
Chapter 1 

Introduction 

Fiber boards are manufactured using wood fibers which are created by grinding wood 
chips. Wood chips can be grinded in between the grinding plates which are constituted in 
the wood refiners. In wood refiners these grinding plates are fixed in a certain way that 
one disk is stationary while the other is rotating maintaining a very small gap in between 
them. The average gap size is around 1mm to 2mm and this can be adjusted to alter the 
size of the fibers which are generated. The size of the fiber can be decided by the technical 
assurance department and the refiner operators have to fulfill the requirement. The chips 
are subjected to wash before coming into the digester column and then subjected to a high 
steam pressure inside the digester column. In the digester column a wood chip may stay 
around 2 minutes to be cooked inside it. The cooking time is also adjusted by changing the 
chip level of the column. The cooking process makes it easy for the refiner plates to grind 
the chips. The absorption of steam softens the wood chips. 

However this absorption of water by the wood chips at washing and steaming under high 
pressure inside the digester column and then after application of resins, wax and other 
liquid chemicals results in creating very wet fibers inside the plate chamber. The wet 
fibers are like a pulp with full of water where the most of water has to be removed before 
going into the production line. Even though water is removed from the fibers, a certain 
amount of water or moisture has to be remained within them to make the fiber mat enable 
to conduct heat through it. 

In the production line, the fibers are formed as a mat with certain amount of weight and 
height according to the specifications set by the thickness of the board which has to be 
manufactured. Then the fiber board is made by pressing the resin coated fiber mat inside a 
Press. The press platens are heated so as to supply heat to the fiber mat while pressing. 
Since the wood is a good insulator this transferring of heat would not happen unless it has 
moisture as a medium of heat transfer. 

So it has to be convinced that the control of moisture content of fiber is very crucial since 
it works as the medium for this valuable phenomenon of transferring heat energy across 
the fiber panel. 

In the press the fiber mats are subjected to a very high pressure and a high temperature 
level which is around 11,300 tons and 185°C, for a certain period of time (cycle time) set 
by the recipe of the board that has to be produced. Under this condition of high pressure 
and high temperature, an intense pressure is built inside the pressing board from the steam 
generated by the heated moisture. This steam pressure creates a huge force that acts 
against the chemical bonds created among each and every fiber as a result of the resin 
reaction. If the moisture content is within the specification it can be guaranteed that this 
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force would be counter balanced by the chemical bonds. But if the moisture content is 
high the board gets split at the press, breaking this equilibrium. 

In case of low moisture condition the same splitting condition creates as a result of poor 
conduction of heat across the board. The amount of moisture inside the fiber panel is not 
sufficient to transfer enough heat that can complete the resin curing process. 

The preferred moisture level (content) has to be determined with some experience in fiber 
board production. According to some literature on fiber board manufacturing the average 
moisture level that is recommended is 10%. But this is of course relative to the place 
where the plant is situated. It all depends on the humidity of atmosphere, environment 
temperature, raining frequency and so many other parameters. But once the appropriate 
moisture level is determined with the experience we only need to maintain it. 

Maintaining the moisture or controlling the moisture content is the most critical issue of 
the wood refiner operators which is a highly skill job that cannot be easily absorbed until 
having long time practice on it. The other issue is, even though the operators become well 
experienced in doing this, under extreme situations like in a breakdown or in any other 
emergency situation they become unaware of it, may be for a short time, making the 
moisture level goes totally out of range. Once it has deviated considerably away from the 
required level (the set point) the time it takes to bring it back would be reasonably high 
depend on the condition, putting the whole process into a totally undesirable stage. 

The most unpleasant situation arises when the moisture content goes high passing the set 
point where as the lowering of moisture content of fiber from the required set point is also 
a serious problem. When the boards get start splitting, it continues for a long time depends 
on the amount of moisture that has increased, until it comes to normal. 

The statistics of the damaged boards due to high moisture splitting in Merbok MDF Lanka 
can be shown as follows (Merbok is a 24 hour running factory which is shut down only 
for maintenance programs); 

The average production of a day ~ 400 m 
The average amount of boards get split in a day ~ 4 m3 (1% of the daily avg. production) 
Cost per one cubic meter of boards = Rs. 28,000.00 
Average cost of damaged boards per day ~ 4 x 28,000 = Rs. 112,000.00 
Average cost of damaged boards per month ~ l l x 112,000 = Rs. 3,024,000.00 
(If we assume that the plant has to be stopped at least 3 days in a month due to shut downs and other 

break downs) 
The amounts calculated here are only in the sense of cost of boards. But the damage 
happens to the consistency of the production and downtime costs have not been 
considered here. Normally Merbok MDF Lanka, the plant taken into consideration has a 
production cost of around Rs. 8000/minute. So if the plant gets a down time of around ten 
minutes for removing any split board that cannot be removed by the board reject 
mechanism, the cost of downtime would be Rs. 80,000.00 without any sense. Normally in 
Merbok it is always more than 10 minutes. 

So the average cost of damage per month due to splitting > Rs. 6,000,000.00 (six 
million rupees) 
In Merbok this amount is exactly equal to the amount paid for entire stait salary. 
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1.1 The Process of Moisture Control 

Normally the moisture is controlled by refiner operators by controlling the dryer outlet 
temperature. It was understood by long time practice that dryer outlet temperature and 
moisture content of fiber has a linear relationship (See Appendix A). 
What really happens in the dryer control is that the outlet temperature set point determines 
the open percentage of the steam PRV of the heat exchanger of the dryer (see figure 1.1). 

Figure 1.1 The Dryer, the Heat Exchanger and the Steam PRV along with refiner 

The PRV is controlled by the analog control output of the outlet temperature PID. In the 
outlet temperature PID the operator sets the outlet temperature set-point suitable for 
getting the appropriate moisture level. The moisture level and the outlet temperature have 
a known relationship (See Appendix A). 
The operator has to observe the value of the moisture content continuously whose analog 
signal is taken to the SCADA via the PLC, 'to keep it in a fix value requested by the press 
operator or the production department. Due to the changes happen in the outlet 
temperature process variable or in other words the actual outlet temperature value, the 
value of moisture content changes. When the change goes more than 1% away from the 
desired value the system becomes uncontrollable. 
The refiner operator always tries to keep the moisture content in between ± 0.5 from the 
reference point (ex. If the reference level is 7.5% moisture, then he would keep it in 
between 7.0% and 8.0%). To keep this in a fix value the operator has to keep looking at 
the moisture value on his HMI. The way of controlling moisture by the operator can be 
explained with the aid of the flow chart in figure 1.2. 



F i g u r e 1 .2 The manual control of moisture by the refiner operators. 

Step 01: It can be seen from the flow chart as the first step, the operator tries to control 
moisture by adjusting the outlet temperature PID set point where he can control the steam 
PRV position. Until the steam PRV is not 100% open the operator keep trying control the 
moisture only by setting the outlet temperature. If the moisture content is within the region 
of interest he make no changes in the system but keep observing the moister feedback in 
his HMI. 
In the event the moisture content goes away from the range of interest as a result of 
forgetting or getting no chance to concentrate on it, high or low moisture fiber comes to 



the production line where they get no more controllability on the moisture content of this 
particular amount of fiber. 
But until the steam PRV is not 100% open the operator is trying on controlling the 
moisture using outlet temperature set point. That is in other words the outlet temperature 
PID set point (See figure 1.3). The operator can control moisture with reasonable accuracy 
using this PID until he is in line with the moisture level displayed in his HMI and the PRV 
is not 100% open. 
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F i g u r e 1 . 3 The outlet temperature PID. Here PV is the R T D feedback of outlet temperature. SP is the set 

point set by the operator and CV is the control output goes to the steam PRV. 

Step 02: When the PRV is 100% open the operator gets no more controllability on 
moisture with the outlet temperature PID. If operator puts a higher set point in the PID to 
increase the outlet temperature to reduce moisture after this 100% valve open condition, 
he will get nothing because the valve has already given the maximum it can and no more 
energy can pump through it (difficult to increase the capacity of the boiler). 
So under this situation a change has to be done on the process of fiber manufacturing to 
increase the outlet temperature or drying the fiber. 
As shown in the flow chart, at 100% valve open position we go for some other parameters 
which have been recognized as variables that can control moisture. Although not 
theoretically proved the operators know that they can control the dryer temperature and in 
turn the moisture content by manipulating these parameters. 
In this step they adjust the blow valve position and feed screw speed to increase the dryer 
outlet temperature. To increase the temperature, first they close the blow valve by a 
known small amount. Normally this amount is around 10% of full valve open position. 
Then a step response can be monitored at the outlet temperature. If this increment of outlet 
temperature can bring down the moisture to his requirement he would not go for any other 
parameter change. Because closing the blow valve by a small amount will not result in a 
reduction of fiber output or the production. Figure 3.3 shows response of outlet 
temperature for the change in blow valve position. 



F i g u r e 1 .4 The process of moisture control using four parameters with moisture meter and outlet temperature 
feed backs. The four parameters: The steam PRV position, the blow valve position, the feed screw speed and the 
differential pressure set point. 

If the increment of outlet temperature is not sufficient to bring down the moisture the 
operator would then go for the feed screw speed (RPM). Any change in the feed screw 
speed highly reflects at the outlet temperature values. The reduction of feed screw speed 
reduces the mass flow and the reduction of mass flow rate reduces the heat absorption 
from air. It is the heat of the air that counts the increment of outlet temperature. Outlet 
temperature is actually the Air outlet temperature because the outlet RTD touches only the 
air. The relationships of these parameters have already been derived and will be explained 
in later chapters. 

When closing the blow valve it actually creates a high pressure inside the disk chamber. 
This pressure actually results in an increment in the amperage of disk drive motor (Main 
Motor). Actually the main motor current has to be increased with the speed of the feed 
screw. Increasing the feed screw speed increase the mass flow rate through the rotating 
disks and this increment of mass increase the friction on disks advancing the load applied 
to the motor. This actually happens when the operator tries to make the same size of fibers 
at different speed levels. When more mass comes into the disks the gap between the disks 
starts to increase. If we let it increase then the motor current can go down. But when the 
gap is increased the size of the fiber becomes larger and becomes out of specification. So 
to maintain the same size in fiber we have to increase the load applied to the fiber by the 
disks. This load results in an increment of the friction against the motion of disk drive 
motor. This friction raises the main motor current. The speed of the feed screw, and the 



current of disk drive motor have a definite relationship so as to produce the requested 
fiber. Figure 3.12 shows the relationship between feed screw speed and main motor 
current. 

Step 3: If the moisture is even high after the reduction of blow valve and feed screw the 
operators go for the differential pressure. Differential pressure is the pressure difference 
between the top pressure and the bottom pressure of the refiner (See figure 1.5). 

Here the differential pressure is controlled by setting the set point of the differential 

pressure PID. 

Differential pressure = Top pressure - Bottom pressure 

The operator can set the top pressure set point and differential pressure set point. These 
two automatically decides the bottom pressure. The bottom pressure doesn't have a PID 
for its control and it is the differential pressure PID that controls the bottom pressure using 
the top pressure PID. 
When the differential pressure is positive, the bottom pressure is lower than the top 
pressure. And when the differential pressure is negative, the bottom pressure becomes 
greater than the top pressure. In this negative situation flow of mass from top to bottom is 
damped. The damping or the reverse tendency of flow reduces the mass flow rate which 
results in an increment of outlet temperature of the dryer. 

1.2 The idea of Automatic Control 

The operators usually follow the above procedure for controlling moisture. Actually this 
can be done without any problem if not for the human errors. When doing the same thing 
for a long time continuously the human behavior likes to get rid of it. Human errors are 
usual in every operator oriented tasks. There are ways that human errors can be 
minimized. One way of doing that is shortening the duration of the shift of operators. 



Working more than 8 hours will give very bad results. But in some cases even 8 hours 
duty may be too long. 

However the need of fully automatic systems for industrial purposes is getting increased 
due to this problem and due to so many other important reasons. The speed and precision 
with long lasting consistency can only be achieved through automatic systems. 

The conversion of manual moisture control procedure into a fully automatic moisture 
control system is a job with very high importance and value although the design process 
seems to be little complicated. In addition to the saving of a huge cost of damage, the 
success of such a project will help the operators make their life easy and enable them to 
use their valuable time in many other improvements of the company. 

In the next chapter the theoretical model of the dryer will be developed and then it will be 
used in the development of an automatic controller. 
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