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Introduction

Fatigue research allows to measure the
strength properties of prepared speci-
mens or of final goods related to the
impact of loads originating in repeated
changeable forces. Investigations and
routine  fatigue strength tests of vari-
ous construction elements and different
materials have been carried out for yarns,
but according to a literature review of the
problem discussed here, a methodology
for designing a Wahler fatigue curve for
yarns has so far not been formulated. Be-
low we present the procedure of elaborat-
ing the Wohlercurve used in mechanical
engineering as a basis for our considera-
tions concerned with yarns [1 - 6].

The number of changes, i.e. cycles of
tensions recorded to yarn break, indicate
how long the material is able to with-
stand up to the moment of its destruction,
which depends not only on the force
values of forms, but also on the charac-
ter of the variability of tension. Fatigue
strength, measured by the number of cy-
cles, increases together with a decrease
in tension amplitude. The variability
of tensions with time can be periodical,
programmed or completely random. The
characteristic quantities measured in or-
der to obtain fatigue strength are [1]:

the nominal tension, determined as the

quotient of the largest axial load and

the initial cross section of the speci-
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Fatigue Curves Elaborated for Selected

Worsted Wool Yarns

Abstract

There is not any elaborated methodology for making diagrams of fatigue strength curves
for yarns presented in world wide literature. Thus, we proposed our own methodology
for measuring the properties of fatigue strength, using worsted wool yarns as an example.
The object of the research presented was worsted wool single yarn with linear density of
16 tex and 25 tex produced with the use of a FIOMAX 2000 ring spinning machine from
MESDAN. In order to prepare a graphical presentation of fatigue strength we carried out
tests on seven groups measuring series, which corresponded with the specific amplitude of
load through a given cycle. We increased the number of series with respect to the stochastic
character of the yarn strength properties. As a result of this we obtained a very good fitting

of Wéhler characteristics with experimental observations.
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men tested in the case of axial loading,
or the quotient of the largest bending
moment and the index of the cross-
section at bending,

the cycle of tension, i.e. variability of
tension with time which is character-
ised by frequency f,

the value and the kind of tension
and the index of asymmetry R of the
cycle given by

R = O min/Omax (D
where: Opin, Omax are the minimum
and maximum tensions of the cycle.
the cyclic tension average, which is
characterized by the average value of
the cycle — oy, given by

6m = (Omax * Omin)/2 2
the amplitude &, of the tension cycle,
given by

G4 = (Omax = Omin)/2 3)

The calculation of the fatigue strength
may be performed by using various
kinds of changeable loads, for exam-
ple, compressing, bending or twisting
(torque), and loads of different kinds
during the cycle. Therefore it is possible
to distinguish symmetrical one-sided,
and two-sided cycles as well as the so-
called zero suppression cycles. One-side
tension is understood as tension in which
both 6y,x and Gi, have the same sign.
In the case of two-sided tensions not only
does the value change, but also the sign
of the tension. Pulsing tensions (or zero
suppressed tensions) are a special kind
of one-sided tension, where the absolute
values 6,,x and Gy, are equal.

In practice, the fatigue strength of materi-
als, for example, constructional material,
is measured with the use of a strength

testing machine designed for fatigue
tests, and equipped with appropriate soft-
ware. The specimen tested is subjected
to periodical, variable tensions. The first
sample is loaded relatively high values
of 6, and ,. Then Ny;, the number up
to break of the first sample is recorded.
The second sample is loaded with smaller
values of oy, and o, so that we obtain
Nyp > Ny Further specimens are loaded
by decreasing the values of 6,;, and 5,, up
to the moment that the sample material
will withstand a very large number of
cycles without break, (considered in prac-
tice as infinite). For example, the bound-
ary number of fatigue cycles for steel
and other iron alloys equals Ng =107 [1].
This number equals 2-107 + 107 for non-
ferrous metals.

The fatigue strength can be determined
as the computed value of the tension
Gmax,Which appears in the fatigue cycle,
determined by oy, and G, values, which
cause the destruction of the sample ma-
terial after a conventionally accepted
number of fatigue cycles — Ng. The
results are usually presented in graphical
form in the coordinate system “tension
—number of cycles”, e.g. by the so-called
Wohler fatigue curve shown in Figure 1

(see page ...) [1].

Determining a Wohler fatigue curve is
expensive as well as time and labour-
consuming. A few attempts last from a
dozen or so, to several hundred hours.
The Wohler plot enables the assigning
of the fatigue strength to a given series
of cycles of fatigue loads determined by
the ratio o,,/G,. It is possible to obtain a
number of series of Wohler plots for the
same material and the same kind of ten-
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Figure 1. Plot of the Wohler fatigue curve (for symmetrical cycle

series) performed for steel [1].

sion (e.g. tensile-compressive) by chang-
ing the values of this ratio.

During the computing of the fatigue
strength of machine elements determined
for various cycles for a given material,
Smith and Haigh fatigue plots are made
[2], [3]- The Smith plot is the most of-
ten applied way of presenting all results
concerning constructional materials. The
values of average tension o, are drawn
on the abscissas axis, whereas the values
of omax and oy corresponding with
the values of fatigue strength are drawn
on the ordinates axis. (Figure 2). Across
the points 4(0, Zg,) and B(1/2Zy, Z,)) a
straight line is drawn and a horizontal
straight line determined by the R, value.
From the zero point of the coordinate
system a straight line is drawn at an an-
gle of 45° to the 0 — oy, axis. This latter
line assess point B by crossing the hori-
zontal line. In this way we obtain the up-
per branch of the Smith graph formed by
the straight line segments AC and CD.

Investigations concerning the elaboration
of'a Wohler fatigue curve for yarns we be-
gan in the year 2000s, selecting worsted
woal yarns as the first research object.
Despite the conference information [17],
our investigation results has not yet been
published. The aim of the research pre-
sented in this article was to elaborate and
propose our own methodology concern-
ing the design of a Wohler fatigue curve
for linear textile products, especially for
yarns. Knowledge of fatigue properties
allows to predict breakages of yarns in
subsequent textile processes. It is very
interesting to determine to what degree
a degree yarn fulfills the criteria of tech-
nological usefulness for the subsequent
production stages of spinning, weaving
and knitting, with temporary tensions
which may be similar to the maximum

Re

Figure 2. Simplified Smith graph plotted for plastic materials (steel,

alloys of non-iron metals) [2].

values of its strength. On the other hand,
while using ready-made textile products,
we have to deal with alternating loads,
far from the maximum level and of low
frequency. Therefore, ranges of tension
which are much lower than the material
strength were also taken into considera-
tion during examinations.

Experimental

Material of research

Worsted single wool yarn with linear
density of 16 tex and 25 tex, produced
with the use of a FIOMAX 2000 ring
spinning machine from SUESSEN, was
the object of our tests. The Physical prop-

Table 1. Physical properties of tested yarns, and basic properties of top and fibres used for

their production, before the winding operation.

Analyzed parameter of top and yarn

Mean value of fibre diameter

Mean length of fibres

Maximum length of fibres

Fibre contents shorter than 40 mm

Direction and number of twisted yarn

Breaking force of yarn Ry,

Breaking tenacity of yarn W;

Coefficient of variation of breaking force V(Rmn)
Breaking elongation of yarn Er,

Coefficient of yarn mass variation CV Uster

F, cN

Firo-ry = 0.1932 €, - 0.0447 om | o
R2 = 0.9959; Fyy, = 685432; Fy, = 3.84 9

Linear mass of yarn

Unit
16 tex 25 tex
um 19.0 19.2
mm 65.0 66
mm 139.0 137
% 10.0 18.7
rev./m Z790 2630
cN 82.9 152
cN/tex 5.18 6.19
% 10.64 13.95
% 8.81 9.78
% 20.27 16.47

€, %

»
>

Figure 3. The tension curve of the yarn with characteristic points, Ry — the end of
straightening the yarn, Ry — the value of force assumed as the limit of elasticity (limit at the
linear course of the curve, R, — the value of force assumed as the beginning of plasticity, R,
— tensile strength of yarn, oy — minimal value of load cycle, Gyax — maximal value of load
cycle, 6, — average value of load cycle, o, — amplitude value of load cycle.
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erties of tested yarns and basic properties
of fibres and top used for producing the
yarn are listed in Table 1 (see page 55).

Methods

The yarns were subjected to variable
loads of fatigue cycles executed up to
the final moment of breaking. In order to
design a graphic presentation of fatigue
strength, tests were executed for seven
groups of measuring series, correspond-
ing with the specific loud amplitude of
a given cycle. The number of series was
increased with respect to the stochastic
character of the yarn strength properties.

Our research was based on the tension
curve, which is shown with its character-
istic points in Figure 3.

Changing the load amplitude value o,
of the cycle, we checked the relation
between the cycle load amplitude and
the number of load cycles N to the final
destruction in the subsequent measuring
series.

Fatigue tests were performed while ensur-
ing a constant value of amplitude load 5,
during each cycle (loading — unloading)
and stable frequency of cycle of 1.5 Hz.

In each series of tests the quantities:
Gmin> Omax and oy, were also assumed as
constant, where:

6m = (Cmax + Omin)/2 const.  (4)

It was necessary to assign a range of
amplitude of load cycles — G,, before
starting the fatigue strength test (see
Figure 3):

Ga = (Omax - Omin)/2 (%)

The values of Gy,x and opi, Were ass-
essed using a 5544 ISTRON tensile tester
with Merlin and Test Profiler software.
The minimal value of the load cycle
was assumed as the average value of the
modulus of initial elasticity in cN/tex

GOmin = M, F,= const. 6)

was determined on the basis of 50 meas-
urements executed for every kind of yarn
Ty =[16, 25]7 tex [18].

The modulus of the initial elasticity was
determined on the basis of a segment of
the straight line Ry - Ry of the tension
curve (see Figure 3) consistent with
Hook’s law, where the point Ry was
established on the conventional elastic-
ity limit. Hook’s law is theoretically
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fulfilled within the straight line segment
Ry - Ry, because elastic strains appear
instantaneously within this range, and
delayed elastic strain appears only in a
limited range.

Taking into account traditional denota-
tion used in textile science, we decided
that in this article the linear elastic limit
will be called ‘the initial modulus of
elasticity’, in cN/tex.

The maximum value of the load cycle
— Omax Was determined on the basis of
the average value of the yarn breaking
tension — W, in cN/tex, and taking into
consideration the ratio o of the load over
the cycle

Omax = O Wy = const. 7

The following ratios of load — o, were
arbitrarily accepted on the basis of ex-
perience:
a.=1[0.98, 0.95, 0.85, 0.75, 0.65, 0.55,
0.50]T

Mean breaking yarn tension, in cN/tex,
was determined from 50 tests for each
yarn. Ty, = [16, 25]7 tex [18].

The acceptance of the maximum top load
cycle as value Omaxg = 0.98 - W, was

caused by the fact that in the case of fa-
tigue tests — for o> 0.98 - Wy, over 90%
of samples were destroyed in a number
of fatigue cycles of N, < 1 and N, < 1.

However, accepting the minimum of the
higher value of the load as G5, =0.50- W,
was caused by the fact that the fatigue
strength was similar to the range of the
fatigue strength limit, which is assumed
as the fatigue strength of the material.

On the other hand, a higher minimum
load cycle ratio smaller than o, < 0.5
causes an unlimited work of the material
at cyclic alternating loads.

The distance between the jaws (500 mm)
of the tensile tester and the method of
mounting the yarn was the same as for
measurements of static strength. The
number of fatigue cycles N, to the mo-
ment of yarn breaking was assessed us-
ing a 5544 ISTRON tensile tester and 20
measurements were carried out in each
series.

Results

The values of the particular loads ac-
cepted for the tests onl6 tex and 25 tex

Table 2. Values of the particular loads accepted for tests with use of an Instrem tensile tester
for 16 tex yarns; G, m = (Cp min T On max)/2> On a = (O max - On min)/2, 7 - Subsequent series

ofcyclesm=1, ..., 7).

Ratio of load | Minimal load

of cycle at every cycle every cycle
O¢ G mins Opmax = O Wy,
cN/tex cN/tex
0.98 5.08
0.95 4.92
0.85 4.40
0.75 1.33 3.89
0.65 3.37
0.55 2.85
0.50 2.59

Maximal load at

Average load at Range of amplitudes

every cycle of a load at every cycle
Grl me Gn a
cNitex cNitex
3.20 1.87
3.13 1.80
2.87 1.54
2.61 1.28
2.35 1.02
2.09 0.76
1.96 0.63

Table 3. Values of the particular loads accepted for test with the use of an Instrom tensile

tester for 25 tex yarns.

Ratio of load | Minimal load

of cycle at every cycle every cycle
O Gy mins O max = O Ws
cN/tex cN/tex
0.98 5.96
0.95 5.78
0.85 5.17
0.75 1.76 4.56
0.65 3.95
0.55 3.34
0.50 3.04

Maximal load at

Average load at Range of amplitudes

every cycle of a load at every cycle
Sn ms On as
cN/tex cN/tex
3.86 2.10
3.77 2.01
3.46 1.70
3.16 1.40
2.86 1.10
2.55 0.79
2.40 0.64
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yarns, with the use of a INSTRON tensile
tester, are presented in Tables 2 and 3,
respectively.

The results of tests of the numbers of
fatigue cycles at subsequent loads of
the cycle for yarns 16 tex and 25 tex are
shown in Tables 4 and 5.

Analysing the course of variabilities for
16 tex for yarns of the number of fatigue
cycles at the subsequent loads of each
cycle as a function of the value of load in
each fatigue cycle up to point of destruc-
tion of the yarns, it is possible to observe
an increase in fatigue strength for the
ratio of load of a. = 55%. A sudden drop
in fatigue strength appears within the
range of a, = 98 + 95%. This is caused
by a small fatigue resistance to the maxi-
mum temporary loads. The mean limited
strength Py o = 50% equals 120577 cy-
cles for the ratio of load of a cycle of
o, = 50%, i.e. in the area of loads, after
which the yarn reaches the linear limit
of elasticity. Similar indications are valid
for 25 tex yarn with the difference that
Pg o = 50% equals 162234 cycles.

On the basis of measurement results of
the number of fatigue cycles in the sub-
sequent series of load cycles presented
in Tables 4 and 5, and in order to clearly
illustrate the dependences Wohler curves
were drawn and are presented in Fig-
ures 4 and 5 (see page 60).

Drawing Wohler curves for 16 tex and
25 tex yarns was possible thanks to the
statistics determined with the use of
variance test analysis, and according to
the double classification for the number
of fatigue cycles in the subsequent load
cycle series amounted to:

Feae =163.91 > F i = 6.61, for
yarns 16 tex,
Fegle =67.461 > F 10 = 6.61, for
yarns 25 tex.

Analysing the course of the Wohler fa-
tigue curve for yarns with linear density
16 tex (see Figure 4), we can state that the
fatigue strength begins to grow at the mo-
ment when the ratio of the load of the cy-
cle exceeds the value a,. = 65%. A sudden
increase in fatigue strength occurs when
the ratio of the charge of the series equals
o, = 55%. The mean limited strength
Pg a=500% = 120577 cycles occurs when
the load cycle ratio equals o< 0.50- 7,
This causes unlimited work of the mate-
rial at periodicalternating loads.

Table 4. Number of fatigue cycles at subsequent loads of cycle for 16 tex yarns, S— standard

deviation, V — coefficient of variation.

Item Number of fatigue cycles at subsequent loads of cycle N, cycles for 0.
number 98% 95% 85% 75% 65% 55% 50%
1 2 12 117 101 16102 62375 136288
2 2 18 565 359 12916 49875 96823
3 2 17 406 1286 10295 46442 59613
4 2 21 186 301 946 62717 136315
5 2 17 90 1099 6785 77699 126320
6 2 23 166 933 14844 49518 92697
7 2 28 626 1925 9300 77235 107461
8 2 30 425 1585 11068 45671 132837
9 1 16 207 1190 8774 76930 110317
10 2 18 148 1508 9088 62282 127244
" 2 " 208 265 8827 22835 90431
12 2 12 358 589 7913 72228 75892
13 2 30 189 458 9746 25578 123558
14 1 18 280 1330 9699 51076 132656
15 2 30 242 2085 8528 52310 131039
16 2 23 256 1626 11144 26149 108022
17 2 19 432 893 8590 56216 183637
18 2 " 443 1582 7528 65499 189768
19 1 24 205 732 8187 73873 105085
20 2 30 331 703 7890 66001 145548
Nn 2,0 20,0 294,0 1027,5 9408,5 56125,5 120577,5
S 0,3 6,6 148,7 583,6 3109,9 16998,0 = 31633,3
\Y 18,3 32,4 50,6 56,8 33,0 30,2 26,2

Table 5. Number of fatigue cycles at subsequent loads of cycle for 25 tex yarns, S— standard

deviation, V — coefficient of variation.

Item
number 98% 95% 85%
1 2 46 657
2 2 396 69
3 2 32 695
4 2 51 238
5 2 88 156
6 2 62 86
7 2 42 83
8 2 110 140
9 2 126 128
10 2 21 313
1 2 64 270
12 1 43 138
13 2 123 199
14 2 137 340
15 1 128 154
16 2 187 580
17 2 143 46
18 2 38 310
19 2 89 204
20 2 22 233
Nn 2,0 97,0 256,0
s 03 84,6 189,1
v 15,3 86,8 73,7

Analysing the course of the Wohler
fatigue curve for yarns with linear
density 25 tex (see Figure 5), we in-
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Number of fatigue cycles at subsequent loads of cycle N, cycles for o/

75% 65% 55% 50%
1661 16348 62375 192581
2887 1914 49875 138547
4377 2893 66168 171170
253 4398 69223 208879
5345 6877 62757 226024
4435 7564 74425 225565
1202 4756 69389 82447
3333 5687 76733 153678
1934 8765 69786 229248
1544 12345 63601 172527
3722 5674 74311 147014
2345 8943 56746 130375
2691 7654 68984 194747
1972 4339 61701 151374
4378 9743 59913 132570
2987 3476 64346 84844
5876 8345 65623 140492
2667 2457 67843 146471
1234 4055 51314 167163
723 3495 52671 148980

2778,0 6486,0 | 64389,0 & 162234,0

1540,5 3603,9 75348 | 417169
55,4 55,5 1,7 257

dicated the same behavior. The mean
limited strength of Py -500, = 162235
cycles occurs when the cycle load ratio is

57



4. Kocanda S., Szela J. ,Podstawy obliczen

100 zmeczeniowych”, PWN, Warsaw 1985.
5. Nowak M., Wtochowicz A. ,Analysis of
80 fatigue resistance changes and micro-
y =-4.58 In(x) + 106.1 ¢ J f pol id 9 fi ;

< R2=0970 structure of polyamide as a function

s 60 | of the thermal state of the mould and

-‘_g z ! thermal processing” (in Polish);Mecha-

5 40 | nika Teoretyczna i Stosowana, Polskie

(‘é Towarzystwo Mechaniki Teoretycznej i

- stosowanej, kwartalnik, vol. 17, issue 4,

2 Warsaw 1979, PWN,
6. Wtochowicz A., Nowak M., ,Investiga-
0 — , . ,
0 20000 40000 60000 80000 100000 120000 140000 tion of the submicroscopic structure of
Cykle polyamide after fatigue tests” (in Polish)
Scientific lectures of TUE, Textile Science
1971.

Figure 4. Fatigue Wohler curve for yarns with linear density 16 tex. 7. Wiochowicz A., Nowak M., ,Changes of
the polyamide 6 structure in the process
of fatigue destruction” (in Polish) Mecha-

100" nika Teoretyczna i Stosowana, Polskie
Towarzystwo Mechaniki Teoretycznej i
80 : stosowanej, kwartalnik, vol. 19, issue 1,

B y =403 0]+, 1082 Warsaw 1981, PWN.

‘:D» 60 8. Zurek W., ,Struktura liniowych wyrobéw

% % wtdkienniczych”, Wydawnictwa Nauko-

5 40 wo-Techniczne, Warszawa 1989, p. 356.

§ Fop = 67.46; F, = 6.61 9. Wtochowicz A., Linek M., ,Application

= of the Zurkow — Abasow theory for
20 . , .

description fatigue resistance features

0 polyethylenotereftalate fibres”, Acta Po-

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 lymerica 1981/32, No. 8, pp. 445-542.

Cykle 10. UrbanczykG.,,Wybrane zagadnieniazna-

uki o wtdknie.” Stowarzyszenie Wtbkien-

Fioure 5. Fatioe Wohi P T linear density 25 1 nikéw Polskich, £6dz 1969 r., pp. 69-79.

igure 5. Fatigue Wohler curve for yarns with linear density ex. 11. Urbariczyk G., ,Fizyka Widkna”, Politech-
nika t6dzka, t6dz 2002 r., pp. 144-235.

o < 0.50 - W, which causes the same ef- age of static strength of the material  12. Miklaszewski J., ,Pomiary wytrzymatosci

fect as for 16 tex yarn. and the corresponding number of load wiasnosci materiatéw”, Biblioteczka Me-

cycles, causing the destruction of the trologii, Education Materials, Bydgoszcz
] tested yarns. 1981r., 5.39-42.

Conclusions 13. Gizmajer A., ,Pomiar sity“, Poradnik le-
Analvsine th ted i fioati i« . Knowledge of the problems related to galizatora nr 3, Wydawnictwa Normaliza-
Ana ys.lll:lg ¢ °p (rie.seltl ih 1ﬁves 18alions, 1 the dynamic fatigue strength of yarns cyjne ,Alfa, Warszawa 1987r., pp. 77-82.
1ls p;sm l.e 0 1nd 1cat te af. o | is very significant when analysing the 74 JakubQchz A., Orfos Z.., »Wytrzymatosc

- e {[ne.az den.stlhytho wori “ tw?[? production and use of ready-made materiaiow™, Wydawnictwa Naukowo-
yarns twiste .w1 .e sgme WIS .ra 10 textile goods. Knowledge of the Techniczne, Wydanie széste zmienione,

- a,, = 100 is not significantly influ- fatigue strength of textile products Warszawa 1984, pp. 580-613.

enced by the course of the Wohler . .. 15. Nowak M., Zawadzki J., ,Fatigue resi-

. not only has theoretical and cognitive e .
curve up to the ratio of load a.. = 55%. importance but also utility, particu- stance of polymer matengls (in POIIS/?) ’

Differences in variability of the Wéh- larly important in the case 0% products Research work of the Institute of Material

: Science and Technical Mechanics, Wroc-

lte; cur\l/es tolf th,(: tgsftetd yarr{[s areﬂ\llls% de voted to technical articles, (such law 1976.

ible only at limited fatigue strength o ‘.

o i}; o 5%0/ & as tyre cords, driving and conveyor 16, Przygocki W., Wiochowicz A., ,Fizyka Po-

y > ¢ o belts, transporters, etc), as well as limeréw" Wydawnictwa Naukowe PWN,
2. The fatigue strength limit of the tested work clothes. VI{arsaw. 2001. ) )

arns erows  simultancously with the 17. Jézkowicz I., Wiochowicz A., Machnio

?’ & in their Li d y M.S., Drobina R., ,Fatigue Properties

increase in their linear density. of Spliced Connections of Yarn-Ends”

. . . . References 9thinternational Cotton Conference ‘Fu-

3. Plotting Wohler fatigue curves is very ture of Cellulose Fibres Considering De-

laborious, but it helps to interpret the 1. Ciszewski A., Radomski T.: ,,M?ter/aly velopment Trends of the Textile-Cl ogthing

phenomena occurring during fatigue ’;‘;;’z;‘x“?g’ézwwd‘)w’e maszyn”, PWN, Industry, Gdarisk, 6-7.09.2007,
investigations. 2. Osifiski Z., Bajon W,, Szucki T. ,Podsta-  18. Mariczak K.; ,Metody identyfikacji wielo-
. . konstrukcji ” PWN. Wi wymiarowych obiektéw sterowania”, Ed.
4. Fatigue Wohler curves allow to Wy FONSIUACE maszym, o varsaw Y Y

58

illustrate the functional relationship
between the ratio of the periodically
acting load, expressed in the percent-

1980.

3. Niezgodzinski M. E., Niezgodzinski T.

~Wytrzymato$¢ materiatéw”, PWN, War-
saw 1998.

WNT, Warsaw 1979 pp. 134-172.

Received 15.11.2007  Reviewed 15.01.2008

FIBRES & TEXTILES in Eastern Europe January / December 2007, Vol. 15, No. 5- 6 (64 - 65)



