
 

 
 
 

 
 

 
1. INTRODUCTION 

The role of the inking system is to rapidly and uniformly 
divide ink outputted by the ink bucket and to transfer the ink 
onto the block uniformly and properly. It is one of the 
important components of an offset printing machine, and a 
well performing inking system is essential for high quality 
printing. The inking system is a rather complex system in the 
various systems of an offset printing machine due to the 
diverse arrangement patterns of rollers and different 
parameters of rollers. The performance of the inking system 
will directly affect the quality of the printing products. The 
performance of the inking system is evaluated by static and 
dynamic indices. The quality characteristics are mainly 
measured by inking uniformity, the ink distributing 
coefficient, inking coefficient, ink storage coefficient, ink line 
number, ink transfer rate according to five static performance 
indices and response time, stability time and ink layer 
thickness uniformity three dynamic indices [1-2]. Globally, 
the dynamic performance of reactive ink is mainly used in 
computer simulation technology, and research has been 
conducted in this area within China, but it has not ye beed 
perfected [3-4]. In view of the present situation of the 
Chinese offset printing machine [5-8], a method of using 

C  builder software was utilized to establish the 

simulation model of the system that describes the detail, the 
basic idea, design steps , and demonstrate some functions of 
the system [9]. 

 

2. LUBRICATION MODEL OF INKING SYSTEM 

Lubrication means adding a substance with small shearing 
resistance between the interacting surfaces with relative 
motions to reduce friction and decrease abrasion of materials. 
The substance added is called a lubricating agent. Ink used in 
offset printing acts as the printing medium and is transferred 
to the substrate, but the ink also plays the role of lubricating 
the rollers [10].  

Rollers in the ink system of an offset printing machine are 
mainly rotated via gears and a fluid lubrication film is formed 
by hydrodynamic effect generated from relative motions of 
the contacting rollers. The contact surface is nearly non-
heavy load linear contact friction, so it is considered as 
generalized elastohydrodynamic lubrication. There is not a 
large difference between the film thickness and the film 
thickness of corresponding hydrodynamic lubrication [11]. 

Hard rollers and soft rollers are arranged alternately in the 
inking system of an offset printing machine. Pressure between 
rollers belongs to the middle and low loads and the thickness 
of ink at the contact position of the rollers should be 
determined in advance [12]. In this paper, the average film 
thickness model of rollers was established through 
discretizing all rollers in 3mm  3mm and by using the 
deduction of the Грубин equation as the basis. 
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 -pressure viscosity coefficient    

0 -the oil film viscosity environment    

R -equivalent radius       
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ABSTRACT  
 
The inking system is an important part in the offset press, and a well performing inking system is essential for 
high quality printing. In this paper the Reynolds equation for ink transfer was deducted on the basis of the 
elastohydrodynamic lubrication theory. It establishes the relationship model between roller parameters such as 
pressure and ink thickness in roller gap by Hertz contact theory, so as to obtain the minimum thickness of the 
ink roller gap equation. As an object in Roland 700, through using computer simulation and modifying the 
ink transfer model, this study analyzes the influence of printing speed on the performance of ink transfer with 
the consideration of retention of ink in rollers gap. 
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U -entrainment velocity 

E - equivalent elastic modulus   

W -load per unit length 

0h -central oil film thickness   

 
The equation contacts the Reynolds lubrication theory and 

the Hertz contact theory and provides the average ink 
thickness in the contact area, and the equation is applicable to 
heavy load lubrication conditions [12] [13]. 

2.1 Reynolds equation for ink transfer 

Paper From a mathematical point of view, the solution of 
the Reynolds equation is the main content of fluid lubrication 
for the purpose of obtaining the distribution regularity of 
pressure on the fluid lubricating film. Under the isothermal 
condition, there are seven postulated conditions for the 
deduction of the Reynolds equation. The remaining two 
postulated conditions are added for the convenience of 
simulating calculation in this topic, totaling to nine postulated 
conditions as follows: 
(1) Consideration is not taken to the effect of such physical 

forces as gravity and magnetic force; 
(2) There is no velocity difference on the contact surface for 

lubrication and the fluid attached; i.e., non-slip; 
(3) As the unit of lubricating film thickness is measured in 

micron size, consideration is not taken to the pressure 
change in the film thickness direction. The fluid viscosity 
and density are two constants in the film thickness 
direction; 

(4) The curvature radius of the lubricated surface is much 
larger than the oil film thickness to ignore the change in 
velocity vector caused by surface curvature; 

(5) The lubricant is Newtonian fluid; 
(6) The inertia force of fluid acceleration and centrifugal 

force of liquid film bending are ignored; 
(7) The fluid motion is laminar flow, instead of vortex flow 

and turbulent flow; 
(8) As the contact length of the ink roller is infinitely great 

relative to the flow velocity of the printing ink and the oil 
film thickness, the axial flow of printing ink is ignored; 

(9) The ink transfer is assumed to be in steady state; i.e., not 
considering the time-dependent effect. 

Figure 1 shows the force diagram along the x direction with 

the fluid microelement obtained from the ink roller clearance 
The x -axis is in the width direction of ink roller contact, the 

y -axis is in the axial direction of ink roller contact and the 

z -axis is in the thickness direction of oil film. The velocities 
of the particle in the microelement along the coordinate axes 
of x , y and z are denoted by u , v and w . From the force 

diagram of fluid microelement along the x  direction, the 

equilibrium equation can be formulated as follows: 
 

 
 

Figure 1. Infinitesimal element fluid force 
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From the postulated condition the Newton law of viscosity 

is substituted  
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formula above. The Reynolds equation of ink transfer after 
simplification under postulated conditions is as follows:   
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2.2 Hertz contact in ink system 

The contact relation of two parallel rollers can be 
simplified into the relation between equivalent cylinders and 
the plane. It can be known from Hertz pressure that the larger 
the distance is from the center of contact width, namely, when 
the x-axis value is smaller than -b or larger than b, the smaller 
is the pressure, gradually decreasing to 0 [14]. It can be 
known from the extremum principle that must exist in the 
bearing area when. Then the equation is integrated and the 
boundary conditions are substituted into the equation to 
obtain the integration constant and further to obtain the first 
order Reynolds equation, namely:  
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 1 2 / 2 U U U - entrainment speed of two opposite rollers; 

h - gap function;              

p -the pressure of the contact area; 

U -Entrainment velocity; 

2.3 Film thickness equation in gaps of rollers  

The average ink film thickness in the contact area is 
calculated according to the deduction thought of the Грубин 
equation and the following three steps: 
(1)  Defining the induction pressure to obtain the one-

dimension Reynolds equation considering the pressure-
viscosity relationship; 

(2)  Nondimensionalization of the Reynolds equation; 
(3)  Integrating the equation by using heavy load in the 

entrance area as the boundary conditions [15]. 
When ink exists between two rollers, the pressure at the 

contact half-width position is not increased rapidly while a 
certain transition curve exists to connect the pressure sections 
in the Hertz area due to hydrodynamic effects of the ink film. 

If the entrance pressure is set as  x bp p , then the induction 

pressure here will be: 
 

 -1 /


  apq e a                                                                 (5) 

 
When the non-dimensional coordinate tends to  , 

both p and q are 0. When the non-dimensional coordinate 

tends to the contact half-width at the entrance, it can be 
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known from the above definition that p is p and q is 

 1 /  apq e a . 

 Then the relation  0 min4 / 3h h  between the average 

film thickness and the minimum film thickness is utilized and 
the non-dimensional boundary conditions are substituted into 
the above equation to obtain: 

 

 

 

1/2
2

1

2

0

[ 3 1] 1
48

2
4

[ 3 1] 1
3

（ （ -1）+1）

（ （ -1）+1）













  


 

   
 
   

      
  


xW

q U d x

W
h x

 

 

 

where:  

 

 

 

 
 
 

The solutions of equation (7) are the analytic solutions of 
the Reynolds equation obtained here. The values are 
substituted to obtain the minimum ink film thickness in the 
gaps of the rollers [16]. The solutions are calculated by using 
the secant method and the procedures are shown in Fig. (2). 

 

 
 

Figure 2. Traces Calculation flowchart 

 

 

 

3. ANALYSIS OF INFLUENCE FACTORS ON INKING 

TRANSFER 

3.1 Influences of roller’s dimension 

Roland 700 HiPrint is a classical offset press made by 

Manroland Sheetfed GmbH, with excellent performance and 

high market share with the classical ink system as shown in 

Fig.(3). In Fig.(3), the inking roller is marked as red, which 

rapidly and uniformly divides ink outputted by the ink bucket 

and transfers the ink onto the blanket cylinder uniformly and 

properly. The damping roller is marked as blue which 

transfers the fountain solution onto the blanket cylinder. 

The inking system of Roland 700 is shown in Fig. (3). The 
contact width of adjacent rollers is set at 3mm, the flexural 

modulus of the rubber roller (rubber) at 67.84 10 pa, the 

flexural modulus of the rubber roller (block) at 112.06 10 pa, 

and the Poisson’s ratio of the rubber roller at 0.47. The 
environment viscosity of ink is set at 20, the pressure-

viscosity coefficient at 8 22.2 10 / m s , and the entrainment 

speed of the roller at 1.0 /m s . Under the situation of 

providing roller’s dimension, equivalent radius R of adjacent 

rollers, equivalent flexural modulus 'E , load parameter and 
material parameter can be determined. Equation (7) is solved 
to obtain the minimum ink film thickness in the contact area 
of adjacent rollers [17] [18].  

 

 
 

Figure 3. Inking system of Roland 700 

 
 

Figure 4. Influence of roller’s dimension 
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The minimum ink film thickness in the gaps of the rollers 
is relevant to the dimensions of adjacent rollers. The relation 
between the equivalent radius of the rollers and the minimum 
ink film thickness in the roller’s gaps is shown in Fig. (4) The 
larger the equivalent radius is, the larger is the thickness of 
ink film which can pass through the roller’s gaps.  

This shows that, when other conditions are kept constant, 
the larger the dimension of rollers is, the more ink which can 
pass through roller’s gaps is.  

3.2 Influences of pressure 

 
 

Figure 5.  Influence of roller’s pressure 
 

If the diameter of two rollers is each 300mm, then the 
equivalent radius is 75mm and the entrainment speed of 
rollers is. 

The roller contact width was changed to 3mm, 3.5mm, 
4mm, 4.5mm and 5mm, respectively and the minimum ink 
thickness in the roller’s gap under different contact width was 
calculated. The results are shown in Fig. (5), showing that the 
larger the contact width of the rollers is, namely, the larger 
the unit length load is, the smaller is the minimum ink film 
thickness in roller’s gap.   

3.3 Influence of printing speed 

 
 

Figure 6.  Influence of printing speed 
 

According to data of the rollers in the inking system of the 
Roland 700 type offset printing machine, if definitions of 

material parameters are the same as above and contact width 
of adjacent rollers is 3mm, the contact width between rollers 
is 4mm. Combining the calculation model of the minimum 
ink film thickness in the roller’s gap in this chapter, 
simulation was carried out on inking characteristics of the 
inking system when the printing speed is 764r/h (0.2m/s), 
3820r/h (1.0m/s), 6876r/h (1.8m/s) and 9932 r/h (2.6m/s), 
respectively, and the influences of printing speed on inking 
characteristics of the inking system was obtained, as shown in 

Fig. (6), in which (125 º), (135 º), (145º) and (155º) are 

change curves of average ink thickness on paper under 
corresponding printing speeds.  

As shown in Fig. (6), the higher the printing speed is, the 
larger the ink thickness is on paper under the same number of 
revolutions of rollers due to an increase in ink passing the 
roller’s gap.  

It can be known from comparing the ink thickness data 
under different printing speeds that average ink thickness on 
paper under different number of revolutions in different 
curves is increased gradually. 

When the block roller rotates at 50 revolutions, the rate of 

change in ink thickness on paper under the speed of (125º), 

(135º), (145º) and (155º) is 0.1%, 0.4%, 0.6% and 0.9%, 

respectively. Therefore, the higher the printing speed is, the 
longer is the inking stabilization time. 

4. CONCLUSIONS 

In this paper, the relations model is established between 
roller parameters such as pressure and ink thickness in roller 
gaps by Hertz contact theory. The equation was solved 
through a program to obtain the minimum ink film thickness 
in roller’s gaps under given parameters and it studies the 
influences of different roller parameters, pressure on average 
film thickness in the roller’s gaps. The analysis yielded the 
following results. The larger the equivalent radius of rollers is, 
the larger is the ink film thickness in roller’s gap, and the 
larger the contact pressure of rollers is, the smaller is ink film 
thickness is in roller’s gap. 

Finally, simulation analysis was carried out on the inking 
system of the Roland 700 type offset printing machine. The 
results showed that the larger the printing speed is, the larger 
is the inking stabilization time. 
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