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Abstract: A headbox of a machine producing a paper sheet has a slice opening controlled in response to signals indicative of total head of 

fluid in the headbox, the rate of flow of a paper slurry into the headbox and the speed of a inclined  wire headbox receiving a jet of slurry 

emerging from the headbox slice. The slice opening is controlled to affect formation of the paper sheet on the wire. Consistency of the slurry 

being fed into the headbox is varied to control the position of a dry line on the wire or formation of fibers on the wire. The level of liquid in 

the headbox is maintained at a predetermined level by a controller. The slice opening is controlled in an anticipatory manner to compensate 

for the slow response of the total head in the headbox to changes occurring in response to the slurry mass flow rate into and out of the 

headbox. Since the double flap structure used as the control mechanism is hinged to each other, they move relative to each other, which 

creates an obstacle in keeping the flap positions constant. Forward kinematic calculations were tried to be made using the angle sensor, but 

since the sensor resolutions could not respond to small movements due to the size of the flap lengths, the final flap positions were determined 

by performing inverse kinematic calculations according to the servo  motor positions. 
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1. Introduction 

Paper consists essentially of fibers. The quality of the finished 

paper sheet is determined by the fiber properties, which in turn 

depend on the type of fibers and treatment during the stock 

preparation and the process conditions in the paper machine. The 

head box has a major influence on paper quality. It must, first of all, 

provide a uniform basis weight profile across the wire and which 

also should be steady in time. In addition, it must provide a 

controllable formation meaning well distributed fibres having an 

isotropic orientation.[1] 

Depending on the design of the headbox as shown in the Fig.1, 

flow stabilization elements are present inside the headbox. These 

elements create turbulence and prevent the fibers from flocculating 

and collapsing. Depending on the type of headbox, these elements 

can be rolls, pipes or plates with equal holes. Flow stabilization in 

the headbox improves paper formation. The headbox slice, also 

known as the nozzle, consists of an upper lip and a lower lip. The 

distance between the upper lip and the lower lip is called the slice 

opening. Slice clearance controls the stock velocity and the angle of 

impact of the stock on the wire. Slice clearance is crucial for paper 

formation and dewatering on the wire. The lower lip is fixed and the 

upper lip is adjustable.[2] 

 

  

Fig. 1 Section view of an Inclined wire headbox 

2. Description of the Problem 

The MD/CD strength ratio is one of the key parameters that 

determine the quality of the paper. The situation in which this 

parameter is provided optimally is when the water flow rate in the 

headbox and the movement speed of the screen belt are equal to 

each other. In order to adjust the speed of the water moving with a 

constant flow in the headbox with the speed of the screen belt, it is 

necessary to change the flap1 position on the fixed slice, so that the 

headbox cross-sectional area is changed and the flow speed of the 

water is adjusted precisely. 

By adjusting the flap 2 position, air is prevented from entering 

the headbox, and the surface quality of the paper is improved by 

changing the thickness of the water jet at the flap 2 outlet, which is 

also called the Headbox slice opening. 

Since the flap 1 and flap 2 surfaces are hinged to each other, the 

movement of the units that enable the flap positions to be changed 

causes the movement of other flap. In addition, the slice opening 

value changes as a result of the movement of the flaps bearing on 

the sliding mechanisms moving parallel to the earth's surface on an 

angled surface. 

In the solution of the problem, it was desired to use the sensors 

first, but the measurement attempts with laser distance sensors and 

inductive distance sensors were unsuccessful due to the fact that the 

slice opening part is touching to the water with a point. 

             

Fig. 2 Slice opening 

As can be seen from the headbox section in Fig. 2, the slice 

opening can be expressed as a point, which means that the sensors 

do not have a reference surface that they need for measurement. It 

has been observed that this is the biggest reason for the failure in 

the experiments with the sensors. 

After unsuccessful attempts with distance measurement sensors, 

forward kinematic equations were calculated and it was aimed to 

calculate these equations by measuring flap angles and assigning 

them to the angle variables in the equation by means of the machine 

software in the PLC. Equations have been successfully extracted, 

verified using Excel and Solidworks software, and position 

calculations have been made with PLC by mounting accelerometer-

based sensors with 0.015 degree resolution on flap mechanisms. 
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Due to the fact that the flap lengths are too long, the angular 

movements of the flaps are very low and both sensitivity and 

hysteresis values of the sensors prevent achieving the desired 

accuracy, and instead of the desired ±0.1 mm positioning accuracy, 

a positioning accuracy of ±1.5mm, which is far from this value, can 

be achieved has been observed. 

 

Fig 3. Simplified Model of a Headbox 

The forward kinematic equations for the slice opening control 

are obtained as follows. 

 

               
                

Equ 1. Vectorial form of forward kinematic equations 

 

 

Equ 2. Vertical axis part of  forward kinematic equations 

 

When it was understood that angle sensors could not be used, it 

was tried to reduce the equations to the form to be solved by 

entering the boundary conditions, but it was understood that it 

would be difficult to solve the equations on the plc. The reason for 

this was that the Runge-Kutta method to be applied did not respond 

to the required processing speed because of the equations 

containing trigonometric functions which will take 2nd degree form 

after trigonometric function transformation.  

  

Fig 4. Runge-Kutta Iteration Pseudo Code[3] 

3. Solving  the Problem 

Due to the hardware-related inadequacies experienced during 

the solution phase of the problem, the solution method of the 

problem was updated again so that it could be solved within the 

hardware capabilities. According to this update, instead of solving 

the forward kinematics equations, the program has been changed so 

that the inverse kinematic equations given below are solved by 

PLC. In addition, the screw jack mechanism, which provides the 

movement of the flaps, is turned by servo motors, thus providing 

precise positioning capability of the flaps. The source of this 

sensitive movement is that the screw jack mechanism has a gear 

ratio of i:36, contrary to the experiments with angle sensors, and 

therefore the angular movements of the motor shaft are reduced 36 

times and converted into flap angular movements. 

 

 

       

 
Equ 3. Screw jack position changes according to  inverse kinematic  

 

3. Results 

The method used to calculate the equation on Plc was as 

follows; 

Via control display as limit condition |SD| and |C'C| entering 

values |SD| and |C'C| screw jack positions are changed with 0.1mm 

increments in decreasing or increasing direction until the equations 

created in the PLC program are greater than or equal to these 

positions. Since the hinged structure of the flaps behaves in such a 

way that they change the positions of each other during the 

movement, the program structure has been arranged so that if there 

is a change in the calculated position of the other flap during the 

movement of one of the flaps, it will move in the opposite direction 

as much as the position difference. 

4. Conclusion 

In inclined wire type headbox units, the relative movements of 

flaps and position equations are calculated and flap movements are 

realized without the need for human influence. With the developed 

system, depending on the speed and flow rate changes during the 

operation of the machine, the flap positions of the machine are 

automatically changed to keep the MD/CD ratio at the optimum 

level, and the paper quality coming out of the machine is guaranteed 

always to be at a high level. Since the system can adjust the slice 

opening distance completely autonomously, the contact between the 

screen belt and flap 2 is prevented due to operator error, and the 

screen belt rupture problem is eliminated. 

The machine in which the experiments described and mentioned 

in this article were made is shown in Figure 5. 

 

Fig 5. Headbox used in the experiments 
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