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Abstract

Two self-lubricant copper-based composite materials, alloyed with Sn or Ni, P,
and containing Pb, were studied. The obtained experimental data revealed a small friction
coefficient in vacuum (for load of 2 and 10 N, and velocity of 0.2 and 1 wm/s} with both
marterials. The "Cu-P-Sn-Pb" system’s friction coefficient was 0,12 - 0,15, The "Cu-P-Ni-
Fb" system’s friction coefficient was 0,18 - 0,24. The measured wear values for friction in
vacuum were also small. For system one wear reached 4.1 06 mm3/Nm, and for system
two, 4.10°0 mm>/Nm. An interesting fact is that, by increasing the load 5 times (from 2 to
10N} at 0.2 m/s in vacuwmn the wear of system one became 6.10°6 mm3/Nm. For system two

this value was 5107 mm3/Nm. The obtained results proved the good antifriction
properties of these materials at dry friction in vacuum, resulting from the friction surface’s
enrichment with lead, Pb. Duving the friction process, Pb diffused from volume to surface
and acted as a solid lubricant.

Introduction

Space studies have shown the complex and non-traditional nature of
tribological processes in vacuum, where the medium is greatly rarefied,
lacking oxygen and humidity, convectional cooling, and traditional contact
lubrication. As a result, contact interactions are realised at elevated
temperature, increased plastic deformation, destruction of oxides, at strongly
increasing adhesive activity of the frictional surfaces, leading to intensive
wear [1]. Friction in vacuum usually takes place in dry conditions.

All these peculiarities necessitate the development of materials with
improved antilriction properties, since in space practice, failures of
tribological character are not quite rarc,
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Our experience in material rescarch and use in space has shown that
self-lubricant copper-based composite materials are suitable for space
application. One material of this type was used in the bearings of the space
apparatus which operated steadily in vacuum on the MIR Orbital Station for
5 years [1996 - 20017 [2,3].

Propertics and parameters of new materials

The object of the study are the properties and triboparameters of two
self-lubricant copper-based composite materials, alloyed with Sn or Ni, P,
and containing Pb in the form of globular formations.

The materials are as follows:

t. System "(Cu - P) - (Pb -Sn)", to be called provisionally "material 1" and
2. System "(Cu - P - Ni) - Pb", 1o be called provisionalily "material 2."

The main pecularity of this type of materials is the fact that the
functions of their structural components are strictly differentiated. Some of
the components play the role of the bearing part {the maltrix). These are the
copper alloys. The other components have antifrictional function as solid
lubricant (Pb, S, their alloys). An important factor providing for the choice
of these components was the interrelation between them in the material
structure,

Alloying with Ni and Sn improves the mechanical properties of the
alloys and forms a solid solution with Cu, increasing material stren gth.

Phosphorous increases the wear resistance of materials, forms a solid
phase Cu3P, which limits the formation of intensive plastic deformation at

contact and restricts the creation of seizure centres at dry friction vacuum
conditions. Pb actually does not interact with Cu, and plays the role of a
solid lubricant, decreasing wear and increasing the reliability of the tribo-
couple. Pb is present in the materials’ structure in the form of isolated
formations. :
A general technological principle in the creation of this type of
antifrictional materials is the formation of strongly heterogencous structure,
ensuring good antifrictional characteristics and parameters (small friction
coefficient and high wear resistance).

"Material 1* possesses complex heterogeneous structurc built by o-
solid solution of Sn in Cu with isolated formations of Pb. At the boundarics
of a-solid solution grains, a web of CusP is located with areas of complex

eutectics "CusP + CuzSn + (Cu + Sn), and isolated crystals probably of the
PbySn0y4 type.
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The structure of "material 2" is built of a hard solution of Ni and P in
Cu with solid phase CusP, located on the grains in the form of a broken

web. Pb formations fill the gaps between the particles of the solid solution.

A high wear-resistance is inherent to these materials, because of the
favourable relation between strength and plasticity resulting from the
alloying of the bearing part (the matrix) with Ni or Sn, which increases the
loading capacity of the materials.

[rrespective of the distinct specifics of triboprocesses in vacuum and
especially duc to adhesion increasing at dry friction vacuum conditions, the
obtained experimental figures for the friction cocfficient in vacuum for both
materials were small. System's "Cu-P-Sn-Pb" friction coefficient was 0,12 -
0,15 and system's "Cu-P-Ni-Pb" friction coefficient was 0,18 - 0,24 (load 2
N and velocities 1 and 0,2 m/s). The measured wear values for friction in
vacuum were also small - for material 1, the wear reached 4.10°0 mm3/N.m,

and for material 2, 4.10-5 mm3/N.m. This result could be explained by the
cffect of self-lubrication. Our previous studies have shown that under dry
friction in vacuum this type of materials certainly demonstrate a self-
lubricant effect [3].

As a result of the increased temperature at contact, the plastic
deformation and the differences in the diffusion and linear extension
coeflicients of the material's components, diffusion of Pb towards the
friction surface is obsecrved.

Such diffusion is also accomplished with friction in air, but in this
case Pb on the surface is oxided, and with friction in vacuum Pb is metallic,
acting as solid lubricant. Experience shows that metal Pb features more
stable triboparameters than PbO. Mctal Pb kecps its own plasticity and the
formed thin layer is steady.

In Fig. 1, the dependence of the friction coefficient on distance at
dry [riction vacuum conditions is shown for material 1 (load 2 N and
velocity 0,2 ra/s).

With increase of load and velocity, friction power increases, contact
temperature rises, the diffusion process is activated and the surfacc is
enriched with Pb acting as lubricant, which decreases further the friction
cocfficient, as scen in Fig.2 with velocity Im/s. The casc with material 2 is
similar, where the value of the friction coefficient decreases with increase of
velocity from 0,25 to 0,18.

An interesting fact is that, by increasing the load 35 times {from 2 to

10 N) at velocity 0,2 m/s in vacuum the wear for material 1 was 6.10-6
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mm3/N.m. For material 2 this value was 5.10-5 mm3/N.m. This result
proved the good antifriction properties of the materials under dry friction in
vacuum. We assume that the load 10 N at 0,2 m/s is not limiting for both
materials. The shown (riboparameters are measured at rotation movement
with counterbody of stecl AISI52100 (100 Cr 6). The tribological study was
carried out by the AMTT - Seibersdorf, UHV-tribometer [4].

The structural-morphological peculiarities of the friction surface at
dry friction in vacuum are very specific. Wear by friction removes
irreversibly oxide stroctures and cleans the surface. This can be seen in the
micrograph of the surface at friction in vacuum for material 1 - ¥ig.3. This
is the beginning of the formation of Pb layer on the surface, where well-
outlined formation of Pb (1) is observed, assuming orientations along the
direction of movement.

The Pb layer formed on the surface at friction under vacuum for
material 2 is shown in Fig.4. The formation of a stable Pb layer depends on
the stractural-morphological configuration of the composite material, the
distribution of lead in the surface layer and the friction regime, which makes
the friction surface adaptable while in service. Therefore, the self-lubricant
compositc materials of this type are steady and reliable under dry friction
vacuum conditions, including space environment. Our efforts show that they
are suitable for space application as a material for bearings, working
continuously in dry friction regime in vacuum,

Conclusions
1. Lubricaticn effect has been established for two antifriction copper-based
composite materials under dry friction vacuum conditions for loads of 2 and
10N and velocities of 0,2 and 1 m/s.
2. The triboparameters friction coefficient and wear of these materials are
comparable to those of the material LB9 (Glacier BS 1400 LB4-6).
3. Because of their good triboparameters and great operation stability in
vacuum these materjals are of interest for space material science and
technologies. They are a promising material for space applications,
involving continuous dry friction in vacuum,
4. It is purposeful the research to be continued on these materials in order to
determine their ultimite potentials with regard to their loading with heavier
operation regimes in vacuum,

Upen complete assessment of thesec materials, they could be
proposecd for use in space equipment and devices.
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Captions:

Fig.1. Friction coefficient dependence of distance under dry vacuum friction (load
2N, velocity 0,2 m/s) material 1.

Fig.2. Friction coefficient dependence of distance under dry vacuum friction {(load
2N, velocity 1 m/s} material 1.

Fig.3. Micrograph of friction surface of material I at dry friction in vacuam (load
2N, velocity 0,2 m/s), {x 1000).

Fig.4. Micrograph of friction surface of material 2 at dry friction in vacuum (load
2N, velocity 1m/s}, (x 1000).
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Fig.3 Fig.4

AHTHOPUKLMOHHY CBOMCTRA A CAMOCMA3BAIIIM CE
KOMITIO3UTHHN MATEPHAJIA IIPU TPUEHE BBB BAKYYM

Onura Cumeonoea, 'eopau Comupos

Pesiome

Mizcacusanm ca /iBa CaMOCMA3BAUIM CC MATEPMANa A MCHIA OCHOBA,
ChAbPKALIM ONOBO, CIIABEHM ¢ xanall wnu Huken u Qocdop. IHonysemnre
CKCHCPUMEHTANI M NAHH TIOKA3aXA HUCLK KOSDULMEHT Ha TPUCHC BB BakyyM (3a
ronap 2 1 10 N, u ckopoer 0,2 n 1 m/s) u mpu fpara marepuaa. Kochuuueqrst
fa tpucne Ha cuctemara "Cu-P-So-Pb" e 0,12 - §,15. KoeduipientoT Ha Tpuene na
cucremara "Cu-P-Ni-Pb" ¢ 0,18 - 0,24, Mamepeuunte crofiioctd na d3Hocsade pH
TPHCHC BBB RAKYYM CBUIO Ca Manxu. VsHocsamcro B ubprata cuctema e 4.10°0
mm3;’;\‘m, a BLB Bropata cuerema - 4.1077 mm3/Nm, Hirrepee npcHcrapassa
darpt, 4e yRenuyaBaiky ToRapa 5 ieTH (07T 2 Ha 10N) 1pu 0,2 m/s B1B BakyyMm,
MZHOCBAHCTO Ha LikpBaTta cuctema crasa 6.10°0 mm3/Nm. 3a BTOpATA CHCTCMA
tazu croftnoct ¢ 5.10°% mm3/Nm. Honyucuure pesyntaran LOTBbDKAABAT
A0OpuTE AHTUGPUKUHOHIY CBOMCTBA HA TC3H MATEPHAIH OPH CYXO TPHUCHC BLE
Bakyys, NOJYUCHA B pE3ylTaT OT 0DOTaTABAHCTO Ha HPHKIMOHHATA HOBBPXHOCT C
onoso Pb. B nponeca na tpuenc Ph nbynaupa o1 ofema Kb HOBBPXHOCTTA M
JCHCTRA KATO TRBPA NYOPHKAHT.
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