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A Study on the Characteristics of Aluminum Tube Hydroformed Products
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Abstract

In this study, the characteristics of aluminum tube hydroformed products at different extrusion type
and heat treatment conditions were investigated. For the investigation, as-extruded, full annealed and
T6-treated Al 6061 tubes at different extrusion type were prepared. To evaluate the hydroformability,
free bulge test was performed at room temperature to 300°C. Also mechanical properties of
hydroformed products at various pre- and post-heat treatments were estimated by hexagonal prototype
hydroforming test at 250°C. And the tensile test specimens were obtained from hexagonal prototype
hydroformed tube. As a results, hydroformability of full annealed tube is 5~8% higher than that of
extruded and T6-treated tube. The tensile strength and elongation of T6-post heat treated indirect
extrusion tube were more than 330MPa and 12%, respectively. However, T6 pre treated hydroformed
product represents high strength, 330MPa and low elongation, 8%. Therefore, Hydroformability of
Al6061 tube showed similar value for both extrusion types. However flow stress of direct tube showed
20~50MPa lower value than indirect tube.
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Table 1 Heat treatment conditions

/ Pre-heat treatment | Post-heat treatment
(before hydroforming)| (after hydroforming)

A as extruded (F) as hydroformed

\\\\\ B as extruded (F) T6 treated

C full annealed (O) as hydroformed

] . . D full annealed (O) T6 treated

Fig. 2 Hexagonal prototype hydroforming die

E T6 treated (T6) as hydroformed

@l Azbstar Al o Eds AXE AE
(sealing)gr 5, A Wi HAE A& A
U Fig. 1(@)oll e mRe} Fo] frid”]eh
58 5o 7}d . A(heating element)=

of WME Hx= Aol W 2dS 7hdste] A
A =LA A ¥ FEIYES AASL
39S 22 o Fig. 19 (bl
o] ZF<7|(intensifier)E  ©]-&3}¢]

N—r
ofo
o
o

Q

stehe] ol
7bA] W qels Zhskel mbdel] o]=A 3
Fig. 3 Schematic drawing of hexagonal prototype o} 2El3 Nk EE BB E Fig ()9 2ol 3
hydroformed product Z @ o o o saE Fue s =3
) gromA FHo WAy 7l me 9P A
Al A@AE FFE VE T A FRAeE EA o Brrsd o
gl 2ol itk wEbA dAe] e wE 9 Aezxa z2A] W2 oy Lo J|AH E
_o'é‘ 1‘*16 S o‘o <! A 7 oAl = = 2198 olo ol A = 7+
Fe BAE] s 4 A dAe 2dE v 9= dobE7] #IsiA= Fig. 201 YERH mhep 2
A2 (F), ¢d EH(0), Tex 9] Al 7HA = 3o o] 8718 Ao B3 mulS AAHoT AA s
A ST e ElE RS EE gyggn. 49 Fus ndAdE), 29E
AlBOBI Aol 71 <73 508mm, 71 Smm - g0), TeRe el Al A4 AALDE AW K7
oIt Yo g4y W F v gaEdo
FH, 23 A A TS T dAY FE 2 Azxg @ BB AT gE|i]s tha] oA
TERES Axs] el As BEel 2ad ANYES Te TA T sle] EHe A THg =z
T T FgHgol %%5}‘4 FARGE Aol W= AAA Exe W=z FRIAY
dot= oz Adee AFS ddse A (Table 1). AIAHE] 7]742 =4L Fig. 39
caw dAedeng A8 249 W AT gea a9y 4YF 2 Wl AgAYH
Al S Fas AA B & 5 Q) o AQH st eI 3 wAH T}
ohoadd FE AP Ao AW
& Yol SEe] ol wg A A I aal o4l al =
oE WYol dolihd Ak wed A%HN% 3. 48 Za X 4F
AEto = AANPALE Frtske Aol -
2 B3l i AFSAANES B3 A A BREA= Aot B a4 £4
A mhe wby A2 93 AHAAZS e AR igs SAIAE vt 24 =24 F
= FA8S A3 WA FHE o] 43 & dETI A weE JIF 45 A8l
b ARk d AAE Fig. 1ol YERAIY FEE 250 Coll Al A}-5-8-94A] g (free bulge test)S =3 3}



(a) Indirect extrusion type

(b) Direct extrusion type

Fig. 4 Bulged tubes at different pre-heat treatment
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(a) Seam direct tube (before hydroforming)

(b) Free bulged tube (after hydroforming)
Fig. 6 Cross section of seam direct tube
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Fig. 8 Comparison of mechanical properties at
different extrusion type and heat treatment
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