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Abstract 

In the recent days every textile technologist requires the production of yarn with higher quality and high 

yarn realization which can be made possible if the textile technologist takes the improvement steps on the machine 

as well as processing parameters. Now everybody is looking for encouraging the yarn quality by improving 

processing parameters. Generally the yarn quality parameters are affected by the physical structure of the yarn. 

The yarn cross-section shape is the very important yarn physical parameter which has a dominant effect on the 

physical structure of the yarn. In the past days no such studies have been conducted on the yarn cross-section 

studies due to the various limitations of the yarn cross-section measuring or testing instruments. Here author 

studied four factors are affecting the yarn cross-section i.e. twist multiplier, Roving hank, spinning system and 

doubling technique. 

Introduction 

Up till now very limited studies have been conducted on the yarn cross-section shape and which is mainly 

due to the difficulty and inaccuracy in the measurement of the yarn cross-section shape. It is found that the yarn 

cross-section shape plays very important role in deciding the fabric appearance as well as it has dominant effect 

on the yarn quality parameters as stated by Arindam Basu [1] so it fills important to test the yarn cross-sectional 

shape and its area. The conventional method discussed in the study by Gunay Melih et al [2] and Hamilton J.B. 

[3] for direct yarn cross-section measurement method which gives the approximate value, so far in this study the 

yarn cross-sectional area has been accurately measured by the instrument developed by Prof. Narkhedkar R.N. et 

al [5]. The instrument developed by the author it is possible to measure the yarn cross-sectional area without 

cutting the yarn so far there is no disturbance is provided to the fibres in the yarn cross-section. There are many 

parameters of cross section which affect the physical and mechanical properties of the yarns such as: surface area, 

perimeter, equivalent diameter, large diameter, small diameter, convexity, stiffness, eccentricity, and hydraulic 

diameter. 

Material and method 

In this study for testing the yarn cross-sectional area the testing instrument fabricated by author was used. 

For testing the effect of various processing parameters on the yarn cross-sectional area three different cotton 

counts viz. 20s Ne, 30s Ne and 40s Ne are used. The mentioned three yarn counts are spun with three twist 

multipliers each i.e. 3.6, 4.2 and 4.8. 

Results and Discussion: 

1. Effect of Twist Multiplier – 

For testing the effect of twist multipliers the yarn samples have been produced for three different twist 

multipliers such as: 3.6, 4.2 & 4.8 each for three combed cotton counts like 20s, 30s & 40s then the change in 

yarn cross-sectional area have been calculated by average radius method as well as by the novel method and these 

values are as given following table 1. 

TABLE 1 YARN C/S AREA W. R. T. DIFFERENT COUNTS AND TWIST  

MULTIPLIERS 

 

  
 Yarn Count Ne  

  20s      30s      40s    

Twist 

Multiplier 
3.6 4.2 4.8 3.6 4.2 4.8 3.6 4.2 4.8 

Average 

Yarn 

Radius 

(mm) 

0.11407 0.10005 0.09107 0.10019 0.08909 0.07937 0.08058 0.020401 0.019242 

Yarn C/S 

Area By 

Avg. 

Radius 

(mm2) 

0.040884 0.031451 0.026059 0.03154 0.024938 0.019793 0.07192 0.016252 0.01514 

Yarn C/S 

Area By 

Novel 

Method 

(mm2) 

0.03799 0.02892 0.024894 0.03154 0.023513 0.018454 0.0594 0.011086 0.010078 
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FIGURE 1 

TABLE 2  STATISTICAL ANALYSIS OF YARN WITH DIFFERENT T.M. 

Yarn Count Spun  Analyzed For   'P' Value 

20s Ne CB 
T.M. 3.6,4.2&4.8 0.052903 

Between Method 0.004103 

30s Ne CB 
T.M. 3.6,4.2&4.8 0.014449 

Between Method 0.000832 

40s Ne CB 
T.M. 3.6,4.2&4.8 0.001662 

Between Method 6.97E-05 

20s Ne K 
T.M. 3.6,4.2&4.8 0.043608 

Between Method 0.006867 

30s Ne K 
T.M. 3.6,4.2&4.8 0.025683 

Between Method 0.003667 

Above table 2and figure 1 reflects that, for both the materials there is significant difference in yarn cross-

sectional area for the different twist multipliers it is interpreted by ‘P’ values which are less than 0.05 which is 

due to the variation in fibre packing density affected by the twist. It also confirms that there is significant difference 

in yarn cross-sectional area calculated by two different methods for a particular count, T.M. & material it is due 

to the fact that, in the conventional average radius method the radius calculated may not be the perfect one, but 

the novel method considers all possible yarn radii and calculates accurate yarn cross-sectional area. 

It is also found that, as the twist multiplier increases there is reduction in yarn cross-sectional area, for 

coarser counts there is only 13% to 20% reduction due to higher number fibres in cross-section, while the reduction 

is increased to 20% to 35% in case of fine counts due to higher compactness offered by the less number of fibres 

in yarn cross-section. 

2. Effect of Roving Hank Fed and different spinning systems – 
For testing the effect of fed roving hank 30s Ne cotton count both for the 0.7s Ne and 1.16s Ne roving 

hank was produced and the yarn with two spinning systems viz. compact spinning system and regular spinning 

system was produced with hank fed as 0.7s Ne and the cross-sectional area calculated by both the testing methods 

are as given in following table 3.  

TABLE 3 YARN C/S AREA W. R. T. DIFFERENT ROVING HANKS AND DIFFERENT SPINNING SYSTEMS 

Parameters Average Yarn Radius Yarn C/S Area By Avg. Radius Actual Yarn C/S Area 

0.7s Ne 0.09657 0.029302 0.026701 

1.6s Ne 0.07986 0.020038 0.018317 

Compact system 0.0781 0.019165 0.017913 

G5/1 R/F 0.11014 0.038115 0.034951 
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FIGURE 2      FIGURE 3 

 TABLE 4 STATISTICAL ANALYSIS  

  

Analyzed For  

'P' Value 

 Different roving hanks Different spinning systems 

Between Method 0.127874 0.260125 

Between different roving hank fed  0.031718 0.033791 

 The above table 3 and figure 2 confirms that, even the count produced is same i. e. 30s Ne the yarn cross-

sectional area produced by the course roving i.e. 0.7s Ne is larger than that of produced from the finer roving hank 

i.e. 1.16s Ne this fact is true for both the testing methods this is due to the fact that the courser roving gives more 

spreading during the drafting in the drafting system while the web spreading is less for finer roving hank. The 

statistical analysis as given in the table 4 it is found that, the ‘p’ value for two different roving hanks fed  is 

0.03172 is less than 0.05 which proves that there is signifigant difference between the yarn cross-sectional area 

produced from the two different roving hanks but both the testing methods calculates nearly same yarn cross-

sectional area. 

 The above table 4 reflects the statistical analysis of the yarn cross-sectional areas calculated by both of 

the methods as well as by the compact spinning system and regular spinning system. From this statistical analysis 

it is proved that there is no significant difference between the yarn cross-sectional areas calculated by both of the 

testing methods but since the ‘P’ value for different spinning systems is 0.03379 which is less than 0.05, the yarn 

produced by using two spinning systems viz. compact spinning system and regular spinning system shows 

significantly different cross-sectional area this is because in the compact spinning system during the drafting the 

material web is not allowed to spread and maximum number of fibres area bounded in the yarn body resulting to 

the increase in fibre density of the yarn while in case of the yarn produced by using regular spinning system the 

drafting web is spreads during drafting and the fibre packing density is reduces as compared to the yarn produced 

by the compact system even the yarn count produced by both of the system is same i.e. 30s Ne. 

3. Effect of Doubling Techniques – 

In this study 2/60s Ne double yarn has been produced with three different doubling techniques such as: 

Ring doubler, TFO & SIRO then those samples are tested by both the measuring techniques. The results are as 

given in table 5. 

TABLE 5 YARN C/S AREA W. R. T. DIFFERENT DOUBLING TECHNIQUES 

Doubling System 
Average Yarn Radius 

(mm) 

Yarn C/S Area By Avg. Radius 

(mm2) 

Yarn C/S Area By Novel 

Method (mm2) 

Ring doubler 0.15179 0.072392 0.062475 

TFO 0.16809 0.088775 0.076049 

SIRO 0.13416 0.056527 0.051414 
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FIGURE 4 

TABLE 6 STATISTICAL ANALYSIS OF YARN WITH DIFFERENT DOUBLING TECHNIQUES 

Yarn Count  Analyzed For 'P' Value 

2/60s Ne 
Between Method 0.053155 

Between Doubling System 0.017976 

 

Among the all doubling techniques TFO gives larger yarn cross-section as compared to the other two 

techniques and SIRO yarn is produced with lest yarn cross-sectional area which is due to the principle of twist on 

twist. 

Above table 5 and figure 4 reflects that, there is no significant difference in yarn cross-sectional area 

calculated by two different methods for a particular doubling technique it is interpreted by ‘P’ value 0.053 which 

is greater than 0.05 this is because of increase in linear density of the yarn. It is also found that, the different 

doubling techniques produce yarns of significantly different cross-sections it is interpreted by ‘P’ value 0.0179 

which is less than 0.05 which are due to the variation in the yarn twisting techniques.    

Conclusions 

Conventional method of calculating the yarn cross-sectional area gives the area of circle corresponding to the 

any radius taken but the novel method developed by us gives the correct yarn cross-sectional area irrespective of 

the any one radius. By this novel method correct, fast and easily yarn cross-sectional area can be calculated due 

to the soft ware interference. 

It is found that the yarn cross-sectional area is reduces as the yarn twist multiplier increases.  For the courser 

counts the reduction in yarn cross-sectional area with the increase in twist multiplier is less as compared to the 

finer counts. 

Even the count produced is same i. e. 30s Ne the yarn cross-sectional area produced by the course roving is 

larger than that of produced from the finer roving hank this fact is true for both the testing methods. By the 

statistical analysis it is found that, the ‘p’ value for two different roving hanks fed  is is less than 0.05 which proves 

that there is signifigant difference between the yarn cross-sectional area produced from the two different roving 

hanks but both the testing methods calculates nearly same yarn cross-sectional area. 

By the statistical analysis of the yarn cross-sectional areas calculated by both of the methods as well as by the 

compact spinning system and regular spinning system it is proved that there is no significant difference between 

the yarn cross-sectional areas calculated by both of the testing methods but since the ‘P’ value for different 

spinning systems is less than 0.05, the yarn produced by using two spinning shows significantly different cross-

sectional area even the yarn count produced by both of the system is same i.e. 30s Ne. 

Among the three doubling techniques TFO gives larger yarn cross-section as compared to the other two 

techniques and SIRO yarn is produced with lest yarn cross-sectional area. The statistical analysis reflects that, 

there is no significant difference in yarn cross-sectional area calculated by two different methods for a particular 

doubling technique which is interpreted by ‘P’ value which is greater than 0.05. 

References: 

1. Arindam Basu, September 2009, ‘Effect of yarn manufacturing techniques on yarn structure’, The South 

Indian Journal of Fibre & Textile Research 4 November 2008 Vol. 34, PP. 287-294. 

2. Gunay Melih, Moon W. Suh & Warren Jasper, November 2004, ‘Direct yarn cross-section shape 

measurement method’, National Textile Center Annual Report, PP. 1-10. 

3. Hamilton J.B., December1959, ‘A direct method for measuring yarn diameters and bulk densities under 

conditions of thread flattening’, JTI, Vol.50, PP. T655-T672. 

4. Mounir Jaouadi, Slah Msehli & Faouzi Sakli, September 2008, ‘Evaluation of real yarn diameter’, Indian 

Textile Journal,. 

5. Narkhedkar R.N. & Kane C.D. March 2012, ‘A Novel Method to study the Yarn Cross-section shapes’ Textile 

Asia, PP. 21-24. 

6. Narkhedkar R.N. & Kane C.D. March 2012, ‘Study of yarn cross-section shape and its diameter’ Indian 

Textile Journal, PP. 36-40. 

7. Tasai L.S. & Chu W.C. 1996, ‘A new photoelectric device for the measurement of yarn diameter and yarn 

evenness’, J.T.I, 87 parts-I, NO. 3, PP. 484 – 494.  

8. Vas L.M., Halász  G., Takács M., Eördögh I. & Szász K., 1994, ‘Measurement of Yarn Diameter and Twist 

Angle with Image Processing System’, Periodica Polytechnica 38, PP. 277-296. 



International Journal on Textile Engineering and Processes, ISSN: 2395-3578 
Vol 1, Issue 4, 

October 2015 

 

 
Copyright@CTF- MPSTME Page 55 

9. Wulfhorst Ing.B, 1989, ‘Comparison of different optical measuring methods for the determination of the real 

yarn diameter’, Translation of Melliand, 70, PP. 95. 

 

 

 
 


