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Abstract. The authors of the article are presenting an innovated method of measuring the angle of 

recovery. The method of measuring was designed to grasp more realistically creasing of textiles 

when they are worn. The next part of the article is dealing with the evaluation of the influence of 

material of the textile on its creasing. First the initial speed of the angle of recovery was analysed 

(at the first five seconds) and, further, the role of  elastic, viscoelastic and plastic deformations 

formed in the textiles during creasing, was evaluated. The highest speed of recovery of the textile in 

the first five seconds had the woollen textile, followed by the cotton fabric of plain weave with 

symmetrically arranged sett.  

Introduction 

The most common way of evaluation is based on measuring the angle of recovery on a strip of 

textile. According to different standards the angle of recovery is deducted after the determined time, 

e.g. after 5minutes, 1 hour. Some resurchers, like Mihailovič [1], Shi and Wangy [2], evaluate the 

angle of recovery after 24 hours. The immediate angle of recovery was determined on the basis of 

Sommer´s relation [3]. In the work, the author determined another parameter which was used for 

the comparison of the creasing of textiles, namely the speed of recovery. For the simulation of the 

real creasing of the textile, it is necessary to follow up the textile while it is variously turned, or to 

follow up the size of the angle of recovery in various directions, as stated by Nikolič [4] Perepelkin 

[5], Fridrichová and Zelová [6], Merati and Patir [7]. The parameters influencing creasing of 

textiles are analysed by Chapman and Hearle [8], Hamburger et al [9], Krásný et al [10], Looney 

and Handy [11]. In this article, to evaluate the influence of material structure on the creasing of 

textiles, an innovated method of recording the angle of recovery by a web camera was used, 

Fridrichová and Zelová [6]. This way of evaluation enables to record the angle of recovery already 

at the first second after unloading the sample and it makes possible to find out the speed of recovery 

of the strip of textile in the course of relaxation. 

Materials and Methods 

For the experimental measuring a set of materials Z1 – Z8 of different material structure was chosen. 

The characteristic of the used materials is given in Table 1.  

Table 1. Characteristics of materials  

Code Material Weave Twarp 

[tex] 

Tweft 

[tex] 

Settwarp 

Yarns/ cm 

Settweft Yarns/ 

cm 

Surface Density 

[g/m
2
] 

Z1 100% PL plain 41 39,1 27 18 178 

Z2 100% CO plain 29 29,7 26 25 152,9 

Z3 100% CO plain 28,2 29,4 24 21 123,6 

Z4 100% CO plain 28,8 30,9 26 19 137,7 
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Z5 100% LI plain 54 53,6 17 14 194,9 

Z6 100% LI plain 26,3 25,6 23 21 110,6 

Z7 100%WO plain 24,8 23,6 29 25 140,9 

Z8 90% VI/10%CO plain 18,9 13,4 39 29 114,7 

The innovated method of measuring creasing of the angle of recovery enabled to find out the 

time depenece of the angle of recovery and thereby to determine the speed of recovery of textiles of 

various material structures. Due to web cameras, see Fig. 1, the angle of recovery can be recorded 

already at the first second after unloading the sample. The experiment was carried out as follows: 

The samples were cut in semicircle shape(that eliminates torsion of samples). The sample was put 

into the device and loaded with 1 kg weight for 5 minutes. Unloading the sample, time of relaxation 

5 minutes. Automatic recording of photographs of the angle of recovery into the computer and that, 

at the set times: 1 to 10sec every 1sec, 10 to 60 sec every 5 sec, 1 to 5 min every minute. During the 

five - minute recovery of the sample, 24 digital photographs were taken. For measuring the angle of 

recovery software NIS elements was used, see Fig. 2.  

  

Fig. 1. Measuring device Fig. 2. Measuring the angle of recovery in 

the software programme of Nis-Elements 

Results and discussion 

Crease resistance is the ability of the textile to recover during the relaxation process of the sample. 

The higher the value of the total deformation the greater the representable value of the textile. The 

garment is of higher visual and aesthetic gualities. The relaxation abilities of textiles, it is the ability 

to take the original shape of the sample, is described by the course of the curve of recovery. We can 

see that textile Z1 (wool) and Z7 (polyester) have the best relaxation abilities, the angle of recovery 

reaches the highest values and the textiles can be classified into the category crease-resistant. On the 

contrary, textile Z6 (cotton) has the smallest angle of recovery and thus it ranks among the most 

creasable textiles. Cotton textiles Z3, Z4 and Z5 have similar recovery and belong rather to more 

cresable textiles. By blending textiles a better angle of recovery can be achieved and thereby the 

textile has less tendency to crease easily, which is evident at textile Z8.  

From the results presented in Fig. 3, the part of elastic, viscoelastic and plastic deformation is 

visible. Most examined textiles, either wool or cotton, had the part of viscoelastic deformation 

between 11- 16%. 
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Fig. 3. Procento elastické (εE), viskoelastické 

(εV) a plastické deformace (εP) 
Fig. 4. Speed of recovery  

The highest value of viscoelastic deformation, namely 18%, had the blended textile (Z8), which 

proves the fact that blending of textiles is one of the possibilities how to decrease creasing, e.g.of 

cotton textiles, namely by improving their elastic and viscoelastic properties. Further, the results 

showed that the speed of recovery provides interesting information influenced both by the material 

structure and the structure of textiles. We can complete the results of Mihailovic about stabilization 

of speed of recovery after 24 hours at all examined woollen materials, by the statement that there is 

a great slowdown of speed of recovery already after the five-minute relaxation. The speed at all 

examined materials, regadless their material structure, was slowed down, see Fig.  4. 

Stabilization and the same speed of recovery was achieved already after two minutes of 

relaxation (t120), when the speed at all materials was about 2°/min. For full description of creasing 

five-minute relaxation is sufficient and the speed of recovery slowed down to 0.4 -0.6°/min. The 

final result was not significantly influenced already. Blending cotton and viscose contributed not 

only to greater viscoelastic deformation but also to the improvement of evenness of the angle of 

recovery for different directions, as evident from the charts of anisotropy, see Figure 5 and 6. 

    Fig. 5. Anizotropie úhlu zotavení [°]   Fig. 6. Anizotropie úhlu zotavení [°] 

  Anisotropy of the angle of recovery 

 

From the results presented in Fig. 3, it is evident that the angle of recovery of textile Z7 (100% 

woollen material) was getting a higher average value compared to material Z1 (100% polyester). 

The angle of recovery of wool varied in the range of 164 -178° and of polyester in the range of 160 

-167°. The woollen textile had a greater spread of data. The stated difference of mean values and 

variance of angles of recovery, according to the carried out statistic tests, is significant. The angle of 

recovery of cotton textiles Z3 and Z4 had the same average values and variance. In case of the flex 

textile Z5 (of higher fineness of yarns) the average value of the angle of recovery was about 

8°bigger than at textile Z6 (of lower fineness of yarns) . The angle of recovery at textile Z5 varied 
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in the range of 81 – 114° and at the textile Z6 in the range of 77 – 99°. The given difference of the 

average values is, according to the statistic tests which were carried out, significant. According to 

statistic tests the variances are identical. 

Sumary  

The results have proved that the material structure is one of the main factors which influences the 

relaxation abilities and also the anisotropy of the recovery of textiles and thereby, even the final 

crease resistance of textiles. It has been proved that, for the evaluation of creasig, measuring in the 

first five minutes is sufficient. A longer interval of measuring does not have any essential influence 

on the change of the angle of recovery of the textile. 

Textiles have the highest relaxation speed at the beginning of relaxation (the first two seconds). 

Differences of speed of recovery for individual materials are small, nevertheless, wool and 

polyester, as crease- resistant materials, achieve the highest speed. In the course of recovery, the 

speed of relaxation is slowing down until it is stabilized but it already does not influence 

significantly the final value of the creasing of textiles, which has proved the theory of Mihailovic. 

Materials with good elastic properties (woollen or polyester fabrics) showed the smallest percent of 

viscoelastic deformation, namely 11%. Consequently, crease resistance of textiles depends mainly 

on immediate recovery, i.e.on the elastic deformation. A higher percent of this deformation 

determines the textile to smaller permanent deformations and to a higher quality of aesthetic 

appearance of the garment. The value of elastic deformation of crease-resistant textiles is up to 

about 80% and plastic deformation is 5 -10%.  Textiles which are not crease-resistant achieve half 

the values of elastic deformation the so called 40% and 30 – 50% of plastic deformation. When 

designing crease-resistant textiles, it is important to increase the part of elastic and viscoelastic 

deformation which will lead to the decrease of the plastic element and to formation of permanent 

deformations 
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