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1.  Introduction

Offset printing is the most common way of making 
printed products. According to the Joseph Webb, Frank 
Romano, and Smithers Pira released studies cited 
in Romano (2015), the share of offset printing was 
expected to be nowadays at 30−40 % among all meth-
ods of the total print volume. To further increase the 
competitiveness of offset printing, specialists need to 
improve the methods of its application and automatic 
adjusting systems. 

The behavior of the ink flow in the contact zones of the 
rollers and cylinders and the mechanism of its division 
is largely related to the ink properties. Today there is 
a wide range of printing inks, different in their prop-

erties and purpose. Scientific publications (Kapović, et 
al., 2019; Ma, 2010; Shen, et al., 2017) claim that the ink 
splitting, in addition to its properties, is influenced by 
the plate coverage with printing elements, paper prop-
erties, the technical condition of printing equipment, 
climatic conditions in the production room, and other 
factors. But there is no information about the impact of 
these indicators on the ink distribution and splitting in 
the zone of two moving surfaces. 

A significant contribution to the development of the 
theoretical and methodological foundations of inking 
unit modeling was made by Rech (1971). He proposed 
a computer method for estimating the ink transfer, 
which allows determining the ink thickness on individ-
ual areas of the rollers and cylinders surfaces. A model 
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Currently, offset printing technology is used to manufacture a wide range of printing products. Given the trends to 
reduced print circulation, the issue of increasing the competitiveness of printing equipment by reducing the cost of 
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theory, methods of mathematical modeling, theory of discrete systems, and MATLAB-Simulink interactive environ-
ment. A mathematical model of offset IPS was developed to implement the research technology, which describes the 
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of ink transfer between two cylindrical surfaces was 
proposed in the scientific work published by Chu, Lin, 
and Cai (2019). The research results of the temperature 
regime in the contact zone of two rotating rollers are 
presented. It is established that the ink temperature 
at the exit from the contact zone is higher than at the 
entrance. The maximum temperature appears in the 
transition zone between the exit from the contact zone 
and the non-extrusion zone. However, no information 
is provided on the effect of temperature change on 
the value of ink splitting. In Liu, Li, and Lu (2016), a 
model of ink transfer in an offset inking and printing 
system (IPS) was developed based on the Reynolds 
equation. As a result of modeling, a directly propor-
tional dependence of an ink layer thickness in the 
contact zone of the rollers on their equivalent radius 
is established. However, there is no information on the 
parameters of the ink microflows splitting at the con-
tact zones of the IPS elements.

The difficulty of solving this problem is due to the 
peculiarities of offset printing (MacPhee, 1998). 
Depending on the properties of the printing ink and 
the printing speed, the nature of the rupture of the ink 
layer changes, namely the formation of ink threads, 
which negatively affect the quality of printed products 
(Vlachopoulos, Claypole and Bould, 2010; Claypole, 
Williams and Deganelo, 2012). The analysis of pub-
lished works allows stating the fact of the absence of 
a uniform approach to the mathematical description of 
inking devices, transfer, and splitting of ink. The math-
ematical description of the ink transfer process is real-
ized using a system of algebraic equations that reflect 
the ink addition and division in the contact zones of 
the rollers and cylinders, assuming that the ink layer 
is split in half.

Analysis of publications shows that information about 
the specific value of the ink splitting factor in the pro-
cess of its transportation from the ink supply device 
to the blanket cylinder (BC) in these works is missing. 
However, it should be noted that the scientific work 
included in Handbook of print media (Kipphan, 2001) 
presents the experimental results conducted on a spe-
cially designed model of the sequentially structured 
IPS. Based on these studies, it was found that without 
dampening solution the ink splitting factor at the con-
tact zones of the rollers and cylinders close to the print-
ing plate varies from 0.45 to 0.50 with a change in the 
frequency of axially oscillating distributor roller (OR). 
With dampening solution, the value of these factors 
can increase (Kipphan, 2001). But this experiment was 
performed with a constant ink supply, and there is no 
information on how the change in the magnitude of the 
ink splitting factor affects the ink redistribution in the 
IPS, and, accordingly, its thickness on the surface of the 
imprints.

2.  Materials and methods

2.1  Object of research

It is extremely difficult and expensive to study the 
influence of ink splitting factors in the contact zones of 
rollers and cylinders on the amount of ink supplied by 
the ink feed system with the help of measuring equip-
ment. It is proposed to solve this problem by modeling 
the process of ink distribution and transfer in IPS, and 
this requires the development of appropriate computer 
technology. We choose the Heidelberg GTO-52 offset 
inking and printing system as the object of research. In 
our study, the IPS is considered as a summation of ink 
supply device, inking unit, and printing unit, in which 
take place the processes of supply, distributing, circulat-
ing direct and reverse ink flows, forming and application 
of uniform, technologically necessary layer of ink on the 
surface of the printing form. The IPS scheme of the off-
set machine Heidelberg GTO-52 is given in Figure 1. An 
ink is discontinuosly transmitted from the ink fountain 
roller (FR) to the OR 1 by the vibrator roller (VR). Next, 
the ink flows circulate on the surfaces of the rollers and 
cylinders, summing up when entering the places of their 
contacts and splitting at the outlet. On the printing ele-
ments of the form (plate), which is fixed on the plate 
cylinder (PC), the ink is transmitted by form rollers 6, 
7, 11, 13. The IPS contains four ORs (1, 3, 5, and 12), which 
simultaneously with the rotational movement perform 
reciprocating axial movement. From the surface of the 
form, the ink is transferred to the BC, which in the area 
of contact with the impression cylinder (IC) applies the 
ink to the printed material (P).

2.2  Signal graph of the offset inking 
and printing system

According to the IPS scheme of the machine (Figure 1) 
we build a signal graph, which clearly shows the trans-
mission of direct and reverse ink flows in the IPS during 
replication of printed products, a fragment of which for 
the first and last zone is shown in Figure 2. The vertices 
at the graph input correspond to the ink thicknesses of 
the zonal supply. The graph nodes reflect the volumes 
of ink flows at the contact points of the IPS elements. 
The nodes of the signal graph are connected by seg-
ments and arcs, which reflect the transmission opera-
tors of the ink flows between the contact zones of the 
rollers and cylinders. The segments at the graph out-
put reflect the ink transfer operators in the appropri-
ate zones of the imprint. Ink transfer operators reflect 
the value of ink splitting and the time of its transpor-
tation between adjacent contact points at the surfaces 
of rollers and cylinders: Bi – in the direction from the 
FR to the plate; Hi – in the opposite direction. Their 
mathematical description is presented in Equation [3] 
in section 2.3.
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2.3  Mathematical model of the inking 
and printing system

When developing a mathematical model, we make 
the following assumptions: the diameters of the roll-
ers and cylinders correspond to the diameters of the 
corresponding elements of the IPS of the GTO-52; the 
diameter of the PC is set taking into account the thick-
ness of the printing form, and the diameter of the BC 
taking into account the thickness of the offset blanket; 
slipping in contact zones of rollers and cylinders is 
absent; pressure in the contact zones is neglected; lin-
ear velocities of the ink rollers and cylinders surfaces 
are the same; the surfaces of the IPS elements are (in 
axial direction) conventionally divided into zones, the 
number of which is equal to the number of inks supply 
regulators; the time of ink microflow passage on the 
surface of the IPS elements with a length of 1 mm cor-
responds to one relative unit; the period of OR move-

ment in the axial direction corresponds to two work 
cycles of the offset printing machine.

Further, for variables was accepted: cross-sections of 
ink flows in the contact zones and on the surfaces of 
the IPS elements, and cross-sections of ink flows at the 
inlet and transmission to the imprints (Figure 3).

Based on the accepted assumptions and results of 
works of Verkhola and Kalytka (2019) according to the 
signal graph scheme and Figure 3, a system of equa-
tions (Equation [1])is compiled that describes ink dis-
tribution and its transfer from the ink fountain device 
to imprints in the j-th zone of the IPS.

Since the process of ink transfer in the IPS is dis-
crete-continuous, it was used the mathematical appa-
ratus of discrete Laplace transform, presented in the 
form of z-transform to describe it.
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Figure 1: The inking and printing system scheme of the offset machine Heidelberg GTO-52
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Figure 2: Signal graph of ink flow volume circulation in the offset printing machine GTO-52

where αi is an ink splitting factor, bz is the width of ink supply zone (mm), hpi is a thickness of direct ink flow (µm), 
hri is a thickness of reverse ink flow (µm), spi is the cross-sectional area of direct ink flow at leaving the contact point (mm2), 

sri is the cross-sectional area of reverse ink flow at leaving the contact point (mm2), yi is the cross-sectional total area 
of ink flow at the contact point (mm2) and n is the number of ink supply regulation zones 

Figure 3: Ink transfer in the inking and printing system
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where 𝑦𝑦!
"(𝑧𝑧) is a z-image of the cross-sectional areas 

of the ink flows at the contact points of the rollers and 
cylinders; j are regulation zones of ink supply; 𝑦𝑦!"

#(𝑧𝑧) 
is a z-image of the cross-sectional areas of the ink 
flows at the contact points of the printing form fixed 
on the plate cylinder with the form rollers 6, 7, 11, 13; 
𝑦𝑦!"
# (𝑧𝑧), 𝑦𝑦$

#(𝑧𝑧)	are z-images of ink cross-sections in the 
j-th contact zones of the BC with the form and paper; 

𝑠𝑠!"
# (𝑧𝑧),	𝑠𝑠$"

# (𝑧𝑧) are z-images of the cross-sectional areas of 
direct and reverse ink flows, transmitted in the circu-
lar direction by the j-th zones of rollers’ and cylinders’ 
surfaces; 𝑠𝑠!

"(𝑧𝑧) is a z-image of the cross-sectional areas 
of the ink flows supplied to the input of IPS; ℎ!
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the cross-sectional area of the ink flows returned to 
the ink fountain; 𝑠𝑠!"

# (𝑧𝑧), 𝑠𝑠$"
# (𝑧𝑧)  are z-images of cross- 

𝑠𝑠!
"(𝑧𝑧) = 𝑏𝑏#ℎ!

"(𝑧𝑧);		𝑦𝑦$
"(𝑧𝑧) = 𝑠𝑠!

"(𝑧𝑧) +	𝑠𝑠%$
" (𝑧𝑧);		𝑠𝑠%!

" (𝑧𝑧) = 𝐻𝐻!
"(𝑧𝑧)𝑦𝑦$

"(𝑧𝑧);	
𝑠𝑠&$
" (𝑧𝑧) = [𝐵𝐵'$

" (𝑧𝑧)𝐻𝐻$
"(𝑧𝑧) + 𝐵𝐵$

∗"(𝑧𝑧)𝐵𝐵$!
" (𝑧𝑧)]𝑦𝑦$

"(𝑧𝑧) + В$
∗"(𝑧𝑧)𝑃𝑃!

"(𝑧𝑧)𝐻𝐻$
∗"(𝑧𝑧)𝑦𝑦'

"(𝑧𝑧);	

𝑦𝑦'
"(𝑧𝑧) = 𝑠𝑠&$

" (𝑧𝑧) + 𝑠𝑠%'
" (𝑧𝑧) + 𝑠𝑠%'

"("*')(𝑧𝑧) + 𝑠𝑠%'
"(",')(𝑧𝑧);		𝑠𝑠&'

" (𝑧𝑧) = 𝐻𝐻'
"(𝑧𝑧)𝑦𝑦-

"(𝑧𝑧);	

𝑠𝑠%$
" (𝑧𝑧) = 𝐻𝐻$

"(𝑧𝑧)𝑃𝑃.
"(𝑧𝑧)𝐵𝐵$

"(𝑧𝑧)𝑦𝑦$
"(𝑧𝑧) + 2𝐻𝐻$

"(𝑧𝑧)𝐻𝐻$'
" (𝑧𝑧) + 𝐻𝐻!$

" (𝑧𝑧)𝐻𝐻$
∗"(𝑧𝑧)3𝑦𝑦'

"(𝑧𝑧);	

𝑦𝑦-
"(𝑧𝑧) = 𝑠𝑠&'

" (𝑧𝑧) + 𝑠𝑠&'
"("*')(𝑧𝑧) + 𝑠𝑠&'

"(",')(𝑧𝑧) + 𝑠𝑠%-
" (𝑧𝑧);		𝑠𝑠&-

" (𝑧𝑧) = 𝐵𝐵-
"(𝑧𝑧)𝑦𝑦-

"(𝑧𝑧);	

𝑠𝑠%'
" (𝑧𝑧) = 𝐻𝐻'

"(𝑧𝑧)𝑦𝑦-
"(𝑧𝑧);		𝑠𝑠%'

"("*')(𝑧𝑧) = 𝐻𝐻'
"(𝑧𝑧)𝑦𝑦-

"*'(𝑧𝑧);		𝑠𝑠%'
"(",')(𝑧𝑧) = 𝐻𝐻'

"(",')(𝑧𝑧)𝑦𝑦-
",'(𝑧𝑧);	

𝑦𝑦/
"(𝑧𝑧) = 𝑠𝑠&-

" (𝑧𝑧) + 𝑠𝑠%/
" (𝑧𝑧) + 𝑠𝑠%/

"("*')(𝑧𝑧) + 𝑠𝑠%/
"(",')(𝑧𝑧);		𝑠𝑠&/

" (𝑧𝑧) = 𝐵𝐵/
"(𝑧𝑧)𝑦𝑦/

"(𝑧𝑧);	

𝑠𝑠&/
"("*')(𝑧𝑧) = 𝐵𝐵/

"("*')(𝑧𝑧)𝑦𝑦/
"*'(𝑧𝑧);		𝑠𝑠0/

"(",')(𝑧𝑧) = 𝐵𝐵/
"(",')(𝑧𝑧)𝑦𝑦/

"(𝑧𝑧);		𝑠𝑠%-
" (𝑧𝑧) = 𝐻𝐻-

"(𝑧𝑧)𝑦𝑦/
"(𝑧𝑧);	

𝑦𝑦1
"(𝑧𝑧) = 𝑠𝑠&/

" (𝑧𝑧) + 𝑠𝑠&/
"("*')(𝑧𝑧)+𝑠𝑠&/

"(",')(𝑧𝑧) + 𝑠𝑠%1
" (𝑧𝑧);		𝑠𝑠&1

" (𝑧𝑧) = 𝐵𝐵1
"(𝑧𝑧)𝑦𝑦1

"(𝑧𝑧);		

𝑠𝑠%/
" (𝑧𝑧) = 𝐻𝐻/

"(𝑧𝑧)𝑦𝑦1
"(𝑧𝑧);		𝑠𝑠%/

"("*')(𝑧𝑧) = 𝐻𝐻/
"("*')(𝑧𝑧)𝑦𝑦1

"*'(𝑧𝑧);		𝑠𝑠%/
"(",') = 𝐻𝐻/

"(",')(𝑧𝑧)𝑦𝑦1
",'(𝑧𝑧);	

𝑦𝑦2
"(𝑧𝑧) = 𝑠𝑠01

" (𝑧𝑧) + 𝑠𝑠32./
" (𝑧𝑧) + 	𝑠𝑠32./

"("*')(𝑧𝑧) + 𝑠𝑠32./
"(",')(𝑧𝑧);	𝑠𝑠02

" (𝑧𝑧) = 𝐵𝐵2
"(𝑧𝑧)𝑦𝑦2

"(𝑧𝑧);	

𝑠𝑠&2
"("*')(𝑧𝑧) = 𝐵𝐵2

"("*')(𝑧𝑧)𝑦𝑦2
"*'(𝑧𝑧);		𝑠𝑠&2

"(",')(𝑧𝑧) = 𝐵𝐵2
"(",')(𝑧𝑧)𝑦𝑦2

",'(𝑧𝑧);		𝑠𝑠%1
" (𝑧𝑧) = 𝐻𝐻1

"(𝑧𝑧)𝑦𝑦2
"(𝑧𝑧);	

𝑦𝑦5
"(𝑧𝑧) = 𝑠𝑠%2.-

" (𝑧𝑧) + 𝑠𝑠%2.-
"("*')(𝑧𝑧) + 𝑠𝑠%2.-

"(",')(𝑧𝑧) + 𝑠𝑠%5
" (𝑧𝑧);		𝑠𝑠&5

" (𝑧𝑧) = 𝐵𝐵5
"(𝑧𝑧)𝑦𝑦5

"(𝑧𝑧);		

𝑠𝑠%2./
" (𝑧𝑧) = 𝐻𝐻2./

" (𝑧𝑧)𝑦𝑦5
"(𝑧𝑧);		𝑠𝑠%2./

"("*')(𝑧𝑧) = 𝐻𝐻2./
"("*')(𝑧𝑧)𝑦𝑦5

"*'(𝑧𝑧);		𝑠𝑠%2./
"(",') = 𝐻𝐻2./

"(",')(𝑧𝑧)𝑦𝑦5
",'(𝑧𝑧);	

𝑦𝑦6.'
" (𝑧𝑧) = 𝑠𝑠%6

" (𝑧𝑧) + 𝑠𝑠%7.-
" (𝑧𝑧);		𝑠𝑠&6.'

" (𝑧𝑧) = 𝐵𝐵6.'
" (𝑧𝑧)𝑦𝑦6.'

" (𝑧𝑧);		𝑠𝑠%7./
" (𝑧𝑧) = 𝐻𝐻7./

" (𝑧𝑧)𝑦𝑦6.'
" (𝑧𝑧);	

𝑦𝑦6.-
" (𝑧𝑧) = 𝑠𝑠&6.'

" (𝑧𝑧) + 𝑠𝑠%2.'
" (𝑧𝑧) + 	𝑠𝑠%2.'

"("*')(𝑧𝑧) + 𝑠𝑠%2.'
"(",')(𝑧𝑧);		𝑠𝑠&6.-

" (𝑧𝑧) = 𝐵𝐵6.-
" (𝑧𝑧)𝑦𝑦6.-

" (𝑧𝑧);	

𝑠𝑠32.-
" (𝑧𝑧) = 𝐻𝐻2.-

" (𝑧𝑧)𝑦𝑦6.-
" (𝑧𝑧);		𝑠𝑠%2.-

"("*')(𝑧𝑧) = 𝐻𝐻2.-
"("*')(𝑧𝑧)𝑦𝑦6.-

"*'(𝑧𝑧);		𝑠𝑠%2.-
"(",')(𝑧𝑧) = 𝐻𝐻2.-

"(",')(𝑧𝑧)𝑦𝑦6.-
",'(𝑧𝑧);	

𝑦𝑦8
"(𝑧𝑧) = 𝑠𝑠&2

" (𝑧𝑧) + 𝑠𝑠&2
"("*')(𝑧𝑧)+𝑠𝑠&2

"(",')(𝑧𝑧) + 𝑠𝑠%8
" (𝑧𝑧);		𝑠𝑠&8

" (𝑧𝑧) = 𝐵𝐵8
"(𝑧𝑧)𝑦𝑦8

"(𝑧𝑧);		

𝑠𝑠%2.'
" (𝑧𝑧) = 𝐻𝐻2.'

" (𝑧𝑧)𝑦𝑦8
"(𝑧𝑧);		𝑠𝑠%2.'

"("*')(𝑧𝑧) = 𝐻𝐻2.'
"("*')(𝑧𝑧)𝑦𝑦8

"(𝑧𝑧);		𝑠𝑠%2.'
"(",') = 𝐻𝐻2.'

"(",')(𝑧𝑧)𝑦𝑦8
",'(𝑧𝑧);	

𝑦𝑦7
"(𝑧𝑧) = 𝑠𝑠&8

" (𝑧𝑧) + 𝑠𝑠%7./
" (𝑧𝑧);		𝑠𝑠&7

" (𝑧𝑧) = 𝐵𝐵7
"(𝑧𝑧)𝑦𝑦7

"(𝑧𝑧);		𝑠𝑠%8
" (𝑧𝑧) = 𝐻𝐻8

"(𝑧𝑧)𝑦𝑦7
"(𝑧𝑧);	

𝑦𝑦'9
" (𝑧𝑧) = 𝑠𝑠&7

" (𝑧𝑧) + 𝑠𝑠%'9
" (𝑧𝑧);		𝑠𝑠&'9

" (𝑧𝑧) = 𝐵𝐵'9
" (𝑧𝑧)𝑦𝑦'9

" (𝑧𝑧);		𝑠𝑠%7.'
" (𝑧𝑧) = 𝐻𝐻7.'

" (𝑧𝑧)𝑦𝑦'9
" (𝑧𝑧);	

𝑦𝑦''.'
" (𝑧𝑧) = 𝑠𝑠%'-.'

" (𝑧𝑧) + 𝑠𝑠%'-.'
"("*')(𝑧𝑧)+𝑠𝑠%'-.'

"(",')(𝑧𝑧) + 𝑠𝑠%''
" (𝑧𝑧);		𝑠𝑠&''.'

" (𝑧𝑧) = 𝐵𝐵''.'
" (𝑧𝑧)𝑦𝑦''.'

" (𝑧𝑧);	

𝑠𝑠%'-.-
" (𝑧𝑧) = 𝐻𝐻'-.-

" (𝑧𝑧)𝑦𝑦''.'
" (𝑧𝑧); 		𝑠𝑠%'-.-

"("*')(𝑧𝑧) = 𝐻𝐻'-.-
"("*')(𝑧𝑧)𝑦𝑦''.'

"*'(𝑧𝑧); 		𝑠𝑠%'-.-
"(",')(𝑧𝑧) = 𝐻𝐻'-.-

"(",')(𝑧𝑧)𝑦𝑦''.'
",'(𝑧𝑧);	

𝑦𝑦''.-
" (𝑧𝑧) = 𝑠𝑠&''.-

" (𝑧𝑧) + 𝑠𝑠%7.'
" (𝑧𝑧);		𝑠𝑠&''.-

" (𝑧𝑧) = 𝐵𝐵''.-
" (𝑧𝑧)𝑦𝑦''.-

" (𝑧𝑧);		𝑠𝑠%7.-
" (𝑧𝑧) = 𝐻𝐻7.-

" (𝑧𝑧)𝑦𝑦''.-
" (𝑧𝑧);	

𝑦𝑦'-
" (𝑧𝑧) = 𝑠𝑠&'9

" (𝑧𝑧) + 𝑠𝑠%'-.-
" (𝑧𝑧) + 	𝑠𝑠%'-.-

"("*')(𝑧𝑧) + 𝑠𝑠%'-.-
"(",')(𝑧𝑧);		𝑠𝑠%'9

" (𝑧𝑧) = 𝐻𝐻'9
" (𝑧𝑧)𝑦𝑦'-

" (𝑧𝑧);	

𝑠𝑠&'-
" (𝑧𝑧) = 𝐵𝐵'-

" (𝑧𝑧)𝑦𝑦'-
" (𝑧𝑧);		𝑠𝑠&'-

"("*')(𝑧𝑧) = 𝐵𝐵'-
"("*')(𝑧𝑧)𝑦𝑦'-

" (𝑧𝑧);		𝑠𝑠&'-
"(",')(𝑧𝑧) = 𝐵𝐵'-

"(",')(𝑧𝑧)𝑦𝑦'-
" (𝑧𝑧);	

𝑦𝑦'/
" (𝑧𝑧) = 𝑠𝑠&'-

" (𝑧𝑧) + 𝑠𝑠&'-
"("*')(𝑧𝑧)+𝑠𝑠&'-

"(",')(𝑧𝑧) + 𝑠𝑠%'/
" (𝑧𝑧);		𝑠𝑠&'/

" (𝑧𝑧) = 𝐵𝐵'/
" (𝑧𝑧)𝑦𝑦'/

" (𝑧𝑧);	

𝑠𝑠%'-.'
" (𝑧𝑧) = 𝐻𝐻'-.'-

" (𝑧𝑧)𝑦𝑦'/
" (𝑧𝑧);		𝑠𝑠%'-.'

"("*')(𝑧𝑧) = 𝐻𝐻'-.'
"("*')(𝑧𝑧)𝑦𝑦'/

"*'(𝑧𝑧);		𝑠𝑠%'-.'
"(",') = 𝐻𝐻'-.'

"(",')(𝑧𝑧)𝑦𝑦'/
",'(𝑧𝑧);	

𝑦𝑦:'
" (𝑧𝑧) = 𝑠𝑠&5

" (𝑧𝑧) + 𝑠𝑠%:
" (𝑧𝑧);		𝑠𝑠&:'

" (𝑧𝑧) = 𝐵𝐵:'
" (𝑧𝑧)𝑦𝑦:'

" (𝑧𝑧);		𝑠𝑠%5
" (𝑧𝑧) = 𝐻𝐻5

"(𝑧𝑧)𝑦𝑦:'
" (𝑧𝑧);	

𝑦𝑦:-
" (𝑧𝑧) = 𝑠𝑠&6.-

" (𝑧𝑧) + 𝑠𝑠&:'
" (𝑧𝑧);		𝑠𝑠&:-

" (𝑧𝑧) = 𝐵𝐵:-
" (𝑧𝑧)𝑦𝑦:-

" (𝑧𝑧);		𝑠𝑠%6
" (𝑧𝑧) = 𝐻𝐻6

"(𝑧𝑧)𝑦𝑦:-
" (𝑧𝑧);	

𝑦𝑦:/
" (𝑧𝑧) = 𝑠𝑠&''.-

" (𝑧𝑧) + 𝑠𝑠&:-
" (𝑧𝑧); 𝑠𝑠&:/

" (𝑧𝑧) = 𝐵𝐵:/
" (𝑧𝑧)𝑦𝑦:/

" (𝑧𝑧);		𝑠𝑠%''
" (𝑧𝑧) = 𝐻𝐻''

" (𝑧𝑧)𝑦𝑦:/
" (𝑧𝑧);	

𝑦𝑦:1
" (𝑧𝑧) = 𝑠𝑠&'/

" (𝑧𝑧) + 𝑠𝑠&:/
" (𝑧𝑧);		𝑠𝑠&:1

" (𝑧𝑧) = 𝐵𝐵:1
" (𝑧𝑧)𝑦𝑦:1

" (𝑧𝑧);		𝑠𝑠%'/
" (𝑧𝑧) = 𝐻𝐻'/

" (𝑧𝑧)𝑦𝑦:1
" (𝑧𝑧);	

𝑦𝑦;:
" (𝑧𝑧) = 𝑠𝑠&:1

" (𝑧𝑧) + 𝑠𝑠%;:
" (𝑧𝑧);		𝑠𝑠&;:

" (𝑧𝑧) = 𝐵𝐵;:
" (𝑧𝑧)𝑦𝑦;:

" (𝑧𝑧);		𝑠𝑠%:
" (𝑧𝑧) = 𝐻𝐻:

"(𝑧𝑧)𝑦𝑦;:
" (𝑧𝑧);	

𝑦𝑦<
"(𝑧𝑧) = 𝑠𝑠&;:

" (𝑧𝑧);		𝑠𝑠<
" = 𝐵𝐵<

"𝑦𝑦<
"(𝑧𝑧);		𝑠𝑠%;:

" (𝑧𝑧) = 𝐻𝐻;:
" (𝑧𝑧)𝑦𝑦<

"(𝑧𝑧)	

[1]
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sectional areas of forward and reverse ink flows in 
the j-th zones of the VR surface; 𝑠𝑠!"#

$ (𝑧𝑧),	𝑠𝑠%"
$ (𝑧𝑧) are 

z-images of the cross-sectional areas of the forward 
and reverse ink flows, modulated by the printing 
form that transmitted by the j-th zones of its surface; 
𝑠𝑠ро#
$ (𝑧𝑧),	𝑠𝑠%о#

$ (𝑧𝑧) are z-images of the cross-sectional 
areas of the forward and reverse ink flows transmit-
ted by the j-th zones of the BC surface; 𝑠𝑠с

"(𝑧𝑧) is z-image 
of cross-sectional areas of ink flows transmitted to the 
j-th zones of imprints;ℎ!

"(𝑧𝑧) = 𝑠𝑠!
"(𝑧𝑧)/𝑏𝑏# is ink thick-

ness in the j-th zones of imprints (bz is the width of 
the j-th ink supply zone); 𝐻𝐻!

"(𝑧𝑧) is transfer operator of 
ink return flows volumes’ in the j-th zones of the FR; 
Bv(z), Hv(z), and 𝐵𝐵!∗(𝑧𝑧),	𝐻𝐻!∗(𝑧𝑧) are transfer operators of 
direct and return ink flows volumes’ by the VR during 
contact with the FR and the first OR; 𝐵𝐵!"

# (𝑧𝑧),	𝐵𝐵$!
# (𝑧𝑧)	and	𝐻𝐻!$

# (𝑧𝑧),	𝐻𝐻!"
# (𝑧𝑧) 

and 𝐻𝐻!"
# (𝑧𝑧),	𝐻𝐻!$

# (𝑧𝑧) are operators of ink transfer by VR 
from the FR to the first OR and in the opposite direc-
tion;𝐵𝐵!

"("$%)(𝑧𝑧),	𝐵𝐵!
"("'%)(𝑧𝑧) and 𝐻𝐻!

"("$%)(𝑧𝑧),	𝐻𝐻!
"("'%)(𝑧𝑧) are 

transfer operators of direct and reverse ink flows vol-
umes’ during the movement of the OR to the right and 
left; 𝐵𝐵!"

# (𝑧𝑧),	𝐵𝐵!$
# (𝑧𝑧),	𝐵𝐵!%

# (𝑧𝑧),	𝐵𝐵!&
# (𝑧𝑧) are transfer operators 

of ink volumes’ by printing form; 𝐵𝐵о"
# (𝑧𝑧),	𝐻𝐻о"

# (𝑧𝑧) are 
transfer operators of direct and reverse ink flows vol-
umes’ by the BC;𝐵𝐵с

"  is transfer operator of the ink vol-
umes in the j-th zone of the imprint’s surface. 

Based on the results of previous scientific work 
(Verkhola and Huk, 2009; Verkhola, et al., 2015), the 
operators of ink transfer by the ink fountain device in 
z-images can be represented as follows:

𝐵𝐵!
"(𝑧𝑧) = &𝑃𝑃#(𝑧𝑧)𝛼𝛼! + 𝑃𝑃#(𝑧𝑧)*𝑧𝑧$%!;	 

𝐵𝐵!
∗"(𝑧𝑧) = 𝑃𝑃'(𝑧𝑧)𝑧𝑧$%!;	 

𝐻𝐻'
"(𝑧𝑧) = 𝑃𝑃#(𝑧𝑧)(1 − 𝛼𝛼!)𝑧𝑧$%";	 

𝐻𝐻!
"(𝑧𝑧) = 𝑃𝑃#(𝑧𝑧)𝑧𝑧$(!;	 

𝐻𝐻!
∗"(𝑧𝑧) = 𝑃𝑃#(𝑧𝑧)𝑦𝑦)𝑃𝑃'(𝑧𝑧)𝑧𝑧$(!;	 

𝐵𝐵!'
" (𝑧𝑧) = 𝑧𝑧$(!𝑃𝑃#(𝑧𝑧)𝑧𝑧$%#";	 

𝐵𝐵)!
" = 𝑃𝑃#(𝑧𝑧)𝑧𝑧$%#";	 

𝐻𝐻'!
" (𝑧𝑧) = 𝑃𝑃'(𝑧𝑧)𝑧𝑧

	$("#;		
𝐻𝐻!)
" (𝑧𝑧) = 𝑧𝑧$%!𝑃𝑃'(𝑧𝑧)𝑧𝑧$("# 	
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where Pg(z), Pd(z) are the operators that specify the 
duration of the joint movement of the VR with the FR 
and the OR 1, and their inversions 𝑃𝑃!(𝑧𝑧), 𝑃𝑃"(𝑧𝑧) ; αv is 
ink splitting factor at the contact point of the VR with 
the FR; 𝑧𝑧!"!  is the duration of FR rotation to a cer-
tain angle during the total supply of the ink pulse of 
width bd; 𝑧𝑧!"! ,	𝑧𝑧!#!  are transport delays of ink trans-
fer from the fountain to the contact place with the VR 
and in the opposite direction; 𝑧𝑧!"! ,	𝑧𝑧!#!  are transport 
delays of direct and return ink flows transmission by 
the surface of the VR in relative units; 𝑧𝑧!"!"  is the time 
of the VR stand near the FR in the sum of the time of 
its movement to the OR in relative units; 𝑧𝑧!"!"  is the 
time of VR movement from the first OR to the FR in the 

sum with the standing time before the beginning of the 
FR rotation in relative units. When entering the rela-
tive time, the description of the process of ink distrib-
utes and transferring does not depend on the rotation 
speed of the rollers and cylinders.

Transfer operators of direct and reverse ink flows in the 
circular direction can be represented in Equation [3]:

𝐵𝐵!
"(𝑧𝑧) = 𝛼𝛼!𝑧𝑧#$!;	 

𝐻𝐻!
"(𝑧𝑧) = (1 − 𝛼𝛼!%&	)𝑧𝑧#(!;	

𝐵𝐵)!
"(𝑧𝑧) = 𝛼𝛼)!𝐹𝐹(𝑧𝑧)𝑧𝑧

#$"!; 
𝐻𝐻)!
" (𝑧𝑧) = (1 − 𝛼𝛼)!)𝑧𝑧#(";		

𝐵𝐵*)
" = 𝛼𝛼*)𝑧𝑧#$#";		

𝐻𝐻*)
" (𝑧𝑧) = (1 − 𝛽𝛽)𝑧𝑧#(#";		

𝐵𝐵+
"(𝑧𝑧) = 𝛽𝛽	

 [3]

where 𝛼𝛼! , 𝛼𝛼"! , 𝛼𝛼о" are ink splitting factors in the contact 
zones of the rollers and cylinders; F(z) is the ink trans-
fer operator at the j-th zone of the printing form; β is 
the ink transfer coefficient from the surface of the BC 
to the printed material;	𝑧𝑧!"! ,𝑧𝑧!#! ,	𝑧𝑧!""! ,	𝑧𝑧!"о" ,	𝑧𝑧!#о" 	are 
transport delays of ink transfer by IPS elements in the 
circular direction between their contact points.

Formation operators of the printing elements place-
ment in the j-th zones of the printing form surface, 
based on the results of Verkhola, et al. (2019), can be 
represented as follows: 

𝐹𝐹!(𝑧𝑧) = 𝑧𝑧"#! &1 − 𝑧𝑧"$"
#
+ 𝑧𝑧"%$"

#&#"
#' − 𝑧𝑧"%$"

#&#"
#&$$

#' + 𝑧𝑧"%$"
#&#"

#&⋯&#%&"
# &$'

# '* (1 − 𝑧𝑧")()"*	  [4]

 𝐹𝐹!(𝑧𝑧) = 𝑧𝑧"#! &1 − 𝑧𝑧"$"
#
+ 𝑧𝑧"%$"

#&#"
#' − 𝑧𝑧"%$"

#&#"
#&$$

#' + 𝑧𝑧"%$"
#&#"

#&⋯&#%&"
# &$'

# '* (1 − 𝑧𝑧")()"*	

where bo is the displacement of the image beginning 
of the printing elements relative to the form; 𝑎𝑎!

" , 𝑏𝑏!
" 	are 

transport delays of ink movement at a distance corre-
sponding to the sizes of printing and blank elements 
in the j-th zone of the form; df is the duration of one 
revolution of the plate cylinder in relative units.

2.4  Simulator of the inking and printing system

Based on the functional scheme (Figure 1), the sig-
nal graph (Figure 2), and the mathematical model 
presented in Equation [1], a simulator of the off-
set printing machine GTO-52 was developed in 
the MATLAB-Simulink environment (Tyagi, 2012; 
MathWorks, 2020), which is presented in Figure 4. 
During the construction of the simulator, we assume 
that the number of ink transfer zones by the surfaces 
of the IPS elements is equal to the number of zones 
in its supply regulation (n = 16) in the offset printing 
machine GTO-52. The geometric dimensions of the roll-
ers and cylinders, corresponding to the dimensions of 
IPS elements, are set due to transport delays in the ink 
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where 𝑉𝑉!!
" 	,	𝑉𝑉#!

"(𝑧𝑧)	are the volumes of direct and reverse 
ink flows that accumulate in the j-th zones of the IPS 
elements surfaces.

Based on the information obtained, we analyze the na- 
ture of the ink distribution in the IPS and its ink filling.

3.  Results and discussion

From the analysis of scientific publications, it can be 
concluded that the value of the ink splitting factors in 
the contact zones of the IPS elements is not a constant. 
Therefore, we assumed that splitting factor αi can be 
in the range from 0.40 to 0.50. Using the simulator for 
αi = 0.40, αi = 0.45 and αi = 0.50 we determined the 
parameters of the input task with the value of the total 
ink supply bd = 30 mm based on the condition that the 
ink thickness on the imprints surface is 1 μm. We set 
the obtained values of the input task at different values 
of αi and performed simulations before the IPS enters 
the operating mode. The modeling process automat-
ically determines the ink volumes Vi that accumulate 
on the elements of the IPS during printing and the ink 
volumes Vp and thicknesses hc on the imprints surfaces. 
The obtained data are summarized in Table 1. As the 
ink splitting factors αi increase from 0.40 to 0.45, the 
ink volume VIPS that accumulates in the IPS decreases 
by 2 times. And with the increase of αi to 0.50, the ink 
amount in the system decreases by 2.9 times.

In the next step, we expanded the values range of the 
ink splitting factors to 0.56 and set different values of 
the zonal ink supply thicknesses. At constant values 
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Figure 4: Scheme of the offset printing machine GTO-52 simulator

transfer operators. The ink transfer coefficient in the 
contact zones of the BC with the paper is taken equal 
to 0.7, the widths of the supply zones are the same 
and are bz = 32 mm. Using expression presented in 
Equation [4], a subsystem of the simulator was built, 
which generates the parameters of the printing form.

The constructed simulator is used to study the influ-
ence of ink splitting factors in the contact zones of 
rollers and cylinders on the distribution of ink flow 
volumes in the IPS. We set the thickness of the zonal 
ink supply hd and the value of the total ink supply bd. 
By changing the ink splitting factors, we conduct a 
series of experiments of the IPS model working for the 
printing form with different values of the coefficients 
corresponding to the form’s area filing by printing ele-
ments kz. The form’s filing coefficient is defined as the 
ratio of the printing elements area to the printing form 
area. The adequacy of the ink transfer process repro-
duction is confirmed by the balance of ink supply and 
its selection when the system enters the steady mode. 
As a result of the simulation, we determine the ink 
volumes Vi that accumulate on the surfaces of IPS ele-
ments, as well as the ink thicknesses and its volumes on 
the surface of the imprints hc. The ink volumes on the 
surface of each roller, cylinder, and imprint are deter-
mined using the appropriate blocks, which implement 
the following mathematical expression in Equation [5]:
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of the input task parameters, we conducted a series 
of model experiments by changing the ink splitting 
factors αi in the range from 0.40 to 0.56. The obtained 
results are summarized in Table A.1 and Table A.2 
(Appendix A). According to Table A.1 we constructed 
a diagram of the ink thicknesses zonal distribution at 
the output of the IPS for different values of the factors, 
which is shown in Figure 5.

Table 1: Distribution of ink volumes Vi in the IPS 
at kz = 1.0, for the listed parameters αi, hd and hc

Elements 
IPS

αi = 0.40 
hd = 156 μm 
hc = 0.998 μm 
Vi (× 103 mm3)

αi = 0.45 
hd = 74 μm 
hc = 0.992 μm 
Vi (× 103 mm3)

αi = 0.50 
hd = 53 μm 
hc = 1.006 μm 
Vi (× 103 mm3)

FR 17.300  8.025  5.644
VR  0.740  0.268  0.138
 1  3.004  1.197  0.559
 2  1.776  0.786  0.404
 3  1.331  0.672  0.381
 4  0.645  0.382  0.245
 5  0.492  0.347  0.254
 6  0.259  0.211  0.176
 7  0.237  0.204  0.182
 8  0.551  0.319  0.194
 9  0.344  0.254  0.197
10  0.331  0.244  0.185
11  0.492  0.293  0.187
12  0.577  0.365  0.241
13  0.358  0.261  0.198
PC  0.546  0.470  0.426
BC  0.248  0.245  0.251
IPS 29.231 14.298 10.064
P  0.174  0.171  0.175

Figure 5: Ink thicknesses in the j-th zones I to XVI 
on the imprints with kz = 1.0, 

at different ink splitting factors

As can be seen from the diagram, increasing the values 
of ink splitting factors in the contact zones of the roll-
ers and cylinders significantly affects the ink thickness 
on the imprints. Thus, with an increase in αi from 0.40 

to 0.45, the ink thickness in all zones of the imprints 
increases 2.1 times, and with an increase αi to 0.56 it 
increases 3.7 times. According to Table A.2, we con-
structed a diagram to analyze the distribution of ink 
flows volumes on the rollers’ and cylinders’ surfaces, 
as shown in Figure 6. When obtaining imprints at 
αi = 0.40, the ink accumulates mainly at the input of 
the IPS, and with increasing splitting factors it is redis-
tributed to the output of the system with a simultane-
ous decrease of its amount on the rollers and cylinders 
surfaces. The influence of splitting factors on the ink 
amount accumulated at the input of the IPS is shown 
in the diagram in Figure 7. For the lowest αi the ink vol-
ume on the surface of roller 1 is 2 143 mm3. As αi changes 
to 0.45, the ink volume decreases by 17 %, and as αi 
increases to 0.56, it decreases by 68 %, respectively.

Figure 6: Distributions of ink flow volumes in the IPS 
at obtaining imprints with kz = 1.0, 
when the values of αi are changed

Figure 7: Dependence of the ink volume 
on the roller 1 surface on the factor αi 
when obtaining imprints with kz = 1.0

A completely different nature of the ink flow volumes 
distribution is observed in the case of change of αi on 
the surfaces of the form rollers (Figure 8) and the PC 
and BC (Figure 9).

As can be seen from Figure 8 different ink volumes 
accumulate on the surfaces of the form rollers when 
obtaining imprints with kz = 1.0 for αi = 0.40. Thus, 
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on the form roller 7, the ink volume is the small-
est, V7 = 163 mm3, and on roller 11 it is the largest, 
V11 = 338 mm3, and this ratio is 2.1.

The total ink volume on the four form rollers 6, 7, 11, 13 
is 925 mm3. As αi increases to 0.50, the ink volumes on 
the surfaces of the rollers are almost aligned. Thus, the 
smallest ink amount is on roller 6, and the largest is on 
roller 13. However, the ratio between the largest and 
smallest volumes is only 1.1 and the total ink amount on 
the rollers increases 1.6 times. When printing imprints 
with kz = 1.0 at αi = 0.56, the total ink volume on the 
surfaces of the rollers decreases by 11 % compared to 
the results at αi = 0.50. This changes the nature of the 
ink volumes distribution: the largest ink amount accu-
mulates on roller 7, and the smallest is on roller 11. It is 
observed the almost diametrically opposite nature of 
the ink volume change due to the influence of αi at the 
output of the IPS, i.e. on the surfaces of the PC and BC 
(Figure 9), compared to the input of system (Figure 7). 
Thus, the ink volumes on the surfaces PC and BC at 
αi = 0.40 are VPC = 375 mm3 and VBC = 171 mm3, respec-
tively. As αi increases to 0.50, the ink volumes increase 
2.3 and 3 times, and with αi = 0.56, they increase 2.5 and 
3.5 times, respectively. 

Figure 8: Dependence of the ink volumes 
on the surfaces of form rollers R6, R7, R11, and R13 

on the factor αi when obtaining imprints with kz = 1.0

Figure 9: Dependence of the ink volumes 
on the surfaces of the PC and BC on the factor αi 

when obtaining imprints with kz = 1.0

The ink amount that accumulates in the IPS after the 
printing process consists of the sum of the ink volumes 
in the system without FR (VIPS*) and on the surface of 
the FR (VFR). Its distribution is shown in the diagram 
in Figure 10. The largest ink amount on the surface 
of the FR accumulates during the printing imprints 
with kz = 1.0 at αi = 0.40 and is VFR = 11 880 mm3. As 
αi increases, the ink volume on the surface of the FR 
decreases proportionally, but not significantly. So, at 
αi = 0.56 it is 11 200 mm3, i.e. decrease by only 6 %. 
However, the change of αi has a completely different 
effect on the ink amount that accumulates on the sur-
face of all other elements of the IPS VIPS*. When printing 
imprints with kz = 1.0 at αi = 0.40, the ink volume in 
the IPS is VIPS* = 8 243 mm3, and the largest volume is 
obtained at αi = 0.44, namely VIPS* = 9 478 mm3. That 
is, it is higher than in the previous case, by 15 %. And 
when receiving imprints at αi = 0.56, the ink volume 
that accumulates, VIPS*, is 6 916 mm3, and it is 16 % less 
than that obtained at αi = 0.40.

Figure 10: Dependence of ink volumes 
on the FR and in the IPS without it (IPS*) on αi 

when obtaining imprints with kz = 1.0

It is important, both scientifically and practically, to 
determine whether the same effect of the change αi 
on the distribution of ink volumes on the surfaces of 
the IPS elements takes place during the production of 
imprints with a lower density of filling their elements. 
To perform this task, we reconfigured the simulator 
subsystem, which generates printing elements, so that 
the form is reproduced with the same zonal filling coef-
ficients of printing elements in all zones, which are 
kz = 0.2. The value of the total ink supply bd is reduced 
to 10 mm. We set the thickness of the zonal ink supply
ℎ!
"  and conducted a series of model experiments 

changing the values of the factors αi in the range from 
0.40 to 0.56.

The results obtained are summarized in Table A.3, and 
Table A.4 (Appendix A). According to Table A.3 it was 
constructed a diagram of the ink thickness in the j-th 
zones of the imprints with kz = 0.2 for different values 
of αi (Figure 11).
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Figure 11: Ink thicknesses in the j-th zones of imprints 
with kz = 0.2 for different factors αi

As can be seen from the diagram, the nature of the 
ink thicknesses zonal distribution on the surface of 
the imprint is similar to that obtained during the 
replication of imprints with kz = 1.0. But in this case, 
there is a much greater influence of the factors αi on 
the ink thickness of imprints. Thus, with increasing 
αi from 0.40 to 0.45, the ink thickness in all zones of 
the imprints with kz = 0.2 increases 2.5 times. And, the 
thicknesses increase 4 and 5 times with the increase 
of the splitting factor αi to 0.50 and 0.56, respectively. 
This increase, respectively, is 20 %, 30 % and 40 % 
greater than when obtaining imprints with kz = 1.0 
(see Figure 5).

According to Table A.4 (Appendix A), the diagrams of 
ink flows volumes distribution are constructed, pre-
sented in Appendix B and in Figure 12.

Figure 12: Dependence of ink volumes 
on the FR and in the IPS (IPS*) on αi 

when obtaining imprints with kz = 0.2

From the comparative analysis of the diagrams shown 
in Figure 6 and Figure B.1 (Appendix B), we can con-
clude that the IPS is more sensitive to changes in 
the ink splitting factors when printing imprints with 
kz = 0.2. Thus, in the process of printing imprints with 
kz = 0.2 at αi = 0.40, the ink volume on the surface of 
the roller 1 (OR 1) (Figure B.2) is V1 = 1 388 mm3. With 

an increase of αi to 0.56, it decreases by 78 % and this 
decrease is 10 % greater than when obtaining imprints 
with kz = 1.0 (Figure 7). It should be noted that in the 
process of printing imprints with kz = 1.0 and kz = 0.2 
according to the diagrams shown in Figure 8 and 
Figure B.3 (Appendix B), the nature of the ink volumes 
distributions on the surfaces of the form rollers 6, 
7, 11, 13 at the change of αi in the range from 0.40 to 
0.47 is identical. However, as the ink splitting factors 
increase, these ink flow volumes distributions on the 
surfaces of the form rollers are different. Thus, when 
modeling the process of printing imprints with kz = 1.0 
at αi = 0.56, the largest ink amount accumulates on the 
form roller 7, and when obtaining prints with kz = 0.2, 
it is on the form roller 6.

Comparing the diagrams shown in Figure 8 and Figure B.4 
(Appendix B), we can conclude that with increasing val-
ues of the factors αi there is a more pronounced tendency 
to accumulate ink on the surfaces of the PC and BC during 
the printing of imprints with kz = 0.2. It should be noted 
that in the process of obtaining imprints with kz = 1.0 
in the range of change αi from 0.40 to 0.56, as shown in 
Figure 10, the FR accumulates a larger ink volume than 
the total volume on the surfaces of all other elements of 
the IPS (IPS*). However, another trend is observed when 
simulating the process of printing imprints with kz = 0.2. 
Thus, with a change of αi in the range from 0.45 to 0.47, 
the total ink volume on the surface of all components 
(IPS*) does not significantly exceed the ink volume that 
accumulates on the surface of the FR (Figure 12).

We built a diagram for analyzing the effect of the ink 
splitting factors αi on the IPS ink filling according to 
Table A.2 and Table A.4 (Appendix A), which is shown 
in Figure 13.

Figure 13: Ink volumes in the GTO-52 offset printing 
machine system obtained during modeling of the 

printing process

As can be seen from the diagram, the change of the 
factors αi in a sufficiently wide range does not sig-
nificantly affect the ink amount accumulated in IPS. A 
more significant influence on the ink accumulation in 
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the system has the coverage of the form with printing 
elements. When replicating imprints with kz = 1.0, the 
largest ink volume in the IPS accumulates at αi = 0.44 
and is 21 148 mm3, and the smallest is at αi = 0.56, being 
18 116 mm3. That is, the ink volume that accumulates 
in the system under the influence of the coefficients 
αi varies from minimum to maximum value by only 
16.7 %. A similar trend is characteristic when obtaining 
imprints with kz = 0.2. However, the largest ink volume 
accumulates in IPS at αi = 0.46 (14 645 mm3), and the 
smallest, as in the previous case, when αi = 0.56, when 
is 12 472 mm3. In this case, the ink amount that accu-
mulates in the system under the influence of αi varies 
in the same range as during the replication of imprints 
with kz = 1.0. Although the ink volume increases with 
decreasing αi, the ink thickness on the surface of the 
imprints with kz = 1.0 and kz = 0.2 decreases by 1.96 and 
1.76 times, respectively. As a result of the data analysis 
given in Table A.1, it is established that during the simu-
lation of the process of imprints printing with the max-
imum coverage of the form surface by image elements 
(kz = 1.0) at the change of ink splitting factors αi from 
0.50 to 0.56 ink thickness on the surface of the imprints 
increases by 23 %. And when receiving imprints at 
αi = 0.40, the ink thickness on the imprints decreases 
by 66 %. Based on the data obtained by simulating the 
process of printing imprints with kz = 0.2 (Table A.2), it 
was found that when αi changes from 0.50 to 0.56, the 
ink thickness on the surface of the imprints increases 
by 26 %, and with decreasing αi to 0.40 the ink thick-
ness on the imprints is reduced by 75 %. At the same 
time, the effect of changing the density of form filling 
with printing elements is not so significant. Thus, at 
αi = 0.40, the ink thickness on the imprints with kz = 0.2 
is less by 12 % compared to the ink thickness on the 
surface of the imprints with kz = 1.0. And at αi = 0.56, 
this thickness becomes greater by only 3 % relative to 
the ink thickness on the imprint with kz = 1.0. Therefore, 
the efficiency of the automatic adjusting system is sig-
nificantly reduced when determining the parameters 

of the previous adjusting, provided that the value of the 
coefficients αi in all zones of the IPS elements is 0.50, 
but in reality, it will be different. In this case, it will 
be needed to adjust the parameters of the input task 
already in the printing process. 

4.  Conclusions

The research of the ink transfer process, which takes 
place in the IPS of the offset machine during printing, 
was carried out with the help of the developed method 
utilising computer technology. The influence of the ink 
splitting factors change in the contact zones of rollers 
and cylinders on the redistribution of ink flows in the 
IPS is established. As the ink splitting factors decrease 
from 0.50, the ink volumes on the surfaces of the roll-
ers and cylinders close to the system input increase. 
As the splitting factors increase, there is a tendency to 
increase the ink volume on the surfaces of the elements 
close to the system output. However, both at the mini-
mum and at the maximum value of the splitting factors 
αi, the total ink volume in the IPS is not the maximum. 
The maximum is achieved in the duplication process 
of imprints from the printing plate with kz = 0.2 at the 
ink splitting factors αi = 0.46. And the maximum ink 
volume when printing imprints with kz = 1.0 is obtained 
at the ink splitting factor of 0.44. The ink thickness on 
the surface of the imprints significantly depends on the 
change of ink splitting factors in the contact zones of 
the rollers and cylinders. Therefore, the value of the 
ink splitting factors must be taken into account at the 
stage of the previous adjusting of the IPS. The proposed 
method makes it possible to determine the ink con-
sumtion for printing jobs, taking into account the ink 
amount that accumulates in the IPS during printing. 
To obtain reliable information about the value of ink 
splitting during printing, it is necessary to develop an 
appropriate methodology, the testing of which requires 
thorough experimental research. 
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Appendix A: Data of model experiments

Table A.1: Ink thicknesses ℎ!
" (µm) in the j-th zones of the offset machine GTO-52, for imprints with kz = 1.0

Zonal Ink splitting factor αi

ink supply 0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.54 0.56
hd (µm) Ink thickness ℎ!

" (µm)

 65 0.416 0.501 0.591 0.683 0.775 0.865 0.950 1.030 1.104 1.171 1.233 1.291 1.343 1.392 1.437 1.521
 70 0.448 0.539 0.636 0.736 0.835 0.931 1.023 1.109 1.189 1.261 1.328 1.390 1.447 1.499 1.548 1.638
 90 0.576 0.693 0.818 0.946 1.074 1.197 1.315 1.426 1.529 1.622 1.708 1.787 1.860 1.927 1.990 2.105
100 0.640 0.770 0.909 1.051 1.193 1.330 1.461 1.584 1.699 1.802 1.897 1.985 2.066 2.141 2.211 2.339
120 0.768 0.925 1.091 1.262 1.431 1.596 1.754 1.901 2.038 2.162 2.277 2.383 2.480 2.569 2.654 2.807
130 0.832 1.002 1.182 1.367 1.551 1.730 1.900 2.059 2.208 2.342 2.467 2.581 2.686 2.783 2.875 3.041
140 0.896 1.079 1.273 1.472 1.670 1.863 2.046 2.218 2.378 2.523 2.656 2.780 2.893 2.998 3.096 3.275
150 0.960 1.156 1.364 1.577 1.789 1.996 2.192 2.376 2.548 2.703 2.846 2.978 3.100 3.212 3.317 3.509
150 0.960 1.156 1.364 1.577 1.789 1.996 2.192 2.376 2.548 2.703 2.846 2.978 3.100 3.212 3.317 3.509
140 0.896 1.079 1.273 1.472 1.670 1.863 2.046 2.218 2.378 2.523 2.656 2.780 2.893 2.998 3.096 3.275
130 0.832 1.002 1.182 1.367 1.551 1.730 1.900 2.059 2.208 2.342 2.467 2.581 2.686 2.783 2.875 3.041
120 0.768 0.925 1.091 1.262 1.431 1.596 1.754 1.901 2.038 2.162 2.277 2.383 2.480 2.569 2.654 2.807
100 0.640 0.770 0.909 1.051 1.193 1.330 1.461 1.584 1.699 1.802 1.897 1.985 2.066 2.141 2.211 2.339
 85 0.544 0.655 0.773 0.894 1.014 1.131 1.242 1.346 1.444 1.532 1.613 1.688 1.757 1.820 1.880 1.988
 65 0.416 0.501 0.591 0.683 0.775 0.865 0.950 1.030 1.104 1.171 1.233 1.291 1.343 1.392 1.437 1.521
 60 0.384 0.462 0.545 0.631 0.716 0.798 0.877 0.950 1.019 1.081 1.138 1.191 1.240 1.285 1.327 1.404

Table A.2: Distribution of ink volumes Vi (× 103 mm3) in the IPS 
of the offset machine GTO-52, for imprints with kz = 1.0

Elements Ink splitting factor αi

IPS 0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.54 0.56
Ink volumes Vi (× 103 mm3)

VR 0.509 0.490 0.468 0.442 0.416 0.389 0.363 0.338 0.316 0.296 0.279 0.264 0.251 0.240 0.230 0.215
 1 2.143 2.149 2.104 1.956 1.906 1.749 1.622 1.464 1.282 1.242 1.118 1.042 0.958 0.853 0.814 0.693
 2 1.200 1.267 1.249 1.206 1.186 1.138 1.078 1.015 1.903 0.875 0.818 0.755 0.702 0.636 0.609 0.528
 3 0.898 0.961 0.980 0.988 0.987 0.971 0.943 0.907 0.843 0.818 0.771 0.723 0.678 0.629 0.595 0.520
 4 0.441 0.477 0.508 0.532 0.546 0.553 0.552 0.545 0.529 0.514 0.496 0.473 0.451 0.426 0.407 0.362
 5 0.342 0.383 0.422 0.457 0.484 0.504 0.518 0.524 0.528 0.522 0.514 0.503 0.489 0.474 0.457 0.423
 6 0.380 0.409 0.434 0.452 0.461 0.463 0.458 0.447 0.434 0.414 0.393 0.371 0.348 0.325 0.302 0.259
 7 0.263 0.269 0.299 0.327 0.350 0.368 0.383 0.392 0.398 0.399 0.398 0.394 0.388 0.380 0.371 0.351
 8 0.228 0.259 0.288 0.314 0.336 0.354 0.366 0.374 0.378 0.378 0.375 0.369 0.361 0.352 0.341 0.318
 9 0.396 0.437 0.472 0.500 0.519 0.530 0.534 0.530 0.520 0.505 0.487 0.466 0.443 0.420 0.396 0.350
10 0.178 0.206 0.234 0.261 0.285 0.306 0.323 0.336 0.347 0.353 0.357 0.358 0.357 0.355 0.350 0.339
11 0.163 0.191 0.219 0.247 0.272 0.296 0.316 0.334 0.350 0.360 0.360 0.376 0.381 0.385 0.385 0.386
12 0.338 0.367 0.390 0.409 0.420 0.425 0.424 0.418 0.408 0.394 0.379 0.362 0.344 0.326 0.308 0.274
13 0.246 0.279 0.310 0.337 0.361 0.379 0.392 0.400 0.404 0.404 0.401 0.396 0.388 0.379 0.368 0.345
PC 0.375 0.440 0.505 0.568 0.628 0.684 0.731 0.773 0.807 0.838 0.862 0.881 0.897 0.908 0.918 0.930
BC 0.171 0.206 0.243 0.280 0.318 0.355 0.390 0.423 0.453 0.481 0.507 0.530 0.552 0.572 0.591 0.626
IPS* 8.271 8.790 9.125 9.276 9.475 9.464 9.393 9.220 8.900 8.793 8.520 8.270 7.990 7.650 7.440 6.919
FR 11.88 11.83 11.78 11.72 11.67 11.62 11.58 11.53 11.49 11.45 11.42 11.38 11.34 11.31 11.27 11.20
IPS 20.15 20.62 20.91 20.99 21.15 21.08 20.97 20.75 20.39 20.24 19.94 19.65 19.33 18.96 18.71 18.12



228 M. Verkhola, et al. – J. Print Media Technol. Res. – Vol. 10 No. 4 (2021), 215–229

Table A.3: Ink thicknesses ℎ!
" (µm) in the j-th zones of the offset machine GTO-52, for imprints with kz = 0.2

Zonal Ink splitting factor αi

ink supply 0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.54 0.56
hd (µm) Ink thickness ℎ!

" (µm)

 40 0.320 0.401 0.493 0.592 0.697 0.803 0.907 1.007 1.101 1.186 1.263 1.334 1.397 1.453 1.505 1.595
 50 0.400 0.501 0.616 0.740 0.871 1.004 1.134 1.259 1.376 1.482 1.579 1.667 1.746 1.816 1.881 1.994
 60 0.480 0.602 0.739 0.888 1.045 1.204 1.361 1.511 1.351 1.779 1.895 2.001 2.095 2.179 2.257 2.393
 70 0.560 0.702 0.862 1.036 1.220 1.405 1.588 1.763 1.927 2.075 2.211 2.334 2.444 2.543 2.633 2.792
 75 0.600 0.752 0.924 1.110 1.307 1.506 1.701 1.889 2.064 2.224 2.369 2.501 2.619 2.724 2.821 2.991
 80 0.640 0.802 0.985 1.184 1.394 1.606 1.815 2.015 2.202 2.372 2.527 2.667 2.793 2.906 3.009 3.190
 85 0.680 0.852 1.047 1.258 1.481 1.706 1.928 2.141 2.339 2.520 2.685 2.834 2.968 3.087 3.197 3.390
100 0.799 1.003 1.232 1.480 1.742 2.007 2.268 2.519 2.752 2.965 3.159 3.334 3.492 3.632 3.761 3.988
100 0.799 1.003 1.232 1.480 1.742 2.007 2.268 2.519 2.752 2.965 3.159 3.334 3.492 3.632 3.761 3.988
 85 0.640 0.852 1.047 1.258 1.481 1.706 1.928 2.141 2.339 2.520 2.685 2.834 2.968 3.087 3.197 3.390
 80 0.640 0.802 0.985 1.184 1.394 1.606 1.815 2.015 2.202 2.372 2.527 2.667 2.793 2.906 3.009 3.190
 75 0.600 0.752 0.924 1.110 1.307 1.506 1.701 1.889 2.064 2.224 2.369 2.501 2.619 2.724 2.821 2.991
 70 0.560 0.702 0.862 1.036 1.220 1.405 1.588 1.763 1.927 2.075 2.211 2.334 2.444 2.543 2.633 2.792
 60 0.480 0.602 0.739 0.888 1.045 1.204 1.361 1.511 1.651 1.779 1.895 2.001 2.095 2.179 2.257 2.393
 50 0.400 0.501 0.616 0.740 0.871 1.004 1.134 1.259 1.376 1.482 1.579 1.667 1.746 1.816 1.881 1.994
 40 0.320 0.401 0.493 0.592 0.697 0.803 0.907 1.007 1.101 1.186 1.263 1.334 1.397 1.453 1.505 1.595

Table A.4: Distribution of ink volumes Vi (× 103 mm3) in the IPS 
of the offset machine GTO-52, for imprints with kz = 0.2

Elements Ink splitting factor αi

IPS 0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.54 0.56
Ink volumes Vi (× 103 mm3)

VR 0.299 0.289 0.275 0.258 0.238 0.217 0.195 0.173 0.153 0.135 0.119 0.105 0.093 0.083 0.074 0.062
 1 1.388 1.386 1.361 1.311 1.250 1.176 1.073 0.971 0.865 0.742 0.668 0.587 0.523 0.432 0.391 0.304
 2 0.796 0.832 0.842 0.845 0.836 0.800 0.764 0.712 0.658 0.605 0.542 0.488 0.435 0.380 0.344 0.274
 3 0.593 0.644 0.692 0.722 0.730 0.731 0.721 0.699 0.668 0.636 0.587 0.543 0.499 0.499 0.417 0.344
 4 0.298 0.336 0.371 0.403 0.428 0.446 0.456 0.458 0.454 0.443 0.428 0.410 0.389 0.367 0.345 0.302
 5 0.255 0.299 0.343 0.687 0.427 0.462 0.490 0.512 0.526 0.532 0.534 0.530 0.522 0.511 0.497 0.465
 6 0.138 0.168 0.201 0.236 0.270 0.304 0.335 0.362 0.386 0.406 0.422 0.435 0.444 0.451 0.456 0.459
 7 0.127 0.156 0.187 0.219 0.252 0.284 0.314 0.342 0.366 0.386 0.403 0.417 0.428 0.437 0.443 0.450
 8 0.289 0.325 0.359 0.388 0.412 0.428 0.437 0.439 0.433 0.422 0.407 0.389 0.369 0.347 0.325 0.281
 9 0.190 0.224 0.259 0.294 0.327 0.357 0.381 0.400 0.414 0.422 0.426 0.426 0.423 0.417 0.409 0.382
10 0.187 0.221 0.255 0.289 0.321 0.348 0.371 0.387 0.398 0.403 0.403 0.399 0.392 0.382 0.370 0.341
11 0.298 0.336 0.370 0.400 0.423 0.440 0.448 0.449 0.443 0.431 0.415 0.396 0.376 0.354 0.331 0.287
12 0.330 0.378 0.425 0.467 0.503 0.530 0.547 0.555 0.554 0.544 0.529 0.508 0.484 0.458 0.431 0.375
13 0.193 0.230 0.268 0.305 0.340 0.371 0.396 0.416 0.430 0.437 0.440 0.438 0.432 0.423 0.412 0.385
PC 0.061 0.075 0.089 0.104 0.120 0.134 0.148 0.160 0.171 0.180 0.187 0.193 0.198 0.201 0.204 0.207
BC 0.028 0.035 0.043 0.052 0.061 0.070 0.079 0.088 0.096 0.103 0.110 0.116 0.122 0.127 0.131 0.139
IPS* 5.469 5.931 6.341 6.688 6.941 7.096 7.154 7.122 7.014 6.828 6.630 6.380 6.128 5.818 5.580 5.062
FR 7.559 7.549 7.537 7.526 7.513 7.502 7.491 7.481 7.472 7.453 7.455 7.447 7.439 7.432 7.424 7.410
IPS 13.03 13.48 13.88 14.21 14.45 14.60 14.65 14.60 14.49 14.28 14.09 13.83 13.57 13.25 13.00 12.47
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Appendix B: Graphical representation of model experiments

Figure B.1: Distributions of ink flow volumes in the IPS 
with kz = 0.2 for different values of αi

Figure B.2: Dependence of the ink volume  
at the surface of the roller 1 on the splitting 

coefficients αi with kz = 0.2

Figure B.3: Dependence of the ink volumes 
at the surfaces of the form rollers R6, R7, R11, and R13 

on the splitting coefficients αi with kz = 0.2

Figure B.4: Dependence of the ink volumes 
on the surfaces of the PC and BC 

on the factors αi with kz = 0.2






