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L. Introduction

I mowrmal engineering fiehl, eribologists have nevognied and ssed the principles of magneiism for
sepamting ihe rubbeng surfaces and consequesaly redwcing Friction ssd wear. This was accomplished
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eilker by ihe utilization of a lad-carying force, generaed by the flow of a comducting fuid, within
 magnetic fichl. thus forming & magneiohydrodynamse (M) hibricatisn [ 1] o in case of mo b
cant, by the nepulsion associsted with the magmetic feld [2]. Wear of metals, in paticubr, bas received
greal atiention from many investigsons. Ksnigai | 3] bas found ihal under the effect of magnetic feki,
& conchucting fuid is capable 1o generate a pressure exceeding the ordinary hydrodynamis pressure, s
wear wars reduced for (he ferromagnetic materinl surfaces, Wear tests were performed under a very weak
magnelic ekl inbensity of 110 Afm. Por the dry sliding, for nickel against caibon deel materials, Ku-
magai et al. [4] found thai the tramsion from mild wear 10 severe wear was retarded with imcreasing
magnetic fua demsity. Meanwhile, Hiratouka e o, [5] tested nsetals under a sirong magne e fiekd of
35 % WF Afm aned fomnd 8 considershle decrease in wear owing 1o the agnetic fiekd, A moded of .
hesive wear in the presence of magnetic ficld was proposed by Muju et al [6], who concluded thal dse
wean rate of maerials, having how mageetic permeshility, was reduced on application of 8 [ external
nsagmetic Behd 7] Hiratsuka [8] abse reponed o reshiction in wear of metals under boundary lubsication
when applying a magnetic field. It was also weporied that the presence of magnetic fiekd Between slid-
ing surfaces of brass/sieel and sieelisicel resulied i o barge reduction in wear tses in partioular o light
Joaed [5).

The use of joint simulsises provales o msean of kesting maleriols i prosilesis onm under condifions,
which are close 1 the imended use. There are different levels of sophistication depending on ik mabie
af the forces, motions amd envirosment. Mot of the simulatons in operatbon are for hip prostheses with
a smaller mmber for testing knee prostheses | 10-12].

The elfect of nsagnctization has been wsed im many biomedical spplications. However, mo siieniion ks
barent praied o the influence of magnetic Biekl upos the pesfomasice of aftificial joinis. Extermally applied
pulsed electromagnetic penerator of 2712 MHz frequency | 13] has tpeated valy rhewmatism s anli-
tis sullferers with pain and inflammation. This resalicd m & remarkable reduction of milammatien aml
swelling with pain relicf and smproved mobility. An present, much work deals with the effects of mag-
nelic fiekls generated by conlless telephoses and 1elephone transceiver upon the human head [14-16].
Hewever, no explanation was given 1o the reasons for such magnetic sources and effects. Presumably,
this was due 10 the compleasty of the phenomena-taking place in the joi. The magnetization will alier
the habwricant, affects. the joinl lissses and the state of sarface energy for sliding surfaces. Furthenmoe,
it cam leaul do variations in the mechamical, physical, chemical sl electric properties of the sliding sar-
Faces, either for pataral o antificial joints, The magnetic lield may be genernied or applied b human
bexdy, Therelore, the present work ains 1o imvestigate the effects of magnetic fickd upon the anificial joing
perlonmance in berms of fiction amd wear

1. Kimulaier design

A dynamss hip simulator kas been designed and constructed 1o allew bi-vires ivestigation of the Fric-
fice el wizar, taking place at the articulating surfaces of the artificial hip, under the effects of magneiic
fiehls. The simslstor duplicates the eman walking cycle dynamic conditions. The controlled inputs, for
the sinwlator, are the time-historics of paranecters of dynamic activities, whish are the cyclic motion,
and the Aexiondextension mamests of the: joint. A belt drive and a cam sysiem apply (e specific losd
and displacensest inputs, while allowing unconsirsned relative mation between the anticulating compo-
renis, Figuee | illusirates ibe aciual bosl o the hip join while performing the walking cycle while Fig. 2
demanstnies the maotsn angle of the sormal hip. Tao strain gasges cemented o a leal-spring cantilever
pick up friction torque exersed om the acetabalar cup. The hip simulator is showe (s Fig, 3
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Fig 1 Whotiom angle varusions of sl hip jois.
A, Tesied jodni maierials

An anificial hip desagn “The JRI Modular Mualler THR Dexign™ wilsch is frequenily wsed e presemt
wins. prsrchased from Joint Replacement Instrameniasion Lid (TRT) in UK.

(1} Modular Muller Standand Design made of Tianium (Ti-6A1-4V) standard Carved Siem with
Long Meck with 1214 taper spigol Tor beasd fixstion and replacensent (Code Mo (9.12.24-CF
DTS00 51200

{21 Sainless Sieel (Surgical Grade 316 L) femoral hesel of 28 mm dinmeter for Loig Stem Neck and
1204 taper hode (Code N, 9328, 30-CF O4THIS0 SH12)
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Piysical aral mechmical poperies of singscal gske ules bigh
madeculai weight polycihylene LMW PT 0RCH 1000}

Froperiy Vil
Mrdecular weight B =T
Speific graviiy I Sl

Wikers bardness ol J0°C 531403
Rockwell hardmess 53

Flesoral munbulus A8 -~ (3%

Huilk whiear sirengsh 24 MPa

Teasile stiength o

LM x s 74 MPa
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The kil dilTusrvity T m W "
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(31 Ulira-High Molecular Weight Polyethylene (UHMWPE) Cemented Acetabular cap of 50 mm
auler diameter amed 28 mm ineer dinnicier (Code Mo (9,280 OF (8473150 583401100

All abawve items wiere sterilized aml well backed before utilizatison in the expesimental icsss oa the sin

haice. Tabsle | demensirnies the phvvaical amd mechanical praperties of LIHIMW
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4. Test progcedure

oiferis of maynaic Bek! L]

i the: present weork: it wis exsenlial o use iest anangements., which provide known, reprihecible and
Eemerally siesdy wonditions of ks, speed, emvimneent annd contact conditions. Thus, the performance of
matural hip joent is teenss of the joint muvenmen, range ol maotion, velcity, frequency, number ol walking
cyeles lor the hip joing and the hap boad, wans studied aid dujlicaies), a5 possible, i the prcsent designesd
stimslaor performange. These weie as fullows:

= Movemenr: Hip joint has theee degrees of freedom, ie.. move ahout three mutually [erpen-
dicuilar aves, Hawever, in the PeEsenl sludy cnly fexivn amd extension Tcvements for the ball and
socket hip josdnt were exaitiines on the simulatar, For the nataral hip Jesint it angles of movement
varies beitween plus and siinus X7 These angles were mljusicd in ghe sanislntor
= Raege of Meartonr: The American Avadeny of Onhopardic Surgeons (AAS) hus adopied the dermi-
mulugy in which the peutrsd pusiiion of amy jint is zem depree. The zero pasition off the hip joing s
in which the iligh is aligned with the tnsnk in g) Plamses. This wis determined in the simwlalor
the Dexion extension anghes wene messured from 1his powigion

= Viedoariry, Froquency aud Nunrber A Cyedes: In the present Wik, normal walkimg cycle was taken
in consideration The i i i i

4 5. In the simulmor, 2 cam ¥Etem was designed o give the exsct lo) varistions with tine of
cycle amd the peak load was laken 15 kg,

The wear of anificial COBPENES joint i IJE-IIllqu: Fnprtant factor in fong e thambility. Semlivsch

Wear Rale = V(1" - 1),

here: 1V = the cumlative Prolymeric vobume loss in mm’, 11 = ghe peak applied fosd im N, [ = he
ainvlaiive siding distance i 5.

Befone ench interval of tes, she tubbsing suriaces were thuroesghly cleaned 1o remove all traces of
ease and viher foems ol ninatives. The inetal comnierface was cleamed lirasonically 1o remove
ickes,
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The most elfective magnet design is one using conceniric carches of abermating polanties. This alkoas
e thee Enacinesl penetrstion i, amd sction on, the smaestigated shiding surfaces. The concenlric-circle
magnel, woed fmthe present work, has mone magnetic Geld lines o spare.

&, Test resulis and discusdion
£1. Fricrons and wear of UIMWPE againg sairless sieel mader dry conditions

hl‘!peuntnut.lumrle\ﬁlﬂlmu rampe O-100 ke al diding were niot plotted and were
considered a5 running-in period values. The wear rate of UHMWEE sliding against surgical grasde stain-
besa steel wnder dry shidisg conditions s illustrated in Fig. 4. The resubts indicate that the wear mile was
imitiadly high (2,145 = 1077 mo /N i) and then decresse wich incressing sluling distance w reach & min-
imum wear rate of 1.29 « 1077 mu/™m o1 a slding distance of 4147 kin. The wear eae values slarl
w0 ncrense slighily nfier thst mimimum value with Terther imcrease in skiding wp o the end of 1est. The
measan [on such hehavior is thal for the dry sliding of UHMWPE against stainless sieel tbe high wear
s ape diie g lighly adbersd polyser “lumps” on the smooth sieel coanterfacs. Yery snuall wear par-
tiches of polymer become detached and accamuluie between the msperiies or wilhin ihe valleys of ihe
machining marks on the steel codmterfaos foming these hunps. Thus, abrasive elfects dominate ihe wear
process fior e sieel roagher surface. With the progression of sliding. these lumps siscar dewn forming
aihin film of kighly oriented with the long mokecular chain in the direction of sliding. This is resporsible
fo the decrease in nerince rougheesss and consequently the wear rate valees up 1o the minkmum wear.
Beyond the optinuam wear rate, ihe ransfer become o mized mode of polymer ransfer which is closer
#0 that found om pougher surfaces baat it retsin similarity 1o that resubied =t the oplinwem, which lead o
slight increase in wear raie valies | 1B 19])

The coefficient of Friction varistions of HHMWPE against stsnless steel versus shiding distance is
shown in Fig. 5. The initial sliding period is charcteriend by relatively high coefficient of {rction (n =
0.295) s then the [iction values decrease o a manimum of 0.2 al the same sliding distance of the
optimum wear rate (40 km). Beyosd the optinmm ihe friction coelficients skightly increase 1o reach

Fig 4 Wear raie of LIHMW PESisinkes sieel mnder diy ilideg comdiion.
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m whem it
i slid against a smwoth cless counterface in air He notect tha at the omset of sliding the frhctional force is
quite high and & relatively ilvick, ca 0.1 um, and reasonahly haghly drawn irmnsfemed layer s deposited.
‘Onee sliding has proguesses the Friciion lurce decreases by 20% and amuch thinner, ca 100 o, But paaichy
trasiferved layer is protweced. The film is highly drawm i the direction of shiding. The thick film sramsfer
Bas been designated as “lumpy™ while the thin fikm has. been termed “smoetl moleeylar profile” polymer,

A2, Fricrien omd wear of UHMWPE against staindess sreel mader Duiricarvat comditios

Figare 6 illustrates the wear rate values versus the slicling distances for ihe UHMWPE socker agninst
:ginhmnudhllhhmn!murnlulu.umb:mmrh is a penerad tend of
NS iScrease in the wear maie with incrensing sliding distamce, It is believed that this behavier is related
e the polymeric material imabiliey o form apprecisble polymeric transer filmis om the sieel counter-

during testing. which elearly has an effect on the mechanical properties and the padymier ability s pesist
d:hndmmﬂm.mfmwmbindmlyﬂphjn the: high wear rates observed. These observ.
tions comsequenily suggesi that, qualitatively i lenst, the ahility of & maicris) I o and sussiain transfer
filens on the metal counlerface plays n very img male im o inimg wear mies. The present results
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Fig. 7. Cocfficient of Iictios of LM WIS Cuinlens nisel urber lsbricaind sding

beelicate that the onler of magnitude for the rates of wear, under the test conditions, was 107 mun S m
The range of wear rates being 1.0 1077 man'/Mm 10 213 x 10°7 mnw'/N m over the tested sliding
distance (A3 km) with an average wear rate value of 1.5 % 107 mis'/N m which is similar i the average
abimined lof Mhuﬂmu.hmrpﬁnllhrm;ﬁdimlhtrmdhhwmi
mhmﬂu-ﬁhmﬂhlmhurmﬁ:ﬂluum-mhihﬁl'thilﬂpuﬂu[
testing up 1o a sliding distance of 40 km. A fer this distance Ehe dry wear exhibins losaer values compared
o lubwicated iesis. .

The coefficient of friction of tested maneriabs is plotted in Fig, 7 versus the sliding distance, The results
imdicate & continum increase in tee lriction coelficients with increasing shidling distance, As the deani-
nant wear process in the presence of aline soluios s the shrasive wesr process miher than the adhesive
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due 1 the sbeence of the beneficial translemed palymeric film, it i expecied that both the wear and fric-
thon Encrease with increasiing shiding destance, It § warth roting that the dry coeflicien) al Iriction valees
wene companble wich mnbm-:d urder lubricated condiiiong Tor shling dstance ever 70 kam, Prive

n the dry u:ndu:hlhhnudlumymruundhmdlgmuruhhinm The valuwes
wbtaimed for ihe coelicient of frictive of UHMWIE siiding on sicel iy the presence of saline solution
were comparahle sath those oblaised in the Niteratuse iy = 0, 1-0.3) [20-22)

53 MWMWMUFWWFEWNMM steed wadler oy conedifions iy the presence
of iangweric field

mhn-:n.rmcm-ﬂ'mnqluﬁddupml}u veear raie of UHMWPE cop sliding agaiss the
nlllnlnsucclhl.luﬂtﬁrt}'lliﬁnlmltinﬂhdmmhﬁ]. H. As can be seen there i a general trend
‘::I“l'ﬂlg wear rate Willy incressing sliding distance. This increase im wear was found 1o be almest
Haiting o & wear rate value of 0.5 10“'-1m’ﬂ¢r-u:dhh;di!mﬂdutr-m'lrnnuf
service) b reach o wear vabue of |37 « m-’mn‘mmuu"mmﬁdin;nmm:qumnm

Iiihebits the Tonmstion of lump wransfer. The wear rate values siaried sty from relmively low value
and increase gradually witly mereasing sliding distasces. For each peniod of test, which occupies shout
14 ki of sliding, the wear ralz increnses 8l almast constant rabe of shout 0.2 = (-7 mm N m or bess.
B}'m-p-inglhremllniﬂtiwwitmmmhiinhdrrlm Lesa without magmedic feld effec
.mhmmmmmwum mrmhlmhlhprmﬁr-wbc
field. Such wear rate reduction renches sbow T uhinllidpqludrﬂmpmm—:urupmmup
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between rubbing surfaces. Lee |23 has noted that bosh friction snd wear imolve solid-to-solid contacts
governed by van der Waals and electrostatic isteractions on the surface of a friction pair, For the dry
sliding of a polymer on metal the sdhesion companent is affected by surface energetic of cosnleaces,
In ackdition, polymer deformation is am intrinsc property influencing adhesion and Tow polyethybene. the
ratio of adhesion to deformation companents of friction foree is 0032 Thus sefice @lfect influences io
k2 large exteal both friction and wear of unbubricsied glissy polymers. [t is suggested that the presence
of magnetic licld has an effect in aliering the surface energelic conditions by surface magnetic charging
and profubly causes the fommation of a specific surface polymer structure by molecular onestatios in the
surface layer, similar bo that obtained by pobyner invadiation, responsibbe for the lowering in friction and
wear values,

Figure % ilbusirales the variations im the coefficient of Triction with sliding distance under the \est
condilions. The figure shows ihal thtosghost the essed sliding distasce the coelficient of friction valies
display almost constant valie of 0.2 (£0.00) This friction svernge value i equal io the minimesm vaioe
Mmdidrrﬂwirmlhptm of magnetic feld,

4. Friciion and wear of UHMWWPE agatest suelnless seel under Tebrivated conditions i T presence
of magneiic field

The results shown in Fig. 10 indicae that ke polyethylone wear mte values obiained up io 2 sliding
distance of 40 km were constamt & a valee of 0513 = 1077 mm" N m. Afer this pericd of consiant
wear, the wear slighily s progressively increases, over the remaining period of tesl, 1o resch & value of
077w 1077 pm i . Thevefiome, the increase in wear raies from the beginning of the sieady stale period
tovthe ened af wst, which ovcupies 83 ki, is not exceeding 0,26 107 /N m. This clearly emphasizes
the amazing effect of the presence of magnetic Geld inllucnciig the tibological behaviors of the rubbing
surfces either wader dry or bbricased sliding. This indlsence is most pronounced is Bibricaled conditions
s the results exhibits much lower wear mle values compared with those resulseel under dry sliding. D ihe
later case the wear rate values were alimost dowbled. 11 is suggesied that snotker facior than the surfsce
molecules orientation, wis introdeced aid cooperaled in the wear reduciion, This factor is presumabdy
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double-layer forces are capable of repulsion the mating suifaves -hlhzymullrhu}- sl
charged by comstant magmetic Gekl, Another facios is the Hall effect, which Implies (hat when & inagned
s placed over fonic sohation as saling, which lemic charpes, mchu?h"uﬂl:‘l'.:_:iﬂ.m foree will
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Fig. 14 View of panch buchbad polymenc il shich ks detached bry abwasion and hasl rolied on the mec] sarfsce. The Ler
enhibits shisie wear prorves dise o hand sl debris partially csbeddes) i the solfier pol ymer.

tinl crentation with the diroction of sliding, The usface trsetion tumples the layer and removes roughly
elliptical patches of Blm. The underlying mechanisms kave mot been mmestigated bur dwe 1o the layvered
and oriented nature of the film iransversa cracking aml delamination are likely elements, The ohserved
back wansfer of platelets of film was found and are cossisest with this echanism although the debais
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it caii be conchaled ihai the elect of magnetic licid s more proncunce in reducing the coefficien of
friction in bebricated shiding conpared with the dry sliding. This is due 10 the repuilsive

forees, which tend 1o increase the gap between maling susfaces thus reducing Bath the Friction smd wear.
I thae sz budy, the presence of body Auids sround the: insplanted joint is incvitable and this bighlight
the: impartasce of the friction and wear results in ithe presence of magnetic ficld. The resulis rellect the
amazing importance of using magnetic ekl (o cxtend the life of the implant as boih the Friction and wear

are nainimum.

S5, Comprreison of friction awd wear of UHATWPE againg sainless steel wnder different esr
P

Figure 12 ilbssirales thit the wear rale values in the peesence of magretic fiekd, either dry or ubricmed,
were muich hower than thase resubled in the absence of magnetic fiekd, Although the lubricaied shidimg
results exhibil higher wear rie values for shiding distances exceeding 35 km, the conerary was Found
tander the effect of magnetic liehl In the kater case, the lubricaied wear display mch lower vabues than
i dry slidimg. Over ahout 40 km (2.0 years of real service) all the wear rate iraces display an increase in
value with iscressing sliding distance. The resulis clearly demonsimate the amazing beneficial efec of
the: prescexce of the isvestignied magmetic field in reducing the wear rates of UHMW PESinless Steel
cambinaticn

Figurs 13 also shows a comparizson for the coeffichent of friction versus sliding distance for the sests
cartied out on UHMWIPESeainless Steel combanstion of malerials. Allthe resulis obtained over a sliding
dlistamce of 40 km display coedficient of friction values in the range 0.20-0.27 except the resulls obizined
in hubricated shiding conditions in the presence of magmetic fiekl. The later case exhilits constant coeffi-
cient of friction value of 0.1, which is much less than other test results,

Aufh, Soaning elecenon micamgraph af woes s foces

Ecanming eleciron nvicroscogry (SEM) of the stainless sbeel worn surface, ol dilferest itervals of tests,
Thas reveabed that transfermed Tims of polymernic malerial ke place oo the sieel cousterface wilh substan.

Fig. 12, Comparisen b wea meed of UHMW PESaindes sel usdes different ivni condinins.
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Fig. IT. SEM fox the pulymers: samber alier Tatning 3 sscsth film on ihe siedl cowmefoce mhe deection of shiding. A lonp
Seamler i evidemt o1 the eddpo of (he weear ik

will certainly be heavily worked in the comtact afier displacement from the sifaces. b filled sysicms
of transferring polymer, evidence of micro-abesshon ix evident and the debris is often ohserved 1o be i
the: form of rlls oo scnlle. Wik highly conforming comtact, as with ball and socker ol the atilicial hip,
the polymeric wear debris do not excape pasily from the contact, The wear debeis of UHMWPE act g
2 habricant sl that resulied in peductions in bt friction sl wear of the polymeric surface, Micro-
Scopic examinalaon has shown evidence thai a few large metal asperities detached franm the sieel surface
and became partially impeded in the sofler polymes surface leacling 1o abrasion of the sieel counterface,
Figures 14-17 illustrte the sequence of mechanizms nken place beiween the poldymer and the sieel
Flrrfl:: ander dry sliding condition

6. Conclusions
From the resslis obaained in the present research work the fofliwing conclusions can be dramm out:

{13 The dessgnend simubator is certaindy prove wseful. Thae hesigen s simiple: and relinble as the resulis
of five consecutive cycles were compared and the dascrepancies were found w be negligible with
tnaimem differences of +1 dig for the megion angle and 41 N for the: applied variable load The
simubator his been demonsirated 10 be capabie of applying controlled s repeatable kusl-histories
Tor in-vitn experimentation.

12} The wear rate, of UHMWPE cup apaing sungicsl grade siaimless sioel Femoral head, under ey
sliding conditsons, reveals twa distinct regions. The initial reglon is relaied pramarily to sdhesion
mechanizan with a lumpy polymer transfer on the counterfage mesuliing i relatively hagh liction
and wear, The secomd is charncterized by sedaced friction and wear (45% losz thai the initial
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[20] AU Mediey, 1B Keygier, 1.1 Babyn, 110 Chan, W Lippincoti asd A Tarure. Kincmaiics of the MATOO™ hig sims-
Mﬂlmﬂﬁlumhﬂd“ﬂl*n%fmmqw "
Fuart i, howrwal of Enginesring: i Medioiwe 200513 11997, 3099

[H{] E Samtner andl H. Crichos, Trdubogy of prfyssers, Tebdengy Dtemerrionad L2320 ( F999), B03- {00,

FE20 L Miskimara, T. Yohta, K. b, T, Shimosks, Musshayushi sd ¥ Mitismura, bosliBeation of whe frictiomal suifaces
ﬂ'ﬁiﬁr'n].;hmlll. ASAJEY Jwwal 10480 {19903, 762208,

123] LH, Lee. dmhp&!uﬂmﬁmﬂm.hﬁmﬂmq-mmh
Padiamer Friction mf Wree. LW Low. 1l Plerm Press. New Yook, Losden, 1974, pp. 3067,
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pewin), as the polymer transder Forms an sdhered oriented Film of snooth molecalar profile on the
hand sigel,

() The wear rate values, For the investigatec) materials oo the simulator, were relatively lower Uhan the
vabses noded in the lslerature for the same maberials sested on pin-on-disc machsnes usder similar
sesting conditions. This was due o the difference in contacting surface configurations beiween the
pin-on-dise amd the ball-on-socket. In the later case, the Hertzian contact 2one moves in a circulor
path over the cup sarface and chanpes in size with the varialions in applied losd. O the other hand,
the (riction values were m agreement with Friction values in the Berature for the same msaterials.

14) The presence of saline bubricant between rubbing UHMWPE s staanless steel resalied i higher
wear rates compared wilh dry sliling due 1o ibncast ghaorption and swelling of polymer which
deteriorale the polymer susface propetics and its ability 1o resist deformation and wear. [m ad-
alition. the friction cocflicient is also affecied by this polymer surfsce deteriomton resulling in
progressive increase in friction with sliding,

(5) The application of magmetic ekl of 2N Gauss sirengih, has amaring beneficial effects oa bodh
Triction and wear, either under dry o lohricsted shidimg, as high reductions wese encoustered in
Triction amd wear of UHMWPE shidemg on stainbess steel. These reductions were miore
umler saline lubricated conditions aml resched about 500 of those resulied In dry sliding
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