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Technical and classical yarns friction properties investigation
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1. Introduction

Friction is very important characteristic of textile
materials. Through the friction fibres are connected into
yarns and the yarns into fabric or knitting. Some of the
characteristics of textile products, such as touch and felt
properties, softness etc., depend on friction [1].

In technological processes of textile industry
yarns or fabrics are moving not only on working surfaces,
but also in respect of each other. All these facts have a big
influence on weaving and especially knitting technological
processes (for example, when making loops in knitting
machinery etc.). Interaction between the yarns, based on
friction, determines different mechanical properties of the
woven and tricot fabrics, such as: traction, compression,
twisting and shear characteristics [1-3]. The friction is di-
rectly influencing productivity and quality of textile pro-
duction. This is very important reason for the investigation
of friction properties.

In reprocessing of the yarn, it is frequently mov-
ing on metal, ceramic and other surfaces, so between the
yarn and working surfaces there are friction forces. For
that reason many experiments, investigating friction be-
tween a yarn and metal, ceramics or glass surfaces are per-
formed by the method of friction cylinder. But it is neces-
sary to remark, that a yarn can interact with parallel or per-
pendicular yarn. Not many experiments about the friction
between the yarns are performed. The majority of experi-
ments are performed on the friction between single fibres,
sliding in respect of each other [4-7]. Friction experiments
with the new types of yarns, from metaaramid and
paraaramid fibres are also missing.

Many different factors influence the yarn friction.
Yarn tension force is the main factor, which influence all
dynamic friction characteristics. The friction also depends
on friction body bending angle, friction solid sleekness and
temperature, on twist of the exploratory yarn, surface
greasiness, moving speed, yarn roughness, downiness,
electrify properties etc. [1, 4, 5, 8, 9]. The influence of all
these factors was almost not investigated for the yarns,
designed for technical protective textile materials. The
objective of this work is to investigate and compare fric-
tion properties of technical and classical yarns, used for the
protective knitting, when the yarn is moving on nonmoving
cylinder, needle, rotating disc in parallel and perpendicular
yarn directions.

2. Methods of investigation

The majority of technical and classical yarns are
used for knitted protective products (protective gloves,
head covers, military and police sweaters), so it is very
important, if these yarns with specific properties can be
processed in the knitting machinery, especially because of
its friction properties. The experiments were performed

with classical cotton, polyacrylnitrilic (PAN), polyamide
(PA6) and technical (high strength SVM and non-
flammable Fenilon and Nomex ) yarns. The results of the
yarn tension are shown in Table 1.

Table 1
The results of the yarn tension

Yarn Llneartéi:n51ty, Breaking force, N Elg?eg;ﬁ(lz at

SVM 29.4 35.0 6.4
Fenilon 14.3*2 10.1 28.0
Nomex 18*2 8.9 5.4

PA 6 6.8%2 6.2 27.2

PAN 16.5 2.3 21.8
Cotton 20%*2 7.1 13.0

The coefficient of friction was determined analys-
ing the friction of a yarn and cylinder, needle and disc, and
using twisted yarn methods. Experiments were performed
under normal conditions: air humidity 65+2 % and tem-
perature 20+2°C. Experiments were performed with con-
stant speed of the yarn movement (0.15 m/s), when the
experimented yarn is surrounding:

1) nonmoving metal cylinder, with the diameter of

10 mm;

2) knitting needle, with the diameter of 1.5 mm;
3) pulley, rotating in the ball bearing.

In all the cases the dependence of friction coeffi-
cient on initial yarn tension force 7] was investigated. In
order to avoid the influence of the yarn unbandage from
the bobbin, the branch was tensed with 3 weights of differ-
ent mass causing the yarn tension force of 10, 20, 30 cN.
The experiment was performed on a stand, which scheme
is shown in Fig. 1.

Mass M gives the input tension force 7} for yarn
S, which is wrapped on the friction body V. The output

Fig. 1 Scheme of yarn friction measurement device tension
T, is measured by sensor J.

When the yarn is moving on a metal cylinder,
knitting needle or the disc, rotating in a ball bearing or



when the yarns slide in respect of each other, tension force
T, in the running-off part of yarn was measured with elec-
tronic tensiometer sensor ELTENS FY-23. It was rejected
to measure tension force of the running-on part of the
yarn, because constant weight was connected to this part of
yarn, so there was no tension force oscillations, caused by
the balloon, bobbin conicality, fibres adhesion. The friction
force was measured in 3 ways.

2.1. Friction measurement, when the yarn is wrapped on
non moving cylinder

When the yarn parts are parallel (Fig. 2, a), the
coefficient of friction is calculated using Oiler formula

T, =Te”
,u:ln(Tz/T)l/ﬂ

(1
2

where u is coefficient of friction; 7, is yarn tension force
us the running-off part; 7} is yarn tension force us the run-
ning-on part.

It was performed for 3 cases (Fig. 2).
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Fig. 2 Friction measurement, when the yarn is sliding on a
nonmoving cylinder: a - yarn branches are parallel,
friction angle 7z; b - running-off part of yarn is
wrapped one time around the running-on part of part
of yarn; c - running-off part of yarn is wrappe two
times around the running-on part of yarn

When the yarn branches are twisted in respect of
each other (Fig. 2, a, c), the coefficient of friction is rec-
ommended to calculate by J. Lindberg and N. Gralen for-
mula [1, 4]

=T, /T,)/(mp) (3)
where f is the angle between twisted yarn branches; nisthe
number of twists in two twisted yarn branches.

It is difficult to evaluate the term z-n - precisely,
because in the experiment this angle varies, if the yarn fric-
tion and rigidity are different. In the experiments where
yarn strands are bonded only friction resistance (left prod-
uct in formula (4) was determined

w(mpB)=n(T, /T, 4)
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2.2. Coefficient of friction measurement, when the yarn is
sliding on knitting needle
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Fig. 3 Yarn position during friction experiments in knitting
needle, when the yarn is wrapping the needle by an-
gle 7 and when using twisted yarn method

The cases a, b, ¢ (Fig. 3) are the same, as men-
tioned before, but instead of nonmoving cylinder the yarn
is moving on nonmoving needle.

2.3. Friction measurement, when the moving yarn is turn-

ing freely rotating disc
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Fig. 4 Yarn position, when the yarn is moving on the sur-
face of rotating in the ball bearings pulley and the
yarn is wrapping it by angle 7 (a) and by twisted
yarn method (b and c)

The method of J. Lindberg and N. Gralen is dedi-
cated to measure friction between yarns. The basis of this
method is the difference of tension forces between two
twisted yarns, one of which is tensed. The friction is inves-
tigated using this method, when running-off part of the
yarn is wrapping running-on part of the yarn one or two
times. Both yarns are sliding in respect of each other.

The principle of this method: when the tensioned
yarn is moving with certain speed, itis surrounding the
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pulley, rotating in the ball bearing (Fig. 4, a). The running-
off part of the yarn is wrapping the running-on part of the
yarn one (Fig. 4, b) and two times (Fig. 4, c). Tension
forces of the running-off part of yarn 7, are measured, the
friction resistance, using J.Linberg and N.Gralen formula
(4) is calculated.

The variant a did not give any result, because the
friction force was insignificant in all cases.

3. Investigation results

In knitting process the yarn tension force varies
until 10 cN, though in different points of loop formation it

Table 3

Coefficient of friction when yarn branches are paralleled
and they are sliding on nonmoving cylinder (Fig. 2, a) and
on knitting needle (Fig. 3, a)

supposedly can change no more than three times, therefore
friction experiments were performed when the tension
force of the running-on part of yarn was 10, 20, 30 cN.

The scatter of results was checked for technical

yarns.
Table 2
Variation coefficients of the experiments
Ty, oN v, %
SVM Fenilon Nomex

10 5.4 4.8 8.3

20 4.1 9.4 4.9

30 6.6 6.2 53

The Table 2 shows, that the scatter of measure-
ment results does not exceed 10 % and it is possible to
assume, that the experiments were performed with ade-
quate precision.

For all yarns, when they were parallel and were
sliding on nonmoving metal cylinder and nonmoving nee-
dle, the coefficient of friction was calculated and shown in
Table 3.

Results of friction coefficient analysis show that
by increasing the tension force of the yarn the coefficient

Yarn Cylinder Needle
T), cN T), cN
10 20 30 10 20 30
SVM 042 | 032 | 032 | 033 | 0.22 | 0.15
Fenilon | 036 | 0.28 | 0.25 | 0.31 | 0.23 | 0.19
Nomex 0.35 | 024 | 0.23 | 0.15 | 0.11 0.10
PA 6 0.41 035 | 034 | 034 | 0.28 | 0.22
PAN 037 | 030 | 0.27 | 0.24 | 0.18 | 0.11
Cotton 036 | 033 | 030 | 0.17 | 0.15 | 0.14

of friction decreases for all yarns, though its values are
lower for technical SVM, Fenilon and Nomex yarns. The
decrease of coefficient of friction is higher for technical
yarn.

The decrease of friction coefficient can be ex-
plained as the investigated yarns have the rigidity, which is
not evaluated in the Eq. (1).

The decrease of friction force when threads are
sliding on knitting needle may be explained according the
Eq. (5), which shows [6], that tension force 7, will be
lower when radius R is declined

u R o
T,=Te * (5)
where R is radius of friction body; r is radius of the yarn.

For other variants of experiments only friction re-
sistance (the product of coefficient of friction and angle) is
shown, because the angle of strands crossing was incon-
stant in different experiments and for different yarns. Re-
sults are shown in Tables 4-6.

Table 4
Results of friction experiments, when the yarn was moving on a cylinder
la 1b lc
Yarn T,, cN T,, cN Ti, cN
10 20 30 10 20 30 10 20 30
SVM 1.31 1.01 0.92 1.36 1.13 0.97 1.46 1.25 0.99
Fenilon 1.13 0.88 0.79 1.34 1.03 1.04 1.53 1.41 1.32
Nomex 1.10 0.74 0.72 1.25 0.88 0.76 1.46 1.05 0.87
PA 6 1.28 1.11 1.07 1.39 1.27 1.17 1.61 1.48 1.29
PAN 1.16 0.93 0.85 1.34 1.10 0.94 1.46 1.19 0.97
Cotton 1.12 1.05 0.93 1.41 1.22 0.99 1.63 1.37 1.19
Table 5
Results of friction experiments, when the yarn was moving on a needle
2a 2b 2c
Yarn TI,CN Tl, cN T],CN
10 20 30 10 20 30 10 20 30
SVM 1.03 0.68 0.47 1.16 0.77 0.61 1.25 0.92 0.80
Fenilon 0.99 0.72 0.59 1.19 0.92 0.63 1.36 1.03 0.72
Nomex 0.47 0.34 0.31 0.74 0.53 0.47 0.88 0.72 0.68
PA 6 1.07 0.88 0.69 1.19 1.01 0.80 1.39 1.15 0.92
PAN 0.76 0.56 0.36 0.89 0.76 0.54 0.99 0.90 0.79
Cotton 0.53 0.48 0.43 0.69 0.62 0.53 1.07 0.83 0.61




Table 6

Results of friction experiments, when the yarn was moving on rotating pulley

3b 3c
Yarn Ty, cN T}, cN
10 20 30 10 20 30

SVM 0.69 0.30 0.21 0.83 0.50 0.42
Fenilon 0.69 0.37 0.28 1.03 0.53 0.42
Nomex 0.59 0.30 0.18 0.88 0.50 0.36

PA 6 0.74 0.44 0.38 0.99 0.74 0.45

PAN 0.59 0.30 0.26 0.92 0.50 0.36
Cotton 0.74 0.47 0.29 1.16 0.77 0.43

4. Conclusions

The received results for all yarns by all methods
show that the increase of yarns tension force decreases
friction force. When the yarn is moving through the needle,
the friction resistance is lower, than when the yarn is slid-
ing on a cylinder.

Friction resistance of twisted yarns is increasing
when revolution frequency increases. Friction resistance of
the yarn is the highest while they are sliding on a nonmov-
ing cylinder, lower — while moving through the needle.
Friction resistance of the yarns, twisted into one strand and
moving on rotating disc is two times lower than if they
were sliding on a cylinder surface.

SVM and Fenilon yarns are characterized with
higher friction, Nomex — with lower friction. While inves-
tigating twisted yarns there was noticed, that the running
on yarn branch with tension force 77 is straight. Friction
resistance of the polyamide, polyacrylnitrilic and cotton
yarns is changing much less. Friction resistance of the last
mentioned is higher in all cases. After comparison of the
determined coefficients of friction it is possible to state,
that all of the investigated yarns can be processed in knit-
ting machinery; because the coefficients of friction of
technical and classical yarns, determined by needle and
cylinder methods, are from the same ranking, but technical
yarns have slightly lower friction. In knitting process it
would be possible to keep the same SVM tension force as
polyamide PA, Fenilon as PAN and SVM as cotton yarns.

Some problems may be with SVM threads, be-
cause they are very stiff and do not fit for knits, because
friction is the reason of tension rising during knitting.
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TECHNINIU IR KLASIKINIY SIULY TRINTIES
SAVYBIU TYRIMAS

Reziumé

Straipsnyje pateikiami techniniy ir klasikiniy siti-
ly, naudojamy techninei apsauginei tekstilei, trinties tyri-
mo rezultatai. Kadangi tirti sitilai gali bGiti naudojami megz-
toms pir§tinéms, kaukéms, kad neapdegty kiinas, tai labai
svarbu zinoti, ar $ie sitilai, pasizymintys specifinémis savy-
bémis, gali buti perdirbami mezgimo masinomis, ypac dél
savo trinties savybiy.

Tyrimui buvo naudojami techniniai (SVM, Fenilon,
Nomex) ir klasikiniai (medvilniniai, PA6, PAN) sitlai. Trin-
ties koeficientas buvo nustatomas trinties velenélio ir su-
sukty sitily metodais. Bandymai buvo atliekami esant pasto-
viam siiilo judéjimo greiciui, kai bandomasis sitilas juda ne-
judamu velenéliu, mezgimo adata, besisukanciu diskeliu
lygiagre¢iomis bei sukryZziuotomis siiily vijomis, keiCiant
sitilo jtempi.

Tyrimai parodé, kad visi tirti sitilai gali biiti per-
dirbami mezgimo masinomis, nes tiek techniniy, tiek kla-
sikiniy sitily trinties koeficientai, nustatyti velenélio ir ada-
tos metodais, yra tos pacios eilés, taciau perdirbant SVM
sitilus, kurie yra labai stands, itempi reikia sumazinti.

V. Svetnickiené, R. Ciukas

TECHNICAL AND CLASSICAL YARNS FRICTION
PROPERTIES INVESTIGATION

Summary

Investigation results of the technical and classical
yarns, which are used for technical protective textiles are



presented in the article. Since the investigated yarns can be
used in production of knitted gloves, masks for the body
protection from fire, it is very important, if these yarns,
having specific characteristics, can be processed in produc-
tion with knitting machinery, especially due to their fric-
tion properties.

For the investigation technical — SVM, Fenilon,
Nomex and classsical — Cotton, PA6, PAN yarns were
used. The coefficient of friction was determined by using a
friction cylinder and twisted yarn methods. The
experiments were performed with the constant moving
speed of a yarn, when examined yarn is moving on a non-
moving cylinder, needle, rotating disc in parallel and cros-
sing yarn strands, changing tension of the yarns.

Experiments showed, that all the investigated
yarns can be processed in knitting machinery, because the
coefficients of friction of technical yarns, as well as the
classical yarns, determined by cylinder and needle me-
thods, are in the same range, but for the SVM yarns the
tension must be lower,because they are very stiff.
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B. Ceernuiikuene, P. Urokac

UCCJEJOBAHUE CBOMCTB TPEHUSA .
TEXHUYECKHUX U KITACCUYECKUX HUTEU

Pe3omMme

B crarbe mpezacraBiieHbl pe3ysbTaThl UCCIIEN0Ba-
HUSL KOO(QQUIMEHTa TPEHUSI TEXHUYECKUX U KIaCCHYECKUX
HHUTEH, M3M0JIb3yEeMBbIX JUIS TPOW3BOJCTBA TEXHHUYECKOTO
TekcTuisA. [IOCKONBKY HCClieyeMble HUTH MOTYT OBITH
M3M0JIb30BaHbl AJIsI MPOW3BOJCTBA OTHE3AINMTHBIX Iepya-
TOK M MacoK, HEOOXOANMO 3HaTh, YTO JaHHAs TpspKa, OT-
JMYAONIAsCcs CHeNU(PUISCKUME CBOMCTBAMH, MOXET OBITH
nepepaboTaHa Ha BS3aJIbHBIX MaIlMHAX, OCOOCHHO H3-3a
CBOUX CBOMCTB TPEHHUSI.

B wuccrnenoBanuu Oblia MCIOJIb30BaHA TEXHHUYE-
ckas  (SVM, Fenilon, Nomex) u kiaccuueckas
(xnonkosast, PA6, PAN) npsbka. Koaddunuent tpenus Obut
olIpesiesieH M0 METO/Ty BaJIMKa TPEHHUSI M METO/Ly CKPYUCHHOM
npsoky. M3cnenoBaiachk 3aBUCUMOCTD TPEHHUS OT Ha4YaJIbHOTO
HaTSDKCHUSI TPSDKU TIPU TIOCTOSTHHOM CKOPOCTH  JBVIKEHUS
TIPSDKH, KOTJIa TIPSDKA ABMDKUTCS 110 HETIOABM)KHOMY BAJIHKY,
WIJIe, BPAIIAIOUIEMyCsl UCKY, C MapauIeIbHON W TepeKpe-
CTHOI HAaMOTKOW HPSDKU.

HccnenoBanus OKa3ay, 9TO BCSI HCCIIEIOBAHHAS
IpsiKa MOXKET NepepadaThIBaTCs Ha BS3AJIBHBIX MAlIMHAX,
MOCKOJBKY KOI(OHUIHCHTH TPEHUS W TEXHHUYECKOW, W
KJIaCCHYECKOH MPSDKH, YCTaHOBJICHHBIE METO/aMH BaJlKa
Y WIJIBI, SBIISIIOTCS TOTO K€ psja, HO jiis Huted SVM  He-
00XOIMMO YMEHILIUTh HATSDKEHWE HUTHU NPH HepepadoTKe,
TaK Kak OHW OYCHB JKECTKHE.
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