l (oS wlalsd 0 (sl 5L @l o S
5 oslinal by Jol b yo 48 a2l sl 33 wSsd 4285 A5 gm0 Sy90 5083
SPIJED SaS @ pgd al>pe ;0 g 0ad Sl a3 05 Bees S
Floon g ol 5 Bae osdie Wy ol a5 L gL
g Lo g Bros (AiS Al pe 0 885 5955 5 Lo Joldb w3 slaalil
akd Culd 258 695 2 B b PSS Ay o Jlesl B L2
b 2l

2585 G g o il a0 350 les [0 oS was e L il
g ol e 4z 0 485 Gles (pizmen g Gees (A0S ln (g 1000
Ol S @ plgien S L (2050 al> e sl JBLLI 0.6 L2

12
A B c D
11 f
I /"
g
E 09
¢
2 o8| Nt o—e
e
E 07 ——17
06 |
Py NTITITTITIUN PRI s ol i
0 10 20 30 40 50 60 70 80 90 100 110 120

Distance (mm)

Fig. 29 Thickness distribution at optimal level of process parameters
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Fig. 26 Thickness distribution at gas pressure of 0.6 MPa
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Fig. 27 Thickness distribution at gas pressure of 0.9 MPa
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Table 6 The results of statistical analysis for the effect of the Gas
pressure on the average thickness distribution

(mm) U'—i"" Cealses ol
0.5275 1
0.6750 2
0.5350 3
0.6525 4
' sl 5 5k a2

08 o plouits 18 0,95 1397 LT (e Suilse wiie



e 9 Zlde hiale @bl ldazxe duus

AAS5083 LT )l aafe Sslabad Sulgs aun 2956 yhg) a3 )1 b L8 b 9 Frac Ghul a5 Sialpd (glo sialply (1) 3

[7] G. Luckey, P. Friedmana, K. Wemmann, Design and experimental vahdation
of a two-stage superplastic forming die, Journal of Materials Processing
Technology, Vol. 209, No. 4, pp. 2152-2160, 2009

[8] A. Shamsi-Sarband, S. J. Hossemipour, M. Bakhshi-Jooybari, M. Shakeri, The
effect of geometric parameters of conical cups on the preform shape in Two-
Stage Superplastic forming process, Journal of Materials Engineering and
Performance, Vol. 22, No. 12, pp. 3601-3608, 2013

[9] P. A. Friedman, Method and apparatus for Superplastic Forming, U.S. Patent
Number 6,581,428, 2003

[10] Y. Luo, S. G. Luckey, P. A. Friedman, Y. Peng, Development of an advanced
superplastic forming process utilizing a mechanical pre-forming operation,
International Journal of Machine Tools & Manufacture, Vol. 48, No. 12, pp.
1509-1518 , 2008

[11] Y. Luo, S. G. Luckey, W. B. Copple, P. A. Friedman, Comparison of
Advanced SPF die technologies in the forming of a production panel,
International Journal of Machine Tools & Manufacture, Vol. 17, No. 2, pp.
142-152, 2008

[12] J. Lin, M. I. Tan, Y. Aue-u-lan, A. W. Jarfors, et al, Superplastic-like forming
of non-superplastic AA5083 combined with mechanical pre-forming, The
International Journal of Advanced Manufacturing Technology, Vol. 52, No.
1. pp. 123-129, 2011

[13] J. Liu, M. J. Tan, C. V. Lim, B. W. Chua, Process optimization and
microstructural development during superplastic-hke forming of AASO083,
The International Journal of Advanced Manufacturing Technology, Vol. 69,
No. 9, pp. 2415-2422, 2013.

[14] J. Liu, M. J. Tan, Y. Aue-u-lan, M. Guo, et al, Superplastic-like forming of
Ti-6A1-4V alloy, The International Jowrnal of Advanced Manufactiring
Technology, Vol. 69, No. 5, pp. 1097-1104 , 2013

[15] A. Barimani Varandi, S. J. Hosseinipour, Investigation of process parameters
in production of cylindrical parts by gradient warm deep drawing, Modares
Mechanical Engineering, Vol. 14, No. 10, pp. 187-194, 2014. (in
Persian - J8)

08 o lou 18 ©)9> 1397 ul.tT WRISe Sl WA

doys 22 Sad S pSlae Lyls ol sl e Fad Sb
] ae] Sy

S SD g T Goee A5 oS anld ol mli @ e L
alg Cez a5 Wy anld S plie 4 Wl S8 e b
@ Gooe 225 anld bl L e g8 anld gl eslinal b oS lkad
235 8 oolial 3590 ims (2SS LB e

&&ln-6

[1] C. H. Hamilton, A. K. Ghosh, Superplastic sheet forming, Metals Handbook,
pp- 852-869, ASM International, 1988

[2] L. D. Hefti, Commercial Airplane Applications of Superplastically Formed
AAS083 Aluminum Sheet, Symposium on Aluminum Applications, ASM
Conference, Pittsburgh, United States, October 13-15, 2003

[3]1 Y. H Kim, J. Lee, S. S. Hong, Optimal design of superplastic forming
processes, Journal of Materials Processing Technology, Vol. 112, No. 3, pp.
166-173, 2001

[4] A. Huang, A. Lowe, M. J. Cardew-Hall, Experimental validation of sheet
thickness optimization foe superplastic forming of engineering structures,
Journal of Materials Processing Technology, Vol. 112, No. 3, pp. 136-143,
2001

[5] K. Nakamura, Manufacturing method of formed product having required wall
thickness by Superplastic Blow Forming method, Patent Abstract of
JapamVo]. 4, No. 2, pp. 835-841, 1989

[6] J. R. Fischer, Prethinning for Superplastic forming, U.S. Pafent Number
5,823,032, 1998

100



