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evenness in the structure of the fabric is due to the evenness of the yarn structure and texture factors. In line with physical properties of yarn and fabric, there are several complex definitions, but linking the new indexes of fabric and yarn is one of the issues to be considered. By investigating the relationship between the new structural properties of yarn with fabric properties, this will be possible that by assessing the appropriate extrapolation of physical properties of yarn; assess the fabric structure before the production process. In this study, the longitudinal evenness index (CVL) and the total rate of mass change in thread length (DR%) with the handle measurements of the fabric were investigated by the FAST method. Twelve worsted fabrics were woven and completed in different types and designs. Then, the mathematical relation between yarn's evenness indices and the properties of FAST tests were analyzed and compared by two-way ANOVA and nonlinear regression. The results show that high ratios (R2 ≥ 0.8) exist among a number of FAST indicators and new yarn indexes indices. To better extrapolation of these relationships, several equations of nonlinear regression method were created which can be easily used for future predictions.
Keywords: FAST, Evenness coefficient, Longitudinal unevenness index, Handle
INTRODUCTION
In the recent decade, interest in the high quality beside the lower price of textile products [1] is one of the basic goals of all retailers and wholesalers of this widespread industry [2]. Among these, one of the main products of the textile industry is fabric that in order to assess it, new handle measurement systems such as KES and FAST have been used [3].
What has a special place in this methodology is a direct look at the properties of fabric [4], and mostly the yarn indexes and its relation to the physical properties of fabric structural properties are less discussed [5]. In this regard, various people have tried to integrate physical properties of fabric and yarn separately [6] that the number of articles in this regard is very high, but by analyzing them we did not find a logical connection between the physical properties of yarn and fabric [7], given that the survey of the physical properties of the yarn belong to the 1940s and maybe before it [8]. Two of the unevenness indicators that received less attention were considered as CVL index and DR%.
The CVL index through the curve of variance- length shows the relationship between the standard variance of the yarn with the length of L [9]. Cox and Tonsands argued that the relationship between standardized variance V (l) and measured length leads to the determination of a variety of uneveness index of the yarn that is very useful [10]. The trend of the relationship between L and CVL decreases with increasing length of the yarn. The reason for this can be found in longer lengths of yarn, irregularities, and uneveness that overlap each other and its curve, is called length- variance curve or BL curve. It is preferred to solve the square of CV%, namely relative variance, rather than CV%, that the reason for the slight increase in uneveness is a small effect on the total coefficient of variance, CV%. The length-variance curve V (l) and B (l) are presented to show the relationship between length l and standard deviation. So that B (l) was defined for the standardized variance between the mean length l and V (l) for the standardized mean variance along the length of the yarn. In the more detailed theoretical topics, the curve of these variations represents the values ​​of BL and equal to the square of CVL or the ratio between BL and B (0). According to the relations (1) and (2), it was stated according to Fig. 1, [11]:
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Fig. 1.  Length-Variance curve [11]
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Broadly speaking, relations (3) and (4) are expressed to define mathematical relations (1) and (2).
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Another parameter used in the evaluation of yarn as a newer parameter is the yarn variation rate coefficient (DR%) that represents the length of the yarn higher or lower than the average yarn mass value range.

Yarn coefficient of variation is one of the most recent indicators unevenness measuring device, which, according to recent research, has shown a good relationship with handle, but unfortunately, in that study, only three categories were mentioned [9, 12]. The index DR% can be obtained from equation (6):
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To calculate the DR parameter, a function is defined as p (n). If the changes are outside the defined limits of α, then the function assigns the value of 1, and if it is within the range of α, based on (7) p (n) = 0.
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To obtain the variation rate for a certain region, the samples that have been taken out of the specified mass range are grouped together and divided by the total number of samples (N) according to equation (8).
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(8)
By muliplying coefficient of variation (DR%) in the initial length, the sample length according to the calculated variation can be obtained (the length of yarn that is defective).
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RESEARCH METHOD
In this study, to investigate the relationship between fabric appearance and yarn indices by measuring unevenness assessing devices, 12 fabric samples were tested by a Fast measurement system, and in the case of yarns that shape the structure of the fabric, evenness tests, hairiness and strength measurements were done. In the evenness tests, two important characteristics of longitudinal unevenness (CVL) and coefficient of mass variation (DR%) were considered.
Table 1. Table of fabrics specifications 
	Texture Formula
	Warp density

The number of yarn in cm
	Weft density
The number of yarn in cm
	The warp yarn size

tex
	The weft yarn size
tex
	Weight 
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	29
	18.5
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	31.5
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	23.5
	60.2
	70.2
	285±5
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	32.5
	27
	60.2
	48.2
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	26
	21
	60.2
	40.2
	310±5
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	18.5
	40.2
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	31.5
	22
	52.2
	52.2
	330±5


Statistically, the full analysis of the factors used was investigated and all the relationships between fabric and yarn indices were compared. At first, by using the Pearson correlation coefficient, the values ​​of the highest coefficients were obtained between the two indexes. Then, by the means of nonlinear multivariate regression, the relationship of important indicators was considered.
First, it should be noted that it is concluded from various statistical analyzes that the classification of properties based on the type of fabric can provide a suitable description of the properties of the fabrics, and this classification is expressed in Table 1.
Table 2. Properties of various fabric groups

	Row
	Texture type
	Material
	Group number

	1
	Texture  T[image: image53.png]


 + T[image: image55.png]



	W120P80,  V30P70
	First Group

	2
	Texture  T[image: image57.png]



	V30P70
	Second Group

	3
	Texture  T[image: image59.png]



	W7P93
	Third Group

	4
	Texture  T[image: image61.png]



	W20P80, W45P55
	Forth Group

	5
	Texture  P[image: image63.png]



	W35P65
	Fifth Group


1. P: polyester, V: Viscose, W: wool
FAST system for measuring handle
A method that is simpler than Kawabata method and with lower cost measures the handle indexes is FAST method [12] that is used by the CSIRO department of Australian Wool Organization to measure fabric properties, and is mainly based on sewing performance and the appearance of clothing when wearing [13]. This system consists of three simple devices and a test method. Table 3 lists the name of the Fast machines and the method used.
Table 3. Fast Machines and Trial Method

	Measured characteristics
	Machine

	Compression
	FAST1

	Bending
	FAST2

	Extension
	FAST3

	Dimensional stability
	FAST4
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Sample results from the FAST-1 Machine - Compression measurement
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Fig. 2. The basis of the pressure measurement in the FAST-1 system [14].
Sample results from the Fast-2 Machine - Fabric Bending Measurement

The FAST-2 machine is a bending measurement machine, which measures the length of the bending of the fabric. The Bending length (BL) index in this device is shown on its display monitor, which indicates the bending length in millimeters at 41.5 °.
Another important indicator is the bending stiffness of the fabric obtained from the following equation by the device (1):

Bending stiffness [image: image65.png]9.8 x 107w (BL)®
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Fig. 3. The device and principle of measuring bending in the FAST-2 system [14].
Sample results from FAST-3 machine- Extension measurement
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Fig. 4. The principle of the extension measurement in the FAST-3 system [15].
In this device, fabric extensibility or elasticity is obtained as the percentage of the longitudinal increase in the sample under transverse loading with the 
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Sample results from the Fast-3 machine. Shear rigidity index

Given the amount extension under the 
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 loading, and considering the following relation, we can calculate the shear rigidity and this relationship is shown in Figure 5.
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Fig.. 5. Shear rigidity relationship with fabric length increase in the force of 5 g/N [15].
In the FAST measuring machines, we can calculate the formability of fabrics. The formability of the material actually shows the shrinkage of the fabric before it is folded, and depends on the shear rigidity and extension of the fabric and is defined as:
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Fig. 6. The relationship between fabric formability, bending stiffness and elongation in the range of 20 and 5 g/N
In which the formability is (mm2), the bending stiffness is in micro-Newton per meter (μN.m) and elongation in percent.
FAST-4 Test Results - Dimensional Stability Measurement

To measure the dimensional stability of the fabric as in Fig. 7, first, the fabric sample is dried in an oven with a temperature of 105 ° C, and the length of the points marked on is measured in the direction of warp and weft, and according to Figure (7), the initial length is displayed as L1.
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Figure 7: Chart and method of dimensional stability, FAST-4 [15].
Then the test sample is placed in water and the length of the points in the new conditions is determined as L2. After that, the sample is placed in the oven and after being dried, the length of the points was measured, and this quantity is considered as L3. The amount of relaxation after Hygral Expansion and Relaxation Shrinkage due to moisture is calculated as in the relations shown in Fig. 8.
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Fig. 8. The mechanism of measurement in the FAST-4 test [15].
RESULTS AND DISCUSSION
Average of FAST test results

In Tables 4 to 8, the results of the FAST handle measurement tests average are visible.
Table 4. The average results of the FAST-1 tests

	Fabric code
	FAST1_T2
	FAST1_T100
	ST
	FAST1_T2R
	FAST1_T100R
	STR

	1
	0.758
	0.469
	0.289
	0.795
	0.491
	0.304

	2
	0.639
	0.649
	0.170
	0.807
	0.520
	0.287

	3
	0.642
	0.444
	0.198
	0.749
	0.473
	0.276

	4
	0.746
	0.472
	0.274
	0.781
	0.496
	0.285

	5
	0.705
	0.448
	0.257
	0.786
	0.485
	0.301

	6
	0.666
	0.450
	0.216
	0.791
	0.490
	0.301

	7
	0.759
	0.455
	0.304
	0.823
	0.483
	0.340

	8
	0.719
	0.443
	0.276
	0.818
	0.468
	0.344

	9
	0.786
	0.457
	0.329
	0.822
	0.462
	0.360

	10
	0.591
	0.437
	0.154
	0.716
	0.461
	0.263

	11
	0.783
	0.597
	0.184
	0.797
	0.616
	0.181

	12
	0.736
	0.460
	0.276
	0.840
	0.500
	0.340


Table 5. Average bending results

	Fabric code
	FAST2_C1
	FAST2_C2
	FAST2_B1
	FAST2_B2

	1
	21.2
	18.5
	20.9
	14.0

	2
	18.0
	18.3
	13.8
	14.5

	3
	17.9
	18.2
	12.1
	12.6

	4
	18.4
	16.9
	13.4
	10.4

	5
	20.1
	17.4
	17.1
	11.2

	6
	18.6
	16.4
	13.1
	9.1

	7
	19.4
	17.2
	15.1
	10.5

	8
	18.2
	17.1
	12.3
	10.2

	9
	17.8
	17.7
	10.6
	10.5

	10
	18.4
	16.5
	12.0
	8.6

	11
	19.5
	16.9
	19.5
	12.8

	12
	19.6
	17.1
	15.6
	10.3


Table 6. Average tensile strength results
	Fabric code 
	FAST3_E5_1
	FAST3_E5_2
	FAST3_E20_1
	FAST3_E20_2
	FAST3_E100_1
	FAST3_E100_2
	FAST3_EB5

	1
	0.1
	0.1
	0.5
	0.5
	1.6
	2.0
	1.9

	2
	0.1
	0.1
	0.7
	0.7
	1.8
	2.6
	3.0

	3
	0.2
	0.2
	0.7
	0.6
	2.0
	1.8
	2.6

	4
	0.2
	0.2
	0.7
	0.6
	2.0
	2.2
	3.4

	5
	0.1
	0.3
	0.4
	0.8
	1.3
	2.5
	2.5

	6
	0.2
	0.2
	0.7
	0.7
	1.8
	2.2
	2.8

	7
	0.2
	0.2
	0.7
	0.8
	1.6
	2.3
	2.7

	8
	0.1
	0.1
	0.6
	0.7
	1.7
	2.3
	3.6

	9
	0.4
	0.1
	1.1
	0.4
	2.3
	1.6
	2.5

	10
	0.1
	0.9
	0.7
	1.8
	2.1
	4.5
	4.2

	11
	0.3
	0.2
	1.3
	0.6
	3.1
	2.2
	2.8

	12
	0.2
	0.8
	0.7
	1.7
	1.7
	3.4
	3.7


Table 7. Shear rigidity and formability of samples
	
Fabric code 
	G
	F_1
	F_2

	1
	63.6
	0.53
	0.32

	2
	41.5
	0.53
	0.56

	3
	46.7
	0.41
	0.34

	4
	36.4
	0.46
	0.31

	5
	49.9
	0.35
	0.41

	6
	44.2
	0.45
	0.31

	7
	45.6
	0.48
	0.40

	8
	34.3
	0.36
	0.39

	9
	49.5
	0.51
	0.21

	10
	29.4
	0.44
	0.55

	11
	43.4
	1.24
	0.40

	12
	33.4
	0.53
	0.59


Table 8. Dimensional stability results of samples

	Fabric code
	RS_1
	RS_2
	HE_1
	HE_2

	1
	0.1
	0
	0
	0.2

	2
	-0.4
	-0.2
	0.2
	-0.9

	3
	0.6
	0
	0
	-0.4

	4
	-0.1
	-0.8
	-0.1
	-0.5

	5
	1.3
	0.2
	-0.9
	0.2

	6
	0.4
	0.4
	0
	0.4

	7
	0.2
	0.1
	0
	0.5

	8
	0.2
	0.6
	0
	0.3

	9
	0.1
	0.4
	0.1
	0.4

	10
	1.6
	0.3
	0.9
	1.1

	11
	1.0
	-0.1
	1.8
	0.1

	12
	0.8
	0
	0.4
	0


THE RELATIONSHIP BETWEEN YARN COEFFICIENT OF VARIANCE (CV) INDEX AND FAST FABRIC INDICES
The coefficient of yarn variation in each of the five groups was good for FAST testing. According to Table (2), we can find that the correlation coefficient for the relationship between the coefficient of variation of yarn and the fast index by the following nonlinear regression:
Y = b0 + (b1 * t) + (b2 * t**2)
can be calculated by the means of (Y) the dependent variable and (t) the independent variable.
These equations were analyzed through ANOVA analysis table and all states had Sig. or P-Value less than 0.05. These relationships, together with the correlation equation, help predict the fabric properties.
Table 9. Relationship between the yam CV index and the fabric FAST index in the multi-way relationships
	R2
	R
	FAST
	CV of yarn

	0.695
	0.833
	FAST2 _ C1
	Fabrics

Group 1

	0.658
	0.811
	FAST3 _ E5 _ 1
	

	0.889
	0.943
	FAST3 _  E20 _ 1
	

	0.824
	0.907
	FAST3 _ E100 _ 1
	

	0.733
	0.856
	FAST1 _ T 2
	Fabrics

Group 2

	0.702
	0.838
	FAST1 _ T100
	

	0.644
	0.833
	FAST1 _ T100R
	

	0.875
	0.935
	FAST2 _ C2  
	 Fabrics

Group 3

	0.983
	0.991
	FAST3 _ E5 _ 1  
	

	0.982
	0.990
	FAST3 _ E5 _ 2
	

	0.987
	0.993
	FAST3 _ E20 _ 1
	

	0.847
	0.920
	FAST1 _ T2
	Fabrics

Group 4



	0.802
	0.895
	FAST1 _ T100  
	

	0.929
	0.964
	FAST1 _ T100R
	

	0.891
	0.944
	FAST3 _ E20 _ 1
	

	0.901
	0.949
	FAST3 _ E100 _ 2
	

	0.770
	0.878
	FAST2 _ C2
	

	0.699
	0.836
	FAST1_T2
	Fabrics

Group 5

	0.790
	0.889
	FAST1_T100
	

	0.928
	0.963
	FAST2_C1
	

	0.982
	0.991
	FAST3_E5_1
	

	0.981
	0.990
	FAST3_E20_1
	

	0.983
	0.992
	FAST3_E100_1
	

	0.967
	0.983
	FAST3_E100_2
	


From Table (9), we can obtain results in line with the relationship between the coefficients of unevenness and FAST indicators.
DESIGN OF TEST SAMPLES TEXTURE
The first group, due to having a balanced composition and a high percentage of polyester yarn, showed a coefficient of variation of yarn in the first specimen with a FAST tensile strength ratio in the wrap direction.

[image: image73.jpg]



Fig. 9. The texture of the first group, with the integration of 1: 1

In the second group due to the texture asymmetry (3 leaf twill), the coefficient of variation of yarn changes indicated the thickness very well.

[image: image74.jpg]



Fig. 10. The texture of the second group

In the third group, due to the similarity of the texture type with the second group, but because of the difference in the consumed yarn and the high percentage of polyester, the coefficient of yarn variation could show a good relationship with the tensile strength in the direction of wrap and weft under the force of 5 and 20 N. It should be noted that in this specimen, compared to the first group, due to tissue asymmetry and less weight, it will not be able to withstand tensile forces of more than 20 N.
The fourth group, having the symmetric texture of the twill 4 and the high percentage of polypropylene threads, shows the yarn coefficient of variation for changes in thickness and tensile strength in the direction of wrap and weft.

[image: image75.png]



Fig. 11.  Group Four texture

The coefficient of yarn variance in the fifth group, by symmetrical texture and heavy contraction of the plait, is more closely related to the FAST tensile strength indexes and has been able to express the changes. It is, however, inconceivable to show my thickness changes.
THE RELATIONSHIP BETWEEN YARN VARIATION COEFFICIENT (DR%) AND FAST FABRIC INDICES
The coefficient of yarn variation for each of the five groups indicated a good relationship with the FAST trials. It can be seen from Table 10 that correlation coefficients for the correlation between the coefficient of yarn variations and the FAST index by nonlinear regression are high for most indices. These relationships, along with the correlation equation, help predict the properties of the fabric.
Table 10. Relationship of the 1m index in DR% of yarn and FAST fabric index in the multi-way relationships
	R2
	R
	FAST
	DR% in 1m

	0.763
	0.873
	FAST3 _  E20 _ 1
	Fabrics

Group 1

	0.672
	0.819
	FAST3 _ E100 _ 1
	

	0.762
	0.873
	FAST1 _ T 2
	Fabrics

Group 2

	0.771
	0.878
	FAST1 _ T100
	

	0.686
	0.828
	FAST1 _ T100R
	

	0.760
	0.872
	FAST1 _ T 2
	Fabrics

Group 3

	0.647
	0.804
	FAST1 _  T2R
	

	0.925
	0.962
	FAST3 _  E100 _ 2
	

	0.957
	0.978
	FAST3 _ EB5
	

	0.630
	0.793
	FAST2 _  C1
	

	0.844
	0.919
	FAST1 _ T2
	Fabrics

Group 4



	0.807
	0.898
	FAST1 _ T100  
	

	0.940
	0.970
	FAST1 _ T100R
	

	0.918
	0.958
	FAST3 _ E20 _ 1
	

	0.836
	0.929
	FAST3 _ E100 _ 2
	

	0.744
	0.863
	FAST2 _ C2
	

	0.600
	0.775
	FAST1_T2R
	Fabrics

Group 5

	0.873
	0.934
	FAST2_C1
	

	0.821
	0.906
	FAST3_E5_1
	

	0.823
	0.908
	FAST3_E20_1
	

	0.822
	0.907
	FAST3_E100_1
	

	0.841
	0.917
	FAST3_E100_2
	


The results obtained for the coefficient of yarn variation rate in one meter and the FAST fabric indexes have the same trend as the results of the yarn coefficient of variation, below is an outline of these results:
In the first group, the results are quite similar to the result of the coefficient of variation of the yarn. It is noteworthy that the ratio of yarn variation coefficient index is weaker than yarn variation coefficient index.
In the second group, the result is the same as the result of the coefficient of variation of the yarn. In this group of fabrics, CV is less related to the DR index than the FAST thickness factor.
In the third group, the DR% index has been able to have a very good relationship with tensile strength under the force of 100 N and up to 45 degrees in the direction of weft. In addition, due to the type of texture in this group, also indicates the thickness of the group.
The fourth group shows the thickness variations the index DR%, before and after the restoration and tensile strength in the direction of wrap and weft.
In the fifth group, the DR% index is more related to the FAST tensile strength index and has been able to express its variation. It is also possible to show thick variations. In this group, the DR% index is greater than the tensile strength variation but shows less relationship than CV%.
RELATIONSHIP OF CVL1M LONGITUDINAL UNEVENNESS INDEX AND FAST FABRIC INDICES
According to the explanations, the multi-way statistical relationships show the CVL index in 1 meter length and FAST.
Table 11. Relationship between CVL index in 1m yarn and FAST fabric index in multi-way relationships

	R2
	R
	FAST
	CVL in1m

	0.789
	0.888
	FAST3 _  E20 _ 1
	Fabric 1

	0.705
	0.840
	FAST3 _ E100 _ 1
	

	0.759
	0.871
	FAST1 _ T 2
	Fabric 2

	0.778
	0.882
	FAST1 _ T100
	

	0.686
	0.828
	FAST1 _ T100R
	

	0.877
	0.942
	FAST3 _  E100 _ 2
	 Fabric 3

	0.868
	0.932
	FAST3 _ EB5
	

	0.820
	0.906
	FAST1 _ T2
	Fabric 4



	0.819
	0.905
	FAST1 _ T100  
	

	0.905
	0.951
	FAST1 _ T100R
	

	0.918
	0.958
	FAST3 _ E20 _ 1
	

	0.872
	0.934
	FAST3 _ E100 _ 2
	

	0.640
	0.801
	FAST2 _ C2
	

	0.662
	0.814
	FAST1_T2R
	Fabric 5

	0.871
	0.933
	FAST2_C1
	

	0.936
	0.914
	FAST3_E5_1
	

	0.837
	0.915
	FAST3_E20_1
	

	0.834
	0.913
	FAST3_E100_1
	

	0.805
	0.897
	FAST3_E100_2
	


The indicated results in line with the CVL index in 1m and the FAST fabric index have a similar trend to the results of the DR% index, below is a summary of these results:
The CVL index in 1m yarn in the first group has shown a good relationship with FAST tensile strength in the direction of wrap. The relationship between this index compared with the DR% and CV indices are much smaller.
In the second group, the 1m index in CVL shows thickness variations very well. In this group, the 1m sample of fabric in CVL compared with DR% and CV indexes has a good relationship with FAST thickness index.
In the third group, the 1m index in CVL was able to show a very good relationship with a tensile strength under the force of 100 N and in the direction of 45 degrees. In this group due to increasing length in the CVL index, changes are shown very well.
In the fifth group, 1m indices in CVL have more relationship with the FAST tensile strength index and have been able to indicate its changes. In addition, it is also possible to show changes in thickness.
CONCLUSION
Due to the fact that two CVL and DR% indexes are important among the new measuring instruments of unevenness in important manufacturing companies, they have been considered less. In this study, by investigating their relationship with the most important characteristics of the fabric surface that is examined by the FAST system, will increase the theoretical and applied importance of the results in spinning lines.
From the results of this study, it can be stated that fabrics classified according to the number of wrap and weft scales and fabric similarity show good relationships between CVL and DR% with FAST test indices, which are also related to tensile and flexural properties and also perpendicular to the fabric surface (the thickness of the textiles). This shows that the structural properties of a yarn such as DR%, which is a sum of unevenness over a specified length, can precisely be measured handle properties. These relationships can report correlation coefficient of greater than 0.8 by square non-linear equations. Due to this fact and by the means of yarn information, we can predict fabric structure based on a design that we have. However, this research can be investigated for other yarn characteristics in a combination such three-dimensional reduction of the capillary that its results will be practical for the factories.
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[image: image92.jpg]Name: FAST-1 Compression meter
Description: Measures fabric thickness at various
loads and surface layer thickness
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[image: image93.png]Name: FAST-2 Bending meter
Description: Measures the fabric bending.
according to BS 3356. Bending rigidity (5) which
is directly related to fabric stiffness is measured.
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where I~ fabric weight C— bending length
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