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Abstract 

Many researchers have studied the mechanical properties of yarn in textile science because mechanical 

properties are the essential parameter in determining yarn quality. This research aims to make a new 

model and prediction of the material properties of textile yarns, especially for stress relaxation of 

viscoelastic textile yarn for polyester-wool-spandex yarn cases. In this research, a new approximation of 

the analytical mechanics model of stress relaxation using a system of four springs and a dashpot to 

determine viscoelastic yarn properties as polyester-wool-spandex has been studied. A yarn movement 

equation for viscoelastic yarn as polyester-wool-spandex having 36 yarn count number (in unit tex or 

g/km) has been formulated using analytical mechanics, and the model has been validated experimentally. 

The coefficient of determination R2 ranges from 0.82, which shows the closeness between the experimental 

results and the theoretical predictions. In this research, it is found that this model can be implemented to 

determine the viscoelastic material of yarn based on the properties of yarn as stress relaxation using the 

analytical mechanics approach. 

Keywords: viscoelastic yarn; analytical mechanics; stress relaxation  

 

Sebuah Model Baru Perhitungan Stress Relaxation Material Viskoelastik pada Benang Poliester-

Wool- Spandex dengan Pendekatan Mekanika Analitik 

 

Abstrak 

Kajian sifat mekanik benang pada bidang tekstil saat ini telah banyak dilakukan oleh banyak peneliti 

dikarenakan sifat mekanik adalah parameter penting dalam penentuan kualitas benang. Tujuan dari 

penelitian ini adalah untuk merancang suatu model baru dan suatu prediksi sifat material benang tekstil, 

khususnya pada kasus pemodelan stress relaxation benang tekstil viskoelastik dengan contoh benang 

yang digunakan adalah benang polyester-wool-spandex. Sebuah pendekatan baru model stress relaxation 

menggunakan empat pegas dan sebuah dashpot melalui mekanika analitik untuk menganalisa sifat 

benang viskoelastik poliester-wool-spandek telah dipelajari pada penelitian ini. Sebuah persamaan gerak 

benang untuk benang viskoelastik seperti benang poliester-wool-spandek dengan nomor benang 36 tex 
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atau g/km telah dirumuskan menggunakan mekanika analitik dan divalidasi secara eksperimen. Hasil 

koefisien determinasi R2 berkisar 0,82 yang menunjukkan kedekatan antara hasil eksperimen dan prediksi 

teoritis. Pada penelitian ini, bentuk pemodelan dapat diterapkan untuk menjelaskan sifat material 

viskoelastik khususnya material benang yang dikaji dari sifat stress relaxation menggunakan pendekatan 

mekanika analitik. 

Kata Kunci: benang viskoelastik; mekanika analitik; stress relaxation 
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I. INTRODUCTION 

Several researchers have widely applied 

and developed the application of theoretical 

physics and applied mathematics, especially 

in applied engineering, such as in textile 

engineering for modelling of yarn properties 

[1-4]. Some researchers developed models to 

determine viscoelastic material properties 

specially used in textile [2-4]. Putra, Maruto. 

& Rosyid [5] and Putra, Maruto & Rosyid [6] 

have modelled the movement of the fibres in 

a textile yarn formation, especially in the 

realm of spinning. Putra, Maruto, and Rosyid 

[5] and Putra, Maruto, and Rosyid [6] have 

modelled and predicted yarn material 

properties by influencing the spinning 

machine input parameters. The mechanical 

properties of textile yarns are generally 

modelled as a function of time due to the 

viscoelastic characteristic, which combines 

viscous and elastic properties [7-10], namely 

stress relaxation and creep-behaviour. Chen 

[4] and Putra et al. [11] stated that the 

application of physics, especially in the study 

of textile materials model to determine the 

mechanical properties of stress relaxation and 

creep behaviour, is essential to find out a 

characteristic used to determine the properties 

of a textile viscoelastic yarn material. Pocienė, 

R., Vitkauskas [12], Kothari, Rajkhowa, 

Gupta [13], Chen [4], and Putra et al. [11] 

have explained that the Maxwell and Voigt-

Kelvin model are the examples of some 

models consisting of a single spring and one 

dashpot arranged in series or a parallel 

arrangement. The two models has the 

inaccuracy between the predicted results 

(model) of the validation of the experiment to 

explain the general characteristic of the 

viscoelastic material, especially in the case of 

stress relaxation. Textile polymer materials 

usually exhibit a viscoelastic property by 

giving the same stress level for a specific time. 

Viscoelastic linear properties are usually 

modelled using a physics model that is a 

spring that follows Hook's formula from a 

material with elastic deformation and a 

dashpot that follows Newton's fluid 

formulation with stress proportional to strain 

[14, 15, 11, 4]. Maxwell's model is a 

viscoelastic model involving one spring and 

one dashpot arranged in series and has 

viscoelastic equation form (Equation (1) and 

Equation (2)) [4].  

  

 𝑑𝜀

𝑑𝑡
=

1

𝐸

𝑑𝜎

𝑑𝑡
+

𝜎

𝜂
 (1) 
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Where the terms 𝐸  and 𝜂   are the 

elastic constant and viscous constant, 𝜀 is the 

yarn strain, and 𝜎  is the yarn stress. Stress 

relaxation, 𝜎, can be formulated as Equation 

(2) [4, 11]  

 
𝜎 = 𝜎𝑜𝑒

−
𝐸
𝜂

𝑡
 

(2) 

The Voigt-Kelvin model is a 

viscoelastic model involving one spring and 

one dashpot arranged in parallel and has 

viscoelastic equation form (Equation (3) and 

Equation (4)) [4, 11]   

 𝜎 = 𝐸𝜀𝑒 + 𝜂
𝑑𝜀𝜂

𝑑𝑡
 (3) 

  𝜎 = 𝐸𝜀 (4) 

Chen [8] and Putra et al. [12] stated that 

the equation model of Maxwell and Voigt-

Kelvin in Equation (2) and Equation (4) could 

not explain stress relaxation conditions under 

constant strain conditions because the 

equations were not experimentally 

appropriate and had the low coefficient of 

determination R2. A better model was made to 

show a match between the theoretical model 

and experiments, referring to several studies 

from several researchers [1-4, 16, 17] 

regarding the Maxwell and Voigt-Kelvin 

models' weaknesses. However, it is necessary 

to have a new model to show the material 

properties of textile yarns, especially an 

approach of analytic mechanics with a stress 

relaxation model of viscoelastic textile yarn. 

In this study, we made the model with the 

examples of polyester-wool-spandex yarn 

type and yarn number 36 (tex) or 36 (g/ km) 

as yarn material examined in this study. Some 

researchers have reported that the modelling 

of yarn can be formulated by analytical 

mechanics and simulated using computer 

programs [18, 19, 20, 21, 22, 23, 24, 25]. 

Therefore, this research aims to make a better 

model of the material properties of textile 

yarns, especially for the stress relaxation 

model, using an example of polyester-wool-

spandex yarn with an analytical mechanics 

approach [26-34]. In this model, the research 

limitation is that it does not involve the 

presence of stress and strain tensors studied 

from the point of view of the geometric 

structure of the yarn and polymer molecular 

dynamics. The novelty of this research is a 

new approximation of the analytical 

mechanics model of stress relaxation using a 

system of four springs and a dashpot to 

determine viscoelastic yarn properties as 

polyester-wool-spandex. A yarn movement 

equation for viscoelastic yarn as polyester-

wool-spandex having 36 of yarn count 

number (in unit tex or g/km) has been 

formulated using analytical mechanics and the 

model has been validated experimentally. The 

coefficient of determination R2 ranges from 

0.82, which shows the closeness between the 

experimental results and the theoretical 

predictions. 

 

II. METHOD 

Viscoelastic model with two springs and 

one dashpot arranged in series and parallel 

This section explains a model using two 

springs and one dashpot arranged in series and 

parallel. It can be formulated as a model with 

two springs with some constant values and a 

dashpot with a specific viscous constant 

value, all of which are arranged in series as in 

Figure 1. The model has a simple model 

where stresses have the same value for the 

whole model, while the strain is the sum of 

three elements.  

 

 

Figure 1. Two Springs and One Dashpot Model 

Arranged in Series 

Chen [4] and Putra et al. [11] stated that 

in the series model, the magnitude of the force 

is constant, resulting in constant stress 
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accompanied by changes in the strain as 

Equation (5) and Equation (6):  

 

 ∑
𝑑𝜀

𝑑𝑡
= 0 (5) 

 

 𝑑𝜀𝑠

𝑑𝑡
=

1

𝐸

𝑑𝜎𝑒

𝑑𝑡
+

1

𝐸

𝑑𝜎𝑒

𝑑𝑡
+

𝜎𝜂

𝜂
 (6) 

Because of stress 𝜎𝑒 = 𝜎𝜂=𝜎, hence we 

get Equation (7) 

 𝑑𝜀

𝑑𝑡
=

2

𝐸

𝑑𝜎

𝑑𝑡
+

𝜎

𝜂
 (7) 

For stress relaxation conditions, the 

strain is constant, hence Equation (8) and 

Equation (9) are obtained 

 0 =
2

𝐸

𝑑𝜎

𝑑𝑡
+

𝜎

𝜂
 (8) 

 2

𝐸

𝑑𝜎

𝑑𝑡
= −

𝜎

𝜂
 (9) 

by integrating Equation (9), we get Equation 

(10) and Equation (11) 

 𝑑𝜎

𝜎
= −

𝐸

2𝜂
𝑑𝑡 (10) 

 ∫
𝑑𝜎

𝜎
= − ∫

𝐸

2𝜂
𝑑𝑡 (11) 

By doing the derivation of Equation 

(11) it will yield Equation (12) and Equation 

(13) 

 
𝜎 = 𝜎𝑜𝑒

−
𝐸

2𝜂
𝑡
 

(12) 

 
𝜎 = 𝜎𝑜𝑒

−
𝐸

2𝜂
𝑡

= 𝜎𝑜𝑒−𝑎𝑡 

 

(13) 

Chen [4] and Putra et al. [11] explained 

that for the condition of creep behaviour, the 

stress is constant so that the Equation (14) to 

Equation (16) is obtained 

 𝑑𝜀

𝑑𝑡
=

𝜎

𝜂
 (14) 

 𝜀 =
𝜎

𝜂
𝑡 (15) 

 𝜀 =
𝜎

𝜂
𝑡 (16) 

According to Chen [8] and Putra et al. 

[12] the results of Maxwell's model in 

Equation (9) and Equation (12) show poor 

results in describing the condition of 

viscoelastic yarn material properties for stress 

relaxation and creep behaviour cases. This 

research developed a model of two springs 

and one dashpot arranged in parallel to 

improve the accuracy of the Maxwell and 

Voigt-Kelvin modelling. The model shows 

that adding the number of springs in a series 

arrangement gives an equation similar to the 

Maxwell model, results in equation (2). Still, 

adding the number of springs will only reduce 

the elasticity. In this research, we have also 

shown that in the case of two springs and one 

dashpot model, which can be described 

through the springs and dashpot arrangement 

in a parallel circuit (Figure 2) and assuming 

that the strain is constant, hence we get 

Equation (17) and Equation (18): 

 

 

Figure 2. Two Springs and One Dashpot Model 

Arranged in Parallel  

 

 ∑ 𝜎 = 0 (17) 

 𝜎 = 𝐸𝜀𝑒 + 𝐸𝜀𝑒 + 𝜂
𝑑𝜀𝜂

𝑑𝑡

= 2𝐸𝜀𝑒 + 𝜂
𝑑𝜀𝜂

𝑑𝑡
 

 

 

(18) 

 

In the case of stress relaxation (constant 

strain), Equation (19) is obtained below. 

 𝜎 = 2𝐸𝜀 (19) 

The value of stress σ over time will be 

constant. For the case of creep behaviour, then 

the stress is constant so that we will get 
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Equation (20) and Equation (21) 

 𝜎 − 2𝐸𝜀 = 𝜂
𝑑𝜀

𝑑𝑡
 (20) 

 𝑑𝜀

𝑑𝑡
=

𝜎

𝜂
(1 −

2𝐸

𝜎
𝜀) (21) 

 

The results of solving Equation (21) 

above will turn out to Equation (22). 

 

 𝑑𝜀

(1 −
2𝐸
𝜎 𝜀)

=
𝜎

𝜂
𝑑𝑡 

 

(22) 

By assuming that 1 −
2𝐸

𝜎
𝜀 = 𝑢,  hence 𝑑𝑢 =

−
2𝐸

𝜎
𝑑𝜀 ,  therefore we get Equation (23) to 

Equation (28) 

 −
𝜎

2𝐸

𝑑𝑢

𝑢
=

𝜎

𝜂
𝑑𝑡 (23) 

 

 ∫
𝑑𝑢

𝑢
= − ∫

2𝐸

𝜂
𝑑𝑡 (24) 

 

 
𝑢 = 𝑢𝑜𝑒

−
2𝐸
𝜂

𝑡
 

(25) 

 

 1 −
2𝐸

𝜎
𝜀 = 𝑒

−
2𝐸
𝜂

𝑡
 (26) 

 

 
𝜎 − 2𝐸𝜀 = 𝜎𝑒

−
2𝐸
𝜂

𝑡
 

(27) 

 

 
𝜀(𝑡) =

𝜎

2𝐸
(1 − 𝑒

−
2𝐸
𝜂

𝑡
) 

 

(28) 

The model shows that adding the 

number of springs in a parallel arrangement 

will give an equation similar to the Voigt-

Kelvin model results in equation (4), but 

adding the number of springs will only 

increase the elasticity value. 

 

 

III. RESULTS AND DISCUSSION  

Viscoelastic model using combination of 

four springs and one dashpot arranged in 

series and parallel 

Due to the weakness of the previous 

models (Eq. (16) and Eq. (28)), where neither 

the series nor the parallel arrangement has 

been able to show good accuracy in predicting 

the viscoelastic properties of the material, 

hence we developed a new model. This new 

model has developed a series circuit and a 

parallel circuit with an arrangement of four 

springs and one dashpot. To validate the 

model, then we also conduct experiments. The 

experiments were carried out in the Yarn 

Evaluation Laboratory Polytechnic STTT 

Bandung, Ministry of Industry of the Republic 

of Indonesia, West Java, Indonesia. The 

material used in this experiment was 

polyester-wool-spandex yarn, whose yarn 

number was 36 (tex) or 36 (g / km), purchased 

from the traditional market in Bandung, 

Indonesia. The equipment used for this 

experiment was stress relaxation tester 

equipment, Yarn Evaluation Laboratory 

Polytechnic STTT Bandung, Ministry of 

Industry of the Republic of Indonesia, West 

Java, Indonesia as in Figure 3. 

 

 
          Figure 3. Stress Relaxation Tester 

 

In this model, the polyester-wool-

spandex viscoelastic material and yarn 
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number 36 (tex) are modelled using a system 

of four springs and one dashpot arranged as in 

Figure 4. 

 

Figure 4. Form of Analytical Mechanic Modelling 

of Viscoelastic Polyester-Wool-Spandex Yarn 

Material with yarn number 36 (tex) 

 

In this model, the constant spring values 

are E1 and E2, while the viscous coefficient is 

η. The explanation of this polyester-wool-

spandex yarn system and yarn number 36 

(tex) can be completed using Newton's third 

law, namely by reviewing the relationship of 

each spring as Equation (29) to Equation (32) 

 ∑ 𝐹 = 0 (29) 

 𝐹𝑒𝑥𝑡 − 𝐹𝑠𝑝𝑟𝑖𝑛𝑔 = 0 (30) 

 𝐹 − 𝑘Δ𝑥𝑟 = 0 (31) 

 𝐹 = 𝑘Δ𝑥𝑟 (32) 

Looking at the connection point of two 

E1 springs, we get Equation (33) to Equation 

(37)  

 ∑ 𝐹 = 0 (33) 

 𝐹𝑟 − 𝐹𝑙 = 0 (34) 

 𝐹𝑟 = 𝐹𝑙 (35) 

 𝐸Δ𝑥𝑟 = 𝐸Δ𝑥𝑙 (36) 

 Δ𝑥𝑟 = Δ𝑥𝑙 (37) 

Using Equation (37), the total shift of the 

entire series will yield Equation (38) 

 

 Δx = Δ𝑥𝑟 + Δ𝑥𝑙 = 2Δ𝑥𝑙 (38) 

To find the combined effective spring 

coefficient, we get Equation (39) to Equation 

(42). 

 ∑ 𝐹 = 0 (39) 

 𝐹𝑒𝑥𝑡 − 𝐹𝑡𝑜𝑡𝑎𝑙 = 0 (40) 

 𝐹 = 𝐹𝑡𝑜𝑡𝑎𝑙 (41) 

 𝐹 = 𝐸𝑒𝑓𝑓Δx (42) 

When substituting 𝐹 = 𝑘Δ𝑥𝑙 to 𝐹 = 𝑘𝑒𝑓𝑓Δx, 

we get Equation (43) to Equation (45).  

 𝐸Δ𝑥𝑙 = 𝐸𝑒𝑓𝑓Δx (43) 

 𝐸𝑒𝑓𝑓 =
𝐸Δ𝑥𝑙

Δx
=

𝐸Δ𝑥𝑙

2Δ𝑥𝑙
=

𝐸

2

=
𝐸2

2𝐸
 

(44) 

 
1

𝐸𝑒𝑓𝑓
=

2𝐸

𝐸2
=

1

𝐸
+

1

𝐸
  

(45) 

Thus, we get a general formula for a 

spring arranged in series, as in Equation (46). 

 
1

𝐸𝑒𝑓𝑓
=

1

𝐸1
+

1

𝐸1
=

1

𝐸
+

1

𝐸
=

2

𝐸
  (46) 

 

As for the parallel spring arrangement 

E2, we get E2
*= 2E and for a case when 𝐸1 =

𝐸2 = 𝐸. The application of polyester-wool-

spandex modelling and yarn number 36 (tex) 

and the prediction of the study of viscoelastic 

properties in the textile field is a study to find 

out the viscoelastic material properties of 

fibre, yarn or fabric, for example, in a viz. 

yarn. Polyester-wool-spandex has a yarn 

number of 36 tex or 36 g / km. The results of 

experimental data for the process of stress 

relaxation (constant strain) of polyester-wool-

spandex yarn and yarn number 36 (tex) are as 

in Table 1. 
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Table 1. Stress Relaxation Polyester-Wool-Spandex 

Yarn with Yarn Number 36 (tex) 

No Time (103s) stress (cN/ tex) 

1 0 6.1 

2 0.5 5.3 

3 1 5.0 

4 

5 

6 

1.5 

2.0 

2.5 

5.0 

4.9 

4.9 

7 

8 

3.0 

3.5 

4.8 

4.8 

  

The derivation of analytical equations of 

polyester-wool-spandex, which has yarn 

number 36 (tex) for the series circuit in Figure 

4, can be completed first. Due to the series 

arrangement, the stress value is constant, so 

𝜎𝑒 = 𝜎𝑣 = 𝜎2  and 𝜀𝑠 = 𝜀𝑒 + 𝜀𝑣  and we get 

Equation (47) to Equation (50): 

 ∑ (
𝑑𝜀

𝑑𝑡
) = 0 (47) 

 𝑑𝜀𝑠

𝑑𝑡
=

𝑑𝜀𝑒

𝑑𝑡
+

𝑑𝜀𝑣

𝑑𝑡
  

(48) 

 𝑑𝜀𝑠

𝑑𝑡
=

1

𝐸2
∗

𝑑𝜎𝑒

𝑑𝑡
+

𝜎𝑣

𝜂

=
1

𝐸2
∗

𝑑𝜎2

𝑑𝑡
+

𝜎2

𝜂
 

 

 

(49) 

 𝑑𝜎2

𝑑𝑡

= 𝐸2
∗ 𝑑𝜀𝑠

𝑑𝑡
− 𝐸2

∗ 𝜎2

𝜂
 

 

 

(50) 

For parallel circuits, the strain value is 

the same, so 𝜀𝑠 = 𝜀1 = 𝜀  hence we get 

Equation (51) to Equation (52):  

 
∑ 𝜎 = 0 

  (51) 

 𝜎 = 𝜎1 + 𝜎𝑠 (52) 

If it is lowered once with time, it is obtained 

Equation (53) to Equation (61):   

 
∑

𝑑𝜎

𝑑𝑡
= 0 

 

(53) 

 𝑑𝜎

𝑑𝑡
=

𝑑𝜎1

𝑑𝑡
+

𝑑𝜎𝑠

𝑑𝑡
 

(54) 

 𝑑𝜎

𝑑𝑡
= 𝐸𝑒𝑓𝑓

𝑑𝜀1

𝑑𝑡
+ 𝐸2

∗ 𝑑𝜀𝑠

𝑑𝑡

− 𝐸2
∗ 𝜎2

𝜂
 

 

(55) 

 𝑑𝜎

𝑑𝑡
= (𝐸𝑒𝑓𝑓 + 𝐸2

∗)
𝑑𝜀

𝑑𝑡
− 𝐸2

∗ 𝜎2

𝜂
 

 

(56) 

 𝑑𝜎

𝑑𝑡
= (𝐸𝑒𝑓𝑓 + 𝐸2

∗)
𝑑𝜀

𝑑𝑡

− 𝐸2
∗

(𝜎 − 𝜎1)

𝜂
 

 

 

(57) 

 𝑑𝜎

𝑑𝑡
= (𝐸𝑒𝑓𝑓 + 𝐸2

∗)
𝑑𝜀

𝑑𝑡
−

𝐸2
∗

𝜂
𝜎

+
𝐸2

∗

𝜂
𝜎1

= (𝐸𝑒𝑓𝑓

+ 𝐸2
∗)

𝑑𝜀

𝑑𝑡

−
𝐸2

∗

𝜂
𝜎

+
𝐸2

∗

𝜂
𝐸𝑒𝑓𝑓𝜀 

 

 

 

 

 

 

 

 

(58) 

 𝑑𝜎

𝑑𝑡
= (𝐸𝑒𝑓𝑓 + 𝐸2

∗)
𝑑𝜀

𝑑𝑡
−

𝐸2
∗

𝜂
𝜎

+
𝐸2

∗

𝜂
𝐸𝑒𝑓𝑓𝜀 

 

 

(59) 

 𝑑𝜎

𝑑𝑡
+

𝐸2
∗

𝜂
𝜎 = (𝐸𝑒𝑓𝑓 + 𝐸2

∗)
𝑑𝜀

𝑑𝑡

+
𝐸2

∗𝐸𝑒𝑓𝑓

𝜂
𝜀 

 

 

(60) 

 𝜂

𝐸2
∗

𝑑𝜎

𝑑𝑡
+ 𝜎 =

(𝐸𝑒𝑓𝑓 + 𝐸2
∗)𝜂

𝐸2
∗

𝑑𝜀

𝑑𝑡
+ 𝐸𝑒𝑓𝑓𝜀 

 

 

(61) 

For 𝐸𝑒𝑓𝑓 and 𝐸2
∗are equal, we get Equation 

(62) and Equation (63) 

 𝜂

𝐸

𝑑𝜎

𝑑𝑡
+ 𝜎 = 2𝜂

𝑑𝜀

𝑑𝑡
+ 𝐸𝜀 (62) 

 𝜂

𝐸

𝑑𝜎

𝑑𝑡
+ 𝜎 = 𝐸𝜀 + 2𝜂

𝑑𝜀

𝑑𝑡
 (63) 

 

The results of the completion for stress 

relaxation conditions or fixed strains are in 

accordance with Equation (64). 

 𝜂

𝐸

𝑑𝜎

𝑑𝑡
+ 𝜎 = 𝐸𝜀 (64) 

With the value of stress can be seen in 
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Equation (65) and Equation (66). 

 𝑑𝜎

𝑑𝑡
+

𝐸

𝜂
𝜎 =

𝐸2

𝜂
𝜀 (65) 

 
𝜎 = 𝜎𝑜𝑒

−
𝐸
𝜂

𝑡
+ 𝐸𝜀 

(66) 

Using the data fitting method, we can 

develop a polyester-wool-spandex curve with 

yarn number 36 (tex) as in Equation (62) 

presented in Figure 5.  

 

Figure 5. Stress Relaxation Condition Equation 

(62) Stress Curve (cN) to Time in Seconds, (Red 

Line for Experimental, Blue Line for Theory) 

 

The application of theoretical physics 

and applied mathematics, especially in 

applied engineering, such as in textile 

engineering, has been widely used and carried 

out by several researchers [1-16]. Putra, 

Maruto & Rosyid [5] and Putra, Maruto & 

Rosyid [6] have modelled the movement of 

the fibres in a textile yarn formation, 

especially in the spinning of yarn. Chen [8] 

and Putra et al. [12] stated that the equation 

model of Maxwell and Voigt-Kelvin in 

Equation (2) and Equation (4) could not 

explain stress relaxation conditions under 

constant strain conditions because the 

equations were not experimentally 

appropriate and had the low coefficient of 

determination R2. According to some 

researchers [2-4], the results of one spring and 

one dashpot arranged in the series model in 

Equation (2) showed poor results in 

describing the condition of viscoelastic yarn 

material properties for stress relaxation cases, 

which can be described as in Figure 6. 

 

 

Figure 6. Stress Relaxation Condition Equation 

(62) Stress Curve (cN) to Time (in seconds) for 

Two Springs and One Dashpot Model (Red Line 

for Experimental, Blue Line for Theory) 

 

The model of two springs and one dashpot 

arranged in the parallel model in Equation 

(19) cannot explain stress relaxation 

conditions under constant strain conditions, as 

described in Figure 7. 

 

Figure 7. Stress Relaxation Condition Equation 

(62) Stress Curve (cN) to Time (in seconds) for 

Two Springs and One Dashpot Arranged in the 

Parallel Model (Red Line for Experimental, Blue 

Line for Theory)  

 

Based on the previous model and some 

research [4, 11, 13, 10], we developed a better 

model to show a match between a theoretical 

model with experiments. In this study, 

viscoelastic linear mechanical properties of 

polyester-wool-spandex yarn and yarn 

number 36 (tex) are usually modelled using a 

physics model that is a spring that follows the 

Hook's formula from a material that has 
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elastic deformation and also a dashpot that 

follows the formula Newtonian mechanics. 

Based on the results of this study, it was found 

that the viscoelastic model form of polyester-

wool-spandex yarn and yarn number 36 (tex) 

using Equation (66) can be used to predict the 

stress relaxation conditions of a model and 

predict the study of viscoelastic properties of 

polyester-wool-spandex yarn and yarn 

number 36 (tex). In this study, the results of 

the coefficient of determination R2 range from 

0.82, which shows the closeness between the 

experimental results and the theoretical 

predictions. The nature of stress relaxation is 

an important property to explain the nature of 

a material such as viscoelastic yarn. The 

Maxwell model and the Voigt-Kelvin model, 

which consists of a single spring and a dashpot 

arranged in series or parallel, show results in 

less representative of experimental data. The 

understanding of the two models is the 

inaccuracy between the predicted results 

(model) against the validation of the 

experiment. In this study, it has been studied 

that viz. yarn. Polyester-wool-spandex, which 

has a yarn number of 36 tex or 36 g/km, is an 

example of viscoelastic material in textile 

material. The equation of the viscoelastic 

model for making the curve in Figure 5 can be 

written as Equation (67) and Equation (68): 

 𝜂

𝐸2
∗

𝑑𝜎

𝑑𝑡
+ 𝜎 =

(𝐸𝑒𝑓𝑓 + 𝐸2
∗)𝜂

𝐸2
∗

𝑑𝜀

𝑑𝑡

+ 𝐸𝑒𝑓𝑓𝜀 

𝜂

2𝐸

𝑑𝜎

𝑑𝑡
+ 𝜎 = 1.25𝜂

𝑑𝜀

𝑑𝑡
+

𝐸

2
𝜀 

𝜎 = 𝜎𝑜𝑒
−

𝐸
𝜂

𝑡
+ 𝐸𝜀 

(67.a) 

 

(67.b) 

 

(68) 

with a condition 𝐸𝑒𝑓𝑓 =
𝐸

2
,  E2

*= 2E and for 

a case when 𝐸1 = 𝐸2 = 𝐸 and for 𝐸𝑒𝑓𝑓 and 

𝐸2
∗are equal. Based on the model results and 

validation of experiments, it was found that 

𝐸

𝜂
= 2 with 𝐸 = 2𝜂. Equation (68) shows that 

the time stress for a constant force will have 

an inverse relationship with the decaying 

exponential curve of the viscoelastic material 

of polyester-wool-spandex yarn and yarn 

number 36 (tex). Table 2 displays some 

equations of viscoelastic models from some 

researchers.  

 

Table 2. Some Kinds of Viscoelastic Models 

Name of 

Authors 

Equations of model 

Maxwell  [3] 𝑑𝜀

𝑑𝑡
=

1

𝐸

𝑑𝜎

𝑑𝑡
+

𝜎

𝜂
 

Voigt [3] 
𝜎 = 𝐸𝜀𝑒 + 𝜂

𝑑𝜀𝜂

𝑑𝑡
 

Rosyidan, et al 

[9] 

𝑑𝜎

𝑑𝑡
+ [

𝐸2𝐸1

𝐸1 + 𝐸2
]

𝜎

𝜂1

= [
𝐸2𝐸1

𝐸1 + 𝐸2
]

𝑑𝜀

𝑑𝑡

+ [
𝐸2𝐸1

𝐸1 + 𝐸2
]

𝐸3𝜀

𝜂1

+
1

𝐸3

𝑑𝜀3

𝑑𝑡
 

Ghosh et. al[31] 

 

Hanief [34] 2𝜂

𝐸2

𝑑𝜎

𝑑𝑡
+ 𝜎 =

(𝐸1 + 𝐸2)𝜂

𝐸2

𝑑𝜀

𝑑𝑡
+ 𝐸1𝜀 

Putra [10] 𝜂

𝐸

𝑑𝜎

𝑑𝑡
+ 𝜎 = 2𝜂

𝑑𝜀

𝑑𝑡
+ 𝐸𝜀 

 

Textile yarn, such as polyester-wool-

spandex viscoelastic yarn with yarn number 

36 (tex), has elastic properties or viscous 

properties and a combination of the two 

properties. For example, if a pull or constant 

stress is applied to yarn, there will be a short 

strain, and then a slow strain will occur, as in 

the description of the polyester-wool-spandex 

viscoelastic yarn material with yarn number 

36 (tex). In this study, polyester-wool-spandex 

yarn properties, which have viscous and 

elastic properties, are called viscoelastic 

material and have been determined by 

Equation (67) and Equation (68). The 

coefficient of determination R2 range from 

0.82, which shows the closeness between the 
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experimental results and the theoretical 

predictions as well as a better model than 

some previous models [8], [12], [28]. 

However, the research limitation of this model 

is that it does not involve the presence of stress 

and strain tensors studied from the point of 

view of the geometric structure of the yarn and 

polymer molecular dynamics resulting in the 

coefficient R2. It has a yield of not more than 

0.9. The implication of this research in 

materials science, especially in textile science, 

is that it is possible to test the viscoelastic and 

elastic properties of solid materials, 

particularly yarn. Considering its benefits or 

significance for the development of science 

and technology, this research has developed a 

model that can predict the material properties 

of viscoelastic yarn more accurately to be 

used by researchers in textile science in 

designing a textile product that requires good 

viscoelastic and mechanical properties.  

 

IV. CONCLUSION 

This research has discussed some 

models of viscoelastic material in polyester-

wool-spandex yarn. Based on the results of 

this study, a concordance was obtained 

between theoretical prediction results and 

experimental validation with a better 

magnitude of R2. The potential of the findings 

from this research for future research is to 

obtain a more detailed and accurate 

mathematical model formulation in terms of 

geometric mechanics and molecular structure 

of polymer yarns. 
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