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CRITERIA FOR QUALITATIVE ASSESSMENT OF RELAXATION

PROPERTIES OF POLYMER TEXTILE MATERIALS

N. V. Pereborova UDC 539.434:677.494

The method for calculating the relaxation properties of polymer textile materials developed using
mathematical models allows assessing qualitatively the performance properties of these materials.

When carrying out a qualitative assessment of the relaxation properties of polymer textile materials, it is possible
to use the criteria developed for this purpose separately or combining them into one complex criterion. It is possible
because the relaxation properties as parameters of mathematical models of relaxation processes of these materials obey
the Cauchy law possessing the additivity property [1].

For a qualitative assessment of the relaxation properties of polymer textile materials, the following criteria were
developed:

- the intensity of material recovery after operation;
- the degree of material recoverability after operation;
- the possibility of the material repeated recovery during the operation process;
- the recovery time of the material functional properties after operation;
- material resistance to repeated recovery of functional properties during the operation process.
In addition to these five local criteria, two complex criteria for the qualitative assessment of the relaxation

properties of polymer textile materials have been developed [2].
Assessment of the operational parameters of polymer textile materials, taking into account the criteria for

relaxation properties formulated above, should be carried out in dimensionless units.
To develop criteria for qualitative assessment of the relaxation properties of polymer textile materials, let us use

a mathematical model of relaxation written in the form [3]

Eεt = E0− (E0 − E∞)ϕεt, (1)
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where t is the time; σ
t
 is the stress arising in the material under the action of the applied deformation ε; bε is the parameter

of relaxation intensity; E
0
 and E

”
 are the asymptotic values of the relaxation modulus Eεt

 = (σ
t
/ε); t

1
 is the value of the

datum time; ϕεt
 is the relaxation function in the form of the normalized arctangent of logarithm (NAL).

LOCAL CRITERIA FOR ASSESSING
RELAXATION PROPERTIES

Let us consider the first criterion for the qualitative assessment of the relaxation properties of polymer textile
materials – the intensity of material recovery after operation [4].

Let us denote α
1
 = b

nε – a dimensionless quantity characterizing the degree of intensity of a polymer textile
material recovery after operation. The quantity α

1
 is numerically equal to the relaxation intensity parameter, which is

responsible for the recovery of the material functional properties.
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One can note that the quantity α
1
 takes only non-negative values: α

1
 > 0. The smaller the value of α

1
, the faster

the material recovers after operation. And vice versa, the higher its value, the slower the material recovers after operation.
If for two different materials the inequality α

1k
 > α

1n
 is fulfilled, it means that the material with the number n

recovers after operation faster than the material with the number k.
The considered criterion should be applied when it is required to assess how quickly the functional properties of

polymer textile materials recover after operation. Sometimes it is important that the material quickly recovers its functional
properties after operation and is ready for subsequent operation [5].

Let us consider the second criterion for the qualitative assessment of the relaxation properties of polymer textile
materials – the degree of material recoverability after operation [6].

Let us denote α
2
 = [E

”
/(E

0
 + E

”
)] – a dimensionless quantity characterizing the degree of polymer textile material

recoverability after operation.
One can note that the introduced quantity α

2
 can take only non-negative values: α

2
 > 0. The smaller the value of

α
2
, the more complete the recoverability of the polymer textile material after operation.

And vice versa, the higher the value of α
2
, the less complete the recoverability of the polymer textile material

after operation.
It means that if for two different materials the inequality α

2k
 > α

2n
 is fulfilled, the material with the number n

recovers more completely after operation than the material with the number k.
According to the denotation of α

2
, the material completely recovers at a zero value of the viscoelastic modulus

E
”
 = 0. In this case, obviously, α

2
 = 0.

The introduced criterion is of particular value when it is required to assess how long the material under study
can retain its functional properties [7].

When considering the third criterion for the qualitative assessment of the relaxation properties of polymer
textile materials – the possibility of the material repeated recovery during operation [8], let us denote α

3
 = ε

0
/ε

r
 – a

dimensionless quantity characterizing the possibility of such recovery.
Here, ε

r
 is the experimentally obtained value of the rupture deformation (in %); ε

0
 is a certain normalizing value

of deformation; for example, ε
0
 = 10%.

The quantity α
3
 can take only non-negative values: α

3
 > 0. The smaller the value of α

3
, the greater the ability of

the material to repeatedly recover the functional properties during operation. And vice versa, the higher the value of α
3
,

the less the ability of the polymer textile material to repeatedly recover its functional properties during operation.
The introduced criterion is of particular importance when it is necessary to assess how many times polymer

textile materials can recover their operational properties during operation [9].
Let us consider the fourth criterion for the qualitative assessment of the relaxation properties of polymer textile

materials – the recovery time of the material functional properties after operation [10].
Let us denote 14 / tετ=α  – a dimensionless quantity characterizing the recovery time of the functional properties

of the polymeric textile material after operation.
Here, t

1
 is a certain value of normalizing datum time; for example, t

1
 = 600 s; ετ  is the average relaxation time,

which can be calculated using the formula

∫
ε

εε ετ
ε−ε

=τ
t

d

1
12

1
(3)

where ε
1
 is the lower limit of the studied deformation range; ε

2
 is the upper limit of this range.

It means that the studied deformation can vary within the limits ε ∈  [ε
1
, ε

2
].

The quantity α
4
 can take only non-negative values: α

4
 > 0. The smaller the value of α

4
, the faster the material

recovers after operation. And vice versa, the higher the value of α
4
, the slower the material recovers after operation.

The introduced criterion is of particular importance when it is necessary to assess how quickly or slowly a
certain material recovers after operation [11].

Considering the fifth criterion for the qualitative assessment of the relaxation properties of polymer textile
materials – the material resistance to repeated recovery of functional properties during operation [12], let us denote α

5

= E
”
/(E

0
 – E

”
) – a dimensionless quantity characterizing the material resistance to repeated recovery of functional properties

during operation.
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The quantity α
5
 can take only non-negative values: α

5
 > 0. The smaller the value of α

5
, the more resistant the

polymer textile material to repeated recovery of its functional properties during operation. And vice versa, the higher the
value of α

5
, the less resistant the material to repeated recovery of its functional properties during operation.

The higher the resistance of a polymeric textile material to repeated recovery of functional properties during
operation, the less dependent the properties on the influence of external factors (temperature, humidity, radiation, etc.).

A zero value of quantity α
5
 = 0 means that the material is absolutely resistant to repeated recovery of its functional

properties during operation [13].

COMPLEX CRITERIA FOR ASSESSING
RELAXATION PROPERTIES

An important role in the qualitative assessment of the relaxation properties of polymer textile materials is played
by the NAL normalized relaxation function– the basis of the mathematical model of these properties, which is an integral
function for the Cauchy distribution, which possesses the additivity property [14].

Due to this, the numerical values of the parameters of the mathematical model of relaxation of the studied
polymer textile materials, namely E

0
, E

”
, b

nε, τε, should also obey the Cauchy probability law. Hence it follows that the
proposed values α

1
, α

2
, α

3
, α

4
, α

5
 are also subject to Cauchy law.

It is known that the Cauchy probability distribution is close to the normal distribution and differs from it by the
delayed convergence of the NAL integral function to its asymptotes, which is not true for the integral function of normal
distribution – the probability integral [15].

The described feature of the NAL integral function of the Cauchy distribution substantiates the adequacy of
processing statistical samples – relaxation properties and parameters determined experimentally.

Let us note that the rupture characteristic ε
r
, although it is not a relaxation parameter of a polymer textile material,

is subject to the Cauchy law, since it is close enough to normal [16]. Let us also note that with respect to the introduced
probabilistic quantities α

1
, α

2
, α

3
, α

4
, α

5
, one can assume that they are distributed according to the Cauchy law.

Therefore, it is advisable to consider a new complex relaxation quantity A
r
 = α

1
 + α

2
 + α

3
 + α

4
 + α

5
, which

includes all the mentioned quantities α
1
, α

2
, α

3
, α

4
, α

5
 and is also distributed according to the Cauchy probability law due

to its additivity [17].
Taking into account the properties of the quantities α

1
, α

2
, α

3
, α

4
, α

5
, one can argue that their sum, the quantity

A
r
, is non-negative: A

r
 > 0.

Analysing the local criteria for the qualitative assessment of the relaxation properties of polymer textile materials considered
above, one can note that for all the introduced quantities α

1
, α

2
, α

3
, α

4
, α

5
, the functional properties of these materials are the better,

the smaller the values of the indicated quantities, i.e. the smaller the complex relaxation quantity A
r
 [18].

Hence, for example, it follows that such a material for which the complex relaxation quantity has a zero value
(A

r
 = 0) possesses the best functionality [19]. However, such materials do not exist in nature.

Analysing the above, let us obtain an analytical form of writing the first complex criterion for optimizing the
relaxation properties of polymer textile materials [20]:
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A
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where k is the number of the material sample; A
rk
 is the value of the relaxation quantity of the k-th sample of the material;

N is the material sample size (the number of samples taken); rA is the average value for relaxation quantities A
rk
.

In the case when in the qualitative assessment of the relaxation properties of polymer textile materials, it is
necessary to reveal the dominant role of one or several quantities from the set A = {α

1
, α

2
, α

3
, α

4
, α

5
}, or, on the contrary,

the role of one or several quantities from this set is insignificant, the most appropriate criterion for optimizing the
relaxation properties of polymer textile materials is the second complex criterion. It includes the quantities α

1
, α

2
, α

3
, α

4
,

α
5
 with the corresponding weights λ

1
, λ

2
, λ

3
, λ

4
, λ

5
 [21].

The set of these weights can be written as Λ = {λ
1
, λ

2
, λ

3
, λ

4
, λ

5
}.

The analytical form of writing the second complex criterion for optimizing the relaxation properties of polymer
textile materials has the form [22]:
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where k is the number of the material sample; λ
kAp  is the value of the relaxation quantity of the k-th sample of the

material; N is the material sample size (the number of samples taken); λ
kAp  is the average value for relaxation quantities

λ
kAp ; λ is the superscript of the relaxation quantities A

r
, showing that the quantities α

1
, α

2
, α

3
, α

4
, α

5
 are included in the

assessment criterion of Eq. (5) with their weights λ
1
, λ

2
, λ

3
, λ

4
, λ

5
.

Along with the analytical form of writing the second complex criterion for optimizing the relaxation properties
of polymer textile materials of Eq. (5), it is also convenient to write it in a vector form [23].

Thus, assuming that A and Λ are five-dimensional vectors, the vector form of writing the second complex
criterion for optimizing the relaxation properties of polymer textile materials is obtained [24]:

min,p
1 →=

⋅Λ
λ=

∑
A

N

A
N

k
kk

(6)

where k is the number of the material sample.
Thus, the first and second complex criteria for optimizing the relaxation properties of polymer textile materials

have been developed. These criteria include the local criteria for qualitative assessment of the specified properties of the
materials under study as components: the intensity of material recovery after operation; the degree of material recoverability
after operation; the possibility of the material repeated recovery during operation; the recovery time of the material
functional properties after operation; material resistance to repeated recovery of functional properties during operation.

The developed criteria for qualitative assessment of the relaxation properties of polymer textile materials allow
assessing their functionality and giving recommendations for optimizing the relaxation properties of these materials in
order to increase their functionality.

The research was financed within the framework of fulfilling the state assignment of the Ministry of Science and
Higher Education of the Russian Federation. Project No. FSEZ-2020-0005.
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