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WEAR HE .... ' VlOUR FOR STEEL\STEEL AND BRASS\STEEL 
SLIIHNG UNIlER DRY AND LUBRJCATED CONDIT IONS 

IN TilE PRESENCE OF MAGNETIC FIELD 
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... "tel Ibd .... .... ,,001 r... ,.... we ... [><lfbrnIod .. IIodI do)o """ 0<1 Jo..t.n<l'1tO 
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"J. 6 ~,. Nt It'" ror ,,,- v .... -.. m ..... """'n~ ... ~ ..,...,.,... 
v.fuel fuf ote. 01 .. eel ,lid WUI ...... eeI....., 1M difr_ ,aI,", ~ AI.,...., 
,he del<'nOratOOlO" IUIfKe ................. ,. NaI* ""'th the __ 01 1M htsIW 
load IQUd ( IG 101) -...... to 11111 01 (S to') F~rUwlu~t .. tbe ,,-.. 01 .... t 
rNo.occI; '0 ..... IIlCIcnd fl •• van" ..... or ~ rouatrnoss rlIM,,oe to ,lit ...... IIIrftooI 
rou&l-u.lt II ralttCOMllO otr_ ",",ho po_'" .t ....... "'!idoI JIu. ~ 
bttIofIaal d!i!a _ ......... ,ho ..... u .. ... ..t-..... t ..... ~ .r 1M ..... 
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.... ~ 01 ..... II ..... """.oIlIIt _ ncb..'" ..,auhotod 101M -.- .. _....-. 
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~ ...... ..-. 
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!Iotsc.,.:tIda.. Sudoq.._ .... ~ .. aod: .... __ ,.11 • - .. it_in,.", 10 

I ... he pt_ of'tIe m ...... ~ Mid .. ....,."""""" , he .... ,.-.r. to l1li o.., .. r_ wu 
..... ..., 10 ,tie ItI._ ot ""'"" pottoda ID 1M ......... .,.rtJC\h. It 1M ~ 01 1M 



• I 

I 
I 

• I 

I 
1 

-'''_ ...... ' 

._-.. ..... -

" p,y--"". C 0;0 ___ '1 

"~----c----, -.-

~ Dn _ ...... ,~ ' ..... 

D '--_ '"' .. _I'" 

-....... 

_....... -

Fi, . ..... >foe •• _~" I ' /M ~ C-""" .. c> ._ .. 
",,..,1_,,;01 ~.'r." ....... _ 



_, " .... A, '"' _. ofl,odr, _I"''' r.x"," ..... ,_ """"' ........... __ ....... 
~". " .... .... ,""$M<".f< "SI* ......... ""' ..... _ ...... __ ......... ; c 
1loI~ ~,,,,- ,_ .... ,"' -" " .0.. .... _'" .... _..-<of h .... """ .... ' .. pOiooo .... __ .... .-.,) ..... __ ................ .. __ . n.. ....... ,.,.,_, .. 
............. _ .. -.. ... _ .. _ .. ,,,. ""11010 01,11< ,,1<11 0 ... .,.. ,. , .. _" 
rr.-,.,.. ... _ .... ,;,ouoa:i ..... >tIo> .... _ I .... _ricdio .. " :' .. m .... ' ... 
"",",«ftc<, .. _ .. f .. 'I 

00' ...... _ . ... ___ ._ •• : ........... ,"" _. ,'"' , ........ _ ' ..... _011._0 "._""",_" .......... _, .... __ .... _.F" .. ' I .-. ..... " .... "'" 
_ '" Wd., ... -... _ " .... , __ WW)'..-. '" ,t."", "' ... _ ............ _r....""."" ........ -. •• _ .. _.flt, 11 

r ... " ... _ ..... __ 
) " .... --/.-

..... 'L--" ............. __ _ .. _ .... _-,., ... 

.... _-_.-......... -~-,., ... 

~II. ___ ._-" .. 
...... _ ... _ I .. "'! 

.. u ...... _ ... ___ • .... ._- .. '-, .. '''' 



H
H
~
H
p
"
n
H
 

.. 
.. 

,H
i: 

li
lr

 
~ 

l
&
i
~
 
~
B
 

J
I.

 ..
.. 

~
:f

" 
it

· 
i
'l
' 

H·
~ 

F'
~l

H~
~r

~ 
, 

, 
i' 

wf
 

':1
0 

' 
Ol

~
_i

l 
~
:r

. 
''

''
~_

O'
_ 

·h
i· 

HH
 ¥

 
s
~
.
,
~
 

~ 
. 

e-
-'

~
if

Q
i
 

-
~
 

~
 
·
~
l
§
(
 

K3
 

'"
-j

l 

;~
lo
i:
 

1:
:'

"\
I~

e:
~i

~1
~~

 
fi

ji
! 

ii
[!

i 
~ 

~
~
"
,
"
 

-
"
3
"
'
~
_
 

i" 
... 

'" 
~ 

.. 
~ 

if
 

-,
,0

 
::'

9 
'!

'!
 l

'f
l 

, 
~
p
~
 
i
~
p!
\:
z:
-r
'l
-

!f
t[

l!
. 

-
_

"
 

! 
" 

l-
t
. 

7 
• 

... 
8

8
i!

ir 
.... 
~
'
"
 

~ 

i~
.i
g,
 ·

!f
~ 

~ 
II

! 
§ 

Q"
""

 
'!!
~.
il

"f
!.

~ 
_.

" 
'II

'·
·
' 

i
l
~
o
~
 

ei
 

t:
['

;~
 

§ 
U

ti
 h

q
 1

 
J!
:z
:~
 
£~

!~
~
o~

;i
i~

 
d

l 
' 

r '
. 

-
.
!
,
 
-"

.i
Ii

'>
-
I'

 
, 

li
t 

e;
l 

i 
~<i

i'
at

 
~"

'~
ii

 
~
(
,
q
 

la
 

1-
h

fl
 H
~!

 ;
 

I~
~$

 
!~

~!
1 

iil
{ 

r 
.. 

.. 
H
~
 

H
lH

lrp
£ 

i 
~"
'!
l 

~'
gi

a 
-

.l'
!,K

! 
-
r~

;i
 
~ 

!~
{i
 

P
tl

j'
f1

jl
 

::
'0

;.
<>

 
in

::
 

~ 

·I
t-

'P
i 
!
'l
l 

f~
fl

 
"
~
~
 

: 
~:

.J
 
p~

 I
 .
. 

" 
! 

_ 
~
~
;
\
 I

t 
..

 
• 

•
•
 

" 
a 
f 

. 
-

-
I
 

_ 
.. 

--
; 

2
1

1" 
i
l
l
 

. 
... -

-
Ig

q
-

i.
; 

:: 
1~

J 
o' 

t"
'ti 

,s
i
 .. 

s
~
!
i
 

'" 
.. 

i"
c[

_ 
-
f-

-1
 

:
1

 
;. .

. .
i

~
 

n
"a

 
s:

' 
la

r
 
:r

j~
 

1"
\· 

.!
 

,... ..
. ~ 

lir
J 

~1
!.
::
 

-'5
. 

i 
'ea

·:
' 

.R
:i 

!. 
!l

ea
. 

I 
" 

n
i 

d
u

ll
!.

 ~
 

h"
 r

,i' 



" _ 41 II. IHI 

I. klbntilod , ..... r ... bra .. 00 lOW. " .. n"",,,,, .... a< .. ttl ~ ....... cd lind 110 ~ . .. Ir"'nI 
......:ioos. """,l\IGfoa: ."foco , ........... _. obMnU. !'is IIIE) .... r.ta'he brIU po .. 
",nace lOt lCSU conducted under. 100d of '0 N ;. , .... bo .... or ""petie 1'101 • . A. un be 
...... I.INII tn1I)e6daI "w "., .. ,. WCle "",1tCId or !lot. bo.A ......... 1. no... pon .. 1es 
co...,_ 1<1 .... ,_ in .... !lot. ,,., .. 1 ..... &1->. On 
1loo co-iI-. _r p ....... 

'." 

Fi,. Il S~, pk ....... -t,M...,. C u -{Ilw _"""'-'1_ 
1"1_'" -J- ($uoV'; .... Dt, ........... _JWi. "K 1.- ....... ); II) _,.. .... f-bI 
~ ... "'t "'" -.. __ ~ "ft. t· ... look j() _,... .."... ja ...... Do7 ~ 
•• __ ~ " '". t·~, 1 ""II (DI ....... ,... ""'"" t_ f)., -.. _-JI<hI, I I,". 
a .... ' "'IEI_"" _~ I_C. d, C ,,_.-..:. ... .. of ,. ",., t. , _ "In 
_,...-t-/~ "'0"",,-,. --",,</WI. AI,., 1.""" 
. , DISCliSSIOJ'i Of Rt$UI.TS 

",. "',...,.., ""~ .. ,.,elll,""'" u. ,._100 'hOI the~" Of. ","pel" r..Id • 
• w .. , n.ototNnt $Url'ocot$. Ill. I rtnw1<atol •• lrea upOa .Joe _ me one! .... rae. 
rou ......... n __ • r ..... ooI .. "' ... 1" ..... 'WproCl"~ 1&1"' ... ed COIInl<rAo:n. und .. S 
.. 10 N 1oM. .... ",",-'>eI" nold , ... t.. 1ft 10_, ...... 'Ole; a..l ~ ..nx. .......... 
CGnI!*'cd .0 ..... !At 'HI. pcrli)rmcd .... 'looul ""Sroa .. fid,j Some .. -.ae ..... on 17.9J 
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~'ed ,ha,.he ~ domi ...... ~ason f<)f wea. m., .cducllGfl. u_ dry oIidit'l§ 01 
"""aIs. " ,he W"dM OO" P""'>OIw.s elf"", occum"l'o ", ... 11 .. ,,,- p. __ of .... )lltloc 
fidd< TlIey/lOled ,hal ,hi. KCderated 0l"S&11Oft ... "IIIt> •• he .......... " ... ~ a...s 1'0Wlh MIl 
ru,d.s III Ii_ welf panocko_ Auotd .... 'Y •• he -' ~." ... eKea oI,he.....-oc 6eI6 
i. caused by ,he line Wat I*\-Id.,. formed by p.o ... uceci _llioo """ 'hen IIItdIod 10 the 
_It OlIff ..... due .0 ~IDI"" Ibous The ~ raul" "c '" 'II.e_ .... 'h 
prrvoou, -"1 ,n ,hot the ptQenCO of tIIIJI'ftIC fidel ,edut;cs the _ r.t .. of "",,101,. 
~. _ ... _ (or JUdI WW" nte M..,UOIII co...r.lif:1 WIIh.hose proPOS«! by 
prrtiuus _lOlled .-.unP'ur,. The pr_ wotit has cJlnfc<i Ih'l in 6ry lI'd .... of "ed 
on .. m. .he ..... oIu....c .. in the pr __ of ""-J!>(.if: Iidd. w., mucI\ miuud_ 11 .. 

prU!KI~ t!tat ,"0 .... '" .eason. ". reSpOn"blo 10. -.. rII. ,eduction ond ;mprovtment 
tn couo, otfou , .... flc. roughness under .... JnCI'" 1ieId. The Ii ... II ,he ctIlo"8" 01_ 
tnKhllli"" f.O/II ''''",·body Ibl'll>Ot' (mellllltl .. ''"'' ...... I) lO ..... nty l>OO b I ~y ....... , 
(mtlallmtlll) c1w. 10 the IUfOCllon of ~ .. ear plt'todes 10 the ..... ntI dun", $l;ding 

Th. tto::OrId .UJ.On .. ,he ","'IW rqlUl_ ere"ed by lororI .. IOou bet_ .he lIidin, 
.... ffoca .. ,he po. ond cowrtmoce acqutre ,he ....... ItgII of cha.!!" ,n ,he p.-neno;. of !he 
""11""'''' Iield E""'""", of ouch n;>UI_ " """,ro"od .. ,he moddlo of ,he ...... t tlCk ",h .. . 
lo ....... fo<oo ,oachn dl mn>mum value due '0 ,hot MW""U'tOn oflll(l,., I pn-d Murco .... . 
ltat~ .... fo ... " tnOIlI fntIlIIUd utWIt, ,lie 'iah,e. ..o"""' lood ' .... d £ .. ~ ofsuclt 
,"",,""'" OS ~ on Fia 2. wt.er. lilt .tdiJ(Hon of ..... tI"" under ,he ~IM""IoacI. is 
.....cJt holM' ,hen ,hal Und ..... M t.u,.ier I."ed Iood 11 OS ...,nh ..o""S 1M.! ,h,,, ..... "" oi§n 
of "u. parltC les c .. dllion. ..~h "''' p.opc>H<j by 01 .... ;n.esI'plOn . • 1 ,,,- .. _ 
plnocl •• <ltd rIO' 8ro .. dlrlcer ,n color "'~ _lei .... IPSI ~I 0..",",,_ oJ P'OlllOled by 
lhe ms.gntl O: fielel 

Simtl .. bdI •• Oors for lh ...... , Rles and """nlefface ",ffoc. rough_s .. ,n ,lie ~'e..,no:. of 
"'1&""1'" fH!ld ••• ", ... f<$led 'n lul:ricoled lestS Tho. "' .... '"I., obt .... d ,n 'ho p ...... "" 
of "'"",""if: field wc •• lower ,n valves lhon ,holoo for It'" performed undu " m,II ' eondi,,,,,,,, 
.... ,~ ""~I'" rodd TM propoled o~id,"on . ffecl. pu l fo"".rd by pr .... OOu. "'"O.kers. OS 
"'" ,I"" vol,d tOt ,I>< 'ubl'l<:lled .Iid'ng ,.duc"on in w ... duo 10 lIIe p .... nu of od wt.ido 
tonl l' ''' "'''-a.,d,", .dd,,, • .,. ,hu, ",O"""""s the OOId"I 'O" of eon'",,' IUffle .. ,nd ..... 
p ... ,dc. for 'u bnco ,.d ,.,". ,I .. IUtl.8u.cd I~II moS .... ohrd.ody ... mic IulHtall"" ""II be 
,n ICIIOn ,n .lIe pr.,.no:e of mlanell" Mid TIl,. Iype oIlubnca,oon ... tIL S ........ ,. r.l\inl 
",COM. Up.b •• of dec",",", ,he ", ....... 0( COIIIOCI bet_ .... lhe lIidms ... rfKH. ,hus 
.cd"ClIIS wear •• ,es '0 m'""""", v.1ues 'n port>nll., under bghlload The .eouI .. ubll, .. d in 
lub"ClLled ~ing IUPpon ""'" "'(I8""'on .. ,"" -., "'0$,;tId .. ~,.., load deau..,d linearly 
'0 Iboto, 7,% 01 ,het, ... ,,01 .... ' tlle .... 1toc Wll"'" ,Ite rI ..... "g. of tes •. The .:aunle.flc. 
_a/WIOM" ,lie end oflubnc,lod I .... we'" oImost .. mi ll' 1ft .... . u •• 10 the 'nill.1 rou~k"lJ 

For btlLl! lIid,,,, on >lee! ........ dry <)f lub,,,,"ed. ,he in~u""cc ofm'Bntll( fodd """" 
.. tv •• 101 hall ..."il" tr.nd.o ,h .. ofll'cI on lied Tho: wut til ... 'n ""JIMI'" r.eId _ 
10 ..... ," volu .. I ..... n ,It.o>t: ubll<1Ied for $I""lar IItIjI ... "h ..0 fIl.I.!t_'" [teld Howc ..... lhe 
lubnclnl pl oy. I tt'l&jor role ,n ledU""S ... tal rlle< _n co"'po"ng dry ond lubnaccd_ 
v .... es Fur lied on " .... ,he doftwwIt war ~ dur,,,!! >loding "'"", obt ..... Irld 
n,,,lUf-. ... hol. f<)f boass on .. ed -.I .......... ond faugue wen: ...o< ..... t\an«d In luboe .. ed """01 
Rw briM ..... ed ~ was .... "~I ctIlo"llU in ,he couo,mloe lUff"". rou~luIesses 
_ ..... '0 ,lie "", .. I rou;hnots. Thotefore. ,lie n •• 1t1W '"I"'I$I\o't forces on dry lIid,nl 
and lhe ","",",olrydrodynomoc .ubnt:,,_ onlubncoled 11«1 .. ".r~ ,h~ 1"0 fIl.I.,n oneo; ...... ""1 
~ 1"0< !he reductIOn ,M we" fl( •• ond ,he ~m"cd "1C1"Q5& ,n lUrllu rou;c)tneswJ 
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S. CONCLVS IONS 

From I ..................... 1M IIlIa ... , , . ,... M j t -.I . 
n.. pi II • fII.....-c rtdd bct_ rubWn&...mce.. ;,. 1M..ty ....... 0( ........... 
~ 1M __ <ala fII ...... IUII ard bruslJleeI_oe' II" eilh« \III6et tIry 
OIIutoricaecI*fiII& S .. T1Iot..... lOt 01 ..... I' lieN" _e ...... .:w 
lIfOIa iahlloM ond mMMiy hIah ............ ~. ___ """....,. be 
ap"""'" M ......... dill"""" due 10 pr_""" rMip o/flQl. 

1. Tbo......-.s.c......,oft'oa rI"'" ... bC 1IoW.. tIry """'01 .......... 1k111. 
iscwsed by I .... thIIIge oIGDftt1oC'1 &on Iho to.,. 10 IWCl ~;iI) ........... _ 
InII ""'..dua\ooI "'real_oct __ to .......... ~ (l.omu bu). 

1 TlIe ............. _..... . lilt dry 1Iidi. 01 ........ ..... uOldeo- ..... 1.,.-.1 
.-.d~ionI. oR ~ ..... &0 ...... ooaud by optical .... ...." .... SEM. 

4 Maanctolrydrodyflaroic klbriatliM, P I...:! io tho pt I '" IuWicanI ...... • 
Iidd, reduoa _ rmI and impro.a twfK.o lOll..,..,.. 01_ ... ..,....,.._ ia 
particular at "'" II'IIIIdIe 01"", _,tad whon IN ....... " 60Id Ii --...i. 

S rOO" "' ... ~i~i ... laM ... " ... odhaiYe ond r.,.. __ a 1:1. _Ii ... __ 

IItIda .ec;ip"x.,,.. dry IIIidiooe. anlillOnt 
6 The...nua.u oIt , lic (odd in """""'" _ Md .... proviol:...r_ 0'0I.IIIu>tM os 

",.,... .... iaab .. fo< II ........... hot! lOr tnroiMtl ......... 1icwIi. 
7 A. ," >ni6d .. ofllw "'tar ,rae\: lhe IUI'flICe -sJonei' _ "'-"ill .......... w.. at .... 

mdJ of,lIo lrack IIuc 10 "" 6cI._ of ~If; f6<ee ., ..... MlCldlc fIIu.t. 
8 5MB 0(.10. " ... ood ....... po • ....r....:. .... T"O'''''' \IIaI ~ 1I)oa'I_ • .dlleted 

.0 , .... pi"'. mlllriol i. dry 1Iidi.,COIIdiI" and ~ ....... ' .. .,...-"1IeIcI 
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