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ABSTRACT 

The purpose of this research work is to develop a model to predict the effect of twist on mechanical, evenness 

and imperfection properties of 100% cotton ring spun yarns. Eight yarns were manufactured from 30Tex with 

four yarn twist increments (700, 740, 780 and 820TPM), and 15Tex with twist levels of 900, 1020, 1080 and 

1140TPM (turns/meter). Except yarn count and twist level, the yarns were made from the same fiber properties 

and machine settings. Yarn mechanical properties such as tensile strength, elongation and abrasion resistance, 

evenness (CVm) and imperfection characteristics like hairiness, neps, thin and thick places were measured and 

statistically analyzed. Equations were developed to predict the desired mechanical, evenness, and imperfection 

properties of yarns based on yarn count and twist levels. Statistical analysis showed that yarn properties are 

significantly influenced by count and twist level changes. The tensile strength, elongation, abrasion resistance, 

CVm, hairiness and thick places of the studied yarns were significant at P-values of 0.000, 0.003, 0.000, 0.004, 

0.000 and 0.015 respectively. Generally, as yarn twist increases, breaking strength and abrasion resistance 

increase, whereas elongation, hairiness, coefficient of mass variation (CVm), thin and thick places, and nep of 

yarn decrease. Therefore, the formulated multiple regression equations would be useful in predicting yarn 

properties based on its count and twist.   
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1. INTRODUCTION 
 

arn twist is one of the major factors which is 
controlled every day in textile companies. It 
is a crucial issue during the production of 

yarn directly to the market or subsequent operations 
because it affects yarn parameters, fabric properties, 
production, and final productivity. Twist binds the 
fibers together and creates the spiral arrangement of 
the fibers around the axis of the yarn [1]. Twist can be 
inserted in either Z or S direction by the traveler for 
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ring frame and rotor for open-end spinning. Most 
yarns are spun with Z-twist. In ring spun yarn, twist is 

imparted on the surface of the yarn and almost all the 
fibers are uniformly integrated along the spiral line of 
twist. In contrast, in rotor spun yarn, twist is applied in 
the yarn core and it has wrapper fibers [2]. Twist 
contributes significantly to different yarn properties 
[1]. The impact of twist on yarn quality, production 
and final productivity is an established fact. Twist 
imparts cohesion between the fibers and contributes to 
prevent damage when the yarn is subjected to any 
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external force [3]. Therefore, the twisting mechanism 
including twist distribution and propagation has 
attracted an increasing interest of researchers in 
textiles and apparel [4, 5]. 
 
It is shown that yarn twist affects yarn properties and 
spinning efficiency of normal blended yarns [6]. 
Abbasi et al. [7] also found out that twist influences 

yarn properties, especially strength and evenness. 
Twisting fibers together imparts strength to the yarn. 
Fibers become harder to pull apart making the yarn 
more difficult to break. The higher the twist, the more 
the yarn strength till optimum twist is reached.  
Sreenivasan and Shankaranarayana [8] and Hadjina 
and Kovačević [9] studied the structure and behavior 
of yarns and their ultimate influence on the end-use 
properties of fabrics. They investigated that spun yarns 
with higher twist multiplier exhibit greater yarn 

irregularity (40-70%). Hearle et al. [10, 11] indicated 
that twist in any yarn cross-section is approximately 
inversely proportional to the number of fibers in it. A 
close relationship is also exhibited between fiber 
fracture and yarn strength, about 60% of the fibers 
break when the yarn strength is at its highest. To 
characterize yarn quality, strength is one of the main 
criteria and most of the previous studies focused on 
developing models by considering fiber properties, 
yarn strength and other structural parameters of yarns. 
 
In addition, the effect of twist level on the mechanical 

and thermal properties of nylon 66 and polyethylene 
terephthalate (PET) tyre cords has been studied. The 
shrinkage values increase with increasing twist factor, 
whereas shrinks force values decrease for greige 
nylons and polyester cords. Adhesion and fatigue 
resistance increased with increasing twist factors [12].  
 
Yarn properties such as yarn fineness, strength and 
evenness are affected by twist variation. Yarn 
evenness also has significant influence on other 
properties of the yarn and of the fabric made from it. 
To produce a uniform yarn, all fiber characteristics 

would have to be uniformly distributed over the whole 
thread. However, that is impractical due to 
inhomogeneity of the fiber material and by the 
mechanical constraints in manufacturing. An 
investigation indicates that fiber neps predominate, 
particularly fiber neps having a core mainly of 

immature and dead fibers, on the yarn surface 
distorting yarn evenness [13]. 
Other authors [14] studied the effect of yarn twist 
direction on the formability of woven fabrics and they 
found that unidirectional Z & Z twists have higher 
formability in comparison to those fabrics in which the 
warp and weft twists are opposite to each other, i.e., Z 

& S. Previous researchers investigated the effect of 
weft yarn twist level on sensorial comfort of 100% 
woven cotton fabrics. The results revealed that a 
sample developed with 920 TPM weft yarns was less 
slippery, rougher and less even than other fabrics made 
from lower twist yarns [15].  
 
Wear in textile materials is one of a limited number of 
fault factors in which an object loses its usefulness and 
the economic implication can be of enormous value to 
the industry. As wear usually occurs by rubbing 

together of two surfaces, abrasion is often used as a 
general term to mean wear [16]. Abrasion properties 
of textile materials are affected by different factors 
including fiber and yarn properties [17]. Earlier 
researchers stated that textile materials can be 
unserviceable because of several different factors and 
one of the most important causes is abrasion. Abrasion 
occurs during wearing, using, cleaning or washing 
process and this may distort the fabric, cause fibers or 
yarns to be pulled out or remove fiber ends from the 
surface. Abrasion ultimately results in the loss of 

performance characteristics, such as strength, but it 
also affects the appearance of the fabric. There is an 
optimum amount of twist in a yarn to give the best 
abrasion resistance [18].  
 
A number of researchers emphasized the relationship 
between fiber parameters and yarn properties [19-24]. 
There is also a great deal of literature on the impact of 
twist on yarn properties as well as the correlation 
between yarn twist and fabric behaviors. However, in 
this research work, a comprehensive investigation of 

the effects of yarn twist levels and count on 
mechanical, evenness and imperfection properties of 
100% cotton ring spun yarns is carried out. Eight yarns 
with twist levels of 700, 740, 780 and 820TPM for 
yarn count of 30Tex and 900, 1020, 1080 and 
1140TPM for 15Tex were employed for this research.  
 
In  addition,  a  model   is  developed  using  multiple  
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regression   to  predict   the   desired  mechanical  and 
Imperfection  properties of yarns based on yarn count  
and twist levels. 
 

2. MATERIALS AND METHODS 

  
2.1  Materials 

Eight 100% cotton yarns were produced with counts 
of 30Tex and 15Tex and twist levels of 700, 740, 780 
and 820TPM (turns per meter), and 900, 1020, 1080 
and 1140TPM respectively using ring spinning 

system. The properties of cotton fibre to produce the 
required yarns are shown in Table 1. 
 
2.2 Methods 

  
For this study, the yarn samples having different twist 

levels of 700, 740, 780 and 820 turns per meter for 
30Tex and 900, 1020, 1080 and 1140 for 15Tex were 
produced using RIETER G35 ring spinning machine 
and 100% cotton fiber keeping all other fiber 
parameters constant such as fiber origin, staple length, 
short fiber index, nep, trash% and micronaire values. 
Yarns were conditioned at relative humidity of 65±2 
and temperature of 20±1 for 24 hours. Ten trials were 
measured in all studied yarn properties. 
  

2.2.1 Yarn Strength and Elongation 
Tensile strength is one of the major mechanical 
properties of yarns. The breaking strength and 
elongation values of cotton yarns were tested as per 
ISO 2062 standard using Statimate Me+ yarn strength 
tester. Ten tests are measured in each yarn.  
 
2.2.2 Yarn Abrasion Resistance 

In weaving and knitting processes, yarns have 
propensity for abrasion resulting in yarn breakage. The 
abrasion resistance values of yarns were evaluated 
using Shirly yarn abrasion tester (SDL Atlas model) 
according to ASTM D 3412 test method. The test 
principle is that hard-rough surface of the roller slides 
across a yarn surface and abrasion cycles would be 
recorded at yarn breakage. The internal 

microprocessor and printer provide a printout of the 
number of revolutions of reciprocating motion 
achieved by each yarn before breakage. 
 
2.2.3 Yarn Evenness and Imperfections 

The yarns’ coefficient of mass variation (CVm) and 
yarn imperfections such as neps, hairiness, thick and 
thin places were measured using Uster Tester 5 as per 

ASTM D1425 standard. Ten tests were carried out for 
each sample of yarn twist. 
 
2.2.4 Data Analysis 

To determine whether any of the differences between 
the samples are statistically significant or not, one-way 
ANOVA test was performed using SPSS version 25 
for windows statistical software. To predict 
mechanical, evenness and imperfection properties of 
yarns, equations were developed using multiple linear 
regression in Mini Lab version 19 software. The range 
of the variables of yarn count 5-65 Tex and twist 300-

1800 turns per meter have been used as an input in 
formulating the models. 
 

3. RESULTS AND DISCUSSION 

 
In this Section, cotton yarns with twist levels 700, 740, 
780 and 820 turns per meter for 30Tex and 900, 1020, 
1080 and 1140 turns per meter for 15Tex are denoted 
as 1, 2, 3, 4, 5, 6, 7, and 8 respectively to avoid 
cluttered figures. 
 
3.1 Effect of yarn twist on tensile strength of yarns 

 

Fig. 1 shows that the tensile strength of yarns increased 
as twist increased. This is because high number of 
turns per meter in the yarn’s longitudinal direction 
contributes to increasing strength since fibers are more 
tightly held together. Yarn made from 30Tex and twist 
of 700TPM  had  the  least  strength  of 206 cN/tex and 
cotton yarn mode from the highest twist (1140 TPM) 
finer yarn count of 15 Tex had higher  tensile strength 
of 277.7 cN/tex  followed  by  yarns made from 1080, 

1020,  900,  820,  780 and 740TPM respectively. It is  

Table1: Cotton Fibre Properties 
MIC Mat UHML [mm] UI (%) SF (%) Str [g/m] Elg (%) TrGrd 
4.12 0.85 30.24 83.8 6.5 28.8 6.7 3 

Notes: MIC = Micronaire, Mat=Maturity, UHML=Upper Half Mean Length, UI=Uniformity Index, SF=Short 
Fiber content, Str=Strength, Elg=Elongation and TrGrd= Trash Grade 
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also noted that yarn fineness increases with increasing 
twist. 
 
As indicated in Table 2, the statistical analysis proves 
that the strength of produced yarns was significantly 
different due to twist variation at F-value of 86.944 
and P-value of 0.000. These findings corroborate with 

previous research results that showed yarn 
manufactured with higher twist and finer count has 
better yarn strength compared with lower twist levels 
and coarser counts [6].  
 

3.2 Effect of twist n elongation of yarns 

 
The findings reveal that yarn elongation was affected 
by yarn twist levels at F-value of 26.540 and P-value 

of 0.003. Fig. 2 demonstrates that yarns produced from 
15Tex with yarn twist of 1140TPM had lower 
extension than yarns made from coarser yarn count of 
30Tex with twist of 700TPM. This general trend of 
decreasing elongation as twist increases is because of 
the fact that when twist imparted to the yarn increases, 

the fibers inside it become more oriented and tightened 
together and are not allowed to extend much from the 
original position. Therefore, it is suggested that before 
producing the yarn, end use should be considered. 
 
3.3 Effect of twist on abrasion resistance of yarns 
 
As high twist levels are inserted to the yarn, the fibers 
are   firmly  held  and  tightened  together  and  cannot 

 
Fig. 1: Twist level and strength of yarns  

 

Table 2: Analysis of Variance Results of Yarn Strength 
 Sum of quares df Mean Square F Sig. 

Between Groups 819.087 7 117.012 86.944 .000 

Within Groups 96.900 72 1.346   
Total 915.987 79    

 

 
Fig. 2: Twist level and elongation of yarns 
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Fig. 3: Twist level and the abrasion resistance of yarns 

 
Table 3: Descriptive statistical analysis of yarn abrasion resistance 

Yarn type 
(TPM) 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

700 10 8.5000 1.08012 .34157 7.00 10.00 
740 10 9.8000 1.31656 .41633 8.00 12.00 
780 10 11.7000 1.15950 .36667 10.00 13.00 
820 10 13.5000 1.08012 .34157 12.00 15.00 
900 10 13.0000 .66667 .21082 12.00 14.00 

1020 10 13.2000 1.03280 .32660 12.00 15.00 
1080 10 15.7000 1.33749 .42295 13.00 18.00 
1140 10 19.5000 1.43372 .45338 17.00 22.00 

 
easily break. The previous study by Atalie et al. [15] 
reported similar concept. In contrast, in lower twist 
yarns, fibers are loosely grouped owing to less turns 
per meter and have high tendency to fringe out by 
friction with abrasive paper and leads to yarn breakage 

quickly. Due to this, the yarn abrasion resistance 
increased as the twist levels increased as presented in 
Fig. 3. At low twist, fibers can easily be removed from 
the yarn so that it is gradually reduced in diameter. As 
seen in Fig. 3, yarn produced from 15Tex with yarn 
twist of 1140TPM has greater abrasion resistance. The 
general trend indicates that abrasion resistance 
decreases as twist levels decrease. 
 
Table 3 shows descriptive statistical analysis of yarn 
abrasion resistance and standard deviations were 
almost similar for all type of yarns. Besides the 

average abrasion cycles, the minimum and maximum 
abrasion cycles are illustrated in Table 2. According to 
one-way ANOVA results, the studied yarns’ abrasion 
resistance was significantly changed at F-value of 
18.691 and P-value of 0.000.  

3.4  Effect of twist on yarn coefficient of mass  

       variation (CVm) 

 

The statistical analysis proves that coefficient of mass 
variation (CVm) is significantly affected by yarn twist 
at F-value of 16.347 and P-value of 0.004. The spinner 
tries to produce a yarn with the highest possible degree 
of homogeneity and the evenness of the yarn mass is 
of paramount importance. The unit length mass 
variation due to variation in fibre assembly results in 
change of yarn properties. The coefficient of mass 

variation (CVm) can be determined extremely 
accurately by electronic means. Non-uniformity in 
different yarn properties exists due to variation of twist 
levels. In order to produce an absolutely regular yarn, 
all fibre characteristics would have to be uniformly 
distributed over the whole thread. As twist increases, 
cotton yarn properties change because fibers are 
spirally arranged around the yarn axis. As shown in 
Fig. 4, as twist increases, coefficient of mass variation 
(CVm) of a cotton yarn decreases and the yarn becomes 

more regular. Conversely,  when  twist  inserted to the   
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yarn is lower, the percentage of coefficient of mass 
variation (CVm) increases throughout the length of the 
yarn. These findings agree with Jahan’s [25] research 
results. 
 
3.5  Effect of yarn twist on yarn hairiness 

  

As the twist levels in a yarn increase, the yarn becomes 
more compact because the fibers are held more tightly 
together giving a harder feel to the yarn. A fabric made 
from a high twist yarn will, therefore, feel harder and 
will also be thinner. On the other hand, a fabric which 
is produced from a low twist yarn will have a soft 
handle and it will be thicker. Fig. 5 shows that yarn 

twist and hairiness are inversely proportional, i.e., 
when the twist inserted to the yarn increases, the 
hairiness of the yarn decreases. This is because the 
tendency of protruding fibers is less when TPM 
increases in the yarn and vice versa. Analysis of 
variance of the produced yarns indicates a significant  
difference in hairiness at P-value of 0.000. 

As twist level increases, so does the smoothness of the 
yarn due to decreasing number of protruding fibers on 
a given yarn surface. In terms of measurement, 
hairiness corresponds to the total length of protruding 
fibers per unit length of one centimeter. The results of 
this research are confirmed with the earlier report [26].  
 
3.6  Effect of twist on yarn neps, and thick and  

       thin places 

 

Yarn thin places (-50%), thick places (+50%) and neps 
(+200%) are important yarn parameters, and 
significantly influence yarn appearance and 
penetration of a dye or finish [27]. The thicker yarn 
region will tend to be deeper in shade than the thinner 
ones and, if a visual fault appears in a pattern on the 
fabric, the pattern will tend to be emphasized by the 
presence of colour or by some variation in a visible 

property such as crease-resistance [28]. 
 
As shown in Fig. 6, yarn thin (-50%) and thick places  
(+50%)   as well as   neps  (+200%)   decreased   with

 

 
Fig. 4: Twist and coefficient of mass variation (CVm) of the yarns 

 

 
Fig. 5: Twist and hairiness of the yarns 
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 (+50%) as well as neps (+200%) decreased with 
increasing twist factor. ANOVA results prove that 
yarns made from different twist levels are significantly 
different in yarn thick places and neps at P-values of 
0.015 and 0.000, where α=0.005. However, yarn thin 
places did not show significant change at F-value of 

17.894 and P-value of 0.406. Generally, as twist 
increases imperfection of a cotton yarn decreases and 
the yarn becomes more regular. On the other hand, 
when twist inserted to the yarn is lower, the percentage 
of imperfections or faults (such as thin and thick 
places, and  neps)  increases leading to  reduced  yarn  
 

appearance grade. 
 

3.7  Multiple regression equations 

  

Prediction of yarn properties is very important and can 
save time, testing cost and eliminate unnecessary loss 
of test specimen since prediction is non-destructive. 

Equations (1) to (5) are developed using multiple 
regression. To prove the effectiveness of the 
equations, commercial cotton yarns of known count 
and twist were made from the same fibre content and 
manufacturing system.  As  shown   in   Table 4,   the  
 

 
Fig. 6: Impact of twist on yarns thin and thick places, and neps 

 
Table 4 Measured and calculated values of yarn properties 

Yarn samples Properties  Measured  Calculated  
 Tensile strength  206.02 222.73 

30Tex (700TPM) Elongation  (%) 5.35 5.5 
 Abrasion (cycles) 8.5 9.15 
 CVm 15.78 16.2 
 Hairiness 10.75 9.97 
 Tensile strength  277.74 283.67 
15Tex (1140TPM) Elongation 2.96 3.19 
 Abrasion (cycles) 19.5 18.38 
 CVm 11.18 11.56 
 Hairiness 5.12 4.81 
 Tensile strength  258.92 263.36 
Control yarn Elongation (%) 4.23 3.98 
 Abrasion (cycles) 15.62 15.15 
21 Tex (980TPM) CVm 14.21 13.24 
 Hairiness 5.61 6.73 
 
Control yarn 
14 Tex (1200TPM) 

Tensile strength  287.52 292.2 
Elongation (%) 3.24 2.78 
Abrasion (cycles) 18.5 19.9 
CVm 12.36 10.89 
Hairiness 4.24 4.19 
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measured and calculated yarn values are comparable.  
The difference between them is called prediction error. 
This implies regression analysis is a statistical tool in 
the formulation of a mathematical model depicting the 
relationship among variables which can be used for the 
purpose of prediction of the values of dependent 

variable given the values of the independent variables. 
Therefore, a slight difference between the measured 
and calculated values is expected in the model [29]. 
 

Strength���
�	
� = 96.5 + 0.736.X
 + 0.1545. X�         (1) 

Elongation(%) = 14.224 – 0.0937.X
 − 0.008447X�       (2)  
Abrasion (cycles) = -17.95 + 0.2303.X
 + 0.02884X�    (3) 

CVm(%) = 24.89 – 0.0226.X
 − 0.01140. X�         (4) 

Hairness = 14.13 + 0.0752.X
 − 0.009162. X�       (5) 
 

where X1 is yarn count (Tex) and X2 is twist/meter. 
 

4. CONCLUSION  

 
This study investigated the effect of twist on 

mechanical, evenness and imperfection properties of 
yarns. Eight 100% cotton ring spun yarns were 
manufactured from 30Tex with four yarn twist 
increments (700, 740, 780 and 820TPM), and 15Tex 
with twist levels of 900, 1020, 1080 and 1140TPM. 
Mechanical characteristics (such as tensile strength, 
elongation and abrasion resistance), yarn evenness 
(CVm), yarn imperfections including hairiness, neps 
(+200%), thin places (-50%) and thick places (+50%) 
were measured and analyzed. Multiple regression was 

used to develop equations to predict the yarn 
properties based on yarn count and twist levels. The 
statistical analysis proved that as levels of twist 
increase, breaking strength and abrasion resistance of 
a yarn increase, whereas elongation, hairiness, 
coefficient of mass variation (CVm), thin and thick 
places and neps of a yarn decrease. The developed 
equations are effective to predict yarn mechanical, 
evenness and imperfection properties, and they would 
be helpful for yarn manufacturers.  
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