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New experimental device for m<idsuring the i
transversal friction

A Shanwahkh,Glassara, G Barbier and A Sinoimeri
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68093 Mulhouse, France
Emiclartan.sinoimeri@uha.fr

Abstrathe mecharitavodrfibrous structupestbepibdsiction. In
thecientliffierafumany researchers haiadsfoddtemothessdt of them
focusedh@mtdibefrictiom ontlwo directions: |dalgingdtind{lhhalnd
longitudtigtadnsve(lssal Hence, there are up totuddesusing on
transvetmdednsvetrydirection. For tlirs erpepimentwladeviedeped

to evaltutedeansversdflibegreation. The obtained results would allow c
and modeaHisgypeiotfion

lintroduction

Insome odmpoantenufacturing psoclksdesin Transfer RMONdinogous
reinforcememtbjectaprimformidafore stttageregimjection. Puefogming
many defeooulglppear caarlighkyffetlhe mechanical rethidtmaalkceoniposite
materials. Curr¢é¢bhplsdwdibat the appeatamdefefcts issewvertehsons
where the most influemagidriotienisoccurring inside the fillh@us struct
preformTrhgis, the fimcindocdddaprdeformation |eahlisaltdidibgtween

the diffdrlemdus components: laydrardyanomse antdidyhamelasurement of
friction seem vdoyeoraltiafidrous srneultehrvio

Indeelderfction phencmdeenaluadedording tbevietsacroscopiegllinter
reinforcement), offersosiompbetween yarns) and microsfcb@imtlfeiction be
microscopic flevedamurthieeclassified intoeshieese dtdb#rictidirection:
longitudislahgitudifngadré 1.a), longitadevalfigpdrd 1.b) and #ransversal

transvetigals&.c J
—> FC
/| e N
(d)

a) ™~ / (b) (c)

FiguneClassification of frictiodnre@ctdonding

Actuallyictfon at macroscopic andcaleso$acpimaen wi[dly2]studied
Howevwr presently focus on the friction atTthie hyigeos tofpliletioagle
intdibearfibetofibrefrictidwrmas been reported by n (i&e]paiss s buatlikefs
them focused on Hoohgnigudumahal or ldotgidnsdveasal friction (figure 1.
1.b).
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Asreptednabovementstndik&][7)tle evaluatibongtudisiahgitudinal
frictidaperbdssicalhytipeinciphownfigurel2.this pribhwiopltevidtieease
subjected to theteyesiflerp@e at eaemd Then, a tenshReRjosapp(ied
continuously and progrefsdhwe fyobhsrnds. WHiikenferiotrheo sur® afd
the infibestatic frictipnhforicedomabhct surfacdibesweeymmmovabltden
same configuratibbeddbhsmperiohaeipmentiosegsliding occurs between t|
twdiberBy means of experimental ae ctdwedende nvita ldifkisegs wellothser
experimental patespessibdecalcuheetefrictpefficiedaveral resesagdhers
thiprinciple in differentbengdrdmdntt@laeal uladelongitta omegitudinal
fricti@dimogdbhadevelopeakst bench stigwreti®erdine two twibeed
and &eounted via four pullexpeiViseagdhthe pulistiyxeld, while the three
otheaséeft free in roftartcl@nsthempplied progressivelypcwntrisl eshiolee g
longitudisiahgitudsitealic friction dscaflfdaicoheaneand éofllowiengguation:

_E )
SEFTOD

wherlend arehe leragitthe radius of the halicdhe@mbteafdibérelical .coils
When we cometheonogisudiatabnsversal ¢nixeiowetlaithas beadso
studied dwerabearchers [3HooaweHedt an experimieetah ttaostevaluate this ki
offriction between two fibers, aslnshbiusn ebnp éirdmeentdhewcadre B, which
clamplse fibasmo,ved horizontally in theheainbdwhdilloineady fixed to a
pointrAben the fiber E in the opposite direction. Depmaeacietghesn the e
distahcdhe anmed, the disfamoce thheincterwaNghispossible to calculate tf
longitudistednsversal friction chodfificawenyg eyyuation.

IJ_: = =—

Concerning the tworlkasdndbidieine 1.c ahérk.dsesaeatohthe best of the
authors knowheddyedied this type[&]Tlheiceafonewould be very interestin
find a new method for tmeaswandgiblearictitdence, this papearneEn@sents
experimental deviate ttdhisvajpe of friction.

Figure(®friction FigureEBmogazy p®] FigureHdwell bgE3]c
evaluation princi



2Transvefsdadansversal fmiedaisouring idea

To study the trombhsaressa@lsal friction, a slidiogeeayewnematretd htlaetween
twdibersccordinigetaitections fgaoweichrse anfl Slindé is pracviemaly
difficulactlbpienhtds movemkeas, béeplacea@anmtheduced moya&lhewing a
transveglsdlingesxposimfigus®a abtd.Depending «wontfiguratieoesigd
andardieubuexperimental benchevmloaderthe titanrawnesnsarlsaflibater
frictidmcordiotdpisdea, fibersubjecteduektensionaslFHdeceand, are
clamperdm theiraegdssscrotospedmath an 2nagidhen theywaseea a
definedl@lB0ith figurdy this way, nomhahdloraes inductehde contact zone.
ThermettWidbease simultamaduplpgresshjelgtedorciamalve memnth an
anglet eachheifr eadsording to the black s(frowe. Bbirra diisotational
movement,tytmweos tofqueanded thelastierquehich dgse to the rotational
movemantivhichtiansmittehdnodibecrontact,zanée resitsaigevehich is
due to fnmbhemngenfrixzition farecre®. When the elastic torque becomes mor
than the resistialidonguéeetivevearisscrofsbetlakes place. Thanks to a r
mathematical model umrdgitidpoueddplm to evaluate anhldchmsaetsaize
intdibdrictiobmoutghtwo parameternrded at the nsoirdertigetofsioamd|e
and the tensifFenforcaEde & clheern.d

"E X Linear
rce sensors.__

guiding

’\ ‘ system
c-C M3 / A w4
\\\

C-C section viev \ /
\\~

I ——

Rotary disc .
e — 2

FigureTmransversal friction meas FigureM@a.chine desigl

3.Conception and-catrgfntdhe machine
Inorderatcchieve the measuxpilagnwdactian 2xperimental machine was de
andonstruaseshowlhgumeltincludesmtanpartspper and Thweuppehasne
twoservwvootoMslandM2(brush)eféised to two pamfblewshich ayemmetrically
articulatigd a thirdcpr®digreofileand camotadeound their articubdation poit
equal arrgled: Their symmetrical ngyaae mreteye iwe thread éShlamalfts
Sh2)fixed to aPpMbhetheshafts are,cooakewd seenvirockwiséesn tulrenasdo
increma®r decire@se angghesd. Subsequemidylosehangihg arfgl€hset of
three prodiband, isfixed on aAbwhithaitdached toninar lamelar guiding
sysmeby meansvofsqu@rlaa &2 Through this athstevobdw,iding sndmiems
synchronously movedlawmaatddsn ks hteow o geMmasnd,thenechanical chain
antherankurthermmeeuptpehptwbodentifdakciamps ahagecifidaelsygned
and devefopdflinachine

On the othehdiawdyr pssritmilar to the uppgexreon@oaatkd. disk part
haalsobwo clamps, havingebhmeesramel dimehsiorhomslbdgue uupper part.
Regardtimg tensile(FipFGEs k) ,itisassuméatthewilbeidentical mfathene



symmeisyuarantefear this oadgpome, tensile forwassseadsdp measure one o
thederces.

From electrical and automatic pdinhacf foierw sithidaol essdtowing
fibeterotaat different vE&lochtiestor has its own vaimblladempeedadjuse
the required rotatiovhaiovetatiapsynchroniyzedalms of an automation cir
(figuredépending on a motion contreldemolt & €Cartfse dhattion at the same
moment andambeveslodithe mtmesThsgynchronipadignamawasemplilsyeed
specisodtware SoMachine , associatvM@lnoaddetcamsgamidbronization
taskhe controller ensures the comemdiffeatirotn ewetihents of the machin:
PC, the scuelen (Human Machine Interface) and the different sensol
adjusttiim@ests process.

Twotypexdsensovereseih ehmachintee fanet is the tenswWeicle mseasure
the traddoas from 0O to 5N and the other ®neséa podisdostaetnsgr
position of eaclhmoaatsematization threexeigdienefntal machineins preser
figurre

Positionsensor  Tensile sensor Touch screen PC

!LXM32 !LXM32 !LXM32 !LXM32

— o & & ®

Figui7eMachine control systen FiguBeEstablishaeohil

Theautomatization schefngueséwawsn achieved etlerctuigchat ontrpdne |
enclosuyiges® and (). The eleetr¢t@diureludes principally the $our spee
electrigatl human podgqatipaméaitrcbiteakers, differential breaker, the
magnetic fuse, kill switch, estdd.e).m®an thesdotmtamdneltads piltdte
machine.

FigueElectrical enclocs Figune.Command enaaleolsure



The design, programming andtlaetouoraktaxthtiioen eofable to have a fle
exparéntal bench, allowimtgtestsaatydifferent values of experimental p
fibsrengthe ¢o 43P, memsileFioducemdibefsp to)5&dnd the cridsiceossed
angbd35° a°po

4 Tespgocedana results

Beforarryiowgthdestthenachine confighadltdog lesiat predefie@mdetrical
parameitecbudingamgteandheistance beheeepper and lower part of the n
Fibensdhenrossand stretohadfinpdetendioomd&fter thetlower pgart
manuarldyatteod 80ih ordetwist the twofidreasslddstrankgureTbenachine
isnexgwitchemso thehte faowotors shamotations atvaloomMytod 2@m),rp
accordtistpelirectiomsoafshownfigureAsthe amrgdad the distance between
upper and the lower parts of the machine remainfdirxadducanlg rotatic
fiberisicrease contis cexplhainseedctidn when sbidénigstheooatact zane
sudden change in thetaleasipd®dethiées moment, theFeemd iltoafooae
angleffibeaseecordedbe used-lateepeamientgeonducfte@mnother pairs of
fibeasthe same ang3&°( adiftlerent valuesnsfl@riorces apdibhedsen

shall noternteamtchthestmaiparametansfare recordedthhe dugmwesented
infigurlel

Figuné.Torsion swnarleus tensslatfsitokomgent

From the above curvethaweh @b sthavemrcile fappéied on the fibers bef
experimiearctreasles infidresrliding requirssiangles to be pModecedr,
thscurvileaswo pastsaighltuy¢ and -himear partinreldd.red zone, woaenote tha
torsion requthedlifiong is more important tharnotitséobotire spasntdédgline
(linear repponse

The difference between linbahandabeentpiaanéarring figurés 5.
fact, if the twoilteasseadssumed to be perfectly flexiMleNarlkeombymal fc
caused by the traEtina tlokeesrvature. As the flexion stiffrfelsasris negl
curvature does not chande giMimdhtehifsomcaey proportiFoaradity b ettvwee e n
other hand, the tangential force is proportional to the elastic torque,
angle This leads to a lineatweéarn &nrs htipe bblue zone.

Practicadlyssbmpoifonegligible flexioh fabidfmy ssejustifiedf,ibseors
behave like beams. In this deseps e twuscgesised, as S$ilgoaweeRth
normal feirgedk haswo componentsonbecdiuseéd by the traction forces ¢
fibersnd thecondeue tlhhéibeftexion stifuksequently, the athptevaorance of
zongsed and blue, in the oel oues exdadaiiows:the bluélinerea ,one)
when tractiomrflonmpestant, thebreedfheetbhighly iagoabhanthhues ,normal
forcesmponeautsed by flexiosesmishntmegligiwieh compartsemonmal
componeausedibgractibm.the red zone, the tractionehorncesdatteusapt hig
themormabmponemtssed by flexiooostidfhessegligible. In this case, th
normal foouokd be more impotthanmah fwhethe flexifdnesmtasnegligible



Subsequenthikeesultreedsistive tangenTfial, facesto fracamor,e important
compared taezZoenehl Hence, the resistive toalpweoia remgozoamet ishan thi
resistive torquaendntdr.e Cdbdnsequently, therutdhesreshiolith order to
achieare elastic torque capable to compepnsdtieedhzoSenistprelimigaey
numerical simulations seem tiheé aloheirssmdyehcurvaSsimilar to

the onBgufrd. 1

5.Conclusion

Thanks to thisnetwdgphaept of tranfshdrbeatlidntmreasurement was develoj
led to the realization of a new €Rpeniatemtplisteedcemachiared is flexi
currenhlyude.allows the evaheatiansoersal friction between fibers of di
with differamtetérs from 50 unthlededsldpex.ibTlahyd the magawigrea m
allowed the omarbyisgveral Thesffst ressweléesned toolberent. Moreover, thi
measured varaali)ewquld allow, through a theoretical model under dev
the transverSdrndeion.
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