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Refined model of leather
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differ in physical and mechanical parameters. To
elasticity, pliability, and viscosity required in I
necessary to ensure their values that guara

based on combining the viscoelastic Ke
inert Khusanov model and the Bingham:
model makes it possible to improve the

ess of deformation of the material.
d model, the deformation is fixedat

Jdel will serve designers of technological
parameters of deformation during the mechanical
ous plastic materials.

ols its rheological response and points out the fact, that knowledge from other
areas of materials science can be very useful in studying the behavior of leather.

[3], the author developed the model, in which the damping element is replaced by a
linear active element. The study examines the deformation of polymers; the creep and
stress relaxation modes are described by one defining nonlinear equation.

In [4], a rheological model of a real viscoelastic body was studied considering the
presence of an energy barrier. Vertical longitudinal low-amplitude vibrations of a load on a
highly oriented polymer material were considered. The resulting rheological model explains
the occurrence of beats in a system with one mechanical degree of freedom.
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In [5], two-dimensional stretching of leather was analyzed using a unit that allows
independent stretching in two perpendicular directions. In the first approximation, the stress
was linearly related to two elastic strain components in perpendicular directions. The
influence of such variables as temperature, moisture content of the supplied airflow, airflow
velocity, and duration of treatment of fixed leather was determined.

A mathematical model was developed in [6], it describes the rheological properties of
footwear materials. The equations previously used to describe the relaxation of forg

forces at a given time, the determination of the adequacy of the experime
on the empirical formula, and the display of the graphical representati
relaxation curves and experimental values of forces.

The authors of [7] experimentally studied the creep and dama

stress-strain relationships and show viscoelastic beh
proposed that describes the basic patterns of behavior

of leather.
eather materials.
the structural elements of
etermined. The results of
leather samples.

The influence of high-frequency plasma treatme
samples made of low-grade natural leather was
the experiment showed an improvement in the ela

Deformation properties of the
ons of leather (shoulder, belly,
ation of the Wet-blue semi-finished

leather product on the pressing pographic sections of shoulder, belly, and
butt were obtained. It was eg the initial stage of loading, the deformation of
samples of the Wet-blug reases, and then after its compaction the

dependence takes on a
or determining a parameter — coefficient of
deformation ine i porous materials. An equation for an improved rheological
essed through a rheological parameter in the form of a

ia. A method for determining a new rheological parameter
ather to accelerated deformation was described. It consists in

¢ applied to an ideal body, strain under tension or compression is expressed
ere o is stress, ¢ is strain, E is the modulus of elasticity. The shear of an ideal
body is expressed by =yG, where 7 is the shear stress of an ideal body, y is the shear strain
an ideal body, G is the shear modulus of an ideal body.

2 Material and method of research

Newton's theological model of an ideal body is expressed by formula 7=u, where 1 is the
shear stress of an ideal body, u is the viscosity of an ideal body, is the flow velocity of an
ideal body, and formula expresses under tensile or compressive deformation, where o is
the stress of an ideal body at the flow, u is the viscosity of an ideal body, is the flow rate of
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an ideal body. Considering the Saint-Venant rheological model, if stress is 7<tzj, there is no
flow of an ideal body, and if z>7), then the flow of an ideal body occurs [11].

The first column of the table given below lists the authors who presented the simplest
rheological ideal models (Hooke, Newton and Saint-Venant). The second column shows the
schematic forms of models. Elasticity is denoted as the deformation of a spring, viscosity of
fluid flow is denoted as a piston with holes in the cylinder, and deformation occurs in the
form of dry friction when a certain value is exceeded. The third column shows the grazg

Models Types of models

Hooke

Newton
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Fig. 2. Schem¢ of the in rheological model sequentially connected with the Shvedov-Bingham

oigt model consists of the Hooke model connected in parallel with the
t=Gy+mn (1)
T=Tg+ ) )

Let us differentiate the Kelvin-Voigt model (1) and the Shvedov-Bingham model (2)
e each and obtain equations (3) and (4).

=G+ 1p (3)
t= 7, )
Then, equation (3) is divided by viscosity u1, and equation (4) is divided by
T Gl .
—=—Nth &)
M
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Ly, (©)
Hy

We add equations (5) and (6) and obtain the following equation:

1 1 G
(+Jr ==Ly +7 )
H H

We multiply equation (7) by u1/G1 and obtain:
M Mt H
——=r=pn+_7 (¥
G G

Then we divide the right and left sides of equation (2) by w2 and add t
right side of equation (8), and the left side to the left side of equ
equation (9).

) H 1 1 ;
—t=nt+tNt+t—T=—15+7
G, G H o
Next, we add up deformations and obtain an equation
LR PRI
ey H
Equation (10) is multiplied by u» and an eq

sequentially connected rheological equations o
obtained

G,

M1

To )’z

T

Fig. 3. Scheme of an improved rheological model of leather.
When two rheological models are connected sequentially, the total stress 7 is equal to

the stress of the first model 7; and the stress of the second model 7,
T=1=1,. (13)
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The total deformation of two sequentially connected rheological models y is equal to the
sum of the Kelvin-Voigt model deformation y; and the Shvedov-Bingham model
deformation y,

r=ntr. (14)

Kelvin-Voigt’s rheological model connected in parallel with the rheological model of

deformation inertia by I.N.Khusanov has the following form (15):
t=Gy+mp+mp (15)

+
T+M?:To+ﬂ272+ﬂl'u2 Va - (16)
G G

It is necessary to find a general solution to equations (15) and (16) in th

total deformation p, the rate of deformation and the acceleration
Equation (15) is divided by G» and the following derivativ

From expression (18 and obtain the following equation:

L+M1ﬂ=i+y2+ﬂ7‘2_ (20)
Ho Gy H G
h2/m) and obtain the following equation:

( L m+u jz-_Gz_,’_ G, G,

We multi

GZG Hy g’/ m m i, °T @D
. i . . .
=y —E+ 2P+ 4

m; - m Gm,

e multi quation (20) by Gi/ui

Gl +G1(’Ll1+ﬂ2)f=i+j/2+;'/'2' (22)
v G, Hy
d equations (21) and (22) and write the following equation:

& (r—ro)+(1'u1+’u2 G, G }f+

3

m m, G m
1M 1 Uity 1 Mt 23)
+ﬂ1+ﬂzt.:G2y+#371+{Gzﬂ1 +G1J72+y.
Hity m m Gm; 1y
_ Gyt +Gimy

If 14 , then we obtain the following equation:

Gy
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G, (,_,0)+[Lm+7ﬂziz+i} i
m mp Gy my Hiky (24)

- %7’ Ty
where o — is the compressive or tensile stress [Pa];
7 — shear stress of leather material, [Pa];
— coefficient of deformation inertness of leather material, [Pa-s?];
(1 — viscosity of leather material, [Pa-s];
12 — viscosity of leather material, [Pa-s];
3 — viscosity of leather material, [Pa-s];
G — modulus of elasticity of leather material, [Pa];
G> — modulus of elasticity of leather material, [Pa];
E — modulus of elasticity of solid bodies [Pa];
& — compressive or tensile strain [(-)];
¢ — rate of stress changes in leather material, [Pa/s];
7 — acceleration of stress changes in leather material, [Pa/!
y1 — shear deformation of leather material, [(-)];
y2 — shear deformation of leather material, [(-)];
y3 — shear deformation of leather material, [(-)];

¥ —rate of shear deformation of leather materia
7 — acceleration of shear deformation of leather

V' — change in the acceleration of sheazfiie i aterial, [1/8%];
70 — shear stress value, after which the 16
The rheological model of leather (24)
used in the development ag
mechanical processing of f]

ew effectlve high-tech equipment for the
er fabrics [16-35].

3 Results

ded to the improved A.G.Burmistrov’s rheological model of leather [15].
ements in the zone of initial deformation of stresses and strain rates,
hown in Fig. 4. From the curve pattern, it follows that the material
solid structure, that is, the interlacing of leather fibers is compacted,
g dynamic stress 7 changes, taking the values of 71, 1, ..., 7i, determined by
ents at the points of the curve.



BIO Web of Conferences 116, 07020 (2024) https://doi.org/10.1051/bioconf/202411607020
EBWFF 2024

¥ (%)

entire spectrum of ideal bodies of Hooke, Newton,
(deformation inertia of the material).

4 Conclusion

on of state relating stress,
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f interest.

, Engineering rheology / Textbook. Kemerovo Technological
(Kemerovo, 2008)

industry t¢chnology 55, 1. 8-12 (2022) DOI 10.46418/0021-3489_2022_55_01_02

olovina, P. P. Rymkevich, V. I. Vagner // News of higher educational

1nst1tut10ns Light industry technology 55, 1. 13-18 (2022). DOI 10.46418/0021-

3489_2022_55_01_03

57 A.G.Ward, Rheol Acta 13, 103—112 (1974). https://doi.org/10.1007/BF01526892
S.L.Furashova, V.E.Gorbachik, P.I.Skokov, Bulletin of the Kazan Technological
University. 2007. No. 6.

7. Zheng Li, Denis Paudecerf, Jiashi Yang. Acta Mechanica Solida Sinica. 22, 1, 37-44
(2009). https://doi.org/10.1016/S0894-9166(09)60088-4

8. N.V.Tikhonova, I.Sh.Abdullin, L.Yu.Makhotkina, T.V.Zhukovskaya, A.R.Yusupova,
Bulletin of the Kazan Technological University. 2014. No. 2.



BIO Web of Conferences 116, 07020 (2024) https://doi.org/10.1051/bioconf/202411607020
EBWFF 2024

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

25.

26.

A.T.Amanov, G.A.Bahadirov, T.Y.Amanov, G.N.Tsoy, A.M.Nabiev, Journal
Materials. 12, 21, (1) 2019. Basel, Switzerland. https://doi.org/10.3390/ma12213620

A.T.Amanov, G.A.Bahadirov, T.Y.Amanov, G.N.Tsoy, A.M.Nabiev, International
Journal on Advanced Science, Engineering and Information Technology, 13 (2023)
No. 1, Indonesia. P. 321-328. DOI:10.18517/ijaseit.13.1.17360

A.P.Filin, Applied mechanics of a deformable rigid body. (Main editorial office of
physical and mathematical literature of the “Nauka” publishing house, 1975)
[.N.Khusanov, G.N.Tsoy, U.l.Khusanova, Method for determining the rheolg

parameter during the deformation of a material. //Patent for invention UZ No:
05761. Publ. bulletin No. 2, 02/28/2019

A.G.Burmistrov, A device for determining the relaxation propertie

Burmistrov (M.: Kolos S, 2006)

Leather Processing & Tanning Technology
& Engineers// ISBN-10: 8190568590, p. 59

M.Renaud, M.Rueff and A.Rocaboy, Mecha
compression// Wood Sci. Technol. 96

R.J.Santos, D.L.Agostini,F.C.Cabrer rg and A.E.Job, Recycling leather
g ostructure, mechanical, and rheological
ite Polym. Compos. 2015

A.T.Amanov, G.A: i nd . iev, A Study on the Pressure Mechanism
[ ¢ Working Bodies Materials (Basel). 2023

A, Tsoy G N and Nabiev A M 2021 Improvement of the

homogeneity of the physical parameters of a leather semi-finished product//
eb of Conf. Volume 389, Ural Environmental Science Forum “Sustainable
Development of Industrial Region” (UESF-2023).
https://doi.org/10.1051/e3sconf/202338901028

G.A.Bahadirov, G.N.Tsoy, A.M.Nabiev, The effect of roller pressure and feed rate on
hides squeezing// E3S Web of Conf. Volume 402, 2023. International Scientific
Siberian Transport Forum - TransSiberia 2023.
https://doi.org/10.1051/e3sconf/202340210016

T.Y.Amanov, S.D.Baubekov, G.N.Tsoy, A.M.Nabiev, Device for Providing Pressure
Force between Working Bodies of Roller Technological Machines// Mod -High-Tech
Technol. Ne9 (2018)



BIO Web of Conferences 116, 07020 (2024) https://doi.org/10.1051/bioconf/202411607020
EBWFF 2024

27. Y.Xia, S.Wei, Y.Deng and Y.Jin, Comput. Geotech. 148(10):104806 (2022)

28. S.Bandara and K.Soga, Comp. Geotech., 63(1) (2015) 199-214 DOI:
10.1016/j.compgeo.2014.12.007 Comput. Geotech.

29. Y.Xiao, Z.Tang, X.Hong and S.Chen, Application of normalized SPH method to
inviscid fluid flows with large deformation of free surface Comput. Fluids (2022)

30. H.-Wang, Z.Tan, S.Kuang and A.Yu, /Powder Technol. 410:117861 (2022)

31. B.Shi, J.Wei and Y.Zhang, 4 novel experimental facility for measuring interng
Solid-liquid two-phase flow in a centrifugal pump by PIV Int. J. Multiph. Fle

32. G.Peng, X.Huang, L.Zhou, G.Zhou and H.Zhou, Solid-liquid two-phas

33. R.Tarodiya and A.Levy, Surface erosion due to particle-surface i
Powder Technol. (2021)

34. E.Onem, Quality properties of leather produced in water
media J. CO2 Util. (2018)

35. G.Krishnamoorthy, S.Sadulla, P.K.Sehgal and A.B.
approaches to leather tanning process for makin er by unnatural
amino acids J. Hazard. Mater. (2012)

36. M.AL.Sayegh, D.Rouzineau, M.Meyer, E.Cifl/ P.Alix, C. azzone and J.Roesler,
Impact of physico-chemical properties on fa iqui ow over flat and
corrugated surfaces Int. J. Multiph. Flow. (2

37. R.Khan, R.Kumar and Z.Ma, Expe{¥: gl inves on the performance
characteristics of plastic surfaces fo clofime low flow falling film liquid desiccant

38. A.M. i j a uid from wet leather semi-finished products

39. ermination of the influence of fibrous material on the

hed leather product Proceedings of the 7th International

40. G, Nabiev, EUREKA: Physics and Engineering, (1), 86-96

41. . ov, G.A.Bahadirov, G.N.Tsoy, A.M.Nabiev, International Journal of
eering and Robotics Research 10,3, pp. 151-156 (2021), DOI:
.10.3.151-156

OI: 10.1051/e3sconf/20212640406

. A.M.Nabiev, G.N.Tsoy, G.A.Bahadirov, Conditions for vertical pulling of semi-

finished leather products under driving rollers E3S Web of Conf. Volume 376,

International Scientific and Practical Conference “Environmental Risks and Safety in

Mechanical Engineering” (ERSME-2023).

https://doi.org/10.1051/e3sconf/202337601073

44. A.Umarov, A.Nabiev, K.Khusanov, A.Shernaev, AIP Conf. Proc. 2821 (1): 030020
(2023). https://doi.org/10.1063/5.0159452

45. A.M.Nabiev, G.N.Tsoy, G.A.Bahadirov, Ensuring conditions for the squeezed fluid
Sflowing from the skin along the conveyor of the technological machine // E3S Web of
Conf. Volume 458, 2023; International Scientific Conference Energy Management of

10



BIO Web of Conferences 116, 07020 (2024) https://doi.org/10.1051/bioconf/202411607020
EBWFF 2024

46.

47.

48.

49.

50.

51.

52.

Municipal Facilities and Environmental Technologies (EMMFT-2023)
https://doi.org/10.1051/e3sconf/202345802015

A.M.Nabiev, G.N.Tsoy, G.A.Bahadirov, International Journal of Modem
Manufacturing Technologies XV, 3 (2023) https://doi.org/10.54684/ijmmt.2023.15.3.8
G.A.Bahadirov, G.N.Tsoy, A.M.Nabiev, Equipment and technology for processing raw
hides: — Monograph; (Novosibirsk: Publishing house LLC "SibAK". 2023)
G.A.Bahadirov, A.M.Nabiev, F.R.Rakhimov, M.U.Musirov, Izvestiya Vysshikk
Uchebnykh Zavedenii, Seriya Teknologiya Tekstil'noi Promyshlennosti 5 (
174 (2023) https://doi.org/10.1186/s42825-019-0017-5
F.R.Rakhimov, G.Q.Achilov, AIP Conf. Proc. Nandyal, India 2821,
https://doi.org/10.1063/5.0159449

S.V.Ershov, I.A.Suvorov, V.B.Kuznetsov, E.N.Nikiforova, E.N.
Industry Technology 1 (391), 114-119 (2021). DOI 10.473

intensive technologies and materials (SMARTEX) 1.
10.47367/2413-6514_2020_1_277.

A.M.Nabiev, G.N.Tsoy, G.A.Bahadirov, A.A.
Experimental determination of the breakawa
semi-finished products BIO Web Conf. Vol
Forestry Forum 2023: Forest Ecosystems as
Threats, Solutions (Forestry Forum 2023).
https://doi.org/10.1051/bioconf/20

rnational Scientific
of the Biosphere: Calls,

A
&





