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Abstract
The mechanical properties of SSB (Sheet Support Binder) forming fabrics depend on their 
structural solutions. A particular problem of the structures formed is their lower strength in 
the binder area. Analysed were binders for three types of multilayer fabrics with the same 
yarn composition but with different yarn densities and weaves. The test was performed on a 
Zwick dynamometer supported by TextXpert V.11.0 software. Based on the results obtained 
force-elongation relations were formed, the creep limits of the binder defined, and rheologi-
cal models developed that can be used to simulate the behaviour of SSB forming fabrics in 
the binder area during the operation.
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ferred to as viscoelastic material, which 
at the same time under a load shows 
properties of elastic bodies and viscous 
liquids, meaning that their strain depends 
on the size speed of deformation.

By combining the basic rheological mod-
els, a Leserič body rheological model is 
established (Figure 1).

The Leserič body (L) represents a serial 
link between Newton (N) and Kelvin (K) 
models [7]:

L = N – – – K

The deformation rate of the Leserič body 
is equal to the sum of those of the New-
ton and Kelvin bodies:

KNL εεε  +=

where: Nε  is the deformation rate of the 
Newton body, Kε  is the deformation rate 
of the Kelvin body.

The deformation rate of the Newton body 
is equal to:

N
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where: ηN is the Newton body’s viscosity 
coefficient.

The deformation rate of the Kelvin mod-
el is equal to:
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where: EK is the elasticity module of the 
Kelvin model, ηK is the viscosity coeffi-
cient of the Kelvin model.

n Theoretical considerations
To simulate the behaviour of SSB form-
ing fabric, it is necessary to establish 
the relationship between the load acting 
on the SSB fabric and the deformation 
thereof at the same time. For describing 
the behavior of SSB forming fabric dif-
ferential equations are established, ob-
tained on the basis of mechanical mod-
els. Thus each type of deformation of real 
materials is imitated by a simple model 
or that imitation is represented by com-
plex models formed by a combination of 
simple models [5, 6].

The simple models used to describe elas-
tic, viscoelastic and plastic deformations 
define the properties of ideal materials 
not found in nature, simply approximat-
ing the behaviour of real materials under 
certain load conditions and other external 
influences.

The rheological model for ideal elas-
tic material is the elastic spring (Hooke 
spring). This material subjected to a 
uniaxial load acts in accordance with 
Hooke’s law. The rheological model for 
viscose material is a piston which moves 
in oil (Newton’s body). As the real ma-
terial, more or less, always contains ele-
ments of these models, it is necessary to 
come up with another type of material re-

n Introduction
Forming fabrics are used in the paper in-
dustry, playing a very important role in 
the formation of a sheet of paper. These 
functions can be divided into two main 
groups: technological (the ability to re-
tain fibres, oriented transport and deposi-
tion of fibres on the surface of the fabric, 
and water permeability) and mechanical 
(abrasion resistance, stain resistance and 
stability of the fabric) [1 - 3].

The conditions for the formation of SSB 
fabric (Sheet Support Binder) with good 
mechanical properties are generated us-
ing appropriate yarn. However, the big-
gest problem is the behaviour of the fab-
ric in the joint area. Modern solutions for 
joint forming by the weaving technique 
allow correct structural solutions in the 
area of   the joint, which are reflected in 
SSB fabrics of equal thickness and weave. 
However, these parts of the fabrics have 
a lower breaking load by about 50% [4], 
which causes the deformation of the fab-
ric during operation and adversely affects 
the durability of the fabric. Therefore this 
paper presents a method of determining 
the load of SSB forming fabric allowed 
(in the joint area) during operation. In 
addition, a suitable rheological model is 
selected which describes the behaviour 
of the SSB fabric formed in the joint area 
in terms of the effects of the tensile force. 
This generated conditions for simulation 
of the behaviour of the SSB fabric in the 
joint area during operation, contributing 
to the correct prediction of the intensity 
of the tensile force which the SSB fabric 
in the joint area can withstand during op-
eration without deforming. 
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Figure 1. Leserič model.
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After some mathematical operations the 
following expression is obtained for the 
rate of deformation of the Leserič body: 
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where: ε0 is the initial relative elongation.

Differentiation by the time and rearrange-
ment of the previous expression gives a 
differential equation of the rheological 
model in the following form:

( ) KKNKKK EE ⋅++=⋅⋅+⋅ σηησηεηε 

As const=ε and ε = 0, this differential 
equation can be represented in the form:
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The integration constant, C, is deter-
mined from the initial conditions t = 0,  
σ = 0. The voltage-time dependence, af-
ter determining the integration constant, 
has the form:
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where: τr = (ηN + ηK)/EK relaxation time. 
The stress-elongation dependence has the 
form:
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where: lo - starting test tube’s length,  
v – test speed

n Materials and methods
All three forming SSBs have a com-
mercial application. SSB fabric 1V1P41 
(Figure 2) is formed on a weaving ma-
chine as double fabric joined by special 
binding weft wires (01, 02). The fabric 
has an upper warp (02, 04, ..., 20) which 
binds to the upper weft (04) in the plain 
weave. The lower warp (01, 03, ..., 19) 
binds with the lower weft (03) in a five-
wire satin weave. The binder weft is two 
times denser (the number of wires in  cm) 
in regard to the warp of the upper fabric. 
At the same time it alternately binds with 
the upper warp in plain weave and with 
the lower warp in an irregular ten-wire 
satin weave.

SSB fabric 1V1P51 (Figure 3) is formed 
on a weaving machine as double fabric 

joined with special binding weft wires 
(01, 02). The fabric has an upper warp 
(2, 4, ..., 24) which binds with the upper 
weft in a plain weave (04). The lower 
warp (1, 3, ..., 23) binds with the lower 
weft (03) in a six-wire satin weave. The 
binding weft has the same density as the 
weft of the upper fabric. At the same time 
it alternately binds with the upper warp 
in plain weave and with the lower warp 
in an irregular twelve-wire satin weave. 
SSB fabric 1V2P51 (Figure 4) is formed 
on a weaving machine as double fabric 
joined with special binding weft wires  
(1, 2). The fabric has an upper warp (2, 4, 
..., 24) which binds with the upper weft 
in plain weave (4 and 6). The lower warp 
(1, 3, ...., 23) binds with the lower weft 
(3 and 5) in a six-wire satin weave. The 
binding weft has the same density as the 
weft of the upper fabric. At the same time 
it alternately binds with the upper warp 
in plain weave and with the lower warp 
in an irregular twelve-wire satin weave 
(Binder weft and weft of the upper fabric 
bind in a proportion of 2:2). 

Tables 1 and 2 (see page 114) contain the 
characteristics of the monofilament yarns 
and warp and weft densities of the SSB 
fabrics applied.

Figure 4. 1V2P51 binder cross section. Figure 5. First, second and third derivatives of function F (ε).

Figure 2. 1V1P41 binder cross section. Figure 3. 1V1P51 binder cross section. 
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The percentage of the reduced breaking 
load pb and elongation pe in the joint area 
is determined by the Equation:

[ ]%100⋅
−

=
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FF
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ε , %

where: Fb - breaking load of SSB fabric, 
Fbj - breaking load of SSB fabric in the 
joint area, eb - elongation at break  of 
SSB fabric, ebj - elongation at break of 
SSB fabric in the joint area.

In 1V1P41 fabric the joint area may be 
subjected to a strain of up to 744 N with-
out suffering the first permanent defor-
mation, while the intensity of force of 
the first permanent deformation in the 
other two fabrics in the joint area is much 
lower. The value of forces at the creeping 
limit of 1V1P41 fabric is 18.71% com-
pared to the breaking load of thermo-
stable fabric, and 36.07% compared to 
the breaking load of the fabric in the joint 
area.

Based on the results obtained, it can be 
concluded that the properties of SSB fab-
ric depend on the mechanical properties 
of the yarns for warp and weft applied, 
then the density of warp and weft wires 
and finally on the weave (construction) 
of the SSB forming fabric. For 1V1P41 
fabric, which shows the best mechanical 
properties, the reverse side is a five-end 
satin weave (Figure 2), unlike fabrics 
1V1P51 and 1V2P51, where it is of a 
six-end satin weave (Figures 3 and 4). 
The quotient of the number of variations 
and weave repeat [10] is more favorable 
for five-end satin, which, among other 
things, is the reason for the results ob-
tained. In addition to the more suitable 
weave of the lower fabric, SSB 1V1P41 
has a greater density of binding weft 
wires, which also contributes to the im-
proved mechanical properties of the SSB 
fabric, compared to the other two analy-
ses of SSB fabrics. SSB fabric 1V2P51 
has better mechanical properties in com-
parison to SSB fabric 1V1P51,which is a 
result of the greater density of warp and 
weft wires of SSB 1V2P51 compared to 
SSB 1V1P51.

Figure 6 shows the measured and calcu-
lated values of F(ε) and the relative er-
ror of the model for fabric 1V1P41 in the 
joint area.

that the binders can handle without de-
formation.

n Results and discussion
Investigation results of the breaking load 
and elongation at break testing for thermo 
stable SSB fabrics (thermal stabilisation 
provides length and width stability of the 
SSB fabric) are shown in Table 3, and 
those of the investigation of the breaking 
load, elongation at break, creeping limit 
forces and creeping elongation in the re-
gion of joints are given in Table 4.

The breaking characteristics of 1V1P41 
fabric in the joint area are lower than 
those of thermo-stable fabric, where the 
reduction in the breaking load is 48.13%, 
and elongation at break - 49.41%. The re-
duction in the tensile force in the area of   
the joint of 1V1P51 fabric is 60.33% and 
in elongation- 64.36%. In 1V2P51 fab-
ric, the breaking load in the joint area is 
lower by 49.35% and elongation at break 
by 51.24% compared to thermo-stable 
fabrics.

Testing of the tensile strength and elon-
gation at break of the binders in the weft 
direction was performed on a Zwick 
dynamometer. Dimensions of the strips 
were 350 × 50 mm and after tearing the 
measuring width was 40 mm. The dis-
tance between the clamps was 200 mm.

The experiments were carried out under 
the following conditions:
n Pre-load force - 10 N
n Pre load speed - 20 mm/min
n Test speed - 80 mm/min.

In addition, based on the curve F - ε, the 
values of forces and relative elongation 
were determined at the creeping limit in 
the binder area (Fcr), whereby the first 
permanent deformation was generated, 
which occurs beyond the elasticity limit. 
It is determined numerically at the point 
of the local minimum of the second deriv-
ative of the curve F - ε, where F’’’(ε) = 0  
[8, 9] (Figure 5, binder 1V1P41). These 
data can be used to predict the limit load 

Table 3. Breaking load and elongation at break of thermo stable SSB fabrics.

1V1P41 1V1P51 1V2P51
Fmax, N εmax, % Fmax, N εmax, % Fmax, N εmax, %

X 3976 17.81 3786 18.07 3908 19.36
S 127.4 1.12 23.6 0.45 67.7 0.95
Cv 3.2 6.29 0.62 2.29 1.73 4.91

Table 4. Mechanical characteristics of joints.

1V1P41 1V1P51 1V2P51
Fmax,  

N
εmax, 

%
Fcr, 
N

εcr, 
%

Fmax,  
N

εmax, 
%

Fcr, 
N

εcr, 
%

Fmax,  
N

εmax, 
%

Fcr, 
N

εcr, 
%

X 2063 9.01
744 2.01

1502 6.44
338 0.78

1979 9.44
362 0.85S 74.8 0.37 72.8 0.42 94.9 0.81

Cv 3.63 4.11 4.85 6.52 4.79 8.58

Fbj

ebj

Table 1. Monofilament yarn characteristics.

Position Composition Diameter, mm Linear 
density, dtex

Breaking load, 
cN/tex

Elongation at 
break, %

Upper warp

PES

0.13 185 55.4 18.1
Lower warp 0.21 479 61.6 10.9
Upper weft 0.14 214 42.9 24.9
Lower weft 0.25 679 45.3 24.9
Lower weft

PA 6.6
0.25 562 55.2 45.7

Binding weft 0.13 152 63.9 37.7

Table 2. Warp and weft densities (number of wires in 1 cm) – [cm-1]

Position Composition 1V1P41, cm-1 1V1P51, cm-1 1V2P51, cm-1

Upper warp

PES

30.5 30 30.5
Lower warp 30.5 30 30.5
Upper weft 19.5 21.5 23.5
Lower weft 9.75 10.75 11.75
Lower weft

PA 6.6
9.75 10.75 11.75

Binding weft 39.0 21.5 23.5
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Figure 6. Values of F(ε) measured and calculated (a) and relative error (b) for 1V1P41 fabric in the joint area according to Leserič model.
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Figure 7. Values of F(ε)  measured and calculated (a) and relative error (b) for 1V1P51 fabric in the joint area according to Leserič model.

Figure 8. Values of F(ε)  measured and calculated (a) and relative error (b) for 1V2P51 fabric in the joint area according to the Leserič 
model.
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In Figure 7, given are the measured and 
calculated values of F(ε) and the relative 
error of the model for 1V1P51 fabric in 
the joint area.

Figure 8 shows the measured and calcu-
lated values of F(ε) and the relative er-
ror of the model for fabric 1V2P51 in the 
joint area.

Based on the experimental data and rela-
tion obtained by approximation from the 
rheological model, the following Equa-
tion was obtained:

s = a (1 - e-b .e)

Model coefficients ‘a’ and ‘b’ are given 
in Table 5.

Relation between coefficients “a” and 
“b” and physical characteristics are given 
in expressions:

E = 2000 a b and h = a/v 

where: E - Young’s modulus in N/m2,  
η - coefficient of dynamic viscosity in 
Ns2/m, v - speed of clamp during testing 
in m/s.

Equation s = a (1 - e-b .e) can be written 
in the form:











⋅=

⋅
⋅⋅
ε

ηησ vv 2000
E -

e-1  .

Table 6 shows the values of Young’s 
module of elasticity and the coefficient of 
dynamic viscosity obtained based on the 
rheological model which was established 
by experimental data.

Analysing the relative error of the model, 
it can be confirmed that the maximum 
relative deviation of actual values from 
the theoretical   is negligent. Thus it can 
be concluded that the model correctly de-
scribes the rheological behaviour of SSB 
fabric in the joint area when subjected 
to elongation. Also it can be concluded 
that the model describes the behaviour of 

the material up to the creeping limit very 
well, which is particularly important for 
the development of design methods for 
SSB fabrics in the area of   the joint.

n Conclusions
The mechanical properties of SSB form-
ing fabric depend on the mechanical 
properties of the yarns for the warp and 
weft applied, then the density of warp 
and weft wires, and finally on the weaves 
(constructions) of the SSB. SSB fabrics 
of the same composition (warp PES, weft 
PES and PA, weft binder PA) were ana-
lysed, but of different wire density and 
weave.

On the basis of research results, it is con-
cluded that forming SSB fabrics with ap-
plied five-wire satin weave on the reverse 
side of the fabric should take precedence 
over SSB fabrics with a six-wire satin 
weave applied. Also SSB fabrics have 
better mechanical properties with greater 
densities of warp and weft wires applied.
The mechanical properties of all three 
types of fabrics deteriorate after the com-
pletion of joints, which indicates that the 
research should continue to find optimal 
solutions regarding the structure and 
design of SSB fabrics in the area of   the 
joint.

Based on the results obtained a rheologi-
cal model is developed that can be used 
to simulate the behaviour of SSB fabrics 
in the area of the   joint during operation. 
Also it can be concluded that the model 
correctly describes the behaviour of the 
material up to the fabric’s creeping limit 
in the region of the joint.
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Table 5. Model coefficients.

1V1P41 1V1P51 1V2P51
a b a b a b

2528 0.17 1486 0.35 2275 0.19

Table 6. Young’s modulus and coefficient of dynamic viscosity.

1V1P41 1V1P51 1V2P51
E η E η E η

867,600 1,945,000 1,028,000 1,143,000 851,000 1,750,000


