Mansoura Engineering Journal [MEJ) Vol.20, %o, 3 Sept- 1995 M. 36

WEAR BEHAVIOUR FOR STEEL\STEEL AND BRASS\STEEL
SLIDING UNDER DRY AND LUBRICATED CONDITIONS
IN THE PRESENCE OF MAGNETIC FIELD
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ABSTRACT: An cxporiwcotal hvesiigition was enrricd oul lo Slicidaic the role of magrenc ficld oo
the wear behavior and serface roughocsy avizuom of peelfncs] and brassincel combmuations under dry an0
ol lubrcated diting cosditions. A RCpIOcaLg pan-on-plale wear hesting maching was used with nonnal
loads of éiher § o 10N 3ad wily macioniin Sliding speed of 0, ws, A constan magaeiic Gald of | 6 mT s
deasiry was applicd io Use mibbung surflices during fusts conducied in the presence of mugsweric Nicld. The
results of the cxpermmgnts ghow 1thay the presence of inagnoic Bckd has o gipufican cffec: wpen movcing wear
mics of waicd combiniosy of waicrials vnder Oy and bhoocd deling conttees  Furihonees
improvenscns (o seron romghecss resicied in e presenec of magucnic Neld berwoes rubbing wurlices

L. INTRODUCTION

Durng rubbemg of metals. continuous changes in the energy of alomwc and molecular
imeractions of surfaces mke place, A whole complex of interconnected  mechanical
physicociemical  end elecirical phenomena are encountered [1] These phenomena can
mience both the force of intersction beiween stoms and  aomc collections and the
character of bonds  |n addibon, these phenomena continually dinab the conditions of the
system, either in dry or lubricated sliding. This sort of disturbance resulls 1n changes in the
macroscopic mechanicnl and physical parameters friction force. wear raie. surince roughness,
surface hardness . etc Therefore, it is evident that great apphed value 1 atached 1o the study
of specific fentures of the electrical and magneric influences upon fction and wear of
metals. The study should aim 1o decrease fnction, wear resicance to plastic strains and work
to overcome moleculnr forces in the farmation of new surfaces

It 15 important lo mention that i devising a new  fiction and wear theory, the resemt
emphasis i3 nol on the mechamcal models of interaction of solids but on the little studied
category of electric and electromagnetic processes lakiny place hetween shding surfaces,
which influences the friction and wear [2-1] For tnbological systems the principles of
magnetsm can be used for the separation of (he surfaces i relative motion in two ways: The
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first 8 to utilize the effect of a |oad-carrying force generated by the How of conducting
fluid within & magnetic  field causing magnetohydrodynamic (MHD) lubrication [4] The
second in case of no lubricant. the systems derive their load-carrying ability from the
atiraction and repulsion associated with (he magnetic fields, as in magnetic suspension
bearings [5] M is known flom the laws of electromagnetic that an electric charge (q) moving
with a veloaty (v) wihm a magretic field (B) will expenience a force (F) called Loremtz
force, acting perpendicular to the direction of motion according 1o the equntion -

F=q(vxB)

I follows that for MHD lubrication, the conducting fluid will develop a pressure which can
exceed the ordimary hydrodyramcally generated pressure (8], capable of reducing fricnon and
wear af shding metal surfaces. Some investigators [6] have found that it is possible to control
wear in wemcally conducting fluid  through the spplication of appropriate slectrochemical
potentials. They concluded that the wear of Ni(200) reduced by a factor of 10 over the wear
at the open-circuit potental. Hiratsukn of al [7] found that a strong magnetie field of 3 § =
10" A/m resulted in a considerable decrease in wear On the other hand, Kumagal er al [8.9]
found that very weak magnetic field also decreases wear They postulated that the decrease in
wenr was caused by magretic-field-promoted oxidation of wear paricles Muju et al [10,11]
concluded that the wear rate of matenals hawving low magnetic permeability was reduced
on application of a dc exiernal magnetic field but the reason for tha had not bees
clarified. Furthermore, Hirmsuka [12] also reported a reduction n wear of momals under
boundary lubncation when 3 magretc ficld was applied between siiding surfaces

In the present work, an experimeatal siudy was conducted to elucidate the role played by
a magnetic field, applied between rubbing surfaces, upon the wear rate and variations in
counterfuce surfice roughness A constant magnetic field was spplied durug sliding of meel
on seel and brass on sieel The tess were performed in both dry and oil lubricated
roughnesses are presented with and without the presence of magnenc ficld.

1. TEST-RIG. MATERIALS AND TEST PROCEDURE

- Testrig

The expenmental work in this paper was conducted on a reciprocating wear lesting
machine. The machine is driven by a constamt A.C motor of | horsepower and 1725
rpm A voltage regulator is connected 10 the motor 1o reduce the input speed of the test-rg
o any desied speed value. Outpul speed due tn voltage regulaior reduction was 82 rpm

these support the applied dead loads a1 one end while at the other end. the pin tested
materizls are fixed.
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(he counterfaces (o the pins were fwo Nal mersl plates fined in reclangular orooves fgrmed n
twi metal Blocks which are  fastened 10 the test-rig base. The rectangular Wrooves allawed
tesis 1o be conducied either dry or mbncated by oil poured in the recesses. A mechsnicel
counter iz fixed (o the base near the reciprocating block 10 count the number of sirokes
perfommed in each lest, For tests conducted i the presence of magnetic field, magneis were
attached to the lested réciprocaling pins F'H | demonstrates o view for the 1es1-s i

Fig. 1. View of Test-rig
Il- Materials
The materials lested were commercial s8] 302 (110 BHN} snd M0 brass (48 BHN) The
shape and dunensions of the tesied specimens were a5 sthown in Table | The chemical
composition and mechanicsl propemes ol the ested matenals were a5 iWllustrated n Table 2
Lubrcated wear rens were performad ssng Petramin gearbox o (BSWI0, SAE erade)

Table I. Shape and Dimensians of Tested S|1rrhllcu1
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= Test Procedurs
he operatmg conditiony which weore emploved for testing progrim were as given i Tuble
i The test surfbces of (he sieel plates were machined and wroond 10 serface roughness in the
fange 0 05-0.63 wm Ra The surfice rouyhnesses were measured before and amer iesiing
wging @ Tavior-Hobgon Talysurf profilometsr Measuremens were taken parsiiel and
normil o shiding direction  wethn - the  wemnr iracks and al ihe ands of the siroke The
roughness values quoted i this wark are mean values of five irversals o« each direchion
arirarily chosen Before performing tems surflices were  chemically  and mechanically
tleaned usng acetone and ultrasome cleamng devise wo remove any traces of grease. dusl
or comarmnants. Wear rates were  calculated  from  weswht  |psses  recorded  afier
predeterrmned shiding distances. The ress were  interupied peridically 1o allow the pms
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o be weighed using sensitive digital balance of accuracy 10* g Wemht losses were
converted 1o equivalent volumes by dividing them by the density of the material, The wear
rate was then calculated from the formula:

Wear rate = Volume loss / (Normal load 1 Sliding distance) | mm’/N.m|
The field strength of the apphied magnetic field was 796 A/m which is equivalent to & magnetic
flux density of 1.6 mT. It 15 worth notng that many previous investigators used the magnetic
field strength as a parameter in theil investigations for the effects of magnetic field upon wear
a5 it was found hard 10 exactly measure the magnetic flux density (7.8 and 9]

In the present study, to give an imsighl on the dominant wear mechanism, magnified
examination of the tracks was performed by optical microscope of magnifications 100 and 400

Table 2. Composition and Mechanical Properties of Tested Materials

“ . _r%
5 #i' : P
Brass 7000 | 70% Cu.075% Sn, | 400 | 008 | 8 | Tian
1.5% Ph, Zairess)
UIWC, Li%en, T
Siesl 302 BEIWP, 0.05%S, o ! 034 un (11 B0
LI5S, |

Table 3. Experimental Test Conditions

Parameler Conditions
Type of cation Reciprocating
Type of contact Pim-in- st
Pin sirghe Tem
Crank spoed i1 rpm
Ranpe of sibdbog speed | 8- 0.3 mhy
Test condithrns Dry sml oil lutrigarcd
Trpe of lubricant Petrommia Grartay ool (R5W0)
Ol wancomity 174 <5t 40 °C
Ohl wpeeifie sravits anlaiid'C
Marmal inad % amd 10N

M, (Herte) pressure | (StecifSied, 10 N) 2.1 GPa

Arihical Conditions 20T gndl 60% Hamidily
initial plate rembness | 005 - 413 ym Ra

Tew imtervals 4380 cxcles for dry jests

Tia6 cvcles lor mbricated tests
Total shcing diamee | A8 lan fer dry st

B ko for lsbricamd wests
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3, TEST RESULTS
I- Wear of Steel Againyt Steel

o

Fig 2 displays the variations of wear rate wilh sliding distance of steel pins reciprocating
aganst steel counterfaces under applied loads of 5 and 10 N in dry sliding conditions. As
<an be seen, in the absence of magneilc fiedd. the wear jates &t boith 5 and 10 N luads
increase finearly with increasing sliding distance, being higher in values for the 10 N load
On the other hand, when the magnetc field was applied. the wear rates exhibit a finenr
decrease with the increase in siiding dutance, either at 5 N or |0 N load. The tested lighter
load (3 N) displays a significant reduction in wear rales with progressive shiding
distances. In dry shding tcsts. the wear rates are of 107 order of magnitude

_B) Under Oil Lubricated Sliding Conditions

Fig 3 demonstrates the relationships between the wear rates and sliding distances for steel on
steel in lubricated sliding under loads of 5 N and 10 N In the absence of magnetic field.
the presence of lubricant plays the major role i reducing the wear rates with progressive
sliding distance, as shown for the 5 and |10 N loads The later load obviously exhibits higher
wear ke values compared with the 5 N load Although the application of magnesc fiekd
beiween the rubbing surfaces resuits in lower wear rates at both investigated loads, compared
vath thase oblained in the sbsence of magnetic field, but. as can be seen, the wear rates, for
10 N load, with the presance of magnetic field. increase  with cominuous sliding. On the
contrary, the apphed maoneuc field resulted in large progressive reduclion n wear rales
with increasing sliding distance for the lower tested load (5 N) The wear rates in lubncated
shding are of 10 order of magaitude which demonsirates the high beneficial effect of the
lubricant upon reducing wear when compared with dry sliding conditions.

- Wenr of Drass Against Steel

The vaniations of wear rates wath sliding distances, for brass pins liding agmnst steel
counterfaces, under dry shiding conditions, are shown in Fig. 4. The results indicate that
progressive red cton in the wear rates occurs with increasing sliding  distances for the 5 N
load wihile the (0 N joad exhitut shght mcrease n wear migs with continuous shiding n
the absence of 1he ragnetic field As in previous results, for steel on steel. the applicaton of
the magnetic field results in Jower wear rates compared with those obiained in the absence of
magnetic field at both tesied loads It is worth notng that in the presence of magnenc
field, the |10 N lond results in a linear increase i the wear rates wilh increasng shiding
distance, However, the 5 N lpad exhibiis a conimuous linear decrease m ihe wear rate values
with increasing sliding distance.

Fig 5 ilustrates the resulted relanonships between the wear mie ind sliding distance for
brass auzmnst sieel under oil lubricated shiding canditions. As can he seen, all wear rate
plots, cither st $ N or 10 N load and with the absence or presence of the magnenc feld,
decrease exponentinlly with (ncreasing sliding distance Similar 1o previous results, the
presence of the maynetic field resulls i lower wear rate values then those oblained at
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swralar shding conditions without the magnetic field The 5 N load. with the presence ¢
magnetic field, exhibits the lowest values of wear rates against shding distances.

- Counterface Surface Roughness Variations

Fig. 6 represents bar graphs for the vanations of sieel counterface surface roughnes:
wvalues for steel on steel and brass on steel under the different testing conditions. As expected,
the detenoranion in surface roughness is always higher with the utilization of

load tested (10 N) compared to that of (5 N) Furthermore, the
reduces 10 large extend the variation of surface roughness refative 1o the
roughaess. It is mteresting 10 observe that the presence of the magnetic field

beneficial effect upon reducing the increase in surface roughness

obtained at similas testing conditions in the absence of the magnetic ficid. The reduction of
roughness, in the presence of magnetic field, was noticd st the muddle of the wear track where
the shding speed is maximum, thercfore, Lorentz force is also maximum On the other hand,
measurements of roughness at the end of shding tracis. where the sliding specd is zero and
Lorentz force dimanishes, reveal thae relstvely higher surface roughnesses are obtsined The

pin duc 1o the magnetization of the debris. This phenomena is shown wn Fig 7. This
eventually reduces the possibility of three body sbrasion during siiding and remlts in
decrensing wear rates and limited increase in surfice roughness. In addition, the magnetic ficld
results in generation of Loremz force which tends to separate the contacting sliding surfaces
thus decreasing the real area of contact and reducing wear

It is worth soting that in the presence of dath lubncamt and mageetic field ihe wirface

V= Optical Examination of Wear Tracks

Al Wepr fracks for steel againgg steel

Optical exsmination of the wear tracks, resulting from rests of dry sliding of sieel on steel, has
revealed that there is a large deterioration in surface roughness. Transfer of neel 10 the
counterface takes the form of loose and adhering particles which soften due 1o the large
friction heating resulted. These softened dispatched and dispersed particles quickly cooled
when subjected 1o air. forming rough surfaces Some of these particles were pushed

the edge of the wear track. as shown in Fig 8. However, in the middle of the wear track,
where mavimum speed occurring, there is lack of heat dissipation which results in a completely
moiten layer shown in Fig. 9. Meanwhile, due 1o repeated shiding on the same track, some of
the hardened molten transfer was subject to fatigue as cracks were formed within the matrix of
these particies. Such fatigue manifested as crack mitiation and propagation is shown in Fiy 10

In the presence of the magnenic field n dry shding. the metal transfer 10 the counterface was
lcss due 10 the attraction of loose particles 1o the magnet,  particular at the middle of the
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weal track. At the muddle of track, magnetic force is muumum compared to the ends of the
track where the roughness are higher in value due 1o the loose of the effect of the magneuc
fisld Al these regions of the wear track, the impulsive character of friction forces at the point
of reversal of velocity slso contributes 1o the mcrease in roughness. Therefore, less tendency lo
high and large molten debris was encountered at the middle of the trick. Generally, the metal
transfer vook the form of dispersed particles of small volumeinic dimensions, adhenng 10 1he
counterface, as shown in Fig, |1

On the other hand, for lubricated tests, there was no mgnificant changes in the surface
roughness of the counterfaces prior and after testing. Occasionally, small detached minute
particles adhered to the counterfaces, a5 shown in Fig. 12 Meanwhile, in the presence of the
magretic field, the resulting wear tracks were very smooth, approaching that of the initial
roughness, with fine abrasion lines in the sliding direction, as shown in Fig. 13

Fig. & Oprival microgroph vhavieg @ molfen
steel lmyer at the misidie af trmck (1),

.hl llﬂ.

Fig, 11 Optical vine shanimg minimiim frongfer Fig. I1. Vipw ghaowing the vmpsih wear brack
in weel ail behricated fexty | =/ 0@k in imbrioated bumin wath mespmatie firld § /00

Bl Wear iracks for brasy against steel

In the dry shidimg of brass/stecl combination, there was a transler trom the brass pins io the
steel counterfaces. Adhesion plays the dominant role in the wear procest The brats transfer o
facilitated by the softening process taking place af the mierface Exammanion of the wear
tracks (ndicates thnt transfer occurred in the form of parucles, which by repeated shiding,
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fattenad on the steel surface while others jumped oul the wear track as shown in Fig 14 The
molten brass transfer was alwo subjected to firigue as cracks were detected, It 15 suggested that
the cracks mitisted beneath the surface, at weak poims, then propagaied to the surfnce
resulting in surface area removal in these weak spots, as ilustrated in Fig 15

In oil lubncated tests, transfer of brass 1o sieel was minimized and took the appearance of
descrete brass particles on the steel surface as shown in Fig 16 However, in the presence of
the magnetic field, the counterfaces remained smooth with slight improvement in surface

values relative 10 the mitial surface roughness. Fig 17 demonstrates the wear track
in the presence of lubricant and magnetic field.

A
Fig. 14 View for @ braw fropmces outside
The cennterfece wear frack. [ xl B

0 W
. \s
Fig. IT. Appearance of smooth wesr track for
wal lwbricaied Icxts vath mageetic ficld
i = 1.

V- Scanning Electron Microscopy of Wear Pin Surfaces

Most metals transfer from gne surface to the other dunng unlubricated shding This transfer
cin be beneficill or detrimental lo the wear properties, depending upon the topography
generated In the present siudy, scanning electron microscopy was conducted on the steel and
brass pins 1o examine the transfer films from the counterface (0 the pin surface in the presence
and absence of the magnenc field Fig 18{A) demonstraes the worn surface of the steel pin
tested under a load of i0 N in the absence of magnetic field Severe wear, manifested 2s deep
sliding grooves, was noticed. This was accompanied by highly deformed build-up layers on the
surface. On the contrary, in the presence of magnetic field, under soular testing conditions, the
surface of the steel pin became smoother with build-up layers covering most of the parent
material 48 shown in Fig_ 18{B). This eventually contnbuted to the improvement in counierface
surface roughness and the reduction in wear rate.

For brass pins sliding on steel counterfaces, under dry sliding conditions, scanning microscopy
has revealed that. under & load of 10 N with no magnetic field applied, reking of the pin
surface layer was encountered as shown in Fig. 18(C). In the presence of magneic field, 1he
melting layers were mininnzed and the surface became smoother. Fig. 18(D)
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In lubricated tests. for brass on steel, minimum wear rates were reported and no significant
vinations m counterface surface roughness were observed. Fig 18(E) dlustrates the brass pin
surface for tesis conducted under 2 load of 10 N in the absence of magnetic fleld. As can be
seen, small embedded wear particles were noticed n the bulk material These particles
contributed to the sfight increase in the surface roughness, relative to the initial roughness. On
the other hand, with the appheation of magnetic field, st same sliding conditions, wear particles
were mirimized resulling in nnmttrr mrﬁn roughness l.nd RN wear rates. Fig IHF]

Fig. 18 "nEu' pimm of the marphology of the wear pin -imj'ﬂm
1A} Stoel pin surface (SteulSteel, Dy sliding, wo magnenic field 10 N, L= 4.8 kie); (B) Steel pin surface
(SteeiSteel, Dry sliding, magnetic fiold, 10 N, L= 4.8 ke); (C) firass pine surfice (BrassSteel, Dey stiding,
mo magwetic ficld, [0 N, L= 4.8 km); (D) Braxs pin gurfuce (RraxwSrcel, Dry stiding, magnetic ficld, 10 N,
L = 48 kw); (E) Braaz pin sucfoce (Hrasviieel, Lubricated uliding, me magneric ficld, 16 N, L= ¥ km); (F)
Braxs pin purface (Hrasedtecl, Lubricated siiding, magnetic fleld, 10N, L = £ km);

4. DISCUSSION OF RESULTS

The present experimental investigation has revealed that the presence of a magnenc field,
between rubbing surfaces, hes a remarkable effect upon (he wear rate and surince
roughness vaniations. For steel or brass pins, reciprocating agamst sieel counterfaces. under 5
ar 10 M load, the magnetic field results in lower wear rates and improving  surface roughness
compared to sumilar tests performed withowt magnetic field Some investigators [7.9]

i

——
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speculated that the only dominant reason for wear rates reduction, under dry shding of
metals, s the oxidation promoting effect occurming 10 metals in the presence of magnetic
fields They noted that this accelerated oxidation disturbs the mutual transfer and growth and
results in finer wear particles Accordingly, the wear decreasing effect of the magnenc field
is caused by the fine wear particles formed by promoted cxidation and then attached to the
wear surfaces due to magnetzation forces The present results are in agreement with
previous works in that the presence of magnenc field reduces the wear rales of metals.
However, our reasons for such wear rate reduction contradict with those proposed by
previous mentioned investigators. The present work has clanfied that, in dry sliding of steel
on steel, the metal transfer in the presence of magnetic field, was much reduced It is
proposed that two main reasons are responsible for wear rate reduction and improvement
in counterface surface roughness under magnetic field. The first is the change of contact
mechanism from three-body abrasion (metaliransfer/metal) to mainly two-body sbrasion
{metal/metal) due to the attraction of loose wear particles to the magnet during sliding
The second reason is the mutual repulsion created by Lorentz force between the shding
surfaces as the pin and counterface acquire the same sign of charge in the presence of the
magnetic field. Evidence of such repulsion is manilested at the middle of the wear track where
Lorentz force reaches s maximum value due to the maximization of shiding speed. Moreover,
this repulsive force is more enhanced under the lighter normal load tested Evidence of such
repulsion 15 observed in Fig 2, where the reduction of wear rates, under the lighter load, is
much higher then that under the heavier tested load It s worth noting that there was no sign
of wear particles oxidation. which was proposed by other investigators, as the wear
particles did not grow darker in color which would suggest that oxidation is promoted by
the magnetic field.

Similar behaviors for the wear rates and counterface surface roughnesses in the presence of
magnetic field are manifested in lubricated tests. The wear rates obtamed in the presence
of magnetic field were lower in values than those for tests performed under similar conditions
without magnetic field The proposed oxidation effect, put forward by previous workers, is
not also valid for the lubncated sliding reduction in wear due to the presence of oil which
contains anti-oxidant additives, thus preventing the oxidation of contact surfaces and wear
particles, For lubricated tests, it is suggested thar magnetohydrodynamic lubrication waill be
in action in the presence of magnetic field. This type of lubrication will generate lifling
pressure capable of decreasing the real area of contact between the sliding surfaces, thus
reducing wear rates 10 minimum values in particular under hight load The results obtained in
lubricated shding support such suggestion as the wear rates under SN load decreased linearly
10 about 75% of their initial wear rate value within the duration of test. The counterface
roughness at the end of lubncated 1ests were almost similar in values to the inilial roughness.

For brass sliding on stee!, ether dry or lubricated, the influence of mugnetic field upon
wear rates has a similar trend 10 that of steel on steel The wear rates in magnetic field were
lower in values than those obtained for similar tests with no magnetic field However, the
lubricant plays a major role in reducing wear rates when comparing dry and lubricated wear
values For steel on steel, the domimant wear mechanisms during shiding were abrasive and
fatigue, while for brass on steel adhesive and fatizue were more enhanced. In Jubncated sliding
for brass on steel there was no significant changes in the counterface surface roughnesses
compared to the mitial roughness Therefore, the mutual repulsive forces in dry sliding
and the magnetohydrodynamic lubnication n lubricated sliding were the two main mechanisms
responsible for the reduction in wear rates and the himited increase in surface roughnesses.
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under light load and relatively high shding speed. However, severe wear rates may be
w:wmmmumwm

2. The wear decreasing effect of the magnetic field, in dry shiding of steel againat steel,
is caused by the change of contact from three-body to two-body abrasion mechanism
znd the reduction of real contact area due to repulsive forces (Lorentz force).

3. The main dominant wear mechanisms for dry sliding of steel on steel, under the tested
conditions, are abrasive and fatigue, as noted by optical microscopy and SEM.

4 Magnetohydrodynamic lubrication, gained in the presence of lubricant and magnetic
field, reduces wear rates and improves surface roughness of tested combinations, in
particular at the middle of the wear track where the magnetic field is maximized.

5 wamidthMMNm“m“M
under reciprocating dry sliding conditions.

6 The influence of magnetic field in reducing wear and improving surface roughness is
more noticeable for stecl/steel than for brass/sieel combinations.

7 At the middle of the wear track the surfhce roughness was lower in Ra value than at the
ends of the track due to the effectiveness of magnetic force at the middle of track.

B SME of the stecl and brass pin surfaces has revealed that build-up layers were adhered
to the parent material in dry sfiding conditions and were less in the magnetic field.

REFERENCES

I, Fosiikov, S.N, “Electrophysical and Electrochemical Phenomena o Ficvon. Cotting  and
Lubrication™ Limon Educational Publishing Inc., New York (1978),

2 Goldblutl L “Scif-gencraied Voltages under Boundary Lubricated Condinons®, I Fundamenml
of Tribology, Bd by Such. N.P and Saka. N The MIT Press, Cambridge Mass (19804, 941-1008.

3 Roberts, A.D. "Diruct Measuromont of Electrical Double-layer Forces between Sobid  Surfaces™
Journal of Colloid and Interface Science, Vol, 41, No, |, (1972), 23-34.

4 Kelly, EJ "Magretic Field Effcers on Electrochumical Reactions Oceurnng at Metal/Flowing-
Electrolyte Interfaces”. Joumal of Flectrochemieal Society, Vol. 124, No. 7, (1977), 947.999.

5 Haberman, Hand Liard, G "An Active Magnetie Bearing System” Tribalogy Intermnational, Vil
13, Na 2, (1980), 85-89.

6 Yngwe, N. and Marun, W.K. “The Influcnce of Electrochemical Poientiol on Wear®. Wear, Vol.
104, No. 2, (1985), 139-150,

7 Hiratsuka, K Sasada. T and Noroee. S "The Magnetie Effect on the Wear of Marrials® Wear,
Vol. 110, (1986). 251-261.

% Kumagai. K “Effccts of Magnetic Ficld om Wear of Forromagnctic Materials® Bull. JSPE, Vol
19. No |, {1985), 4348

9 Kumaga, K., Takahashi. M. and Kamiya, 0. "Wear Behaviour in the Presence of Magnene Ficlds
for Pin-on<dsc Repoated Dey Wear Tests” Tribology Intcmational, Vol, 25, Na, 2. (1992), 91-88,

10 Muju, M.K. and Ghosk, A_ "A Model of Adesive Wear m the presence of 3 Magnetic Field®,
Wear, Vol. 41, No. 1, (1977}, 103-116.

i1 Muju, MK. and Radhakrishma, A. * Wear of Non-magnotic Materials in the Presence of a
Magnatic Ficld®. Wear, Vol 58 No. |, (1980), 4938

12 Miratsuka, k * Wear of Metals in a Magnetie Field in 3 Boundary Lubncation *  Proceeding of
the 19h Locds-Lyon Symposium on Tribology (Thin Films m Tnbology) Vol. 5. No. 3. (1992).




