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Abstract — A brief review of the state and development of
Powder Metallurgy is given. The experimental and theoretical
results of the influence of the 3D surface roughness parameters of
powder iron-copper details on the wear intensity are presented. It
is shown that the higher wear intensity is achieved for iron-
copper powder details after infiltration, i.e. after the final stage of
production. Nevertheless, the achieved results show the
possibility of successful use of such details for different
applications in industry.
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|. INTRODUCTION

Powder metallurgy has grown with the expansion of various
industries since 1950. Nowadays, over 90% PM products are
used in the transportation market [1]. Powder Metallurgy is a
materials processing technology used to create new materials
and parts by diffusing different metal powders as raw
ingredients through the sintering process. The fundamental
process of PM is shown in Fig.1.

The place of PM in the material process technology
industry is shown in Fig.2. It should be mentioned that PM is
very economical production with little waste [1].

Currently, the performance friction materials for, for
example, automotive braking systems consist of composites
made by Powder Metallurgy with metallic matrix from copper,
iron or aluminum reinforced with a) friction components (such
as oxides: Al,Os, SiO,, ZrO,, nitrides: TiN, SisNa, carbide:
SiC, TiC, B4C) improving the wear resistance and c)
lubrication components (graphite, molybdenum disulfide,
etc.), facilitating improvement of material resistance to
gripping and wear reduction of disc (rotor) brake [2].

Copper and iron have been used extensively for various
tribological applications [1-3]. The copper and iron-based
friction materials are most often fabricated using Powder

Metallurgy (PM) technique due to its many advantages such as
the elimination of solidification induced chemical segregation
and structural defects often accompanied by melting and
solidification processes. The ease in mixing of different
powders leads to the possibility for developing new composite
materials with special physical and mechanical properties that
are otherwise difficult to manufacture [3].

In some cases, the cost of expensive alloying elements can
be avoided and micro-alloying can be applied, in this case the
amount of additive usually is from 0.1 to 5%. Some authors
assumed that dispersed additives have great potential for
microalloying and nanoalloying [1,4,5]. Thus, the introduction
of nanopowders of copper or copper-iron ligature into a
powder iron-based material has led to an increase in strength,
hardness, density, and to reduction in sintering temperature
[5].

Good results were achieved by adding nickel and
molybdenum, but the costs of such elements have risen
sharply in the recent years [1].

Authors of [6] proposed new antifriction materials based on
iron-copper powders with several additional elements which
cost less, such as tin, lead and molybdenum disulphide (Fe-
Cu-Sn-Pb-MoS,system with 2.5% Sn and 2.5% Pb additions
sintered at 900°C for 50 minutes) which have been developed
by PM techniques in order to improve antifriction and
mechanical properties.

Some researches [1] forecast that PM in the future will be
used not only for manufacturing of machine parts and other
elements for automotive industry and machinery, but also for
producing of micro parts for medical and other precision
equipment as well as for manufacturing of microsensors. The
trends in compacting technologies and material technologies
in PM in the future are shown in Figure 3.

In the recent years iron-based sintered bearings production
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Fig.1. Fundamental process of Powder Metallurgy [1]
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Fig.3. Trends in compacting technologies and material technologies in PM [1].

has considerably increased at the expense of the copper-based
ones, due to the low cost and availability of the iron powders
as well as their higher strength [7,8]. It should be mentioned
here that mixtures of iron and copper powder have twofold
benefits:

1. Copper melts at 1,094°C, i.e. below sintering
temperature, and rapidly infiltrates the pore system of the
compact from where it diffuses relatively easily into the iron
powder particles.

2. Copper is dissolvable in vy -iron (austenite) up to approx.
9 wt.-%, but only up to 0.4 wt.-% in o -iron (ferrite);
consequently, iron-copper alloys can be precipitation-
hardened by low-temperature annealing after sintering — and
actually do so to a certain extend already on passing the
cooling zone of the sintering furnace [9].

The mechanical properties of the parts are strongly related
to the composition of the material. For tribological
applications, the properties of the surface are linked to
different metallic and intermetallic phases formed in the
material [7]. In order to meet the requirements of future
possible applications, it is important to improve the existing
methods of enhancing the applied properties and develop new
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ones [10]. As the quality of the material powders and the
manufacturing processes improved, powder metallurgy parts
had in many cases taken the place of cast and forged products.
It is very important in order to avoid subsequent operations
such as sizing and machining, to improve the final
dimensional tolerances obtained after sintering. There are
many factors that cause dimensional changes, and their
combined effect makes it more difficult to forecast and control
these changes [7].

But it is clear that for tribological applications not only
dimensional tolerance and properties of powder parts are very
important, but also the quality of contact surface [11-13].
Surface condition of powder details at different stages of
production of joining elements is the important factor that
influences the choice of technological conditions of operations
and end-use properties and running ability of the product.
Generally, roughness, porosity and microstructure determine
the surface condition. But mostly only the 2D surface
roughness was investigated [3,7,11]. In the present paper, the
experimental and theoretical results of the influence of the 3D
surface roughness parameters of powder iron-copper details on
the wear intensity are presented.
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I1. EXPERIMENTAL PART sliding friction and vibration action [14]. The view of iron-
The wear resistance of machine parts is one of the important ~ COPper  details  after different stages of production
(compacting, sintering and infiltration) and macrostructures of
surfaces are shown in Figure 4.

characteristics making an impact on the quality of mechanical
products. It defines the ability of surface layers to resist to the
destruction as the result of machine parts rolling friction,

a)

©)

Fig.4. Iron-copper details and macrophotography of surfaces after compacting (a), sintering (b) and infiltration (c): outer diameter 30 mm, inner diameter 26 mm.

For investigation the iron powder ASC 100.29 (Hoganis
AB) with the following properties was used: apparent density
2.95 g/cm?®; flow 24 sec/50g; particle size from 40 to 60 um;
granite 0.5%; copper up to 2%. Micrograph of powder
particles is given in the Figure 5.

Fig.5. Micrograph of powder particles of the iron powder ASC 100.29
(powder producer: Hoganés AB, Sweden).

Iron-copper powder parts (Fig.4) were produced in the
following steps:

1. Compacting was carried out on the hydraulic press in the
closed die at the pressure up to 500 MPa. Density of the
powder pars after compacting was up to 6.9 g/cm3;

2. Sintering was realised in the endogas atmosphere at the
temperature 1,120°C, retention time 30 min. Sintered density
of the parts was up to 7.1 g/cm?®, tensile strength 350 MPa,
hardness HV10 98+100, elongation 5.9 %.

3. Infiltration by copper melt were realised according to the
technology given in [15]. Density of the powder pars was up
to 8.2 g/lcm®, tensile strength 250 MPa, elongation 8.6%,
copper content up to 12%.

Methodology for the investigation of the properties of
powder parts, which was used in our investigation, is given in
[16].

A. Measurement of 3D Surface Roughness

For exploring surface roughness the “Taylor Hobson Ltd”
3D measurement system has been used. This system is capable
of dealing separately with roughness, waviness, summary
surface and also showing them by means of graphical images.
In our case 3D measurements with stylus instrument were
achieved by basic “stepping” method and data processing by
computer [17]. The achieved 3D surface image of the iron-
copper detail after compacting sintering and infiltration is
given in Figures 8, 9 and 10 respectively.

Fig.8. View of the 3D surface image of the iron-copper detail after
compacting.
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Fig.10. View of the 3D surface image of the iron-copper detail after
infiltration.

For comparison we use amplitude parameters: Sa and Sq
and spatial parameters: Sds and Str [18]. All these parameters
are defined in comparison with a mean plane obtained through
leveling of the mean square plane of the measured surface and
then through centering of heights around the mean.

Sa — average absolute deviation of the surface. It should be
calculated by the following formula:

s 1 Nz—:ll\/lz—:l
a=——- . 1
MN x=o y=0 @

Zy,y

Sq — root mean square deviation of the surface. Used to
discriminate between different surfaces based on height
information and to monitor manufacturing stability:

S 1 N-1M-1

Sds — density of summits of the surface. This parameter is
used to evaluate the density of peaks and peats in the surface.
This parameter is expressed in peaks/mm?. A point is
considered as a peak if it is higher than its 8 neighbors.

Str — texture aspect ratio of the surface. This parameter
measures the isotropy of the surface. This parameter has a
result between 0 and 1. If the value is near 1, we can say that
the surface is isotropic, i.e. has the same characteristics in all
directions. If the value is near 0, the surface is anisotropic, i.e.
has an oriented and/or periodical structure. Comparison of the
mentioned 3D parameters of iron-copper details after
compacting, sintering and infiltration is given in Table 1.

- 2

2
Zx,y
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TABLE |
COMPARISON OF AMPLITUDE AND SPATIAL 3D ROUGHNESS PARAMETERS

Iron-copper Amplitude parameters Spatial parameters
powder details

after: Sa, um Sq, um Sds, Str

Pks/mm?

compacting 1.02 3.19 75.5 0.193
sintering 1.18 211 191.0 0.514
infiltration 20 2.6 218.0 0.547

As shown, at each step of the technological process the
surface amplitude roughness parameters and spatial
parameters increase as a rule. At the same time the parameter
Sq (quadratic mean of the deviations from the mean) reduces
after sintering. Especially significant changes occur with
spatial parameters. Density of summits (Sds) increases three
times during the stages of the technological process:
compacting, sintering and infiltration. An important point is
that at the same time the surface becomes more and more
anisotropic since the value of parameter Str closer to 1. The
reason for these changes of surface conditions is shrinkage of
material during sintering and infiltration. So we can use
measurement results not only for evaluation of details quality,
but for prediction of shrinkage and consequently for pressing
equipment design and choosing of sintering regimes.

B. Wear testing

Wear testing was carried out on friction and wear test
machine, which realise a testing scheme “plane-disc” (Fig.11).

Fig.11. Kinematic scheme of friction and wear test machine: 1 - arm; 2 —
engine; 3 — shaft; 4 — disc; 5 — loads; 6 — cable; 7 — sample; 8 — Brinell glass.

Diameter of disc was 50 mm, thickness 2 mm (steel 65T
with HRC 45....50), rotational speed was 880 min, load 50 N.
Wear testing was carried within collaboration with the
Institute of Powder Metallurgy of the Belarusian State
Research and Production Powder Metallurgy Concern. Linear
wear intensity 1, was defined according to the methodology
given in [19].

Experimental values were obtained as follows:

v For compacted samples: I, =0.10-10® ... 0.16-10%.
v’ For sintered samples: In = 0.34-10% ... 0.41-10%.
v For samples after infiltration: I = 0.27-107 ... 0.32-107.
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The worst result has been achieved for iron-copper powder
details after infiltration, i.e. after final stage of production —
the linear wear intensity is highest for the detail in comparison
with the billet. It can be explained by the fact that the billet
before infiltration contains only 1...2% of copper, but after
infiltration — 8...12%. The range of the obtained data
connected with the difference between powder parts was
divided into groups according to copper content before
infiltration and after infiltration. Increase of copper presence
in powder details increases machinability, decreases friction
coefficient, but increases the wear intensity. Consequently, the
increase of copper content in iron-copper details decreases the
durability, but nevertheless the achieved result of linear wear
intensity (0.27-107 0.42-107) show the possibility of
successful use of such details for different applications in the
industry.

I1l. CALCULATION OF WEAR INTENSITY

For engineering calculation of wear intensity the following

methodology was used (proposed by the authors in [18]):

1. It is necessary to define the 3D surface roughness
parameters and physical and mechanical properties of
surface materials of wear parts;

2. Then the wear and fatigue characteristics have to be
defined,;

3. It is necessary to establish dimensional characteristics of
wear parts design;

4. After analyzing the function conditions of wear parts the
maximal allowable value of wear hyax should be set;

5. Then the wear rate Iy should be calculated according to
the simplified equation for engineering calculations,
which is valid for elastic contact of wear parts proposed
in [18]:

t
| :kF . M .et .q.Smr(C)’ 3

where: Str=Rsmi/Rsm; — texture aspect ratio of the surface;
Rsmi,Rsm; — mean width of the roughness profile elements in
two orthogonal directions, um ; f — friction coefficient; oo —
ultimate tensile strength at a single load cycle, MPa; t —
exponent of frictional fatigue curve [20]; Smr(c)=Ac/Aa — area
material ratio of the scale limited surface, where Aa — nominal
area of contact, m? and Ac — contour contact area, m?; elastic
constant of a material, MPa!, where E — Young’s modulus,
MPa and u — Poisson’s ratio; q — load, MPa; ke — coefficient
depending on Str and t [18].

The calculated wear intensity values are obtained as

follows:

v For compacted samples: I, = 0.12-10°8,

v For sintered samples: I, = 0.38-10°%.

v' For samples after infiltration: I, = 0.28-107.

As it has been shown, calculated value of linear wear
intensity is in close accordance with experimental data
(maximal relative deviation is up to 20%, which is allowable
deviation for engineering calculation). Calculations prove the

results of experimental investigation: higher wear intensity is
achieved for iron-copper powder details after infiltration, i.e.
after the final stage of production.

IV. CONCLUSIONS

A brief review of the state and development of Powder
Metallurgy has been given. Due to the demand for more cost
effective powder materials, the iron-copper powder parts with
different content of copper were examined in connection with
possible tribological application.

The experimental and theoretical results of the influence of
the 3D surface roughness parameters of powder iron-copper
details on the wear intensity are presented. 3D surface
roughness parameters were used as more adequate surface
characteristics in comparison with 2D parameters. It was
established that the values of amplitude and spatial parameters
increase during the technological process: compacting,
sintering and infiltration by copper of powder details. The
reason for these changes of surface conditions is shrinkage of
material during sintering and infiltration.

The linear wear intensity of powder details surfaces was
calculated using the new approach previously offered by the
authors. The new approach is based on the application of
original contact criteria and probability theory. Analytical
value achieved by using the simplified expression shows close
accordance with the practical value. Higher linear wear
intensity is achieved for iron-copper powder details after
infiltration, i.e. after the final stage of production.
Nevertheless, the achieved results show the possibility of
successful use of such details for different applications in the
industry, for example, for manufacturing of worm wheels or
bearings.
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Irina Boiko, Oskars Linin§, Viktors Mironovs, Andris Kamols. 3D virsmas raupjuma parametru ietekme uz dzelzs-vara pulverdetalu nodiluma
intensitati

Raksta mérkis ir novertét 3D virsmas raupjuma parametru ietekmi uz dzelzs-vara pulverdetalu nodiluma intensitati. P&tfjuma tika izmantotas detalas no dzelzs
pulvera ASC 100.29 (razotajs: Hogands AB, Zviedrija), kas p&c infiltréSanas saturgja no 8 lidz 12% vara. Tika veikti gan eksperimentalie, gan teorétiskie
pétijumi. Ir atklats, ka 3D raupjuma parametru veértibas (amplitiidas un sola parametri) pieaug lidzi detalu izgatavoSanas tehnologiskam procesam: presé$anas,
sakepina$anas un infiltré8anas ar varu. Viens no iemesliem tadam virsmas stavokla izmainam ir materiala rukums sakepinasanas un infiltré$anas laika. legttas
analitiskas linearas diluma intensitates veértibas ir tuvas eksperimentalajiem datiem. Lielaka diluma intensitate ir raksturiga pulverdetalam péc infiltréSanas, t.i.,
péc izgatavosanas ped&ja etapa. Tomér iegitie rezultati parada iesp&ju efektivi pielietot dzelzs-vara pulverdetalas vairakos riipnieciskos pielietojumos, pieméram,
gultnu vai gliemeZratu izgatavosanai.

Hpuna Boiiko, Ockapc Jlununbui, Bukrop Muponos, Anapuc Kamosic. Bausinue 3/] napamMeTpoB 11epoxoBaTocTH HA HHTEHCHBHOCTH H3HOCA 7KeJ1€30-
MeIHBIX MOPOIIKOBBIX AeTaIeii.

Llenpro HACTOSIMIEH CTATHU SIBISETCS OIEHKA BIHsHUS 3/] mapaMeTpoB HMIEPOXOBATOCTH HA WHTCHCHBHOCTH M3HOCA YKENE30-MEIHBIX MOPOMIKOBBIX aeTaneil. B
MCCIIC/IOBAHMAX OBUIM KCIIOJIB30BaHbI JIETald, M3rOTOBJIEHHbIe WX jkene3Horo mopomka ASC 100.29 (usroroBurens: Hogands AB, IllBeuws), mocie
MHOUIBTPAIMY PACIUIABOM Ha OCHOBE MEJH, coAepKalmM Meab oT 8 10 12%. Bputn npoBeeHbl Kak SKCIIEPUMEHTAIBHBIE, TAK U TEOPETHYECKUE UCCIIETOBAHMS.
YcraHoBneHo, 9To 3HaYeHus 3J] mapaMeTpoB MIEPOXOBATOCTH BO3PACTAIOT B TEUCHHE TEXHOJIOTHYECKOTO MPOIIECCA: MPECCOBKH, CIICKAHUS M WHOUIBTPAIUH
Menpto. OHOM M3 NPUYMH 9TOTO SBISIETCS ycaJka MaTepuiia BO BpeMsl criekaHus W nH(uibTpanuy. [lomydeHHbIe aHATNTHYECKUE BETUYHHBI HHTCHCUBHOCTH
JTMHEHHOTO W3HOCA XOPOIIO COTNACYIOTCS ¢ JAHHBIMU dKCrepuMeHToB. Hanbonpias HHTeHCHBHOCTD M3HANIMBAHKS XapaKTEPHa MOPOMIKOBBIM JETAISM TIOCIIE
HHOUIBTPAKA — TOCIEIHETO dTama WX H3roTOoBIeHHs. OIHAKO IMOMydYEHHBIC PE3YNbTAThl MOKA3ald BO3MOKHOCTh WX HCIONB30BAHUS UL Pa3IdIHOTO
MIPOMBIIICHHOTO IPHMEHEHHS1, HAIPUMED, JUIS H3TOTOBJICHHS MOANINITHIKOB HIIN JUISl YEPBSYHBIX KOJIEC.

108



