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ABSTRACT

Thiy work prevery the resnlty of a firdfe elemers anerlpwiy (FEA) wisch i used fo simmelmie peoe
dimenwionsl (20 shiding befweern a Amdhord odinder or an clastic-plasic cplinder. The

material for the fop cdirder i modeled as rmgid,

ared’ i Baftom cyitader iy modeled ax elosiic-

plaxtic and followy dhe vor Mives weld crienon. The firgie efement sopftware, ANSTS, ix wsed &0
amerlize the deformatony, reaction jorces, and stresses on the lower cdlinger. The mesh was
refimed i e comtacting area i onder fo achieve the comvergeroe, The FEA provides trends in
e deformaiiony, reaciion forces, and stresses as @ fnciion of the mienferencer and sliding
dintance between e cyitnders. Bevults are preseried for both ot onlesy and frictional sliding
o cremnarisons e drovn. The formanon and dsnbution of sresses elong the sliding
dl gemce ane presereded i vor Mises stresy comfowr plod. Resedt shoe thent foar the plastic loading
oase e ntie af the korroomial force o the venfoe! reaction fisroe @3 zero ot the pormd wivere de
cHinelerr are perfectly oligred abowd the vertioal @, The foadbgr and enioadiegy phemnomera
Benween fwo meerfering oplinder is performed

Keywond: Finie «lemend aralyss, siiding contec?, e comioot, eloriic-plastic.

INTRODUCTION
This work presents e realt of a finite elemem
maiyin (FEA) which & med o sizmian fwo-
dimanzinnal shiding bebweam 3 bamd
on an qlarhl:il]-;llttﬂ:‘n'hnh Iu.n.!ﬂ mzhﬂ
snginearing application, the shding comtact mewalts wear
of the coosponsnt. The wear phemcowen conirol e
compomant life time The good wear predictien aill
prevent the mechanical component cycle fall inbo a
wavare condition [1]. The severe wear meult in mough
-:hqu'_r"h:l:n :mﬁmm:h.r-:ughn‘ﬂ:unﬂuma]
[ﬂl_] This crcumstmes can be followsd by the
failum of the mwchamical compoment if there 15 oo
PR e ACton .
Tha wolid-to-solid contact betanan the mrrfaces is mada
at their werce aspanites. Whan fwo rough saxfaces
alids acroes ome: amothar, primaziby e aspartes oo e
werface will be in contact. The asperifion of the sarfaces
often :lide i difemnce Dedumoce: and ek
difamemt fricticn, weer, and meddeal defborrmbon: m
contcting surface. In the mico smle, thess aspedty
conizcts ofien play a significant ol in e wibalogical
parformmce of meckamical nyvieams.
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by Abbot 2nd Firestons [3] for pure plastic asperity
msponss and by Greenwood and Wilkamson [4] for
ey abistc contect. Some meuls wem poblished in
omdar to axtend the Creamareod and Willizeson medel
in the eltc mEme te a3 vadety of peometries and
different basic asmmptoss [3-9] Noomal spharical
oot ame consbdared in e alastc-phstc mgineg by
Evsoa: of al [10], Chomg ot 21 [11], and Zhao ot al
[LZ]}
A widely acoapied modal of romgh mrics fopogrepiny
Muhﬂdﬂmﬁmﬂ:ﬂm
ﬂn:-'n:- I:'-:l:ni of I:h':r ru:m:u:u:l:'., g

l:l}'hm[l] ]'1- ]ﬂ Im.nh.a.hn-m
peopoad o elastc-plastic combct modal which kas
Iean validsiud experimeml by and whomsd an smoal b
agrearent behwsan the modal and caperimweed.
I'm.dnnhﬂﬂmﬂndl:l'ﬂﬁ]umﬂ:wb:hmmhi
the comiact problem Most copweercal seffoams
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packazes provide a harge munsher of options, inchuding
igs to sohew S sizmlation am[la,ﬂ Yo-(uoc et al
|l.:i]:|m'|:|nmnnnd.FE|’.L1n norrm|. comemct
Isstwmem tane sphares, which by symmetry & equivalont
io that of one sphas i comiact with a opd fiad. Adams
and Mosononsky [18] provide a roview of oomtect
modaling with an emphasis o the foroes of coxbict and
thair melationship o the E;nm'ln'n:al matarial, and
mechowical propariies of the bodie.
Jackson znd Coreen Wi a:u.liEnn'
e
]:-I:n:l.l]ﬂ:lm] alwtic-plasfic comiact iIm & ni:l:ma]

In.FE.’;.-:-f.ll.ﬂ::n.nn:-::hrLl"ml::ﬁ and Amall [22]
MJMEMMMMMm
3D modal [23]. This ressasch is continued by Jackson

st al [24] axd Moody (23] Vipywargna a=d Gmen

poevious work & e oppar apenity & set 00 bo hamd |
mgid The rigd asmmptom i chowsn in osdar o
dascribe the condifion whars 2 coentar faco past bos
zmach highar psodnins of elasticity tham the ooin body.
The high modulus clasticity material, ie cashids, in
worne: cases shide mrar o softer moverial This model can
I zpplied in anahing that case. Another adrantge of
itz mocedal is 2bls to shorten tho wimmlation Sma.

METHODOLOGY

Finite skmwent medod mm comstmcted using the
commarcial woffvare ANSYE Vamicm 900 FEM
modl wew smambled of two plae semi-circles
mepresanting the sliding cyiindar. The solid part of the
m:-&LFl.g.lu&ndfn—dnmmmﬂ. sructoral colid
aleznants, as FLANEE? in AMSYS Tho
mosdal comsists of X5,000 nodes and 435 cleonares.
Comact betwean cyiindors was sinmlxied using e

q:mﬂ:mr mrfce-m-vxfice  comnct ol
ARCELS and CONTALT at the inkefaces. Jnce
the predebarrimed mgions am established, ANEYS i
propartios of the cylmders a weed in the drmlsfiore am
ivan in Tabla 1.
To simplify the problem, thore 2 some 3ssmphions
ot arensed:
. In fw dimction perpendicular to sliding, the
bottom oylindar is comidared to be inExisly long.
This szsbles the FE model to be in 20 undar the
assmrtion of plang st baheriour
The sbding bodies ars idealized fo ke alastc-
i Shﬁuu:mi.a:l:nda.:aqmu—aﬁxp:n-c& while
. Tuxgerahms affecs oo skdng are
are assumsed to be at roor tumpemmG.

fa

Table 1. Cylindars propartios

Horiors evlisder Tag evieder
luetse wwrduiun |0} L
]
Fozimoe'y o LEHI e
Lmmeiny ceEmil asim = | 005 Eadem = 100E1

The critcal vertical mierferescs, o, wes derived
Gmez [26] for r_rl.m.d:nm]n-:da:-tmﬂ:rtum:;l]m
mow. This quantity is dezived by wming fhe distortion
anargy yisld coterion af the site of maxinmmm won
Mowes wiress by conparing the sress 1ahne with e
yiald soemgth, 5. In this cass, 5 = 0227 Gpa Tha
aitical wakess of force per umt length. and mkrkmoce
e Tespectively M

P aR(CS Y

a
7 T (L)

o, -R{—:u [m£~._1] @

C=11+2875v-2100617" =018 (3)
The wvale of C I chanmed Som elastichy
at the point of yielding coset, whem B and E aw tho
equivalonr ndivs amd equivalar pwodnhs elasticity,
muspactivaly.

Sliding iz winmelyted first as a frictomless process, i,
mo coafficient of fictom i mput in the FE modal.
Also, repsated slhidimg is comddared, and hanso the top
qhnih:hmhtnpumuﬂ:ﬁbuﬁ-mqimﬁ:]m1
oaoE [:|.-I-. ‘one-pass sliding”). Sliding i attaimed
plecauwive 15 the top oimdar trEvemes 2 toml
disphoament, Ax (see Fig ). This 4x & calonlated
from peomwery and it is a fmction of the vartcal
iverfumnce, o, whem namally Ar moeases with the
prest inierefamncs: o That ol distmes is dhdded
o b eqml load sieps, dr = dvh Honco, 2 Joad
stophasigp | the locafion of the oanier of the towersing
oylindar mixthve fo the center of the sSonary oylindar

is
I-.'Lar—g.r'-ﬂ.m+n 3
-

Becmss of maiorl megvg m load seps e added o
anme exit o sk confact.

Normulirng x by E, the kading pkase & dedmed by
'Eu-:ru-mm:l.:l:.'l I.‘."n.']:n'u-'ﬂul:-:pcl.]::-hl..m..aﬂ.
Lmh&:fﬂ.ﬂﬂﬂﬂbﬂmmlﬂfﬂmmﬂﬂ-
vartical axis of alizmeent (2E = (). The unloading
phase is defined i the region =E = 0, where & top
oylindar kas paseed e vertical oo of alisenent, and
whers the cybndars are wepected to mpel sach othar.
A.'i-d:ﬂ:nmﬁg.l the modes at the hase of the bottom
cylindar are comstrained from the displacemant in the X
and Y dimection. The nodas at the base of top oylindar




are alsy comimained fom the displacement I te Y
-:I:l:rn:-tl:l:l..h:tm dlomrd io displace fecly m the 3
Pm'ﬂn&nm—hnﬂ:p::l:-ln.mlﬂhuimptmm

WRL, l:.:ld:sph:mmtmm-:hﬂi:q-achlmiihp.
The comtect Sorces ae determeined by somneing tho
meaction foroes ot the hase of the botor cylindar.
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Fig. 1. Schopwmic of thoe FEA modal for diding

berwean crlmdars
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Fig. I Schematic of the shiding proce

EESULTS AND DISCUSSION

AMOnE
modis om the: conact vorfaces of e two cplinders. «_is
affectroaly mallzdh:rﬂn-:nmlmﬁmm.

Sliding & amaizod piocowise = the top cylinder
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tvenas a tol displacemens, Ar (wee Fig ) For tho
presaniziiom of the meslt, ¢ s bung nommalized by the

qm'ﬁ::lmdnucd’ﬂnn‘]mh&.ﬁ'.mﬂlﬂnt:.ﬂn[l
wdpmifing loading. and ¥ = 0 dmmfes The
qﬁﬂmpﬂﬁﬂjd@dd;& 0. Plots of tha
zommalimed el Splcamant u o, Wit respes
to the nommealived sliding distarce of the top

M, aru prusented for the aforemeanioned of o n:|.I'm
i

L L]

LR LINEL

'R

150 LS

Fig. 1.

Nommalfrsd T vartical
displacamont i nommlised  sliding
distamics.

For & = 4, the wvartical displacermont ae symmsic
abrat the mos of alignment Ale, displacensets
incmeass with the incmase o wetical imscferencs o,
is., with the memeass in load For nomeal loading, tha
totad i vertical displacersent is always at the
cembar of comtact in bothor: cylinder amd is equal to e
applied wertical imerforunce. Howevaer, in sliding
comact the location of the points wheme moaximmm
deformatioss. ocours is found to be af diffrend
locations along the sidmg direction, 1., thews poims
are not vertically aligned a: in the nomml loading cass.
This explains the masamds of the wvartical
deformatiozss.  beimg  highar than the applied
mferfumnce. It can be seam that for @ = 4, thas i
plastic defoemation whers the: corves do mot come hack
dorwm o T mero displacemant ling, .. fo e 3 ads.

Ferear

Esaction forces af the base modes of the bofiom
cylindar are mmmmed for sach load step and plotied
agaizsi the noomlived hemromdl sliding distines oM.
Both the honizonta] reaction force, &, and Sw vartical
reaction Sorce, &), are nommalized by the critical load,
F.. Figum 4 and Figers 5 show the trands followed by
FF, and F P mapecttoaly, s e top cylindar slidos
acToss the bothons ona.
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For the weotical interforence & = 4, the ame i
symometic in Fig 4 dm Fig 5, sdgmifyimg oo bess of
AOECEY GO0 is For the alastc
haﬂm.nmmmmmmfmmg
which are lost o the procsss. This cam b seem n Fig 4
uﬂnm'mh’ulm‘p"ﬂnnﬂ:nimwfwaﬂﬂn
curews in the elastic-plastic regime
h'nmf:g.ﬁﬂlialmmtﬂmhumhmd
vartical reaction finca, 5 ur_rl:u:ud:u.-:l:'-:l:ll.'l-:-fﬁ [
mmuhmﬂ.ﬂmﬁﬂmil
moreaiad.
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Fig. 5. Hommalimed vwiiel macbon force we.
nomalized sliding distanog

A “load @™ is defined & F,F,, eing the mtio of tha
This mbc is peoerakd md plotied wom te
mormalived wliding distamcs as showm in Fig 5. This
Joad mmio applies o &0 iclamd mechanical sliding
procass. I con be sean from Figme 5 that the nosimmm
magnimds of the load @ic Dosses smadily a5 o
incmasgs. Agan § cam ba sean that for the plisoc
loading cases, the ratio of the borizoatal o the vartcal
meaction Sorce is zaro at e point whers the oylndars
are parfucthy aligned about the werfical s

— m =" m ] —e—a” )
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Fig. & “Load Ratic™ v nDoomabized sliding
distamca
Serees Fprmafions
In thiz sliding, at low nferferences the hizh smss
mhﬂ@ihﬂhﬂ:ﬁmﬂtmﬁm{mﬁgﬂ
As sliding progresses amd load on e oylnder is
incrmases foo the elacds-placs leadeg rangee wiglding
oequrs and 2 sub-surface core dewelops. Bl
moterial surronnds this tic com, amd pronvides tha
eater part of maistance o widing.
At the wertcal 2t of alignmont, 25 sean from Fig. 7,
the vom Mises st distribation n the bottons oylindar
shioar regions of alightly kicher concerdrations in the
direction of sliding simifying mesistance o liding. For
lowrer alastic-plastic vertical incfkmnoes, sach 2 o =
4, bigh sresses memmin mear the arsa of contact, D,
iham 5 oo siress formmton ot the base of
cylindar. As the vertical interfarence: inmeass, SIessses
cam ba wen denel oping in the body of the oylndar.
Figum 8 showns the disobuiion of tha residual siressas
vahes ofm =4, and o' =40, Az expecied, the reaidual
wmsees for the oo with o = 40 e ovore wadaly
spread then those for o = 4. Some of these streuses
Temmin af S yield valee (La., mesideal pladic soiz),
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Ericfionless ws Fricfenal Shdmg

Figum 9 shown the plot of s, ve of for both the
frictiomiess and frictiomal sliding cases for e vartical
macferamco: of @ = 15, 30, and 40. E can bo sean
foom Fig & that mag;u.u:.l.u.‘ﬂ of deformation in the
cylinder = fictional sliding & lwge Son the
fctionless sliding This phenomencn can be alio
found i the mognituds of the maxirsmm von Mises in
aery Joad shep.

Figum 10 shown the plot of Macmmm von Mise: sress

e =4 i ©'R for both &e fhctionlos: and Fictioml liding
caws for several vertical imerferencas. I can e seen
fom Figers 10 that the Mantoeores vom Mises stress in
the cylinder &= fictioml sliding i larger dan the
fricticmless cliding.

ha Widout Friction. | Wit Frction.
S ™ = Ol | ——— " = M=
il L1 T R BT
—d 1=l | =" = Wiu=in il
B =% [ "

vom BMisgs smees compem for sliding
cyimdrical comtact 2t vartical inhermnces
of (@) w" =4, and () =" = 40 af the
vartical avs of alf o

(Ao =4

.:I:|:| w =4

Eoideal von Mbses simass comboum for
sliding cyimdrical asparities for (2) 2" =4,
By’ =40
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1%

9. Cooyesison of opomalied Dasimmm
dafommeation plots in botiom cylmdar with
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Fig. 10,

CONCLUSIONS

This work & mmlts of a FEA of sliding
batoeen 2 nEd cylindar on an aladc-plastc oylindar.
Yilding ccoum acconding o the vom Mises yiald
aiterion. A X plane st fnite clement medal is
wilired to eoplors the deformations, forces, and sus
formuations for mch fictonlews sliding contact. Than a
coefBicient of friction of mogmimds 0.3 & ntroduced
batween th tao surface: to sizmelate fictional diding.
The moxinrre dofreeation &t the confact infarface
mcreae with the moreasizg of vartical miurforence. As
sbiding progresses mio the micadms phase the
daformation cenves flatien ot at the end o w@mify
parmanant plastc dedorrotion af tho and of sEdng.
Tha rewalt of the deforrmaton, reaction forces and sfmss
formation of e fictionless shiding comtat was
compared with e work of Viprwargna, ot al [I7].
This wock performs fw wnples teed in the
daformation and foce conve. The adrambige of this
modal iz able to reach the highor o and less in tma
COmETEESion in condncting fhe cmistion i AMSYE.
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