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n	 Introduction
The  fibre arrangement and twist distribu-
tion of rotor spun yarn is different from 
that of ring spun yarn. Spun fibres are 
placed parallel to each other and then 
packed by the twist propagation mecha-
nism of the rotor spinning system. The 
nominal amount of twist inserted into the 
yarn is equal to the ratio of the spinning 
chamber speed and to the yarn withdrawal 
speed. However, it is to be expected that, 
because of the torsional rigidity of the  
fibres in the untwisted ribbon, there will 
be a reaction to the turning moment, and 
the process will not therefore be 100% 
efficient [1]. As a result of the torsional 
rigidity of the  fibre, twist distribution of 
rotor spun yarn builds a unique and vari-
able structure in both the radial and axial 
directions. In the axial direction wrapper  
fibres (WF) or belt  fibres cause a pack-
ing effect on the surface of the rotor spun 
yarn [2]. In the radial direction, the twist 
distribution of the rotor spun yarn varies 
from the core to the sheath of the yarn 
cross section [3 - 5]. 
Considering the axial and radial twist fea-
tures of rotor spun yarn, precise measure-
ment of the twist value is not as accurate 
as that of ring spun yarn. Although some 
different techniques have been offered 
for twist measurement of rotor spun yarn, 
the commonly preferred twist measure-
ment method for spun yarns is untwisting 
– retwisting the yarn in opposite direc-
tions. The classical untwisting-retwisting 
method has been found to be the most 
useful and simplest method to learn the 
level of twist insertion through rotor 
yarn. [6 - 11] The inherent twist structure 
of rotor spun yarn does not allow the yarn 
to be untwisted to zero. 

The twist property of rotor yarn has been 
the subject matter of several studies con-
cerning the effects of process param-

eters and measurement method on the 
twist value of rotor spun yarns. It was 
mentioned by Audivert [9] that the dif-
ference between adjusted machine twist 
and measured twist depends on the value 
of machine twist and yarn linear density, 
where higher machine twist and higher 
yarn linear density provides a higher 
percentage of twist deviation (PTD). It 
has also been reported that  fibre type, 
the twist factor, and rotor speed are the 
most important parameters affecting the 
twisting efficiency of cotton and cotton–
polyester blended rotor spun yarns. Other 
significant factors influencing the twist-
ing efficiency are the draw-off tension 
ratio, the type of draw-off nozzle, rotor 
diameter and rotor [10]. 

In this paper, the effect of four process 
parameters (opening roller type, material 
type, opening roller speed and yarn linear 
density) on the measured twist of 100% 
polyester rotor spun yarn was systemati-
cally investigated. In total 128 different 
types of 100% polyester yarn were spun 
and statistically evaluated using the full 
factorial experimental design technique. 

n	 Experimental 
Polyester staple  fibre is the second com-
mon  fibre type - after cotton - that is spun 
on rotor spinning machines. [12] This 
study aims to gather some information and 
make an investigation about the twisting 
efficiency of 100% polyester  fibres in the 
rotor spinning process. The experimental 
spinning work of this study was conduct-
ed on a laboratory type of Schlafhorst Au-
tocoro 312 rotor spinning machine. The 
details of constant and variable spinning 
parameters that were employed during 
the spinning trials are shown in Tables 1 
and 2, respectively. 

Four different types of polyester staple  
fibres (Table 3) were spun on the rotor 
spinning machine under identical ma-
chine conditions. During the trials, each  
fibre type was spun with yarn densities of 
50 tex and 30 tex, systematically employ-
ing each of the eight different types of 
opening rollers at speeds of 8000 r.p.m. 
and 8500 r.p.m. individually. Each  fibre 
type was spun on the same six spinning 
units during the whole trials to eliminate 
possible spinning condition differences 
between the spinning units of the ma-
chine. 

Opening rollers
There have been several studies concern-
ing the effect of opening roller speed and 
properties on the characteristics of rotor 
spun yarn [1, 11 - 20]. The main purpose 
of the opening roller is to open the  fi-
bre sliver to individually aligned single 
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Table 1. Constant spinning parameters for 
the spinning of 100% polyester rotor spun-
yarn.

Constant spinning parameters
Spinning box SE 11
Rotor type T 540 BD
Rotor diameter, mm 40
Rotor speed, r.p.m. 80 000
Twist coefficient, αm,(αtex) 115 (3634)
Navel K6
Torque stop TS 30/3W

Table 2. Variable spinning parameters for 
the spinning of 100 % polyester rotor spun-
yarns. 

Variable spinning parameters

Opening roller types
OR.1, OR.2, 
OR.3, OR.4, 
OR.5, OR.6, 
OR.7, OR.8

Fibre type P.1, P.2, P.3, P.4
Opening roller speed, rpm 8000, 8500

Yarn linear density levels Nm20 (50 tex), 
3Nm 34 (30 tex)
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Table 3. Raw material properties.

Code of  fibre types P.1 P.2 P.3 P.4
Fibre linear density, dtex 1.30 1.51 1.37 1.63
Sliver number, ktex 5 5 5 5
2,5% span length, mm 26.7 26.7 37.3 36.2
Sliver strength, cN/ktex 60.21 61.97 68.41 67.49
Sliver elongation at breaking, % 7.02 6.28 18.84 18.22
Fibre crimp, 1/cm 7.12 7.43 7.02 7.09

fibres. The efficiency of opening fibre 
on the roller surface depends on the total 
opening force affecting the  fibres, caused 
by the opening roller tooth [16]. Well 
straightened, aligned and parallelised  fi-
bres of the opened sliver are expected to 
built efficiently twisted rotor yarn bodies. 
It was reported by Tyagi [11] that there 
is a marked increase in twist efficiency 
with an increase in opening roller speed. 
The increase in twist efficiency is the 
result of a decrease in the percentage of 
sheath  fibres. Greater  fibre separation 
at higher opening roller speeds reduces 
the possibility of some  fibres becoming 
wrapper simply because they happen to 
entangle with the  fibres undergoing belt 
formation. Ülkü’s approach [14] con-
cerning the effect of opening roller speed 
on the twist efficiency is also similar to 
Tyagi’s; in their work they mention that 
there is only a small degree of associa-
tion between opening roller speed and 
twist. The slightly increased number of 
twists for high opening roller speeds can 
be attributed to the high degree of  fibre 
separation at high speeds [15]. 

Table 4 shows basic properties of the 
opening rollers, which were chosen from 
among current commercial opening roll-
ers, employed during the trials. They dif-
fer from each other concerning the tooth 
shape, number of teeth per unit area and 
surface coating properties [12].

Twist measurement 
The twist level of the rotor yarn speci-
mens were measured using the untwist-
ing-retwisting method. The purpose of 
employ this method was not to deter-
mine the real twist level of the specimens 
but to establish a comparable twist value 
database for the specimens, which were 
of the same linear density and spun us-
ing different opening rollers and open-
ing roller speeds. The twist value of the 
yarn samples was measured according 
to Standard DIN EN-ISO 2061 using 
a Zweigle D303 automatic twist tester 
in the accredited textile laboratory of 
Schlafhorst in Mönchengladbach, Ger-
many. The testing length was 500  mm 
and the pretension weight equal to  
0.6 cN/tex, which are practically used 
values for twist difference measurements 
of OE rotor yarns [21]. Each of the six 
packages of yarn samples was tested 
20  times individually, and the mean of 
the 20 test results was used as the meas-
ured yarn twist value of each yarn pack-
age. As pointed out earlier, the twist 

measured does not indicate the true twist 
level of the yarn because of the irregu-
lar twist structure and wrapping  fibres 
of rotor spun yarn. However, the objec-
tive of the current study was to investi-
gate the effect of the above- mentioned 
spinning parameters on the percentage 
twist deviation (PTD) [9], twist insertion 
efficiency [10], and % twist difference 
values (T% ) [21] of the yarn samples. 
Since the same testing procedure was ap-
plied for all the yarn specimens, the twist 

measurement method should not have 
any influence on the validity of the work. 
Twist measurement tests were performed 
under a standard atmosphere of 20 ± 2 ºC 
and 65 ± 2% RH.

The untwisting-retwisting method of 
twist measurement only gives some idea 
about the level of rotor yarn twist that is 
untwistable. There are always some dif-
ferences between the machine twist and 
that of the of rotor spun yarn measured. 

Table 4. Opening roller properties.

Code Commercial 
name Teeth shape Teeth per unit 

area, teeth/cm2
Surface 
coating 

OR.1 S 21 DN 16,5 diamond-
nickel

OR.2 S 21 N 16,5 nickel 

OR.3 S 21 D 16,5 diamond

OR.4 S 22 P 11,6 plasma

OR.5 OS21DN 13,2 diamond-
nickel

OR.6 S 43 N 10,7 nickel

OR.7 NW 20 3,23 -

OR.8 S 25 D 8,9 diamond
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Deussen defines twist difference as writ-
ten below and symbolises it by %T.

%T = (Ta - Tm)/Tm × 100

where;
%T 	= twist difference, 
Ta 	 = adjusted machine twist in 

turns/m,
Tm 	 = measured yarn twist in turns/m.

A lower value of %T indicates that the 
number of belt  fibres around the rotor 
yarn is low, and the twist structure of the 
tested yarn is close to that of ring spun 
yarn. A higher value of %T indicates 
the existence of a high number of WF 
on the rotor yarn surface. The suggested 
%T value for cotton rotor yarn is be-

tween 0 to -20 and for cotton-polyester 
blend yarn between -10 to -45 [21].

n	 Results and discussion 
In the experimental plan of the work, 
the twist coefficient was kept constant at  
αm = 115, and for each yarn the linear 
densities were 30 tex and 50 tex. There-
fore, the machine twist of the yarns was 
expected to be 666 t.p.m. for 30 tex and 
512 t.p.m. for 50 tex yarns. 

The twist difference values of each yarn 
sample was calculated using the above-
mentioned %T formula, and the results 
are listed in Table 5. 

The graph in Figure 1 exhibits the %T 
value of 30 tex yarns for opening roller 
speeds of 8 000  r.p.m. and 8 500  r.p.m. 
Figure 2 exhibits the %T value of 
50  tex yarn samples for two levels of 
opening roller speed.

Statistical evaluation
Statistical analysis of test results was done 
using the full factorial variance analysis 
method. The yarn samples were divided 
into four groups of the same yarn linear 
density and opening roller speeds. Then 

Table 5. Twist difference%T values of 100% polyester yarns, (turns / m); *measurement 
can not be done.

Yarn 
density, 

tex

 Fibre 
types

Opening 
roller 

speed, 
r.p.m.

Opening roller types

OR.1 OR.2 OR.3 OR.4 OR.5 OR.6 OR.7 OR.8

30 

P1
8 000 -58.27 -59.57 -54.80 -62.18 -59.73 -59.68 -56.87 -46.38 
8 500 -60.33 -53.73 -42.65 -59.48 -49.15 -48.55 -52.10 -38.07 

P2
8 000 -50.43 -52.47 -37.42 -53.80 -53.35 -128.7 -56.22 -53.40 
8 500 -49.80 -53.48 -32.82 -50.12 -38.63 -53.27 -52.15 -48.32 

P3
8 000 -71.36 -73.92 -71.97 -70.47 -63.73 -70.36 -52.03 -72.05 
8 500 -70.77 -71.80 -67.35 -70.82 -24.82 -49.27 -26.95 -65.55 

P4
8 000 -44.08 -43.05 -12.18 -28.72 -13.83 -50.47 -53.10 -15.33 
8 500 -41.93 -43.58 -12.18 -28.72 -13.83 -46.02 -36.40 -15.33 

50 

P1
8 000 -4.64 -7.63 -16.75 -8.94 -4.50 -3.48 -4.52 -4.96 
8 500 -10.56 -5.43 -1.08 -2.64 -16.18 -3.32 -8.30 -2.58 

P2
8 000 -32.57 -22.84 -33.65 -24.50 -29.65 -33.70 -18.03 -35.77 
8 500 -16.50 -24.07 -29.57 -33.07 -35.67 -23.67 -14.95 -5.35 

P3
8 000 -59.07 -50.70 -61.25 -58.95 -61.87 -63.02 -66.27 -65.32 
8 500 -61.42 -59.78 -64.60 -46.63 -53.45 -67.22 -65.43 -60.75 

P4
8 000 -40.87 -41.00 *  -30.98 *  -42.82 -44.22 * 
8 500 -38.27 -22.28 *  *  *  -41.48 -40.56 * 

Figure 2. Effect of the opening roller and  fibre type on the DT%, twist difference values of 50 tex yarns at opening roller speeds of  
a) 8,000 r.p.m., b) 8,500 r.p.m.

Figure 1. Effect of opening roller and  fibre types on the DT%, twist difference values of 30 tex yarns at opening roller speeds of  
a) 8,000 r.p.m., b) 8,500 r.p.m.

a) b)

a) b)

P1 P2 P3 P4

P1 P2 P3 P4
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the %T values of the each yarn group 
were statistically evaluated to understand 
the influence of raw material and open-
ing roller types for the yarns of constant 
yarn number and opening roller speed. 
Variance analysis results are shown in 
Table 6. As it is seen from Table 6, the 
type of opening roller and  fibre, and the 
interaction of opening roller type-fibre 
type were influential parameters for each 
of the four groups of yarn. 

Influence of opening roller type 
The type of opening roller is statistical-
ly found as an influential parameter for 
the %T of rotor yarns. Teeth shape, 
the number of teeth on the surface of an 
opening roller, and surface coating ma-
terial type are the important features af-
fecting the opening force and opening 
efficiency of a sliver on a rotor spinning 
unit. [12, 17 - 19] Nicolic studied the 
opening force as a function of opening 
roller dents. Kong introduced a formula 
of points per  fibre (p.p.f.) to evaluate the 
effects of rotor speed, twist level, and 
opening roller speed.  fibre separation ef-
ficiency is associated with the speed of 
the opening roller, tooth density on the 
surface of the opening roller, the speed 
of the sliver feed, the linear density of the 
sliver and fibre, the mean  fibre length, 
and tooth profile of the opening roller. 
Schmidt emphasised the affect of the 
properties of the surface coating of the 
opening roller on the opening efficiency 
of the sliver. 

Influence of  fibre type 
Fibre type is found to be one of the statis-
tically influential parameters affecting the 
twist difference value of 100% polyester 
rotor spun yarns. As is seen from Table 6, 
the F value of  fibre type (B) was found 
to be higher than opening roller type (A) 
for 50 tex yarns. 

In Figure 1 the highest twist insertion ef-
ficiency was achieved by the fibre type 
P4, whose twist difference interval was 
in the range of -10 to -45, as suggested 
by Deussen. The other three  fibre types 
were found to be out of the suggested 
twist difference interval. The worst twist 
difference value belongs to P3. 

In Figure 2 the highest twist insertion ef-
ficiency was achieved by the fibre type 
P1. Fibre types  P2, P4, and P3 follow P1 
concerning the twist insertion efficiency 
levels. The highest twist difference value 
belongs to P3 for both yarns linear densi-
ty 30 tex and 50 tex. Except the fibre type 
P3, the other three  fibre types had a twist 

difference interval in the range of -10 to  
- 45, as suggested by Deussen. 

The twist difference value of rotor yarns 
is affected by  fibre linear density [10, 11, 
13]. Fine  fibres have lower twist insertion 
efficiency than thicker fibres. Increased  
fibre stiffness of thicker  fibres helps to 
decrease the formation of wrapper  fibres, 
which results in higher twist insertion into 
the rotor yarn. Lower density  fibre type 
P3 was found to give the lowest twist 
insertion efficiency for both 30 tex and 
50 tex yarns at the two levels of opening 
roller speed. The other lower linear den-
sity  fibre type, P1, also gives the second 
lowest twist insertion rate for a yarn den-
sity of 30 tex but not for a yarn density of 
50 tex. The low linear density and short 
fibre length of P1 result in  having the best 
level of twist insertion for a yarn linear 
density of 50 tex, for each opening roller 
speed levels and opening roller type. 

Fibre length is another aspect affecting the 
number of wrapper fibre formation on the 
surface of rotor yarn. Longer  fibres have 
a higher tendency to form wrapper  fibres 
around the rotor yarns, resulting lower 
twist insertion efficiency [1]. The longest 
spun length of  fibre type P3 was found to 
have the lowest twist insertion efficiency 
for both the linear density and opening 
roller speeds. The second longest  fibre 
type, P4, was found to have the second 
lowest twist insertion efficiency for 50 
tex yarn groups, as it was expected; how-
ever, it has the best twist insertion effi-
ciency for 30 tex yarn groups.  Fibre type 
P3 exhibits expected behaviour regarding 
linear density and spun length. The long 
staple length and thin  fibre density of 
P3 caused the lowest twist insertion ef-
ficiency, which may be explained by the 

possible increase in the number of WFs 
occurrence in the thin and longer  fibres 
of P3. Literature knowledge of the effect 
of  fibre density and length has been af-
firmed in the frame of this work. 

Change in opening roller speed 
The opening roller speed affects the 
opening efficiency of the sliver,  fibre 
alignment and straightening directly and 
the placement of individual  fibres in the 
yarn body indirectly [4, 5, 15, 17, 18, 
21]. Tyagi mentioned that opening roller 
speed is a significantly influential param-
eter for the twist efficiency of polyester 
rotor spun yarn. The effect of change 
in the opening roller speed on the twist 
difference value of polyester rotor spun 
yarn was not statistically evaluated in 
this work; however, visual evaluation of 
the graphs in Figures 1 & 2 emphasise 
the influence of change in the opening 
roller speed on the twist difference value 
of yarn. Since the difference in the lev-
els of the opening roller speed is only 
500 r.p.m., the influence is not big enough 
to make any change to the twist difference 
ranking of the  fibre types for both yarn 
densities. The behaviour of  fibre types 
P1, P2, and P4 proves the statement of 
Tyagi that an increase in twist efficiency 
with increasing opening roller speed re-
sults from a decrease in the percentage of 
wrapper  fibres. Greater  fibre separation 
at higher opening roller speeds reduces 
the possibility of some  fibres becoming 
wrapper simply because they happen to 
entangle with the  fibres undergoing belt 
formation. The lower  fibre density and 
longer  fibre length of  fibre type P3 did 
not exhibit any decrease in twist inser-
tion efficiency as a result of an increase 
in opening roller speed. 

Table 6. Variance analysis results of the four individual yarn groups; *statistically signifi-
cant at α = 0.05, A - Opening roller type; B -  fibre type.

Yarn 
groups

Yarn 
density, tex

Opening roller 
speed, rpm

Influential 
parameters F0,05 F P 

significance

1 30 8000
A 2.09 45.621* 0.000
B 2.68 18.137* 0.000

A*B 1.65 2.004* 0.005

2 30 8500
A 2.09 39.006* 0.000
B 2.68 19.683* 0.000

A*B 1.65 1.824* 0.016

3 50 8000
A 2.09 18.662* 0.000
B 2.68 30.581* 0.000

A*B 1.65 2.574* 0.000

4 50 8500
A 2.09 25.081* 0.000
B 2.68 54.950* 0.000

A*B 1.65 5.133* 0.000
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n	 Conclusions
This study concerns the effect of opening 
roller type,  fibre type, yarn linear den-
sity, and opening roller speed on the twist 
efficiency of 100% polyester rotor spun 
yarns. The conclusions listed below can 
be stated as a result of this work. 

n	 The twist aspect of rotor spun yarns 
is quite complicated and has several 
parameters influencing the twist inser-
tion rate into the rotor yarn body.

n	 Results of variance analysis affirmed 
that  fibre type and opening roller type 
are significantly influential parameters 
for the twist insertion efficiency of 
100 % polyester rotor spun yarns. 

n	 The twist insertion efficiency of rotor 
yarns is affected by  fibre linear densi-
ty. Finer polyester  fibre types exhibit 
lower twist insertion efficiency than 
thicker  fibre types. Increasing the  
fibre stiffness of thicker  fibres helps 
to decrease the formation of wrap-
per  fibres, which may result in higher 
twist insertion into the rotor yarn. This 
statement is affirmed for all four  fibre 
types of 30 tex yarns, as well as P3 
and P4  fibre types of 50tex.

n	Fibre spun length is another aspect af-
fecting the twist insertion efficiency 
of rotor yarn. Longer fibres have a 
higher tendency to form wrapper  fi-
bres around the rotor yarns, resulting 
in lower twist insertion efficiency. 
Longer - and low density - polyester  
fibre of type P3 has the lowest twist 
insertion efficiency. 

n	The evaluation of change in the open-
ing roller speed for the twist insertion 
ratio reaffirmed the statements of Ty-
agi and Ülkü, 1993. Increased open-
ing roller speed raises  fibre separation 
efficiency, and maintains better twist 
insertion rate. 

n	 It has been reported that increased 
yarn linear density decreases the twist 
efficiency of yarn. [1, 9] In this work it 
was observed that an increase in yarn 
linear density improves twist insertion 
efficiency contrary to Dyson’s state-
ment. In order to clarify this unexpect-
ed finding, more experimental study 
should be carried out to understand 
the relation between yarn linear densi-
ties and twist insertion efficiency.

Editorial note
The names of companies or commercial pro-
ducts are mentioned solely for the purpose of 
providing specific information; their mention 
does not imply recommendation or endorse-
ment over others not mentioned.
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