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Abstract— Handle assessed subjectively in many garment 

industries. The subjective assessment could vary from person 

to person and has significant problems in fabric handle 

evaluation. In the last two decades, “Fabric Objective 

measurement” has been one of the most active areas in textile 

research. An objective evaluation is presented and analyzed 

for cotton, jeans and silk fabric. Many objective evaluation 

methods are also available for fabric handle measurement 

such as Kawabata evaluation system, Fabric Assurance by 

Simple Testing etc, but these equipments are costlier and 

difficult to operate. This proposed instrument, Fabrofeel is 

easy to operate, maintain and can be easily afforded by small 

scale textile industries. Solid modeling of the assembly of 

Fabrofeel has been carried out using Solidworks software. 

The load cell mounting bracket and the column has been 

subjected to stress analysis by applying a load of 2000N on 

the load cell mounting bracket. ANSYS is finite element 

software utilized to perform the stress analysis. 

Key words: Development of Fabrofeel, Fabrofeel 

I. INTRODUCTION 

Fabric Hand is the quality of the fabric assessed by the 

reaction obtained from the sense of touch.  The sum total of 

the sensations expressed when a textile fabric is handled by 

touching, flexing of the fingers, smoothing and so on In order 

to describe fabric hand satisfactorily, it must be adequately 

defined. Very often when attempts to define hand are made, 

the definition is highly dependent upon the individual 

investigator's scope of interest. 

Peirce describes hand as being the judgment of the 

buyer which depends on time, place, seasons, fashions and 

personal preferences. What human finger sense, on the other 

hand, depends upon the physical properties of the cloth. Thus, 

data from physical measurements can provide a basis upon 

which to exercise judgment. For example, in describing the 

strength of a fabric, no one relic on personal judgment since 

numerical data of strength tests gives excellent evaluation of 

the material. 

The variable difference in the results of hand 

assessment by different assessors is an important factor in 

defining hand. Communication between assessors may 

constitute a common idea even though each assessor forms 

his own idea about the pattern of a given fabric. The common 

and qualitative idea formed by an assessor about the 

multiplicity of resembling samples is defined as "synthesized 

handle". The synthesized handle of a fabric is governed by a 

series of basic mechanical properties. Consequently, it is 

possible to develop a correlation between the synthesized 

handle and the pattern of the mechanical properties of 

standard samples, provided that this standard pattern can be 

established. 

II. ASSESSMENT OF HAND 

Fabric assessment can be analyzed in 2 ways, Subjective and 

Objective assessment. Subjective assessment treats fabric 

hand as a psychological reaction obtained from the sense of 

touch. Apparently, it is a valuable method that has 

traditionally been used by textile technologists and 

researchers. Although it is probably the most widely 

discussed aspect of fabric assessment, it is not so well 

understood due to the reliance on subjective judgments. The 

first attempts of hand evaluation of textiles in an organized 

and quantitative manner were publish2222ed as early as 1926 

and have continued up to the present time. Subjective 

assessment is the traditional method of describing fabric 

handle based on the experience and variable sensitivity of 

human beings. Two basic procedures of subjective hand 

evaluation were proposed by Howorth. 

 Direct method - is based on principle of sorting of 

individual textiles to defined Subjective grade ordinal 

scale (e.g., 0 - very poor, I - sufficient, 5 - very good, 6 - 

excellent) 

 Comparative method - is based on sorting of textiles 

according to subjective Criterion of evaluation (e.g., 

ordering from textiles with the most pleasant hand to 

textiles with the worst hand) 

Objective assessment attempts to find the 

relationships between fabric hand and some physical or 

mechanical properties of a fabric objectively. It quantitatively 

describes fabric hand by using translation result from some 

measured values of relevant attributes of a fabric. Techniques 

used for objective hand evaluation are by special instruments 

for measuring properties of fabrics corresponding to hand. 

III. PROBLEM DEFINITION: 

The fabric handle measurement is important in determining 

the quality of the fabric. Fabric handle measured in many 

methods such as by Kawabata evaluation method, Fabric 

assurance by simple testing, nozzle extraction method etc. 

But the Kawabata evaluation system and FAST are costlier 

for the small-scale textile industries to carry out experiments. 

In this project, the Fabrofeel, computerised instrument used 

for measurement of fabric handle will be developed based on 

extraction force principle. It is affordable and can be easily 

operated. In this computer, interfaced equipment, the peak 

extraction force is displayed. 

A. Objectives 

Development of Fabrofeel-A computerized instrument to 

measure the ‘Hand’ of a fabric. To Study the behaviour of 

chemically treated and untreated fabrics such as jeans, cotton 

and jeans when it is passed through the nozzle, where the 

nozzle inner surface area is given different finishes. The 

variation of fabric handle force for cotton, silk and jeans for 

treated and untreated fabric samples are studied on different 

surface finishes (Reamed, grinding and lapping) of nozzle. 
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The specific handle force is calculated based on the peak 

extraction force obtained from the experiment performed on 

different fabrics. It shows how the fabric handle force varies 

for different finishes of the nozzle. The specific handle force 

is also calculated using the standard formula. 

IV. EXTRACTION FORCE PRINCIPLE FOR HAND EVALUATION 

 
Fig. 1: Schematic diagram of Fabrofeel instrument 

The above fig.1 shows the schematic diagram of Fabrofeel 

instrument. This apparatus consists of load cell, which relates 

to an extraction rod. The extraction rod pulls the circular 

specimen through the cylindrical nozzle. The peak load 

required for the extraction is found from the load cell. The 

load cell directly displays the peak extraction force on digital 

indicator. This curve is useful in finding out how the fabric 

sample behaves while extracted through the nozzle. 

Features of mechanical/electronics hardware of 

Fabrofeel: 

1) Mitsubishi make servo Motor, torque: 0.64-1.91Nm, 

speed: 3000rpm 

2) Traverse speed 300mm/min 

3) Load cell of 1g sensitivity and 0-3kg range 

4) Precision ground ball screw 25mm diameter, 5mm pitch 

with 0.010mm lead accuracy over 300mm length. 

5) Ball screw with double nut arrangement Preloaded 

lightly to avoid errors due to backlash. 

6) Stainless steel/ bronze nozzles to avoid corrosion and 

damage to inside surface due to fabric abrasion. 

7) Aluminum nozzle mounting frame. 

8) A set of nozzles to test various fabric samples (based on 

weight/sq.m sample) 

9) A suitable fabric sample clamping mechanism is 

designed to hold the fabric sample. 

10) Suitable limit switches to limit the motion of the load cell 

carrier. 

11) Suitable analog to digital converter and electronic 

interface. 

Fabric response to pull out. 

Fig 2 shows the response of the fabric while it is 

being pulled out of the nozzle. It is divided into four phases 

for easy understanding. 

 
Fig. 2: Behavior of the fabric when passed through the 

nozzle 

Phase I is an initiating phase where the specimen is 

drawn into the nozzle and forced to press against the wall. 

The true zero for the test is when the extraction rod is in line 

with the nozzle minimum. Phase I is not a valid portion for 

handle analysis since usually the material does not fully 

contact the nozzle wall. 

Phase II is useful and valid portion of the test. The 

nozzle wall is fully in contact with the material from the 

entrance lip to the nozzles minimum (orifice) and the curve is 

linear. The high frequency perturbations are associated with 

stick – slip behavior. 

Phase II frequently terminates into phase IIA which 

is plume action of the external material. Apparently due to the 

differential extraction of the layers of the material, shears 

develop internally causing pluming motion and the formation 

of which might best be described as a bud at the entrance area. 

With this formation, a noticeable increase in the rate of force 

versus displacement is observed. 

For specimen of reasonably low maximum packing 

ratios, phase III occurs early and the force drops rapidly as 

the nozzle wall ceases to be filled with material. 

Finally phase IV termination occurs as compacted 

tail exits the nozzle. The nozzle will choke or jam and phase 

IIA or III will show a great increase in force build-up which 

will terminate sharply with specimen apex failure or 

specimen tear. 

V. SELECTION OF NOZZLE 

By keeping the packing fraction constant for all the test 

fabrics, the nozzle bore radius for each fabric weight will be 

different, which is not practical. Thus, the packing fraction 

(B) has been provided a certain range from 0.18 to 0.36 to 

ensure nearly the same mechanism of fabric deformation 

during test. 

Radius of Hole(mm) Fabric weight(g/m2) 

3 16-26 

5 26-38 

6.25 38-75 

8 75-112 

10 112-210 

Table 1: Hole Radius for Range Of Fabric Weight 

The suitable nozzle bore radius for range of fabric 

weight is shown in Table 1. The cylindrical nozzle is made 

up of highly polished steel. The hole radius of the cylinder 

varies to suit the type of fabric available for apparel purpose. 

The packing fraction used normally in the range of 18% to 

36%. Various radius has been selected based on the weight of 
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the fabrics according to packing fraction of the fabric in the 

cylindrical nozzle. 

SL 

No. 

Fabric 

Samples 

Fabric 

Weight 

(W) g/m2 

Radius of 

the nozzle 

(hole) Mm 

1 Cotton 200 10 

2 Silk 100 7.5 

3 Jeans 480 15 

Table 2: Fabric Sample 

The Table 2 shows the different samples which are 

used in the experiment along with their weights. The nozzle 

bore radius is calculated using the packing fraction formula 

which is given by 

 
Where, 

R is the fabric specimen radius, 

RH is the nozzle bore radius in mm 

H is the nozzle height in mm 

W is the weight of fabric in gm/cm2 

ρf is the fibre density in gm/cm3 

Packing fraction kept constant for all test fabrics, the 

nozzle bore radius for each fabric weight will be different, 

which is not practical. 

For this experiment, 

Packing fraction (B) = 30% 

Fabric specimen radius(R) = 12.5cm = 125mm 

Nozzle height (H) = 28.5mm 

A. For Cotton 

ρf = 1.52gm/cm3 & W =0.02gm/cm2 

 
Radius of the hole, RH = 1cm=10 mm 

Diameter of the hole = 20mm=2cm 

B. For Silk 

ρf = 1.32 gm/cm3 & W =0.01 gm/cm2 

 
Radius of the hole. RH = 0.75cm=7.5 mm 

Diameter of the hole = 15mm=1.5cm 

C. For Jeans 

ρf = 1.52 gm/cm3 & W =0.048 gm/cm2 

 
Radius of the hole, RH = 1.5cm = 15 mm 

Diameter of the hole = 30mm = 3cm 

As the hole radius changes, the inside surface area 

of the hole will change which in turn will affect the value of 

fabric hand force, as the frictional area between the 

withdrawn fabric and the nozzle will change. For obtaining 

the comparative specific hand force (SHF) we have the 

following mathematical equation: 

 
Where, 

F = Peak extraction force in g 

A = Inner surface area of the nozzle in cm2 

B = Packing fraction 

1) Fabric samples used for testing 

Ten cotton, silk and jeans samples are taken and cut into 

circular shape having same diameter (250 mm). Five samples 

of cotton, jeans and silk will be chemically treated by using 

surface finish treatments. Remaining samples will not 

undergo any of the treatment. So, we can study how the 

treated and untreated samples vary on different nozzle finish. 

The three nozzles for each fabric are made and are 

given three different surface finishes- lapping, internal 

grinding and reamed. For example, the cotton sample the 

radius of the hole is 10mm, three nozzles having same 

diameter (20mm) and each will be given different finishes 

like reaming, grinding and lapping. The variation of fabric 

handle on different surface finish for each sample will be 

studied. 

2) Chemical treatments on fabrics: 

To impart the required functional properties to the fiber or 

fabric, it is customary to subject the material to different types 

of physical and chemical treatments. For example, wash and 

wear finish for a cotton fabric is necessary to make it crease-

free or wrinkle-free. In a similar way, mercerizing, singeing, 

flame retardant, water repellent, waterproof, anti-static and 

peach finishing achieve various fabric properties desired by 

consumers. 

The use of 100% synthetic textiles has increased 

considerably since the development of textured yarns made 

of filaments, and the growing production of knit goods. The 

use of open weave has enabled production of lighter, 

breathable, fabrics to ensure better wearing comfort. 

In this experiment, ten samples from each of cotton, 

silk and jeans is taken and cut to circular shape of same 

diameter (250mm), in which five samples from cotton, silk 

and jeans will undergo surface finish treatment. The 

remaining five samples from three fabrics will remain 

untreated. 

The cotton and silk will be given a flame-retardant 

finish. The flame-retardant finishing is done using pad dry 

and cure technique using padding mangle and curing 

chamber. The water of 1000ml is taken in vessel. Then 165ml 

of Flamax CLG retarding agent is mixed with the water. The 

cotton and silk dipped in the solution and stirred for 20 

minutes. Then the samples are taken out from the solution and 

fed to padding mangle where the solution gets squeezed out 

from the rollers. Finally the samples taken into curing 

chamber, where the samples get dried and cured. The samples 

dried maintaining temperature of 1000c and cured at 1200c 

for about 3-4 minutes. 

Softening of jeans is done by using softener (silicon 

based). The fabric weight is measured first. Material weight 

to liquor ratio used was 1:30. The weight was found to be 

97gm. Here liquor used is water. 

Then, 

Material: Liquor = 1: 30 

Liquor = 30 x 97 = 2910 ml =3000 ml (approx) = 

3litres 

Softener = 5gpl (Grams per litre) = 5 x 3 = 15g 

The softener of 15gms and water of 3liters is mixed 

in the vessel and then the jeans sample is put into the vessel. 

Then the vessel is heated to the boiling temperature for about 

1hour. After one hour jeans. 
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VI. EXPERIMENTAL PROCEDURE 

Fabric hand testing procedure is described in this topic. To 

determine the hand of a fabric, a standard sample of the fabric 

is connected to the extraction rod. When the motor is made to 

run it rotates the ball screw and thus the load cell mounting 

bracket accommodating the load cell and extraction rod starts 

moving in the upper direction. So the extraction rod pulls the 

circular fabric specimen through nozzle. The peak load 

required for extraction is found from the load cell. The output 

from the load cell is converted into digital output through a 

proper analog to digital converter and is stored in the 

computer. The extraction force is also displayed on the 

monitor. The force for every displacement of the fabric is also 

read continuously to obtain a force displacement curve. This 

curve is useful in finding out how does fabric sample behave 

while extracted through a nozzle. A typical force 

displacement curve shown in fig 3. 

 
Fig 3. A Typical Force-Displacement Diagram 

With the dedicated software, desired for the purpose 

of measurement, graph of extraction force vs. displacement is 

obtained. The hand property is then estimated using the 

graph. 

The maximum load is recorded and the software also 

provides statistical parameters like mean, standard deviation, 

coefficient of variation, etc. for repetitive sample testing. The 

specific hand force will also be determined by the force which 

makes all the calculations easier. The working of the 

instrument is very simple and there are no sophisticated 

calculations involved. The values obtained are correlated 

with KES-F values and laboratory testing equipment test 

values. 

In this experiment, three different fabric samples 

such as cotton, silk and jeans are taken to measure the fabric 

handle by extraction principle. This involves the extraction 

rod in which one end is connected to load cell and the other 

end is connected to the fabric. The extraction force required 

to pull a standard size specimen through the nozzle is 

measured for three different samples. 

VII. DEVELOPMENT OF FABROFEEL 

The complete assembly of Fabrofeel is shown in fig.4. The 

bottom of the column mounted on the base is attached to it 

with by drilling holes on the base plate and the bottom flange 

of the column and fastening with the screws. Then the ball 

screw slide is mounted on the column face with the help of 

the cap screws. To this shaft a timer pulley is attached. The 

load cell mounting bracket is the fastened on the sliding block 

of the ball screw and the load cell is attached on it which is 

provided with extraction rod. Then the bracket along with the 

nozzle assembly is fixed to the base such that the load cell 

and the nozzle lie on the same vertical axis. The motor is fixed 

on left side of the base such that the motor shaft is faced 

downwards. To this motor shaft the timer pulley is attached 

and is coupled with the driven pulley of the ball screw with 

the help of the timer belt. 

Then the various electrical connections are made to 

run the motor and ball screw. Then the interfacing of the 

motor, ball screw and the load cell is done with an integrated 

microprocessor system so that various parameters can be 

controlled and monitored. The data are stored and used for 

the evaluation of the quality of the fabric tested. 

 
Fig. 4: Fabrofeel Setup 

Element used for static structural analysis: 

SOLID92 geometry shown in fig.6.2 has a quadratic 

displacement behavior and is well suited to model irregular 

meshes. The element is defined by ten nodes having three 

degrees of    freedom at each node: translations in the nodal 

x, y, and z directions. The element also has plasticity, creep, 

swelling, stress stiffening, large deflection, and large strain 

capabilities. 

 
Fig. 5: SOLID92 geometry 

The load of 2000N has been applied on the load cell 

mounting bracket and the results are shown. The material 

properties used in the static structural analysis is shown in the 

Table3. 

Properties Aluminum Steel 

Young’s 

Modulus (E) 
70GPa 210Gpa 

Poisons 

ratio(μ) 

Poisons 

ratio(μ) 

Poisons 

ratio(μ) 

0.33 0.33 0.33 

Table 3: Material Properties used for the Stress Analysis 

VIII. RESULTS OF THE STATIC STRUCTURAL ANALYSIS 

 
Fig. 6: Total Deformation 
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The deformations obtained from the static structural analysis 

are shown in fig 6. The maximum deformation obtained in 

the analysis is 0.0913 mm. 

 
Fig. 7: Von-mises Stress 

The results of Von-mises stresses of the static 

structural analysis are shown in fig 7 the maximum value 

obtained in the analysis is 36.3 Mpa. 

 
Fig 8: 1st Principal Stress 

The First principal stress obtained from the analysis 

is found to be 37.989 Mpa shown in fig.8 

 
Fig. 9: 2nd Principal Stress 

From the static structural analysis, the second 

principal stress is shown in fig.6.6 and is found to be 

26.609Mpa. 

 
Fig. 10: 3rd Principal Stress 

The fig.6.7 shows the third principal stress obtained 

from the static structural analysis and is found to be 

11.418Mpa. 

IX. RESULTS 

Type of stress Stress(MPa) Deformation(mm) 

Von-mises stress 36.300 

0.913 
1st principal 37.989 

2nd  Principal 26.609 

3rd Principal 11.418 

Table 4: Results 

The results obtained from the static structural analysis shown 

in the Table 4 indicate that all the values obtained are in the 

safe limits. The stresses are well below the yield stress of the 

material used. Hence the design is safe. 

A. Experimental results and discussions: 

The experiment conducted on three fabrics such as cotton, 

silk and jeans on different surface finish of the nozzle for 

traverse speed of 300 mm/m and return speed of 500 mm/m 

yielded following results.  

For Cotton fabrics: Nozzle inner diameter for the 

cotton sample is 20mm.  For Jeans fabric: Nozzle inner 

diameter for the Jeans is 30mm.  For Silk fabric: Nozzle inner 

diameter for the Silk is 15mm. 

B. Effect of Chemical treatment on Fabric extraction force 

The Flame-Retardant finishing treatment is done on the silk 

and cotton samples and Softening Treatment is done on the 

jeans fabrics. The peak extraction forces for the chemically 

treated and untreated Cotton, Silk and Jeans are obtained 

from the experiment indicates that the chemically treated 

samples possess less extraction force compared to untreated 

samples. This also indicates the treated samples are smooth 

and softer. 

C. Effect of Nozzle Bore finishes on the fabric 

Three nozzles are made for each fabric and given three 

different bore finishes i.e. Reamed, grinding and lapping 

finish. The results obtained from the experiment indicate that 

the extraction force obtained for the lapped finish nozzle 

show less peak extraction force. Therefore, it indicates that 

the fabric handle forces are not only depend on the sample 

size and bore diameter but it also depends on the different 

nozzle bore finish. 

Specific handle force (SHF) for different nozzle bore 

finishes in Gram force (gf) 

Cotton Samples Reamed Ground lapped 

Untreated 300 261 179 

Treated 86.74 76.27 61.55 

Table 5: SHF for Different Samples 

Specific handle force (SHF) for different nozzle 

bore finishes in Gram force (gf) 

Silk Samples Reamed Ground lapped 

Untreated 110.93 92.41 76.08 

Treated 63.91 58.93 55.01 

Specific handle force (SHF) for different nozzle 

bore finishes in Gram force (gf) 

Jeans Samples Reamed Ground lapped 

Untreated 258.11 175.58 153.47 

Treated 229.8 170.22 133.20 

Table 6: SHF for Different Samples 
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D. Results of the specific handle force calculations 

The specific handle force indicates how much stiffer and 

tough the fabric, which is important to decide the quality of 

the fabric. 

For the calculation done above the following results 

are obtained, 

 The chemically treated silk samples possess less handle 

force and are softer when compared to untreated 

samples. 

 Handle force of the fabric is less when it is passed 

through the nozzle bore which is given a lapping finish. 

This also indicates that the fabric handle varies with the 

different nozzle bore finishes. 

 The untreated Cotton fabrics exhibits higher specific 

handle force when compared to untreated silk and jeans 

samples. 

 From treated fabric samples, the jeans fabric exhibits 

higher specific handle force and stiffer when compared 

to other two fabrics. 

 Therefore, the specific handle force not only depends on 

the nozzle bore and fabric specimen size but it also varies 

with different nozzle bore finish which is proved in this 

work. 

X. CONCLUSION 

1) Fabric hand is generally characterized by subjective 

analysis, however in this work the effort is made to 

analyze the fabric behavior through different nozzle bore 

finishes. 

2) Fabrofeel employs simple extraction force principle for 

the evaluation of the fabric handle value compared to 

other techniques and can be easily integrated into fabric 

production and finishing process. 

3) The experimental results show that chemically treated 

fabrics are softer and require less extraction force for 

pulling the fabric through the nozzle. 

4) The forces generated not only depend on the fabric but 

also on the nozzle bore diameter, sample size, and the 

maximum withdrawal force can be taken as a measure of 

the fabric hand. 

5) The fabric hand not only depends on the nozzle bore and 

fabric specimen size but it also varies with different 

nozzle bore finish which is proved in this work. 

REFERENCES 

[1] Yan Chen, Billie Collier, Patrick Hu and Debbie 

Quebedeaux, “Objective Evaluation of Fabric Softness 

by Yan Chen and Billie  collier School of Human 

Ecology”, Louisiana State University Agricultural 

Center, Baton Rouge, Louisiana 70803, U.S.A. 

[2] Virginija Daukantiene, Laima Papreckiene, Matas 

Gutauskas, “Simulation and application of the behavior 

of the textile fabric while pulling it through the nozzle”. 

[3] Iwona Frydrych, Malgorzata, “Changes in fabric handle 

resulting from different fabric finishing Institute of 

textile architecture”, Poland. 

[4] Eugenija Strazdienė, Matas Gutauskas, “New Method 

for the Objective Evaluation of Textile Hand”, Eugenija 

Strazdienė, Matas Gutauskas, Kaunas University of 

Technology  Faculty of Design and Technologies 

Student u str. 56, Kaunas LT-51424, Lithuania. 

[5] M.Youssefi, K.Faez, “Fabric handle prediction using 

neural networks”, Dept. of Textile Engineering, Isfahan 

University of Technology, and Isfahan, Iran. 

[6] T. J. Mahar, and H.Wang, “Measuring fabric handle to 

define luxury: an overview of handle specification in 

next-to-skin knitted fabrics from Merino wool”. 

[7] N. pan, K.C. Yen, S. J. Zhao, and S. R. Yang,“A New 

Approach to the Objective Evaluation of Fabric Handle 

from Mechanical Properties”.  


