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The aim of the experiment was to study the machinability of porous metal foams formed by reduction of metal ox-
ides during sintering. The analysis focused on the machining process of metal foams with respect to their porosity
and mechanical properties. The factors investigated included the geometry of the specimens, the surface condition
depending on the machining parameters (milling) and the porosity of the metal foam. The metallic porous structure
was obtained as a result of sintering the mixture of iron based powders ASC 100.29 and DISTALOY SE (DIST SE) with
porosity from 67,9 % (SE 1) to 77,8 % (SE 2) for ASC base powder and 75,7 % to 80.3 % for DISTALOY SE were used.
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INTRODUCTION

Metallic foams can be produced in a number of
ways. Early attempts concentrated on the techniques
similar to those used for polymer foaming, with a gas
serving as the blowing agent. Alternative options in-
cluded obtaining interconnected cellular structures
through casting metal melts around polymer granules in
the die. Many methods followed with variants on foam-
ing processes [1-9].

Powder metallurgy (P/M) processes are employed in
a variety of applications due to their ability to provide
near-net-shape parts with microstructures not easily
achievable otherwise [10]. In addition to the P/M tech-
niques, such as slurry foaming and loose metal powder
sintering, fibre metallurgy is used to obtain much higher
porosities [11]. Another technique applied in metallic
foam manufacture involves employing powder metallur-
gy with iron based powder mixtures and iron (I11) oxide
space holders added. This technique allows combining
irregular cellular structures with open or closed pores
[12-15]. The range of porosity depends largely on the
type and size of particles of component materials and on
the metal oxide to matrix metal ratio. Generating a po-
rous structure requires the use of metal oxides that can be
reduced easily in sintering atmospheres. Porous metal
foam technology is suitable to produce components simi-
lar to those obtained by powder metallurgy [12].

Physical properties of metallic foams depend on
their structure. It is essential to gain a better understand-
ing of the relationship between the microstructure and
foam properties. Substantial aspects of the structure of
foam materials include porosity or relative density, pore
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and solid shape and bridges linking pores and solid re-
gions [16]. Powder metallurgy has a great potential for
the development of properties and shapes of manufac-
tured components. However, the dimensional toleranc-
es of produced parts do not allow their direct applica-
tion and additional surface treatments of the metal
foams are necessary to correct their geometry and sur-
face structure[18]. The typical case is the deformation
of foam geometries due to the non-uniform dispersion
of the foaming agent or its settlement [16].

EXPERIMENTAL PROCEDURE

The specimens, SE 1, SE 2 and DIST SE foams, are
produced in a shape of a deformed cylinder with maxi-
mum dimensions of 17 mm in diameter and 15 mm in
height. The form and dimensional errors prevent the
practical use of the semi-finished products in engineer-
ing applications. Figure 1 shows an example of DIST
SE type sintered foam specimen.
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Figure 1 View of a DIST SE sintered foam specimen.

The form and dimensional accuracy of the four types
of foams produced by sintering was determined with
the use of the Zeiss Prismo Navigator (MPE_E = 0,9 +
L/350 um) coordinate measuring machine fitted with a
VAST Gold S-ASS scanning probe. Electrical discharge
machining (EDM) was performed with the use of ZAP
BP-93L.The sintered foam cylindrical specimens
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@15x10 mm were subjected to dry milling on the
Hermle B300 machining centre with the Sandvik Coro-
mant R216.32-10025-AK32AH10F cutter @10mm
(Figure 2). Two operations were involved: face milling
and peripheral milling of the specimens. The milling
was done with the following parameters: cutting speed
(V) = 470 m/min, feed rate v, = 300 mm/min, cutting
depth a = 0.5 (face milling) and 10 mm (peripheral
milling), lateral feed a..

Following the EDM and mill finish, the sintered
specimens were measured again with the aid of the
ZEISS Prismo Navigator coordinate machine, and the
diameters of the specimens, deviations of cylindricity
and perpendicularity were determined, along with ac-
curacy classes.

Cutting parameters

T v.= 470 mimin
E n= 14961 rpm
I]

f:= 0, 01mmiooth
a,=05mm
a,=10mm

2=2
@10 mm
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Figure 2 Milling the metal foam specimens on the HERMLE
B300 machining centre

RESULTS AND DISSCUSSION

The measurements of the diameters and cylindricity
deviations were performed on the near-cylindrical spec-
imens. Additionally, perpendicularity deviation of the
cylinder axis relative to the measuring face was deter-
mined. The following measurement strategies were
used: a) measuring roundness profiles (three roundness
profiles at the height of 18 mm, 3 000 points each), b)
scanning the measuring face (a circle 10 mm in diame-
ter, made up of 1 000 points).

Table 1 compiles the results for the diameters, cylin-
dricity deviations and perpendicularity deviations of the
cylinder axis relative to the measuring face of the foam
specimens measured directly after the sintering process
and electrical discharge machining (EDM).

This research aims at improving the dimensional
and form accuracy of the foams produced by sintering
and determining the effects of mechanical processing
and electrical discharge machining (EDM) on this ac-
curacy in sintered foams. The results indicate that the
sintering process produces a semi-finished product with
low dimensional and form accuracy, i.e.: the tolerance
zone of the diameters measured: 0,7819 mm, an aver-
age cylindricity deviation: 0,488 mm, an average per-
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Table 1 The results of diameters measurement values
(after sintering and EDM).

. . Foams /
Foams after sintering EDM
Foam type SE1 ‘ SE2 ‘ DIST SE DIST SE
Mould/die diameter 18 (max.) .
/ mm
Spec. diameter/mm | 16,268 16,849 17,050 15,900
Cylindricity deviation 0,460 0,321 0,683 0,265
/ mm
Perpendicularity | 105 | 0102 | 0,255 0,613
deviation/ mm

pendicularity deviation of the axis of the cylinder rela-
tive to its measuring surface: 0,180 mm.

The semi-finished product resulting from the sinter-
ing of metallic foams deviates strongly in terms of di-
mensions and shape, which makes it unsuitable for use
in precision mechanical engineering applications.

Prismo Navigator - ZEISS

Figure 3 View of sintered SE 2 foam specimen after EDM

Table 2 shows the diameter measurement results and
measured values of the deviations from the nominal di-
ameter.

Table 2 The results of diameters measurement values
(deviations from the nominal diameter, 15 mm).

Foam type Meas. diam. / Dev. in diam. Accuracy
mm / mm class IT
SE1 14,976 0,024 IT8
SE 2 14,983 0,017 IT7
DIST SE 14,987 0,013 IT7
DIST SE /EDM 14,988 0,012 IT7

A post-EDM specimen is shown in Figure 3. As a
result of EDM, the cylindricity deviation was 0,265 mm
and the perpendicularity deviation was 0,613 mm. Ad-
ditionally, the pores in the foam were closed with a me-
tallic layer (Figure 3) caused by a series of electrical
discharges. The results indicate that machining per-
formed through the shoulder milling process produced
sintered foam specimens in the accuracy class IT7 +
IT8. The smallest diameter deviation of 12 pm was
reached for the DIST SE foams. The diameter deviation
for the SE 1 foam was 24 um, the value being twice that
obtained for the DIST SE foams. The milling operation
resulted in all diameter dimensions being below the
nominal dimension, therefore corrections should be in-
troduced while designing the machining process. An
example of a specimen after machining is shown in Fig-
ure 4.
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Figure 4 View of sintered SE 2 foam specimen after milling.

Table 3 The results of diameters measurement values
after machining process (deviations in cylindricity
and perpendicularity).

Dev. in cylindricity, / Dev. in perpendicular-
Foam type mm, after ity, /mm, after
sint. machin. sint. machin.
SE1 0,460 0,074 0,182 0,004
SE 2 0,321 0,071 0,102 0,009
DIST SE 0,683 0,053 0,255 0,004
DIST SE /EDM 0,683 0,265 0,613 0,010

Table 3 shows the measurement results for cylin-
dricity and perpendicularity deviations before and after
machining.

The smallest cylindricity deviation measured after
machining DIST SE foam specimens was 0,053 mm,
with about 0,07 mm in other foam types. After EDM,
the cylindricity deviation of 0,265 mm was obtained,
this being about four times worse value than that re-
corded after machining. Analysis of perpendicularity
deviations of the cylinder axis relative to the face
showed the smallest value of 4 um in SE 1 and DIST SE
foams, with 9 and 10 um in SE 2 and DIST SE foams
respectively after EDM.

SUMMARY

This research evaluated the influence of face milling
and EMD on the accuracy of form and dimension of sin-
tered foam specimens. The findings indicate that sintering
process produces semi-finished products of sintered
foams of low form and dimensional accuracy with the tol-
erance zone of the diameters measured of 0,7819 mm, the
average value of cylindricity deviation of 0,488 mm, the
average value of perpendicularity deviation of the cylin-
der axis relative to the cylinder face of 0,180 mm. Also
the EDM process left a metallic layer closing the pores in
the DIST SE foam, also it reduced the cylindricity devia-
tion from 0,683 mm to 0,265 mm, whereas the perpen-
dicularity deviation increased to 0,613 mm. Machining
through the shoulder milling produced the specimens of
sintered foams with the accuracy in class IT7 = IT8.

The porosity has nearly no effect on metal foam
semi-product dimensional and form accuracy.
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