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Chairman : A. F. W. Coulson, B.Sc., F.T.I.

FRICTIONAL PROPERTIES OF NYLON YARN AND THEIR
RELATION TO THE FUNCTION OF TEXTILE GUIDES

By M. E. BARD and K. W. MIESZKIS

This paper describes the measurement of the kinetic coefficients of friction
between guides and nylon yarns in relation to the speed of the running yarn,
the tensions in the yarn, the materials of the guides and the smoothness of
their surfaces, the twist in the yarns, titanium dioxide content and the effects
of lubricants and sizes.

The results show that for high-twist multifilament yarns the smoothest
guides give rise to the lowest frictional forces. For low-twist multifilament
yarns and monofilaments, guides with rougher surfaces are essential if the
coefficients of friction are to be kept low.

I. INTRODUCTION

Frictional phenomena are matters of great interest to textile physicists,
and this conference is probably the best example of the importance that is
attached to this problem by textile scientists and by the textile industry.

Many papers dealing with the theoretical aspect of friction in textiles
have been published, but information about frictional effects which occur
during the processing of yarms is limited. Buckle and Pollitt (1948)%,
Breazeale (1947)%, Morrow (1931)7, Moss (1951)8, and Viviani and Graziano
(1951)° have described methods and instruments used for measuring the
coefficient of friction between running yarn and guides and give some results.

In this paper we present the results of an investigation of those frictional
properties of nylon yarn which affect the function of textile guides and are
responsible for higher or lower tensions during its processing. Information
on the value of the coefficient of friction for different types of yarn rubbing
against different guides will help textile technologists to use the best conditions
for processing nylon yarns.

Textile processing is nearly always concerned with winding yarn from
one package to another. The control of tensions during winding is very
important since the tension should be kept constant and at a low level.

““Winding tension should be maintained constant at as low a figure
as is consistent with the build of a suitable package which will readily unwind
at the next process and which will withstand internal transport without
the yarn sloughing off.”” F. Millard (1948)°.

This need for winding nylon yarn at a low tension results from the low
modulus of nylon and its delayed recovery from strain. Yarn wound on
a package at a high tension may later crush its container or show some
irregularities in its properties, for example in dyeing.

2. TENSION OF RUNNING YARN PASSING ROUND A CYLINDER

Tensions in running yarn can be reduced by decreasing the frictional
forces at all points where the yarn comes in contact with parts of the
machinery. Many of these points of contact are guides which are usually
circular in section.

The theory of the relation between tensions and friction for yarn passing
round a cylinder has been fully discussed by Howell (1953)2, but we are

giving here only his final conclusions. The usual formula, based on Amontons’
law is :—

TR, 25 e G R ek S (1)

where ¢ is the coefficient of friction, 6 is the angle of contact of the yarn
on the cylinder and 7, and 7, are the tensions in the yarn leaving and
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passing on to the cylinder. According to Howell, this formula should be
replaced by :—

(T/T)* =1+ (1 —a)ad (e/T)*> ..., 2
which, when n — 1. can be transformed into the following equation
T,/T, = LTI )

where a is a constant, n is called the friction index, and p is the radius of
the cylinder. From Equation (3) it can be seen that 7,,/T', is no longer constant
but depends upon 77, ¢ and 7.

The usual expression for the coefficient of friction can therefore be
replaced by

w=alp/FH)i=8 = " ()

When surfaces in contact deform plastically, # = 1 and then « = a. Faor
elastic materials, however, n» may be as low as 0:67. For nylon various figures
have been quoted, e.g., Lincoln (1952)%, 0-67 ; Howell and Mazur (1953)%,
0-8 to 0:9.

Fig. 1
3. EXPERIMENTAL

3.1 Friction Tester

In this work on the friction of the moving yarn a friction tester developed
at the Shirley Institute by Buckle and Pollitt (1948)!, which is versatile and
easy to operate, has been used.

The yarn was fed at a tension controlled by a Kidde Tension Compensator,
A, and the tension was measured with a Courtauld’s Tensometer, B. After
passing through the friction tester, D, the yarn was wound up on a variable
speed winding machine C. The yarn speed was easily adjusted to any value
between 200 and 1500 ft./min. All tests were done in an air-conditioned
room at a temperature of 70 — 75°F and relative humidity of 65 per cent+3.

The friction tester was calibrated, assuming that the tensions in yarn
passing round a cylinder are related by the usual Equation (1). As the main
object was a comparison of the coefficient of friction under different conditions,
this assumption was taken as correct.

The coefficient was found to be reproducible to -+ 4 per cent.

Results presented in each Table or Figure were obtained using the
same yarn and guides. The same batch of yarn was not used during the
whole investigation as it was spread over a period of two years ; the same
applies to guides. That is why, sometimes, the same type of yarn tested on
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the same type of guide shows a different coefficient of friction. Variations
in the finish on the yarn or variations in the surface characteristics of the
guides are the probable explanation.

3.2 The Effect of Speed of the Running Yarn

The results of tests at speeds ranging from 300 to 1500 ft./min. are shown
in Fig. 2.

The coefficient of friction was measured against cylinders (approximately
0-2 inches in diameter) of Faradex*, chromium plated steel and glass.
The yarn used was 30 denier, 10 filament, nylon twisted to 4 turn per inch
(Z), containing 0-3 per cent titanium dioxide and carrying its normal dressing
(mainly mineral oil). On Faradex the coefficient of friction is almost constant,
while on chromium plated steel and glass the coefficient increases with speed.
This effect of the coefficient increasing with speed was found by Buckle and
Pollitt (1948)! for various yarns rubbing against a stainless steel cylinder.

3.3 The Effect of Smoothness of the Guide
The effect of the smoothness of the guide on the coefficient of friction
Z of the moving nylon yarn was measured. The materials used were chromium
gz plated steel (Table IT) with matt and highly polished surfaces and alumina
2 (Fig. 3) with surfaces of five different degrees of smoothness. The degree of
5 smoothness of the alumina surfaces was measured with a Talysurfinstrument,
= Reason (1950)," and was expressed as Hey . values in micro in. (Table I).

Table If
The Degree of Smoothness of Alumina Surfaces

Identification Marks

High | Medium 025 | Normal Rough
Polish | Polish | Finish ) Finish | Finish
Heus values in micro-in| 2 | 35 | 45 | 52 | 68

anyang Technological University] at 0!

Table II and Fig. 3 show the results obtained with 30/10/3Z yarn with
Ethrf:e different initial tensions. An examination, with a low power microscope,
vof a low twist yarn running over a guide, showed that, for all the initial
E 2 tensions used, the individual filaments behaved like a number of monofilaments
zrunmng side by side, each one being independent of the others. This
arrangement of the filaments is disturbed only when the accumulation of
twist in the oncoming yarn is sufficient to cause a length of twisted yarn to

pass over the guide.
Table II

Coefficient of Friction of 30/10/3Z Yarn on the Chromium
Plated Steel Guides with the Two Different Finishes

Chromium Plated Steel Guides
Tension in g Polished Matt Finish
300 ft./min. | 500 ft./min. | 300 ft./min. | 500 ft./min.
1 +4 0:30 0:33 0:21 0:24
== 0-23 0:23 0:19 0-22
11:5 £ 1 0:21 0-21 0-20 0-22

*Faradex is the trade name of a ceramic material produced by Steatite and Porcelam

Limited.
between 25 and 45 micro-in.

In our experiments Faradex with type C finish was used. Its Heua value is

TAll the guides mentioned in this and following tables are cylinders of approximately

0-2 inches diameter.
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Lines joining points on the graphs are shown for convenience only, they should
not be taken as indicating a linear relationship.
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If one of the rubbing surfaces is smooth (for example, the surface of the
low-twist multifilament nylon) increase in the smoothness of the other
surface, (that of the guide), increases the coefficient of friction.

In processing low-twist multifilament nylon yarn, or monofil, the change
from a highly polished chromium plated steel guide to one with a matt finish
decreases the coefficient of friction and reduces the tension of the yarn in
winding. The same happens after a change from a highly polished ceramic
guide made, for example, from alumina, to one of the same material but
with a rougher surface.

3.4 The Effect of Yarn Twist

A factor which should be discussed jointly with the problem of the
roughness of guides is the effect of twist of the yarn on the coefficient of
friction.

Table IIT gives the coefficients of friction of multifilament nylon yarn
with varying amounts of twist and of monofil rubbing against chromium
plated steel guides with two different degrees of surface smoothness.

Table III

Coefficient of Friction of Nylon Yarn on Metal Guides. Speed 300 ft./min.
Initial Tension 1 + 4 g

Chromium Plated Steel Guides
Type of yarn
Polished Matt Finish
15/1/0-4Z 040 0:35
30/10/3Z 0:47 0:31
30/10/7Z 0-35 0:29
30/10/30Z 0:28 0:28

0.60 T T
Initial Tension Ig ’

\ Speed 300 ft./min. ‘
- —o— 30/104Z
\ - —%— 30/107Z
—-o-- 30/10/30
30/10/30Z e

Coefficient of Kinetic Friction

0.40 X% N =
=is0 1=
S~ . —
\_\ 52 ~ A x

e G
0.30 =
0.20

0 10 20 30 40 50 60 70
Hcra value in micro in.
Fig. 4

Fig. 4 gives the coefficients of friction of multifilament twist-set nylon
yarns with varying amounts of twist when rubbing against guides made of
alumina of different degrees of smoothness, as described in Table I.

The filaments in high-twist multifilament yarn are bound together
and are not moving side by side when rubbing against the guide. The yarn
surface is undulated by the insertion of twist and it is this undulation
of the surface which affects the coefficient. With a rougher guide a
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complication arises. The application of the twist decreases the area of
contact but, at the same time, the interlocking of the irregularities of the
guide surface with the undulated surface of the twisted multifilament yarn
may be the prevalent factor and the coefficient of friction will be increased.

On the monofilament yarn the effect of twist (Table IV) is smaller
than with multifilament yarn. This is expected because the application of
twist to monofil cannot cause such appreciable changes in the undulation
of the surface as it does with multifilament yarns. In fact, twist has little
effect except on the smoother surfaces at low tensions.

Table IV

Effect of Twist, Initial Tension and Yarn Speed on the Coefficient of Friction
for Monofils

P106 Conference

Faradex Steel* Glass
‘ Initial

Yarn Tension ft./min. ft./min. ft./min.
g 300 | 500 ' 800 | 300 | 500 | 800 300 | 500 | 800
‘ 3 0:30 | 0-30 ‘I — 043 | 0146 | — 043 | 045 | —
15/1/0-4S 6 [ 029 | 0-29 | 028 | 0-:35 | 0:39 | 0:43 0-31 | 032 | 0:33
Twist set ’ 10 0-28 | 0-28 ' 0:27 | 0:33 | 0:35 | 0-37 | 0-28 | 0:28 | 0:30
‘ ) 030 | 0:30 ' — [Foiaal [ 0ae | — [0317 | 02N
15/1/30S 6 029 | 0:28 | 0:28 | 0-31 | 0:32 | 0:33 | 0:28 | 0:29 | 0:29
Tyist set | 10 029 | 0:28 | 8:27 | 0-29 | 0:31 | 0-32 | 0:28 | 0:29 | 0:29

*Polished chromium plated steel.

3.5 The Effect of Titanium Dioxide Content*

The effect of titanium dioxide content was determined using the alumina
guides and 30/10/3S yarns carrying their normal dressing but containing
various amounts of titanium dioxide (0, 0-03, 0-3, 3:0 and 5-7 per cent
respectively).

The variation of coefficient with Hgy 4 value with an initial tension of
1 g and speed 300 ft./min. for yarns containing 0, 3:0 and 5-7 per cent
respectively of titanium dioxide is shown in Fig. 5.

On the smooth alumina cylinder, increasing the titanium dioxide content
reduces the coefficient appreciably, but on the rougher surfaces there is no
significant effect. Measurements were also made at a higher initial tension
(6 g) and similar effects were found.

The effect of titanium dioxide in yarn rubbing against the highly
polished alumina cylinder at different initial tensions and a speed of 300
ft./min. is shown in Fig. 6.

Filaments containing 0, 0-3, 3 and 5-7 per cent respectively of titanium
dioxide were examined under the microscope using transmitted light and a
magnification of approximately 600.

The surfaces of the filaments with 0 and 0-3 per cent titania appeared
smooth but the surfaces of those containing 3 and 5-7 per cent titania showed
irregularities, these being related to aggregates of titania. Filaments
containing 5-7 per cent titanium dioxide were noticeably rougher than those
with 3 per cent titanium dioxide. The effect of titanium dioxide on the
coefficient appears to be due to a roughening of the yarn surface and confirms
the effect found by increasing yarn twist (3-4). It is realised, however, that the
oxide may be contained in some asperities, modifying their elastic properties
and thus affecting the friction.

*All other yarns mentioned in this paper were of a semi-dull type containing 0'3 per
cent titanium dioxide, except 3 x 210/34/7Z yarn in Table V which contained 0:03

titanium dioxide.
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3.6 The Effect of Yarn Tension

The effect of initial yarn tension on the coefficient of friction over the
range | — 16 g is shown in Fig. 7.

The results were obtained with 30/10/3Z yarn and Faradex, tungsten,
polished chromium plated steel and glass cylinders of approximately 02
inches diameter. With all the materials the coefficient falls as the initial tension
increases. A similar effect was reported by Buckle and Pollitt (1948)* for
viscose rayon and cotton yarns passing over a stainless steel cylinder,
The observed fall of coefficient with increasing initial tension follows from
Equation (4).

0.80 I I =

\ Yarn Speed — 300 ft./min

\ —o— Glass
\ — -@ —-Tungsten
™

0.60F—
I \ —=4==Chromium Plated Steel
A
\

—--x--- Faradex

0.70

Cocfficient of Kinetic Friction

0.50 RS
\#\ \9\ °
= i \
\4.\
+ [~ _+ +
s S + |
o = =
S +
0.30 oy
N —~. i _ -..-
S Rl R LU
it St SRR PR (S ARPRR (PR ORI (IS PR g ——————
0.20 -
0 2 4 3 8 10 12 14 16
Initial Yarn Tension — g
Fig. 7

3.7 The Effect of the Material of the Guide

In the choice of materials for yarn guides the important factors are
probably the surface, the hardness and the related resistance to abrasion by
the moving yarn.

Tables V, VI, and VII give values for the coefficients of friction of
nylon yarn on different materials. Chromium plated steel and some ceramic
materials were mentioned before in Tables II, III and IV.

Fluon*, and nylon pins are also included. Fluon was thought to be
especially interesting because it is generally claimed that it gives the lowest
coefficient of friction of all known materials.

With 15 denier nylon monofil, Fluon gives a coefficient of friction as
high as with any other smooth material. It is possible that during the test the
low denier yarn cuts into the surface of Fluon which is a relatively soft material.
The yarn then runs in a groove with a large area of contact and, therefore,
gives a high coefficient of friction. This groove can be seen on a Fluon pin
after testing 15 denier monofil.

With heavier denier multifilament yarns this effect was naturally reduced
and generally the coefficient of friction on Fluon was the lowest of all

=

*Fluon is the trade name for polytetrafluoroethylene manufactured by I.C.I. Ltd.

-
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Table V

The Coefficient of Friction of Nylon Yarn on Guides of Different Materials.
Speed of Yarn 550 ft./min. Initial Tension 2 -+ ig

Material of Guide** | 15/1/0:4Z | 30/10/3Z |30/10/30Z |3 % 210/34/7Z|3 x 210/34/71Z***
Nylon**** 048 041 0:23 017 0-75
Glass**** 0-38 0-55 026 0:17 0:60
Fluon**** 042 0:34 0:20 0:20 0-22
Polished 029 0-35 026 — 0-28
Mattt 0:27 0-23 0-:32 — 0:36
High polisht. 0-44 0:65 0:26 — 0-32
Medium polish? 0-25 0-26 0-30 - 0-44
025 finish} 0-24 025 0-28 — 0-39
Normal finishi 023 0-23 031 - 0-42
Rough finish} 0-30 0-:26 0-48 — 0-52

** All guides are of 0-2 inch diameter.

***Extracted with petroleum ether.

****The nylon guides in this and the other Tables had Hcua values in the range

between 15 and 20 micro-in. The glass guides in all Tables and Figures had an Hcwa
“ value of about 0:5 micro-in. The Fluon guides had an Hcpa value of about 10 micro-in.
S tChromium plated steel
2 IAlumma

;t materials tested. The interesting property of Fluon is that its coefficient of
= friction with nylon yarn seems to be very little affected by the presence of
g lubricants or sizes. For example, when the oil from nylon staple spun yarn
= was removed by extraction with petroleum ether, the coefficient of friction
Z on nylon and glass increased about three times, but on Fluon the effect was
‘E very small (Table VII).

£338 The Effect of the Shape of Guides

The shape of the guide is usually determined by the need to locate the
8 running yarn in one particular position depending on the type and size of the
# package, the type of the machine, and also on the required change in direction
£ of the running yarn.

hnolog

% Usually the movement of the yarn on the guide can be interpreted as a
3 movement of yarn on a part of one cylindrical surface, or on parts of a few

£ cylindrical surfaces following one another, except when a grooved guide is
3 used. The results of the investigation of the coefficient of friction on one
cyhndncal surface should help to characterise yarn guides of different shapes.
The deviation from the usual formula of friction as described by Howell
implies that the coefficient of friction will depend on the diameter of the
cylinder (Equation (4)). The results shown on Fig. 8, obtained with 30/10/3Z
yarn on glass cylinders of different diameters, illustrate this effect.

3.9 The Effect of Lubricant and Size on the Yarn

The effect of the presence of gums, sizes and lubricating oils on nylon
yarn has also been tested. Table VI gives the results for yarn treated with
a standard hosiery gum (PM.90, containing polyvinyl alcohol and boric acid)
and two weaving sizes : polyacrylic acid and modified casein size. Yarns
treated with PM.90 and with polyacrylic acid were tested with the size alone
and also with lubricating oil. To obtain comparable conditions 30/10/30Z
yarn was used in all cases, although it is well realized that polyacrylic acid
size and casein size are not likely to be used on this type of yarn.

On hosiery yarn, lubricating oil known as coning oil lowers the coefficient
of friction and, therefore, reduces the high wear of needles and guides of
knitting machines.

10
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Table VI

Coefficient of Friction of 30/10/30Z Yarn with Different Sizes, Gums and Oils.
Yarn Speed 300 ft./min. Initial Tension 2 + ig

Material of Guide \ 1 | 2 | 3 I 4 ‘ 5 | 6 ] 7 8
Nylon 020 | — | o024 | 020 024 | 022 | 022 | 015
Glass 026 — 0:17 016 0-20 0:17 016 | 015
Fluon 0:22 | 5= 018 | 0:15 ( 0:20 ’ 0-18 019 | 0:15

— i _-l— ,7

Polished* 024 | — | 027 020 @ 025 0-22 l 0-24 017
Matt finish* 0:32 — ‘ 0-:30 0:26 @ 0:30 0-29 ' 0:30 | 024
High polish** 026 | 028 | 030 022 026 | 024 025 | 018
Medium polish** . 0-31 0:38 0:26 l 0-25 | 0-27 0:24 l 0:25 021
025 finish** 0-29 0-38 0-28 0-21 0-27 0-23 025 | 018
Normal finish** 030 | 042 030 | 022 | 028 027 } 025 | 019
Rough finish** 0:38 I 0-51 | 036 | 032 | 036 | 034 033 | 028

1 Yarn with spinning finish only.

2 Yarn as in 1 but extracted with petroleum ether.

3 2:79% polyacrylic acid.

4 29, polyacrylic acid and 3-59%, coning oil.

5 2b3% PM<.190 gum containing in water solution 8% polyvinyl alcohol and 1:6%

oric acid.
6 2:69 PM.90 gum and 4-0%, coning oil. o
7 349 PM.90 gum and 4:6% coning oil applied to the yarn in one operation in the
form of an emulsion.

8 79 casein size incorporating a lubricant.

* Chromium plated steel.

*

* Alumina.

3.10 The Coefficient of Friction of Nylon Staple Spun Yarn.

Two types of nylon staple varn spun on the worsted system and on
the cotton system were tested on the Shirley Institute Friction Tester and
the results are shown in Table VII.

There is not much difference in the coefficients of friction between yarns
spun from nylon staple of different deniers. .

11
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Table VII

Coefficient of Friction of Nylon Staple Spun Yarn, Speed 550 ft./min.
Initial Tension 2 4 g

3/14/15% 6/6/10**
Material of Guides

0:39% oil Ak 0:59% oil wEi
Nylon 0-26 0-75 0:26 0-70
Glass 0-21 . 0:60 0-23 0-70
Fluon 0-23 0-25 0-23 0-25
Polishedt 0:32 0-38 0:30 0-35
Matt finisht 0-30 0-33 0-33 0-50
High polishi 0-36 0-38 0-34 0-45
Medium polishi 0:30 0-42 0:30 0-48
025 finish} 0-29 0-40 0-30 042
Normal finishf 0-:29 0:42 0-29 0-46
Rough finish} 0-35 0-58 034 | 055

* 3 denier, 1% in. long, 15 crimps per inch nylon staple spun on the cotton system to
1/12s with a nominal twist 11 t.p.i.
** 6 denier, 6 in. long, 10 crimps per inch nylon staple spun on the worsted system to
1/20s with a nominal twist 11 t.p.i.
**Extracted with petroleum ether.
Chromium plated steel.
Alumina.

- *

4. CONCLUSIONS

The results described suggest that the nature of materials for textile
guides is not of great importance, providing that they are of a suitable
hardness and resistance to abrasion. However the interesting properties of
£ Fluon should be noted.

A more important factor is probably the finish of the guide surface.
With monofilaments and low-twist multifilament nylon yarns the lowest
coefficient of friction will be obtained with guides having a relatively
rough surface. The optimum value for the state of the surface of a guide
would be in the region of 25 to 60 micro-in. as measured by the Talysurf
instrument. For processing the high-twist multifilament nylon yarn, guides
with smoother surfaces should be used.

Lubricants have a considerable effect on the coefficient of friction on
all guides except Fluon. In some cases, as for example with staple yarn,
Ethe presence of lubricant seems to modify the usual effect of the surface
smoothness of the guide.

5. ACKNOWLEDGEMENTS
The authors are grateful to British Nylon Spinners Ltd., for permission
to publish this paper, to Dr. H. O. Puls for many valuable suggestions,
and to Mr. A. B. Davies for some of the experimental work.

6. REFERENCES

1 H. Buckle and J. Pollitt. J. Text. Inst., 1948, 39, T199.

2 F. Breazale. Text. Res. J., 1947, 17, 27.

3 H. G. Howell. J. Text. Inst., 1953, 44, T359.

4 H. G. Howell and J. Mazur. ibid., 1953, 44, T59.

S B. Lincoln. Brit. J. Appl. Phys., 1952, 3, 260.

6 F. Millard. J. Text. Inst., 1948, 39, P27.

7). A. Morrow. ibid., 1931, 22, T425.

8 E. Moss. Brit. J. Appl. Phys., 1951, Supplement No. 1, 19.

9 E. Viviani and L. Graziano. Rayonne, 1951, No. 1, 17.
10 R, E. Reason. The Measurement of Surface Texture, (Cleaver-Hume Press Ltd.) 1950.

The‘ Research Department,
British Nylon Spinners Ltd.,
Pontypool,

Mon.

ity] at 02:01 27 August 2015

nloaded by [Nanyang Technological Univers

12





