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Introduction
One of the most significant factors affecting the productivity and 

quality of textiles is the yarn manufacturing technique.1 Compact 
spinning technology introduced as one of the best spinning innovations 
of this century is considered as the new benchmark for staple yarn 
quality.2 Yarn production through compact spinning system is 
becoming popular day by day. The compact spinning system produces 
a yarn structure which is different from the structure of conventional 
spun yarn as the result of the elimination of the spinning triangle.3,4 
Already the various aspects and possibilities of quality improvement 
(such as hairiness, strength, etc.) and advantages in the downstream 
process offered by compact spinning have made this system universal. 
However, compact yarn may be produced from carded and also from 
combed roving. In addition, it is worth mentioning that fiber cost 
constitutes more than 50% of the producing cost of cotton yarn.5 As 
a result, the better utilization of fiber substance offers possibilities of 
reducing raw material costs, for example, by processing carded roving 
instead of combed roving. The improved yarn quality permits to use 
carded yarns in applications, which originally required combed yarns.6

However, in compact spinning, the drafted fibers are guided over 
the openings of the suction slots. Following the air flow, the fibers 
perform a lateral rolling motion and are consequently condensed. 
The compacting efficiency in the condensing zone is enhanced by the 
width of drafted fiber strand emerging from the front roller nip line. 
Higher number of fibers is supposed to be drafted with higher levels 
of the draft during the coarse compact yarn production. It leads to 
the formation of wide drafted strand that is going to be condensed by 
this spinning system. The increasing levels of drafting force per unit 
mass of fiber are supposed to be occurred because of having greater 
levels of fiber friction. On the other hand, the high draft increases the 
width of the drafted fiber strand emerging from front roller nip point. 

Therefore, narrowing and decreasing the width of the band of drafted 
fibers are significantly important for the compact yarn production, 
especially for production of coarser compact yarn. In addition, during 
coarse yarn production, inter-fiber cohesion increases which disturbs 
the motion of the floating fibers in the drafting field. These floating 
fibers of carded roving have more chances to move out from the fiber 
strand of the drafting zone. As a result, it will increase the width of the 
fibers band before entering the final condensing zone. Thus, complete 
incorporation of edge fibers in the final yarn body becomes somewhat 
different for carded compact yarn compared to combed compact yarn. 
As the cost of carded compact yarn is much lower than that of combed 
compact yarn, then it is required to investigate the various process 
parameters in order to improve the quality levels of compact yarn 
produced from carded roving.

Mohamed Sayed et al.7 studied the quality of compact yarn produced 
with different types of cotton fiber, whereas some other researchers8–11 

had compared compact carded yarn quality with combed compact or 
normal carded and combed ring yarn. However, the main objective of 
this study is to fill the gap in the literature via investigating the effects 
of various process parameters during production of carded compact 
yarn. As a result, it is attempted in the present study to investigate the 
interactive effects of roving parameters (i.e., roving hank and roving 
twist) as well as break draft on the quality of compact carded yarn in 
terms of evenness, strength and hairiness.

Materials and methods
Yarn sample preparation

The 100% cotton compact yarns produced from the raw materials 
of African origin (i.e., Benin). Fiber specifications are given in Table 
1. For this experimental investigation, carded compact yarns of two 
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Abstract

This project work aimed to investigate the interactive effects of carded roving parameters 
(i.e., roving hank and twist) and break draft of ring frame on the quality of compact yarn 
such as evenness, strength and hairiness. However, in this work, compact spun yarns 
produced from carded roving hanks of 0.70Ne and 0.90Ne while the roving twist per meter 
inserted at two levels (i.e., 40 and 45) for each of hank. Moreover, the break draft values of 
ring frame kept at three levels (i.e., 1.15, 1.25 and 1.35) for each type of roving. However, 
100% cotton compact yarns of 24Ne and 32Ne produced for this experimental investigation. 
However, results showed that yarn unevenness (U%) and imperfection index (IPI) values 
of compact yarn decreased for the finer roving hank (0.90Ne) irrespective of yarn fineness. 
It was also noticed that low twisted roving improved yarn evenness during coarser yarn 
(i.e., 24Ne) production. Regarding the count strength product (CSP) value, increasing 
levels of roving twist deteriorated the CSP results in general. Trend of CSP results also 
revealed that finer roving produced higher levels of CSP results for comparatively finer 
yarn production. As far as yarn hairiness is concerned, it was observed that finer roving 
(0.90Ne) having higher levels of twist reduced yarn hairiness irrespective of yarn fineness 
without any exception. Finally, it can be said that this study will help the researchers for 
comprehending the influences of the process parameters during the production of compact 
yarn from carded roving. 
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different counts (i.e., 24Ne and 32Ne) were produced in LR/60/A 
ring spinning frame having an attachment of Suessen compacting 
system. Unifloc, Uniclean, Unimix, Uniflex, Vision Shield (Jossi) as 
well as Condenser of blow room line along with Rieter C-60 Carding 
machines were used in the fiber preparatory stages sequentially. Two 
drawing passages of Rieter SB-D45 and RSBD-22 were applied 
whereas finisher slivers of 75 grain/yard were kept constant for 
this experiment. Hongyuan roving frame was used for producing 
carded roving of 0.70 Ne and 0.90 Ne. The carded roving processed 
had the same technological parameters. However, constant process 
parameters used in this experimental work have been mentioned in 
Table 2. Design plan of this experiment has also been given in Table 3. 
Roving hank and roving twist varied in two levels for each three types 
of break draft (i.e., 1.15, 1.25 & 1.35) of the ring spinning frame.

Table 1 Specifications of fiber

Fiber specifications Value± (Standard deviation)

Fiber Type 100% cotton

Fineness (Micronaire) 4.54±0.37

Maturity Ratio 0.87±0.05

UHML (mm) 29.32±0.79

SFC (w) 10.6%±0.85

Strength (g/tex) 32.2±2.04

Trash Area 0.19±0.03

Table 2 Constant process parameters

Machine Parameters Value
Cleaning Intensity (C.I.) of 
Uniclean, B12 0.4

Relative Amount of Waste (R.W) 
of Uniclean, B12 4

Blow Room Cleaning Intensity (C.I.) of 
Uniflex, B60

0.3

Relative Amount of Waste (R.W.) 
of Uniflex, B60 3

Carding, 
C-60 Cylinder rpm 800

Licker-in rpm 1450

Flat speed 0.33m/min

Production rate 60kg/hr.

Carded sliver weight 78gr/yd

Finisher 
Draw Frame Delivery speed 500m/min

Finished sliver weight 75gr/yd

Simplex Flyer rpm 1050

Ring frame Spindle speed 16000

Traveller size (Bracker Saphir) 2/0 (24Ne) & 4/0 
(32Ne)

 Twist multiplier (TM) 3.5

Table 3 Design plan of experiment

Expt. No. Roving hank (Ne)/ TPM Break draft

1 0.70/40 1.15

2 0.70/40 1.25

3 0.70/40 1.35

4 0.70/45 1.15

5 0.70/45 1.25

6 0.70/45 1.35

7 0.90/40 1.15

8 0.90/40 1.25

9 0.90/40 1.35

10 0.90/45 1.15

Expt. No. Roving hank (Ne)/ TPM Break draft

11 0.90/45 1.25

12 0.90/45 1.35

Testing of yarn samples

Samples produced for each combination of experiment according 
to the design plan of this work. Then, average results were calculated 
to investigate the interactive effects of the selected independent 
variables on the quality parameters of carded compact yarn. However, 
U%, IPI and Hairiness Index results of the compact carded yarn tested 
by UT- 5 at testing speed of 400m/min. Total IPI/km of yarn was 
calculated by adding Thin (-50%), Thick (+50%) and Neps (+200%) 
values. Yarn CSP value was calculated by multiplication of yarn lea 
strength in lbf and English count (Ne) (Table 4).

Table 4 Unevenness, Imperfections, Hairiness and strength results of compact carded yarn

Experimental design

Roving Hank 
(Ne)/ TPM

Break 
draft

Yarn Count= 24 Ne Carded Hosiery Compact 
(KHC) Yarn Count= 32 Ne Carded Hosiery Compact (KHC)

U% IPI/km Hairiness CSP U% IPI/km Hairiness CSP
0.70/40 1.15 10.47 232 5.01 2588 11.69 465 5.51 2504
0.70/40 1.25 10.25 216 5.21 2627 11.28 436 5.65 2529
0.70/40 1.35 10.17 198 5.5 2645 11.07 415 5.9 2556
0.70/45 1.15 10.79 251 4.59 2492 12.17 526 4.99 2430
0.70/45 1.25 10.51 236 4.77 2525 11.85 502 5.17 2458
0.70/45 1.35 10.37 207 4.85 2553 11.37 457 5.45 2485
0.90/40 1.15 9.59 182 4.76 2542 10.83 392 4.76 2629
0.90/40 1.25 9.37 169 4.82 2531 10.48 361 4.93 2609
0.90/40 1.35 9.8 191 5.06 2511 10.65 378 5.08 2572
0.90/45 1.15 10.03 211 4.32 2486 10.72 380 4.61 2542
0.90/45 1.25 9.84 204 4.41 2499 10.36 345 4.71 2558
0.90/45 1.35 10.15 218 4.73 2478 10.26 365 4.85 2576
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Results and discussions
Yarn evenness

The results of yarn quality in consideration of yarn irregularities 
(U %) and imperfection index (IPI) value shown in Figure 1 & Figure 
2 are distinguishable. Figure 1 & Figure 2 show that using coarser 
roving (0.70Ne) resulted in significant increases of yarn irregularities 
(U %) and IPI value of the 32Ne yarn count for any level of roving 
twist & break draft. The coarser roving needs higher level of draft 
during the drafting process in the front zone that leads to poorer 
control over floating fibers. Ultimately, it will be resulted in greater 
yarn U% and IPI value. The increase number of short fibers in coarser 
roving (0.70Ne) compared to the finer roving (0.90Ne) will affect the 
drafting behavior and will be problematic. As far as roving twist is 
concerned, it is noticeable that the yarn U% and IPI value increased 
with the increasing values of roving twist. Inter fiber contact force 
creates problems during drafting. On the other hand, finer roving 
(0.90Ne) with higher level of twist (45) produced positive results in 
term of yarn regularity for 32Ne yarn. This exceptional result can 
be explained in such a way that high twisted finer roving prevented 

floating fiber from being dispersed and bound them into the yarn 
body and ultimately, reduced the amplitude of drafting wave. With 
reference to break draft value, a consistent positive relationship is 
found between yarn regularities and break draft when coarser roving 
(0.70Ne) was fed. The increased level of break draft invariably 
decreased the yarn irregularity for both yarn counts (i.e., 24Ne and 
32Ne) for roving hank of 0.70Ne irrespective of roving twist level. 
This can be explained in such a way that an increasing number of 
fibers in coarser roving tend to be highly entangled that needs a 
higher break draft to prepare the fibers strand before the final drafting 
operation. In case of finer roving of 0.90 Ne, higher break draft of 
1.35 at the spinning frame deteriorated the yarn evenness for 24 KHC 
(carded hosiery compact) whereas it improved the results for 32 KHC. 
Carded roving with twist per meter of 45 improved yarn regularity 
for 32Ne compact yarns when break draft is 1.35. From the above 
discussion, it can be summed up that finer carded roving (0.90Ne) 
along with the break draft of 1.25 gives improved results in term of 
evenness of compact yarn (24KHC) from roving twist per meter (tpm) 
of 40 whereas similar combination produced better result for 32 Ne 
from roving tpm of 45.

Figure 1 Unevenness results of carded compact yarn (left) 24Ne & (right) 32Ne.

Figure 2 Imperfections (IPI) results of carded compact yarn (left) 24Ne & (right) 32Ne.

Yarn strength

Regarding the yarn CSP value, from Figure 3, it is noticeable 
that coarser roving of 0.70Ne produced better results for carded 

compact yarn of 24Ne compared to the finer roving of 0.90Ne. The 
significant improvement in yarn CSP value for 24 KHC with roving 
of 0.70Ne may be resulted due to the phenomena of fiber de-crimping 
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and straightening. A higher number of fibers in the cross section of 
fiber strand lead to the increasing level of the drafting force as each 
contact point can contribute to the drafting force. Simultaneously, the 
increase in total draft (required in case of 0.70Ne compared to 0.90Ne) 
increased the drafting force as well. Therefore, the increase in drafting 
force may de-crimp the fibers during drafting operation and may place 
the fibers under higher tension. The higher the tension, in turn, may 
align the fiber as straight and may increase the packing density of 
fiber strand during compacting operation. As a result, yarn strength 
of 24Ne increased for roving of 0.70Ne compared to the roving 
of 0.90Ne. Although the presence of short fibers in coarser roving 
(0.70Ne) leads to the lower level of fiber controlling during drafting 
operation, but this negative effect may be outweighed by the positive 
phenomenon of fiber straightening occurred before their arrival at the 
compacting area. On the contrary, it is also interesting that roving of 
0.90Ne produced higher yarn CSP results in case of 32Ne compared 
to the roving of 0.70Ne. It may be happened because of the presence 
of the lower level of short fibers in the finer roving strand. These short 
fibers are certainly a disturbing factor to obtain the higher level of 
fiber controlling (i.e., lower amplitude of drafting wave). Besides, the 

total drafts required for producing yarn of 32Ne from both 0.70Ne 
and 0.90Ne are also higher compared to the total drafts required for 
24Ne. As a result, the drafting force required to straighten the fibers 
before the compacting operation can be achieved easily during the 
production of 32Ne yarn because of having high amount of draft. As 
a result, it may be stated that finer roving of 0.90Ne produced better 
CSP results for 32Ne because of lower amplitude of drafting wave. 
However, it is also clearly seen in Figure 4 that low twisted roving 
improved yarn strength for both 24 & 32Ne compact yarns without 
any exception. On the other hand, increased level of break draft 
improved the CSP value of yarn obtained from the coarser roving of 
0.70 Ne irrespective of yarn fineness. It may be explained in such a 
way that a large number of fibers in the roving cross-section need a 
high level of break draft to be untwisted sufficiently before drafting in 
the front zone of ring frame. Roving of 0.90Ne having of twist of 40 
tpm produced higher yarn strength at lower levels of break draft (i.e., 
1.15) irrespective of yarn linear density. It may be occurred because 
finer roving (0.90Ne) spreads unnecessarily due to the increased level 
of break draft and thus spreading of drafted fiber strand hampers the 
final compacting operation.

Figure 3 Strength (CSP) results of carded compact yarn (left) 24Ne & (right) 32Ne.

Figure 4 Hairiness Index results of carded compact yarn (left) 24Ne & (right) 32Ne.

Yarn hairiness

Hairiness, i.e. the sum of all fibers sticking out of the yarn sheath, 
is one of the distinctive characteristics of a staple-fiber yarn. Figure 4 
illustrates the influences of roving parameters (i.e., hank & twist) and 

break draft on the hairiness level of carded compact yarn. However, it 
is distinguishably observed that decreasing levels of roving twist and 
increas.ing level of the break draft attributed to the increasing levels 
of yarn hairiness irrespective of yarn fineness without any exception. 
The feeding of low twisted (tpm=40) roving and inserting high break 
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draft provide maximum spreading of roving in the drafting zone. As 
a result, there are more chances of fibers moving out of the fibers 
strand in the drafting zone, and hence hairiness increased. From the 
comparison of obtained results for both yarns (24Ne & 32Ne), it is 
worth mentioning that high twisted finer roving gives best result in 
terms of yarn hairiness for any level of break draft. The presence 
of short fiber in coarser roving creates drafting wave that hinders 
the compacting operation. For this reason, greater amount of yarn 
hairiness is formed. In addition, as the coarse compact yarn produced 
from carded roving is comprised of higher numbers of fibers in its 
cross-section, the edge fibers of drafted strand may be escaped at 
some extent and controlling of these fibers by negative pressure 
may be somewhat poor in the condensing zone. Therefore, as far as 
yarn hairiness is concerned, finer roving (0.90Ne) should be used 
for obtaining improved results in carded compact yarn. However, 
by analyzing the graph of carded compact yarn, it is observed that 
the minimum yarn hairiness value is obtained for the roving hank of 
0.90Ne, twist per meter of 45 and break draft of 1.15 irrespective of 
yarn fineness. Finally, from the above discussion, it can be summed up 
that finer roving (0.90Ne) with higher levels of roving twist (tpm=45) 
and lower level of break draft (1.15) improved hairiness results of 
coarse compact yarn produced from carded roving in general.

Conclusion
This study focuses on examining and evaluating the dependency 

of compact carded yarn quality in terms of evenness, strength and 
hairiness on the variations of roving hank, twist and break draft of 
spinning frame.

Summary of obtained results of this experimental investigation 
can be given as follows:

i) Results revealed that there were significant reductions of yarn U% 
and IPI value during the production of coarse compact yarn when 
finer roving hank was used. Best results in terms of unevenness 
(U%) and imperfection index (IPI) value of 24Ne compact yarn 
were obtained by keeping the roving hank of 0.90Ne, roving 
twist/meter of 40 and break draft of 1.25. It is worth mentioning 
that finer roving of 0.90 Ne needs increased level of twist to get a 
lower level of yarn imperfections (IPI) for 32Ne compact yarn in 
comparison with 24Ne compact yarn.

ii) Roving fineness should be increased with the increased level of 
yarn fineness. There was a significant increase in yarn CSP value 
when the roving fineness is increased with the increasing level of 
yarn fineness.

iii) High break draft improved the strength of compact yarn 
irrespective of yarn fineness when coarser carded roving is fed.

iv) Moreover, the results also revealed that the low level of break 
draft and high level of roving twist reduced the hairiness of 
compact yarn irrespective of roving and yarn fineness.

v) Finally, it can be mentioned that the future researchers can 
investigate the other processing parameters of spinning frame for 
producing coarse compact yarn from carded roving.
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