Mansours Bulletin Yol. 11, No. 2, December 1986

pyYraMIC FRICTION HEASUREHENTS OF
EGYFTIAN COTTON YaRNS

Fart 21 Skudy of Ffrictional bohavisur of
plyed yarns

by
- L] -
H.salama , R. Ei-Bealy and S. Ibrahim

Abstract:
T i i -

In ®his work,the frictional properties af =ingle and
plyed yarns were stodied.  The yarn coefficient of friction was
fmind to be affectsd by the sliding speed over guides, yarm count
and guide diamseter, The method of kwi=tihg {ring or Leo—dor-one)
was also  fpund Eo hawve a substantial onfluence on the #friction
behaviour of plyed yarns.

le Intoductlion:

Frietion ia the forees ppposing the rFrelative mobion
hetween two hodies in contact, H,j.i:h direction tangent %o the
surface of cantact, Its sffect is sobending tB any  siluation
involwing a3 contsct bekween teo distinet surfaces.

Tepkiles dre no edcédption k8 the Fule.Friction is one of
the most inpgriant characteristics determining intersediates  and
+inal prodect gquality and processing behaviour. This appl &8, 1in
the staple fiber spirmming sYystems. ko the strength of the pi:knr
lap and card web, the drafting process, the strength of the Final
yarn and subseguent yarn bension as it i wound in  packhages
sulatable for further processing.

The maln charactpristics of a modern textile rrnl.d'l':i.'n-.r'.r
is high speed. Thim reguires 4 high load capacity of the material
being processed. Higher materlal loading m=ans  higher EHeead
speeds, greater thread tbensile forces  and  severer Friction
stressing. The friction stress acts directly on the parn surface
may causse abrasion and hence dust and possibly s8r | Ous
detericoration aof the yarn properties.

As Important &8 2 frictic im. howgver, Lt it=m  wery
difficult to characterize guantltatively, due primarily ta  the
compley  and wvariable phymical behaviour of textile materials.
pradicated by such propertigs a8 viscoslasticibty; anisotropy,
wtc. The moat successfiul theory of friction, is the one develocped
by Howden and Taoor, the adhession shearing mechaniss. According
to the them, two surfaces are in contact only at the tips pé
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their a8peritios. &t ithese congacts sirong adhession takes
place. somewhat lile a cold melding effect. Friction regresents
the force necosssry bo shear bthese junctions. Thus

F=98.a8+P
whra
F = friction force
& = ghear strongth of jurciions
8 = brue ared of contact
P = ploughing force reguired for the asperities of the
harder surface te plough o groove bthe other surdace.

The problem (s te determine A. For saterials, ik i\
straight forward because A is proportional to the load since the
deformation iw plasktic. For viscoelastic mekerials (e.g. Eositile
fiberal , the probles is more gomplow and A be glven by:

n
a =k , W

whEr e

W = norsal load

i ® congLant

n = fricktion ingdex 3 ¢ n £ |

This theery has been sutcessfully aspplied ko the Jdrickion of
temitile #ibers and plaskics dnvolving both pointa and lipe
contacts.

Far the friction of Ffibors sround cylindrical guides.
assuming i

Felt, w
iR
1'1: Ty=c
AIncw F = kK . W
=
Then o=t ek wm-ngn’
wher e

Ty = inikial bension

Tg = Ffipal tenmion

@ = angle of contactk

AR = cylinderical radius

The aéifects of lubrication in friction s very important. In face
thore are two distincuiesh tybe= as ol lowd:

i= boundary lubrication ILn ewhich, only & few molecul ar
laymrs of lubricant botween surfaces. This gondition exists &t
low speeds and high |oads.

i~ hydrodyoamie lubrication 1A which, theoretically nm
contact bDoCeeen the gurfsces, Thiea copdition exigbts at high
spesde and light loads.
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Experiments /2 & 3 / have shown that fibers, running over
cylinderical w=urfaces reflect hydrodynamic conditions at  high
speeds. This means is single valued function af 2 V / N .
where
viscosity of lubricant
speed of sliding
mormal load

<
o

For lower values of Z V / N , boundary conditions apply, a5 shown
in figure (1).

The objective of this work is to study some factors
affmcting yarn friction. These {factors are :

1= yarn count

2- twint and type af twisting
3= guid diameter , and -
4= sliding speed

11. Experimental Warlk:
Cotton spun yarns, =ingle and plyed, according to table
i) were tested an F-Heter.

P | p———

Cotton Single Plyed Ne

Nes ring Two for ana
Giza 75 carded 20 2072 20,2
Giza 75 carded 30 30/2 3072
Giza 75 carded 40 q0/2 4072
Giza 70 combed 50 Sors2 -

The pre-tension was fixed at a constant value of 5 and the angle
of wrap around to the cylindrical guide was 180 ,during the
course of this work. The coefficient of friction and output
tension were recorded at different slicing speeds. To overcosme
the high level of variation in the recorded values of coefficient
of #riction and output tension, the F-Meter was set on inert
during this experiment.

To study ' effect of guide diameter, it was necessery to make
two steel guides of different diameter ( B8 ) and ( 20 )} mm,

1II. Experimental results and discussions:
S LS N R T . e

Figures ( 2 to 9 ) show the results obtained for
coefficient of friction and outpukt tension at sliding speeds of
20, S50, 100, 200 and 300 m/min. The results show that Ehe
friction properties of yarn is highly affected by yarn thickness
(diameter), twisting method, sliding speed and guide diameter.
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31, Eddect o yarn diamstor on coefficient of friction:

Figurs £y showas the relationahig betesen  yarn
cogfdicient of driction and sliding speed for both, =ingle and
plysd yarna, The yarn =as aliding over a cylinderical guide made
of ceramic.

Gener&lly, tha cosifigient of Fricbion increased as the sliding
ppeed was jncroaped Jor both , 4dingle and plyed yarns. The rate
at b0 which Ehé cosdflicient of Friction incresssd was high at
spegts up 100 afmin. At upeeds higher than 100 mimin, the rats of
inerease in the cosfdicient of friction wWas Low. This agress to &
large mitend with the gensral frictional behaviow of Liguid-
lubrFicanted Emditbtlle yarne/ls.The yvarns sliding over cylinderical
surfaces reflect & hyidrodynamic conditions &t higher speeds.

For viscoelastic materiale,the Erus arca of contact with surfsces
playin an isportant role in their frictional behaviow F 1 7 .
The increase in ares of contact causese an increase §n friction
force and thus, coefficient of {riction ie increased [ for a
constnt noraal load J. The superisental results shown in Figure
¢ 20 agree wWith bthis, yarns with large diaseters showed higher
comfficlent of Friction compared to those of ssall disssters.
This also, skplalines why the cosfficient of friction Jor plyed
yarns ls Righes Ehan that of single yarns,

w2y Effect of twisting methed on yarn frictions

Figures (2 & I} ashow Lhe results obtained for the

cosfficient of Friction Between plyed yarns and ceramic guides at
difforent w=liding speeds For rFing bwisting &nd teo-for-one
twisting systess, respectively.
The plyed yarns produced on peo-{or-ogne bwisting machine showsed s
relatively low comfficient of friction compared bo those produced
g Fing teisting machines, This is sttributed to the Ffact of
using lubricant during yarn teisting on tewo-Yor-one machine, The
lubricant is basically uassd to reduce iFiction between yarn and
guides, and thus the yarn tension during belsting is reduced. In
spite of this, the yarn is still subjected to high sbrasion
guring twisting coespared to yérns produced on ring twisting
machines. The matter which sade the btwisted yerns produesd on Ewo
—fgr=gpne twisting maching to have a relatively aore halrpess Ehan
those produred on ring twisting sachine. This is attributed to
khe Fact of using lubricant guring yarn bwlsting an  buo=for-ons
machine. The lwbricant is bamically uveed o reguce Friction
betwesn yarn and guides, and thus the yarn tension dering
twisting i5 reduced. In spite of this, the yarn still subjected
to high abresion during twisting compared Lo yarne produced on
ring twisting machinz. The patbter which made Ehe twisred yarn
produced on teo—For-one machine kp have & relatively sore
hairness than bthose produced on ring beisting machines,

The yarn to yarn friction was measured by twist mehood
o F-asbter At one , Ewo and bhrese turns of beisk, Flgures (4 Lo
71 shos the relationship betwesen the gutput Dension and sliding
apeed for bobth Eypes of Etwisted parns. The twisbed yarns prodoced
on two-for-one machines, showed a higher friction than those
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pn ring Ewisting machine, Thig Is because the yarns on
Ema—for-one teisting sachine Have mors bhalrress, I_:h- malter which
caused an entalgement b@twesn Pibers wWhen yYarn alides owver yarn.

x.3, Effect of guide diamebor on cogfficient of Jrictiong

Figures (B &%) whow the relationstip between yarn
coefficient of friction and sliding speed over 18 as) and (20 s}
atesl guides for yarn count Ne 20 and Ne 50, reapeclively.

The comdficient of friction betesen yarn and guide increased &%
the guide diamster was increased. This i because the arsa  of
contact between Ethe yars and guide incressss shen large  guide
diameter iw csed.This resulted in an increass tn the #riction forcs
and conesguently, the cosfficient of ériction was (ncreased. The
results agree with the work done by # 2 7 agd / 3 /. Figure 9
=Hows that the pifect of guide diamsier on coefdicient of Iriction
was diminshing at high slidipg speeds. This is atbtribubted Lo the
effect of bBydrodynasic conditions at high sliding speeds shen
the area of contact is small j.e. fing yarn.

V. Conclu=sionst

From the previous resuclits and discussions, the fol lowing
conclusians cam be draen:

i= The coefficient offriction betwesn yarn and qubd o
increased when, both the aliding spesd and yarn dpameter (count)
wWere increased.

- The plyed yvarns produced on two—For-one teisting maching
sfivm & low coefficient of friction compared to that produced on
ring twisting machine. On the other hand yarn to yarn frictlon
wag high for plyed yarn produced on btewo—or—one btwisting machine,

3= Using & large guide diasster caused an increase In yarn
:ﬂiii:imt_u«\‘ driction. This effect diminished when fine countis
iNe BO } wWas sliding ak high spesds.
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