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Abstract
The notion of yarn is understood as a continuous textile product of theoretically endless 
length and circle-like cross-section, made of staple or continuous fibres. A yarn leaves the 
spinning mill in a raw state and is used to produce some fabrics, but mostly it is subjected 
to the process of finishing. The yarn undergoes preparatory processes, such as winding, do-
ubling, twisting, paraffin treatment, singeing and dyeing, depending of the final fabric type. 
Yarns are rewound on winding frames, and computers control operation of the rewinding 
frames and systematically monitor the yarn parameters. An electronic cleaner removes 
yarn defects, whose size has been saved in the computer memory. The purification of yarn 
improves its quality, resulting in a decrease in the number of breaks in further technological 
processes. A lower number of yarn breaks contribute to an increase in machine efficiency 
(weaving and knitting machines). The experimental section of the study is divided into two 
parts. The first includes tests of yarn strength parameters before and after the rewinding 
process. It was established in the process of cleaning that the yarn during rewinding affects 
the strength of wool and blended yarns. In the second part, the strength parameters of yarn 
doubling points after the rewinding process for various variants of the splicer setting were 
tested. The blowing time in the doubling chamber was changed and the importance of using 
the thermosplicer for the yarn joint strength was established.

Key words: worsted yarn, component yarn, winding process, yarn tenacity, joining knotless 
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Jacek Rutkowski

Lodz University of Technology, 
Department of Material and Commodity Sciences 

and Textile Metrology
ul. Żeromskiego 116, 90-924 Lodz, Poland 

E-mail: jacek.rutkowski@.p.lodz.pl

splicer settings and Thermosplicer turned 
on and off. 

 Objects, investigation 
methods and variant 
characteristics 

Materials
n Classic yarn, 100% wool with a linear 

density of 18 tex, fibre diameter – 21.3 
micrometers,

n Classic wool-polyester blended 
yarn (W/PES) with percentage con-
tent = 45/55, liner density of 12 tex x 1,  
wool fibre diameter – 21.7 microm-
eters, polyester fibre linear density – 
2.4 dtex.

Characteristics of yarn variants 
Classic worsted wool and blended yarns 
were rewound using the single-point test 
stand of an Autoconer 338 rewinding 
frame (Schlafhorst Saurer Group, Ger-
many) [11, 12]. The tests were performed 
at the Department of Material and Com-
modity Sciences and Textile Metrology, 
Lodz University of Technology.

Constant parameters in the tests:
Rewinding speed – 250 m/min,
n Pressure in the chamber of the dou-

bling frame during yarn end open-
ing-up – 4 Bar.

n Pressure in the doubling chamber dur-
ing yarn end splicing – 5 Bar.

 Aim and scope of the study 
The aim of the study was to test the 
strength parameters of worsted and com-
ponent yarns before and after the rewind-
ing process and the determination of the 
strength of yarn splicing [5, 7, 9, 11]. 
The coefficient of using the tenacity of 
the yarn joining points in relation to the 
tenacity of the rewound yarn has to be 
determined. The tests were carried out 
for two classic yarns with various raw 
material compositions and various line-
ar densities, one rewinding speed, four 

n Air temperature during wool yarn 
doubling – 117 °C (turned on Ther-
mosplicer).

n Air temperature during blended yarn 
doubling – 92 °C (turned on Thermo-
splicer).

n Parameters of yarn cleaning (standard 
settings recommended by the Manu-
facturer).

Variable parameters in the tests:
n Raw material composition of yarn 

(wool 100%, wool – polyester 45/55).
n Splicer – 4 settings.
n Thermosplicer (turned on, turned off).
 
 A Thermosplicer is a device support-

ing yarn doubling. As a result of hot 
air action, fibres can be formed more 
easily and one can obtain a doubling 
with a set structure [13, 14].

Variants of testing the rewinding process 
are presented in Table 1. 

Variants of splicer setting in the rewind-
ing process are presented in Table 2. 

Determination of yarn strength 
parameters 
An automatic Zwick 1120 tensile strength 
tester (Zwick Testing Machines, Germa-
ny) was used to determine the breaking 
force and elongation at break of yarns 
according to the standard PN-EN ISO 



33FIBRES & TEXTILES in Eastern Europe  2018, Vol. 26,  2(128)

2062:2010. Yarn sections with a length of 
500 mm were unidirectionally tensioned 
with a preliminary load of 0.5 cN/tex 
and jaw travel speed of 500 m/min. For 
each type of non-rewound yarn, 5 meas-
urements were taken from 10 randomly 
selected cops and 30 measurements for 
each variant of rewound yarn. 

The following parameters were deter-
mined [1]:

n Yarn tenacity from Equation (1):

FśrWw =  ,    cN/tex (1)
Tt

Fśr – average maximal force, cN,
Tt – linear density of yarn, tex.

n The coefficient of utilising the tenaci-
ty of the splicing joint in that of yarn 
after rewinding can be obtained from 
the Equation (2):

WwsW =  * 100%,   % (2)
Wwpp

Wws – tenacity of the splicing joint,  
cN/tex,
Wwpp – tenacity of yarn after rewinding, 
cN/tex.

 Results of investigation  
of strength parameters  
of wool and blended yarns  
and discussion 

Tables 3 and 4 present measurement re-
sults of the strength parameters of wool 
and blended yarns before and after re-
winding.

The results obtained were compared with 
Uster 2013 statistics. On their basis one 
can state that the tenacity of worsted yarn 
(100% wool) before and after rewinding 
is below 5% of world production of this 
type of yarn and indicates its very good 
quality. 

The variation coefficient of the tenaci-
ty of worsted yarn (100% wool) before 
and after rewinding for variants W7 and 
W9 is below 25% of world production, 
indicating very good quality. For variants 
W1, W3 and W5, the variation coeffi-
cient of tenacity is below 50% of world 
production, indicating the good quality 
of these yarns.

The average relative elongation of wor-
sted yarn (wool – 100%) at break before 
and after rewinding is below 75% of 

Table 1. Variants of the rewinding process. Denotation: „+” – Thermosplicer turned on,  
„ –” – Thermosplicer turned off.

Rewinding 
variant

Raw material 
composition

Linear density 
of yarn Tt, tex

Rewinding 
speed

Variant of 
splicer setting Thermosplicer

W1 Wool 100% 18.3 250 1 +

W2 W-PES 45/55 12.1 250 1 +

W3 Wool 100% 18.3 250 1 –

W4 W-PES 45/55 12.1 250 1 –

W5 Wool 100% 18.3 250 2 +

W6 W-PES 45/55 12.1 250 2 +

W7 Wool 100% 18.3 250 3 +

W8 W-PES 45/55 12.1 250 3 +

W9 Wool 100% 18.3 250 4 +

W10 W-PES 45/55 12.1 250 4 +

Table 2. Variant of splicer setting. Denotations: Opening-up code – the doubling frame 
performs a knotless joint of two thread ends. This happens first by opening up the thread ends, 
and consequently doubling is prepared. The operation duration depends on the set turn on 
time. For code 4, this time is 400 ms. Thermosplicer code: 5 – code for blended W/PES yarns, 
air temperature – 92 °C, 8 – code for wool yarns, temperature – 117 °C. Code of doubling 
frame – thread end splicing occurs directly after opening up. The sum of the data entered 
for impulse 1 + break + impulse 2 must not exceed the value of a doubling time of 440 ms.

Variant 
number 

Splicer settings

Opening-up 
code 

Doubling 
frame code

Doubling time, 
ms

Thermosplicer code
Wool W-PES 45/55

1 4 5, 3, 5 260 8 5

2 4 5, 3, 7 300 8 5

3 4 5, 3, 9 340 8 5

4 4 3, 3, 5 220 8 5

Table 3. Results of measuring the strength parameters of wool yarn before and after rewinding. 
Denotations: Ww – average tenacity, cN/tex; sWw – standard deviation of tenacity, cN/tex;  
CvWw – variation coefficient of tenacity, %; ε – average relative elongation at break, %; 
sε – standard deviation of relative elongation, %; Cvε – variation coefficient of relative 
elongation, %.

Parameter Wool 100% W1 W3 W5 W7 W9
Ww, cN/tex 7.93 8.17 7.68 7.95 8.13 7.52

Uster statistics < 5 % < 5 % < 5 % < 5 % < 5 % < 5 %

sWw, cN/tex 1.07 1.16 1.11 1.19 1.07 1.08

CvWw, % 13.49 14.2 14.45 14.97 13.16 14.36

Uster statistics < 25% 25% 25-50% 25-50% < 25% < 25 %

ε, % 7.92 9.67 8.13 9.32 8.94 8.40

Uster statistics < 75% 50% < 75%  > 50% 50-75% 50-75 %

Sε, % 2.90 3.44 3.03 3.68 3.74 3.34

Cvε, % 36.60 35.61 38.50 39.48 41.82 39.74

Uster statistics 50% 50 % 50-75% 75% 75-95% 75 %

world production of this type of yarn, in-
dicating its satisfactory quality. 

The variation coefficient of the relative 
elongation of worsted yarn is mostly 
below 75% of world production, which 
indicates the satisfactory quality of this 
yarn. Only in the case of variant W7 is 
the yarn quality adequate. 

The results obtained were compared with 
Uster 2013 statistics [1]. On their basis 

one can state that the tenacity of blended 
(W/PES 45/55%) yarn before and after 
rewinding for variants W2 and W10 is 
below 75% of world production of this 
type of yarn, indicating its satisfactory 
quality. On the other hand, for variants 
W4, W6 and W8, the tenacity is below 
50% of world production, which indi-
cates good quality. 

The variation coefficient of the tenacity 
of blended yarn (W/PES – 45/55%) be-
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yarn. Only in the case of variant W8 is 
the quality of yarn very good, while in 
the case of variant W6 yarn quality is in-
sufficient. 

Figure 1 shows the dependence of tenac-
ity Ww on the splicer setting for worsted 
and blended yarns.

Figure 2 presents the dependence of the 
variation coefficient of tenacity CvWw on 
the splicer setting for worsted and blend-
ed yarns.

Figure 3 presents the dependence of the 
relative elongation at break ε on the splic-
er setting for worsted and blended yarns.

Figure 4 presents the dependence of the 
variation coefficient of relative elonga-
tion at break Cvε on the splicer setting 
for worsted and blended yarns.

Based on the test results obtained, it was 
found that the rewinding process, espe-
cially cleaning yarns during rewinding, 
causes an increase in yarn tenacity [11], 
while greater changes are observed in the 

Table 4. Measurement results of strength parameters of blended yarn before and after 
rewinding. Denotations: Ww – average tenacity, cN/tex; sWw – standard deviation of tenacity, 
cN/tex; CvWw – variation coefficient of tenacity, %; ε – average relative elongation at break, 
%; sε – standard deviation of relative elongation, %; Cvε – variation coefficient of relative 
elongation, %.

Parameter W-PES 
45/55% W2 W4 W6 W8 W10

Ww, cN/tex 11.51 12.65 13.64 14.83 14.13 12.87
Uster statistics > 50% 50% < 50% < 50% < 50% 50 %

sWw, cN/tex 1.58 2.51 1.86 1.69 1.54 1.19
CvWw, % 13.73 16.2 13.63 11.4 10.9 9.25

User statistics < 5% > 5% < 5% < 5% < 5% < 5 %
ε, % 13.04 12.19 13.17 13.33 13.55 13.05

Uster statistics > 50% < 95% > 50% > 50% > 50% > 50 %
Sε, % 2.70 2.08 2.56 3.16 2.00 2.36
Cvε, % 20.72 17.07 19.42 23.71 14.79 18.06

Uster statistics < 95% 50% > 50% > 95% > 5% > 50 %
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Figure 1. Dependence of the tenacity of yarns tested on the splicer 
setting.
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Figure 2. Dependence of the variation coefficient of yarn tenacity 
CvWw on the splicer setting.
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Figure 3. Dependence of the relative elongation at break ε of the 
yarns tested on the splicer setting. 
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Figure 4. Dependence of the variation coefficient of the yarn relative 
elongation at break Cvε on the splicer setting.

fore and after rewinding is below 25% of 
world production, which indicates very 
good quality.

The average relative elongation at break 
of blended yarn (W/PES – 45/55 %) be-
fore and after rewinding for most variants 
is above 50 % of world production of that 
type of yarn, its quality being satisfacto-

ry. Only the average relative elongation 
of variant W2 is below 95% of world 
production, indicating the adequate qual-
ity of this yarn. 

The variation coefficient of the relative 
elongation of blended yarn in most cases 
is below 75% of world production, which 
indicates the satisfactory quality of this 
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case of blended yarns. The highest values 
of worsted yarn tenacity are observed for 
variant W1 (wool – 100%, 18 tex, splic-
er setting – 5,3,5, thermosplicer turned 
off), while the lowest value is shown by 
variant W9 (wool – 100% ,18 tex, splic-
er setting – 3,3,5, thermosplicer turned 
off). The highest value of blended yarn 
tenacity is observed in the case of vari-
ant W6 (W/PES – 45/55%, 12 tex, splicer 
setting – 5,3,7, thermosplicer turned off), 
while the lowest value is for variant W2  
(W/PES – 45/55%, 12 tex, splicer setting 
– 5,3,5, Thermosplicer turned off).

The variation coefficient of yarn tenac-
ity after the rewinding process is usu-
ally higher than that recorded before 
rewinding. A decrease in the coeffi-
cient is observed in the case of blend-
ed yarn of the following variants: W6  
(W/PES – 45/55%, 12 tex, splicer set-
ting – 5,3,7, thermosplicer turned on), 
W8 (W/PES – 45/55%, 12 tex, splic-
er setting – 5,3,9, thermosplicer turned 
on) and W10 (W/PES – 45/55%, 12 tex, 
splicer setting – 3,3,5, thermosplicer 
turned on). The highest value of the co-
efficient occurs in the case of variant W2  
(W/PES – 45/55%, 12 tex, splicer setting 
– 5,3,5, thermosplicer turned on), while 
the lowest value is shown by variant W10  
(W/PES – 45/55%, 12 tex, splicer setting 
– 3,3,5, thermosplicer turned on). For 
worsted yarn the highest value of the var-
iation coefficient of tenacity is observed 
for variant W5 (wool – 100%, 18 tex, 
splicer setting – 5,3,7, thermosplicer 
turned on), while the lowest value is for 
variant W7 (wool – 100%, 18 tex, splicer 
setting – 5,3,9, thermosplicer turned on).

The yarn after rewinding shows a high-
er elongation at break than the non-re-
wound yarn. The highest increase in 

relative elongation is shown by variant 
W1 (wool – 100%, 18 tex, splicer setting 
– 5,3,5, thermosplicer turned on), while 
the lowest increase is presented by var-
iant W3 (wool – 100%, 18 tex, splicer 
setting – 5,3,5,). The highest increase in 
the relative elongation of blended yarn 
is observed in the case of variant W8  
(W/PES – 45/55%, 12 tex, splicer set-
ting – 5,3,9, thermosplicer turned on), 
while the lowest is presented by variant 
W2 (W/PES – 45/55% , 12 tex, splicer 
setting – 5,3,5, thermosplicer turned on).

The variation coefficient of relative 
elongation at break of blended yarn 
after rewinding is lower than that of 
non-wound yarn. Only for variant W6 
(W/PES – 45/55%, 12 tex, splicer set-
ting – 5,3,7, thermosplicer turned on) is 
an increase in the value of this coefficient 

observed. The lowest value of the coef-
ficient is shown by variant W8 (W/PES 
– 45/55%, 12 tex, splicer setting – 5,3,9, 
thermosplicer turned on). The rewound 
worsted yarn shows an increase in the 
variation coefficient of the relative elon-
gation at break. The highest value of this 
coefficient is shown by variant W7 (wool 
– 100%, 18 tex, splicer setting – 5,3,9, 
thermosplicer turned on), and the low-
est by variant W1 (wool – 100%, 18 tex, 
splicer setting – 5,3,5, thermosplicer 
turned on).

 Analysis and discussion  
of the strength parameters  
of yarn end joints

Tables 5 and 6 present measurement re-
sults of the joint strength parameters of 
worsted and blended yarns. 
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Figure 5. Dependence of the yarn joint tenacity on the splicer setting 
for worsted and blended yarns. 
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tenacity CvWws on the splicer setting.

Table 5. Measurement results of the strength parameters of wool yarn joints.

Parametr W1 W3 W5 W7 W9
Wws, cN/tex 6.28 2.76 5.79 5.69 5.21
sWws, cN/tex 1.56 0.89 1.98 1.33 1.49

CvWw, % 24.84 32.25 34.2 23.37 28.6
εs, % 6.05 2.55 5.98 5.22 4.52
Sε

s, % 3.61 1.11 4.04 2.55 2.05
Cvε

s, % 59.71 43.56 67.68 48.93 45.33

Table 6. Measurement results of the strength parameters of blended yarn joints. Denota-
tions: Wws – average tenacity of yarn joints, cN/tex; sWws – standard deviation of yarn joint 
tenacity, cN/tex; CvWws – variation coefficient of yarn joint tenacity, %; εs – average relative 
elongation at break of yarn joint, %; Sε

s – standard deviations of yarn joint relative elonga-
tion, %; Cvε

s – variation coefficient of joint relative elongation, %.

Parameter W2 W4 W6 W8 W10
Wws, cN/tex 12.32 10.2 12.09 12.23 11.1
sWws, cN/tex 2.11 3.22 2.13 1.94 2.48

CvWws, % 17.13 31.57 17.62 15.86 22.34
εs, % 12.67 9.08 11.51 11.93 9.39
Sε

s, % 3.22 4.73 3.03 3.05 4. 50
Cvε

s, % 25.37 52.14 26.32 25.33 47.90
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Table 7. Measurement results of strength parameters for wool yarn joints.

Parameter W1 W3 W5 W7 W9
WWs, cN/tex 6.28 2.76 5.79 5.69 5.21
WWpp, cN/tex 8.17 7.68 7.95 8.13 7.52

W, % 76.87 35.94 72.83 69.99 69.28

Table 8. Measurement results of the strength parameters of blended yarn joints.

Parameter W2 W4 W6 W8 W10
WWs, cN/tex 12.32 10.20 12.09 12.23 11.10
WWpp, cN/tex 12.65 13.64 14.3 14.13 12.87

W, % 97.39 74.78 81.52 86.55 86.25

Figure 5 presents the dependence of the 
yarn joint tenacity Wws on the splicer set-
ting for worsted and blended yarns

Figure 6 presents the dependence of the 
variation coefficient of the yarn joint 
tenacity CvWws on the splicer setting for 
worsted and blended yarns.

Figure 7 presents the dependence of the 
yarn joint relative elongation at break 
εs on the splicer setting for worsted and 
blended yarns. 

Figure 8 presents the dependence of the 
variation coefficient of the yarn joint rel-
ative elongation at break on the splicer 
setting for worsted and blended yarns. 

On the basis of the test results obtained, 
one can find that yarn joints made by 
the use of a thermosplicer have a higher 
tenacity than those made by means of 
a standard splicer [13,14]. The highest 
tenacity of the wool yarn joint is noted for 
variant W1 (wool – 100%, 18 tex, splicer 
setting – 5,3,5, thermosplicer turned on), 
while the lowest is for variant W9 (wool 
– 100%, 18 tex, splicer setting – 3,3,5, 

thermosplicer turned on). The highest 
tenacity of the blended yarn joint is not-
ed for variant W2 (W/PES – 45/55%, 12 
tex, splicer setting – 5,3,5, thermosplicer 
turned on), while the lowest is for variant 
W4 (W/PES – 45/55%, 12 tex, splicer 
setting – 5,3,5,).

The variability coefficient of the tenacity 
of a yarn joint made by means of a ther-
mosplicer is usually lower than that made 
by a standard splicer. Only in the case 
of worsted yarn for variant W5 (wool 
– 100%, 18 tex, splicer setting – 5,3,7, 
thermosplicer turned on) is an increase in 
this coefficient noted. 

Yarn joints made by means of a thermo-
splicer have a higher relative elongation 
at break than those made with the use of 
a standard splicer. 

The elongation variation coefficient of 
a wool yarn joint made with the use of 
a thermosplicer is higher than that made 
by a standard splicer. In the case of 
blended yarn, the relative elongation co-
efficient of a yarn joint made by means of 
a thermosplicer is decreased. 

For the yarn variants analysed, the co-
efficient of utilizing the knotless joint 
strength in the tenacity of yarn after re-
winding was calculated. The results ob-
tained are listed in Tables 7 and 8.

The coefficient of utilising the splicer 
joint tenacity in the tenacity of yarn after 
rewinding in the case of joints made by 
a standard splicer has lower values than 
that of joints made by means of a ther-
mosplicer. In the case of worsted yarn, 
once the thermosplicer is turned on, this 
coefficient increases twice. The maximal 
value of the worsted yarn coefficient is 
observed for variant W1 (wool – 100%, 
18 tex, splicer setting – 5,3,5, thermo-
splicer turned on), and the minimal val-
ue for variant W9 (wool – 100%, 18 tex, 
splicer setting – 3,3,5, thermosplicer 
turned on). In the case of blended yarn, 
the maximal coefficient is shown by vari-
ant W2 (W/PES – 45/55%, 12 tex, splicer 
setting – 5,3,5, thermosplicer turned on), 
and the minimal coefficient by variant 
W6 (W/PES – 45/55%, 12 tex, splicer 
setting – 5,3,7, thermosplicer turned on).

Coefficient W reaches higher values for 
blended yarns and in the case of variant 
W2 (W/PES – 45/55%, 12 tex, splicer 
setting – 5,3,5, thermosplicer turned on) 
the joint tenacity almost reaches the te-
nacity of the yarn.

 Conslusions
Based on the tests performed and their 
analysis, it was found that the rewinding 
process improves the strength parame-
ters of yarn. In the case of worsted yarn, 
changes in this parameter are lower, in-
dicating that wool yarn, according to re-
winding reports, is characterised by a low 
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Figure 7. Dependence of the yarn joint relative elongation at break 
εs on the splicer setting. 
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number of defects and does not require 
frequent interference of the cleaning de-
vice nor considerable improvement in its 
quality. In the case of blended yarn, an 
increased number of neps and thin plac-
es required a higher number of cleaning 
cuts to improve its quality [6, 12]. 

The use of a thermosplicer does not 
translate into an increase in yarn strength 
after rewinding. The yarn strength de-
pends of the number of defects, joint 
frequency and settings of the rewinding 
process [16]. 

Yarn joints made by the use of a ther-
mosplicer have a higher tenacity, lower 
variability coefficient of the tenacity and 
higher relative elongation at break than 
those made with the use of a standard 
splicer. 

The highest tenacity of the wool yarn 
joint is noted for variant W1 and of the 
blended yarn for variant W2. Variants 
W1 and W2 are yarns rewound at the 
standard settings recommended by the 
manufacturer of the winding frame (join-
ing time – 260 ms). This indicates that 
these settings are optimal for worsted 
and blended yarns. For cotton yarns, the 
setting of a longer joining time (300 ms) 
is more advantageous, as confirmed dur-
ing previous tests [11]. It was the manu-
facturer’s recommendation to set 260 ms 
as the joining time, which means that 
for yarns made of various types of fibres 
with different structures, the settings in 
the rewinding frame chamber should be 
established individually on the basis of 
one’s own production experience.
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