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ARTICLE INFORMATION ABSTRACT

Due to the low formability of aluminum alloys at ambient temperature, forming of these alloys is
performed at high temperature. Research has shown that the results of simple tensile test to predict the
materials behavior at high temperatures are not sufficiently accurate to predict the formability of
aluminum tubes at high temperature. The mechanical properties of the tube are very important at high
temperatures. In this study the formability of 6063 aluminum alloy tubes are investigated by free
bulging test at temperature range 430°C to 600°C. Then the mechanical properties including flow stress,
strain rate sensitivity coefficient and strength constant are obtained using tube multi-bulge test at
temperature range 530°C to 580°C. For this purpose, hot metal tube gas forming process is used and the
effect of process parameters such as the effect of temperature, pressure and time on the expansion ratio
and height of the bulge are studied. The results show that the maximum expansion ratio is 58% at
580°C. Bursting pressure decreases from 1.9MPa to 0.6MPa with temperature increasing from 430°C to
600°C. The bulge height increases with increasing forming time at constant pressure. Also, with
increasing temperature in the temperature range 530°C to 580°C the flow stress and strength constant
decrease and strain rate sensitivity coefficient increases.
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Fig. 1 Schematic of the ring dies geometry
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Fig. 8 Schematic of the tube geometry after deformed [14]
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Fig. 6 Pressure path in tube multi-bulge test
Sl iz a5l 50 L e 6 g

Fig. 7 The cross section of the specimen after multi-bulge test
Soaln iz G9e3l 5l diged ondiony p glae 7 S

188



Ve 9 A juwdli Al guxo OB hred b E13 583 Sub ST rd b 5 30T - 3dp 09T oS &3 Vb slod )3 6063 eaiacg)T SWT gl 523 39Sy w0 32
20r aw sl Ol a5 USS Sed Gl (Saeln maz sl 0
.1 Se a - PRSI RS . N - . e .1
el
15t e T Bo L. ... .
Sope 4 M ale sl (Saely 99 302 S 25 Cend Glr &
g .d; solaul (12) 4.]a.g|)
2 10 92 92 Tez
< _ding _InGH _InCH)  InC*)
m_dlné_| &y e | e (12)
nG) In@) Ince)
0.5 t & €e1
Som g b -4
0.0 - - - - - . (aa oo -
400 450 500 550 600 650 Sy HLid g blus! Comd g oo I-1-4

7(°C)
Fig. 9 The effect of temperature on crack pressure

S5 kad s 569 Uss
70
60
50 |

40 +

exp (%)

30

20

10 |

0 . . . . .
400 450 500 550 600 650
7(°C)

Fig. 10 The effect of temperature on the expansion ratio

Blool o areiy p e 3610 Jsi

i i
[

;‘} § | '7;7 K
Fig. 11 Free bulge tube at different temperatures

cilizes glales o gl ol3T Sl g0l sladaigas 11 JsCi

189

S5k alme L ol 1y U i Pl 50 Suaglie o Les 3
oanlive ams o plis 1) Gl glales ;o S5 Lad 9 S oo
los jo S jled b oo relS Lo Gldl b S jlad oS sed e
shalS L6 4 B00°C b Leo Liul3dl b aS cawl b 19 sga 4o 430°C
00,5 lay (ials oole ok 25 Lo 2al38 b ao oo lid gl ol o
@k g whee Rl Les Gl L (e Sh Bl 5 eole cuaglie o
el (S (sl (5 7S S9

s e ol Gl glabes jo Iy anany blawsl o 10 IS
Ot b oo Siali8l bl cond Les (38l b aS 068 o0 cvaline
Llsl Cons g 2wl 580°C (slos 40 58% bluwl s lio
sy 50 B00°C (slos ;0 52% jlade 4 g sl o ialS

ol iz glales jo o3l (Sanly fygejl 5l ey ladlg) 11 JSS (o
axdad (6 3y IS e Lo (o8l b aS 068 oo cdwlive Lol 0als oold
5 ol e (i iy e 2815 S5 L o 5 aly sl
Sl L o)bgs g oad olowl 580°C sles jo ] oy xS 9430°C slos o
LS5 s Job sy ol sl Lialpsl S5 b Jgb 600°C U Leo
Gleo b aS (glaisd 4y ccanlos b bluadl cons Sl b cnlite Leo
oz |y tals &g, S5 s Job g Liulil g, blaas! cas 580°C
Ol s 098 o psSae Wigy oyl 600°C b5 Lod y20l38l b rnw 9 XS
255 gt Las Gl b S 0508 S 5o il |y Oy
oads oals lias YL LS5 10 430°C (slos jo iolesl diges 12 S
5 039 olpen SuS 5 5l L3U ol lo b cass Lo cpl yocl
@ Lo ol b el sole (FJb g ad 68 5l L0 cunsls 030
2l 2ol (S 5 gl 5 oad pall dlgd mhan ) e i s
9 ooyis 3gg 34 o odalive 13 JS& 40 a5 jebolen 580°C sles
w250 5l il S 05l g ol HIKETSalS ) Gl Ll g S5 Las-
Sinl33l Dol 4y e sk 0y £, 600°C b Les tolisl b 14 S o el
b Job Gl g blasl s (alS (plansg; St 4yy2ni0 5 axdly
[6] o5 e 55

g didy bl Cond ozped ool Cawdty )28 mll @ 4y
580°C L 530°C eled 00game a5 sy azms pl 4 gl o0 S5 JLad
Oliee a5 Sl painegdl 5LIT £45 cpl conlin olod s3game saimslis
Jb o bl cas g (ymals Jlo o oles oogaome (pl ;o S5 s
b eogaze (pl o ol (Sle plos ) cpl by ccal o158
ol 0ads plol

3 osleis 16 095 1395 sls i (e Suilke wiie



Ubled 9 A mwdliial e

OB hred b E13 583 Sub ST rd b 5 30T - 3dp 09T oS &3 Vb slod )3 6063 eaiacg)T SWT gl 523 39Sy w0 32

Fig. 15 the specimens of tube multi-bulge test at various
temperatures
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Fig. 14 The amount of crack line at 600°C
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Fig. 19 The effect of pressure time on the bulge height at 580°C
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Fig. 17 The effect of temperature on the strain rate sensitivity
coefficient m
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Fig. 21 The effect of pressure on the bulge height at 580°C
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