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Metal — polymer sliding contacts are a typical combination in industry and medicine. For decades such a set
of materials has been the primary choice in human joints endoprosthetic technology. In this paper tribological
issues of are presented from a research on the potential for practical use of Ti-13Nb-13Zr/UHMW-PE couple
for orthopedic endoprosthesis. In tests on simplified models it is critically important to carefully select
geometry of contact, load and velocity magnitudes and profiles to the later interpretation of results. In case
of organic polymers interacting with metallic components the problem is even more prominent, than in the
case of all metal systems because of great differences in the modulus of elasticity between the specimens in
contact. High local loading can cause excessive heat generation and accelerated loss in polymer’s strength
induced by thermal plastification. The process may not be manifested in the course of the experiment in
any way detectable and might compromise the accuracy of wear measurement. In the case of the presented
research an analysis has been performed to evaluate the observed wear profile of UHMW-PE with respect to
non-uniform distribution of contact stress. A simulation was run with the use of FEM to evaluate the contact
conditions between the titanium alloy and UHMW-PE specimens and the results were confronted with the
wear profiles. Interesting similarities were discovered yielding useful information on the fundamentals of the
wear in and for future research on similar systems.

tarcie cial statych, eksperyment tribologiczny, zuzycie, stopy tytanu, materiaty na protezy stawow.

Skojarzenia slizgowe metalowo-polimerowe sa czgsto spotykane w zastosowaniach przemystowych i me-
dycznych. Od dlugiego czasu sg najczgsciej wybierane w technice protez ortopedycznych. W artykule przed-
stawiono wybrane problemy tribologiczne spotykane w skojarzeniach stopu tytanu Ti-13Nb-13Zr oraz poli-
etylenu UHMW-PE. W przypadku badan na modelach uproszczonych bardzo wazna kwestig jest wlasciwy
dobor geometrii styku, wartosci obcigzenia i predkosci $lizgania oraz przebiegu zmian tych parametrow wy-
muszenia. Pozniejsza interpretacja wynikow i ich przydatno$¢ do zastosowan praktycznych jest Scisle zwia-
zana z tak rozumianym przygotowaniem doswiadczenia. W przypadku skojarzen materialow polimerowych
z metalowymi waznym czynnikiem wptywajacym na skutki tarcia jest r6znica w wartosciach modutow spre-
zystosci tych dwoch grup materialow. Duze lokalne obcigzenia moga np. prowadzi¢ do miejscowego prze-
grzewania powierzchni polimeru i plastyfikacji, co moze zmniejszy¢ warto$¢ uzyskanych wynikow. W pracy
przedstawiono analizg profilu zuzycia probek UHMW-PE w zaleznosci od rozktadu naciskéw powierzchnio-
wych. Zastosowano symulacje z wykorzystaniem MES w celu analizy czynnikow wplywajacych na warunki
kontaktu probek ze stopu tytanu i polietylenu UHMW. Uzyskane wyniki symulacji znajduja potwierdzenie
w zarejestrowanych doswiadczalnie profilach zuzycia probek polimerowych. Zaobserwowano zaleznos¢ roz-
ktadu naciskow od warunkdéw podparcia i naprezen montazowych dziatajacych na probke.

*

Gdansk University of Technology, Faculty of Mechanical. Engineering, ul. Gabriela Narutowicza 11/12, 80-233 Gdansk,

Poland.



Downloaded from mostwiedzy.pl

AN\ MOST

114 TRIBOLOGIA 1/2017

ISSN 0208-7774

CONDITIONS OF TESTING

The tests were performed in the PT-3 tribometer [L. 1-4]
configured for flat-on-flat contact (annular shaped).
The arrangement of specimens is presented in Fig. 1.
Both specimens are cylindrical in shape with the
outside diameter equal to 22 mm. Of the two the lower
specimen is made of UHMW-PE and is seated in a non-
rotating chuck in a self-aligning support equipped with
the friction torque measurement system. The upper
specimen is manufactured from Ti-13Nb-13Zr alloy.
Both specimens were machined to an average roughness
Ra<0.06 pm and both have holes machined through the
centre to allow for lubricant circulation and to avoid
lubricant starvation in the friction zone. The polymer
specimen also has radial an circumferential grooving on
the working face for lubricant circulation and improved
evacuation of wear products from the friction zone.

Ti-13Nb-13Zr specimen

N[
1 AANIND
|

/> p%
LUHMwlPE specimen
(non-rotating)

Fig. 1. A schematic view of the experimental set up used
in the research

Rys. 2. Widok schematyczny uktadu probek uzytego w bada-
niach

The tests were performed at steady state conditions
and run in an intermittent mode with the test run broken
up into progressively timed intervals of 3, 10, 30, 60,
120 and 180 minutes. At intermissions the specimens
were examined by optical methods, profilographometry
and weight control. The test conditions are presented in
Table 1. The sliding contact was immersion lubricated
with Ringer solution. The solution drained and refilled
at every stopover.

Table 1. The test parameters adopted for the wear tests
Tabela 1. Parametry przyjete do badan tribologicznych

Load Rotatl(?nal Test time

velocity
[kN] [RPM] .
([MPa]) ([m/s] — average) [min]
3,0 10
’ 403
(~9) (~0.3)

WEAR PROFILE

The basic analysis of wear performed on the tested
system was concentrated on loss of material on both
sides of the contact and on the degradation of the sliding
surface. The performance of endoprosthetic solutions
relies heavily on resistance to severe wear which can cause
adverse immunological reactions and health problems.
The analysis performed was based on typical approach
[L. 6-9] and fully acceptable from the methodical point
of view, but upon more detailed second analysis of the
available material an interesting regularity was observed
in the way the PU-UHMW specimen was wearing. All
the specimens were subjected to profiling along the radius
of the working face prior and after testing. An example
of such two profiles is shown in Fig. 2. The profile
before test shows the flat surface with some irregularities
resulting from machining and a circumferential groove
(design depth of the groove 0.2 mm) — wear depth marker.
In the second profile the cross section of the wear thrack
is clearly visible with some material build up near the
centre of the specimen (left side of the plot) and a clearly
visible diminishing of the circumferential groove depth.
Both the roughness and waviness of the working surface
are clearly degraded as a consequence of the test run.
Apart from these features a distinct convex profile of
the worn surface near the mid-section of the profile. The
wear profile was almost identical on all specimens used
so the case was analysed with respect to input parameters
and a simulation was performed in order to study the
distribution of load on the contact surface.

----- PE-UHMW before test PE-UHMW after test (load 3.0 kN)
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Fig. 2. Radial profile from the working face of
a PE-UHMW specimen before and after testing.

Rys. 2. Profil promieniowy czola roboczego probki
z PE-UHMW przed i po badaniach

CONTACT STRESS DISTRIBUTION
SIMULATION BY FEM

Both specimens are friction gripped in cylindrical
chucks (Fig. 1), which provide a good flat support on the
unused face of the specimen and circumferential radial
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Fig. 3. Contact stress distribution on the polymer specimen’s face at 3 kN normal load and three different support
conditions (left to right): only back face constrained, back face and cylindrical surface constrained — no radial
preload (grip), back face and cylindrical surface constrained — SMPa radial preload

Rys. 3. Rozktad naprezen powierzchniowych na czole probki polimerowej przy obciazeniu 3 kN dla trzech réznych warunkow
podparcia (od lewej do prawej): tylko tylne czoto utwierdzone, tylne czoto i powierzchnia walcowa utwierdzone — bez
zacisku promieniowego, tylne czoto i powierzchnia walcowa utwierdzone — zacisk promieniowy 5 MPa

grip applied to the cylindrical 30
surface. A combination of cone
and a threaded connection is
used to exert the gripping load
on the outer surface of the
specimen. The young modulus
of PE-UHMW is in the range
of 0.7 GPa, while the Ti-13Nb-
13Zr can possess the modulus
in the range between 41 and
83 GPa, depending on heat
treatment of the final product.
Because of the difference TYRT .
between the modulus in the 14 16 18 20 22
two materials ranging over Radial position [mm]

two orders of magnitude any

Contact pressure [MPa]

strain in the metallic specimen e 3.0 kN, No pre-tension et 3.0 kN, pre-tension 0 MPa == 3.0 kN, pre-tension 5 MPa

can be treated as irrelevant as Fig. 4. Simulated surface pressure distribution profile along specimen face radius in

compared to the polymeric three support conditions

one. The model used in the Rys. 4. Profil symulowanego rozktadu naciskéw wzdhiz promienia czota roboczego prob-
simulation ~ was  generated ki dla trzech wariantow podparcia
with the use of Ansys FEM

environment. The geometry of

the specimens was generated accordingly to the original The load of 3 kN, as used used during the tests, was
design and the two volumes were arranged as in the  applied in simulations to the model of the specimen set.
actual friction contact. The top (metallic) specimen was The results shown in Fig. 3 in the form of surface stress
constrained at the flat face contacting with the bottom maps revealed clearly visible non-uniformity of the
of the chuck. The bottom specimen (polymeric) was stress. In all 3 cases there was a visible concentration of
analysed in 3 different constraint conditions: stress near the centre of the contact face and a minimum
1. Full constraint at the flat face contacting with the of the surface stress at some point along the radius

bottom of the chuck between the inner and outer perimeter of the contact

2. As in case 1 and frictionless support on the ring. The results shown in Fig 3 have been transformed
cylindrical surface of the specimen — areas in into a profile plot shown in Fig. 4.

contact with the sides of the chuck without radial The contact pressure profiles in all 3 cases analysed
pre-tension, have a common feature of a certain stress concentration
3. Asin case 2, but with 5 MPa uniform radial pre- near the ends of the contact zone and a minimum at
tension applied to the cylindrical part of the  some point in the middle. Qualitatively the curve is
specimen in contact with the chuck. the opposite of the observed wear profile, as shown in
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Fig. 2. Further conclusion relevant to both, wear testing
and possible applications of the tested material pair,
is that the observed wear is clearly dependent of local
surface pressure. Also the simulation shows evidence
of a possible surface stress control by alteration of the
support conditions. Peak pressure is highest at no radial
support and at 5 MPa radial pre tension with radial
support, but in these two cases, apart from the peak
pressure area the load distribution is more equalised
than in the case of radial support without pre-stressing.
Interestingly, the pressure profile is almost identical in
the case of no radial support and 5 MPa pre-stressed
radial support.

CONCLUSIONS

The wear rate is contact pressure dependent and uneven
intensity of wear along contact face radius can, at least
in part, be explained as a consequence uneven surface
pressure distribution caused by specimen shape and
support. Among other factors influencing the wear
observed in the presented research such examples as
heat generation, wear debris migration and sliding
velocity unevenness can be named, but the comparison
of the observed wear and simulation results indicates to
the principal role of the analysed factor.

The wear has a characteristics of a running-in
process with greater wear depth in stress concentration
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