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Effect of Process Parameters of P/M and Induction Heating on the Cell
Morphology and Mechanical Properties of 6061 Aluminum Alloy
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ABSTRACT

The purpose of this study is to evaluate the mechanical properties of 6061 Al foams, which were fabricated
by P/M and multi-step induction heating method, and to build the database, which is needed for computer aided
modeling or foam components design. Aluminium foams, consisting of solid aluminium and large quantities of
porosities, is widely used in automotive, aerospace, naval as well as functional applications because of its high
stiffness at very low density, high impact energy absorption, heat and fire resistance, and greater thermal stability
than any organic material. In this study, 6061 Al foams were fabricated for variation of fraction of porosities (%)
according to porosities (%)-final heating temperature (Ta3) curves. Mechanical properties such as compressive
strength, energy absorption capacity, and efficiency were investigated to evaluate the feasibility of foams as crash
energy absorbing components. Moreover, effect of the surface skin thickness on plateau stress and strain sensitivity
of the 6061 Al foams with low porosities (%) were studied.
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Table 1 Chemical composition of powdered A6061

Cr [Cu| Fe |[Mg Mn| Si | Ti | V |[%Al
0.07 | 0.25 | 0.25 | 0.89 | 0.03 | 0.65 | 0.02 | 0.01 | Bal.
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Table 2 Specifications of equipment for experment

compaction and Material testing system,
o pression | Max. load 250kN, 1300
P (MTS, USA)
. Induction heating system
(fl:(l):l?'l?irrllg) 25kW, 40kHz,
& (Solid industrial Co., Korca)

Table 3 Dimensions of induction heating device

[unit :mm]

Coil inner | Mold inner | Mold outer | Coupling
diameter (D;)|diameter (do)|diameter (d;) [distance (Ws)
80 30 70 10
Coil length [ Mold length| Coil wall

H) ) thickness (dc)
150 130 10
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Table 4 Input-data of multi-step induction heating

process
. . Heatin . .
Heating time & Holding time
Mold ta (sec) temperature tn (sec)
0 . h
’ T. (C)
tar | ta2 | ta3 | Tar [Taz [Ta3=Tt} thi | tho | ts
304
ss 208| 34 |Var.|590(640| Var. | 120 70 |Var.
Capacity of the induction heating system, Q (kW)
Q = Qi ! Q,
T Ths Capacity (kW)
—~ T, 2 Q,%6.0py=2, Q,; 56
g Heating time (sec)
- 1,208, t,,=34, t,,=var.
g_a' Holding time (sec)
3 14=120,4,=70
o Tt +Thzs Ths?
8_ Heating temperature (°C)
g / « Ty (T, of 6061 alloy) : 582
- - T,y (T, of 6061 alioy) : 652
ta b b by - Ths : Foaming temp.(=T;)
Time, t (sec)

Fig. 3 Proposed input data diagram of multi-step
induction heating
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(a) Surface appearnce of 6061 Al foam specimens
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(b) Cross section of Al foam specimens

Fig. 5 Morphology of 6061 Al foams fabricated for
variation of fraction of porosity
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