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Abstract

In fiber board industry, the moisture content (the moisture level) of fiber, perhaps the most critical 
parameter of fiber board manufacturing, works as the medium of heat transfer across the fiber mat 
while subjected to pressing in the hot press. The high moisture content splits (delaminates) the wood 
panel when decompressing due to the release of high steam pressure develops inside it where as the 
low moisture content split the panel as a result of low heat transfer causing a low level curing of resin 
inside the panel.

So controlling moisture 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 fiber moisture content is controlled inside the dryer by adjusting the dryer outlet temperature set 
point. This set point is automatically maintained by the valve position of the steam PRV (Pressure 
Regulating Valve) of the heat exchanger, the only energy source of the dryer. In very cool climate 
conditions the air and the environment get cold where the dryer outlet temperature cannot reach the 
required set point even though the PRV is at its 100% open condition. In 100% valve open condition 
the system is supplied with maximum heat energy that can be given and the only way to further 
increase the outlet temperature is to make a change in the process. This change is done by using three 
parameters namely the blow valve position, the refiner feed screw speed and the differential pressure.

The mistakes in putting the correct set points and forgetting to put it on right time are human errors 
usually happen. This makes a heavy loss in the profit and restricts the consistency of the process.

To avoid this problem, the process of controlling moisture is fully automated with the four 
parameters mentioned, using a cascaded PID system coupled with a multistage controller. The 
cascaded PID takes moisture as the reference set point that controls the outlet temperature and this in 
turn controls the steam PRV. At the time when the PRV is at 100% open position the other three 
parameters work together as a multi stage controller in increasing the outlet temperature.
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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 m3
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 ~ 27 x 112,000 = Rs. 3,024,000.00
(If wc 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 staff 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).

LENGTH

Heat

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.
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Figure 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

:
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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.

OUTLE" TEMPERATURE PID

PV

> SP
SET POINT

cv
STEAM PRV

Figure 1.3 The outlet temperature PID. Here PV is the RTD 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.
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Figure 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).

BOTTOM
PRESSURE

DIFFERENTIAL 
PRESSURE 
0.5 BAR

TOP
PRESSURE<-

8.0 BARN
7.5 BARa z

p)□
Figure 1.5 Differential pressure is difference between top pressure and bottom pressure.

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.
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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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Chapter 2

Theoretical Development

In the theoretical development the dryer has to be modeled first in order to understand the 
problem with thorough understanding. The whole process is a heat application and the 
constitutive equations of heat transfer have to be hired in solving and understanding this.

2.1 The Constitutive Equations of Heat Transfer.

The constitutive equations of thermal systems have to be taken into consideration for 
getting a more theoretical understanding of the existing system.

The net heat flow (Q) is equal to the rate of change (increase) of thermal energy and the 
associated constitutive relation is [1];

V1 df
LQl = pVc*

where pVc is assumed constant, so can write this as [1];

dT
Q = ch —dt

Here Ch = pVc = me = thermal capacitance, c is the specific heat of the object and V is 
the volume, p = density and pV = mass.

This can be rewrite as [2], [1];

1
T = 7tQ

Lh

There are three ways that heat can be transferred from one place to another place 
depending on the temperature difference between each other.

■ Conduction
■ Convection
■ Radiation

9



In the case of our interest transfer due to radiation will not be considered since the 
materials in the system touch each other. In addition to the other two ways our system 
allow heat flow due to the flow of cool mass into a warm mass where the relationship takes 
little different from the above equations explaining the above two ways of heat transfer. 
Let us state the constitutive relationships that describe the heat flow excluding the 
relationship for radiation since it is not in the consideration.

2.1.1 The Conduction

Heat energy (q) flows through substances or transfer though substances at a rate 
proportional to the temperature difference between substances. Here in this situation the 
heat of air is transferred to fibers though the convection [2], [1]. R = Thermal Resistance

? = J(Ti- r2) 2.1

Here,

1 kA
2.2lR

Where, A is the area of the heat transfer element and l is the length of the heat transferring 
element, k = Thermal Conductivity.

2.1.2 The Convection

In convection, the heat (q) transfer takes place by the physical movement of the heat
carrying particles in the medium [1];

q = hcA(Ti - r2) 2.3

Here hc is the Convection Heat Transfer Coefficient and A is the area of through which the 
heat transfers. Here A will be once the area of fiber and once the area of the steam coil in 
our system.

In addition to the above two methods the following relationship shows the equation for the 
flow of heat as a result of cool mass flow into a reservoir of warm mass.

2.1.3 The Heat Transfer due to Flow.

Heat (q) transfers as a result of cool mass flow into warmer mass and vice versa [2];

q = wcv(Tt - T2) 2.4

Here,

w = Mass flow rate of fluid at Tt flowing into the reservoir at T2. 

cv = Specific heat at constant volume.

These equations will be used in the modeling of dryer.

10
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2.2 The River Analogy

For a better understanding of the dryer, it is going to be compared with a ideal river which is 
totally straight, having no heat loss except a uniform heat loss from the top along the river.

Let us consider a uniform and straight portion of the river. And assume that this river is 
heated somewhat far away from the portion. In the first step it is assumed that the river has no 
heat loss while flowing. Two RTDs are fixed at the end point of the portion to measure the 
inlet and outlet temperature of water.

So if there is no any heat loss the inlet temperature and the outlet temperature would be the 
same because the river flows uniformly like a heated brick moving from one place to the 
other.

Toutlet T inlet

¥ $

Qriver
<C

Figure 2.1 Fully insulated river with no heat loss and continuous flow.

If no heat loss

Toutlet = Tiniet and the Heat of the river QriVcr is constant

Let us consider an event of dropping wood logs into the river at portion of our interest. The 
logs will float in the direction of the flow of the river absorbing the heat from the river water. 
Suppose that the flow of dropping of logs into the river is continuously happening. Then.

Toutlet Tiniet

£ $

V
▼

<C

Figure 2.2 River is subjected to a continuous flow of logs into to it.

11
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2.3 Heat Model of the River

According to equation 2.4 the heat flowed into the logs (Qi0gs) as a result of falling of logs 
into the river (wlogs = mass flow rate of logs into the river, cv[0g = specific heat of logs);

Riogs ~ W[ogsCv [og(TAvg,river ~ Tlogs,in)

If this is the only heat loss happens in the river let us consider the heat transferred to fiber as a 
result of thermal resistance which is the same amount transferred due to flow. The 
temperature difference of the RTDs comes as a result of this transfer of heat. Using the 
equation 2.1 we can write (Riogs = Thermal resistance of logs);

1
(T inlet Toutlet)Riogs ~ Rlogs

From this we can get,

1
(Tinlet Toutlet) ~ ^logs^v,log(TAvg,river Tlogs,in)

Riogs

Wiogs
C T inlet Toutlet) Cv,log(T Avg,river Tlogs, in)(Riogs)

C v,log (T Avg,river T logs, in)Toutlet ~ Tinlet

Wiogs
Cv,log{TAvg,river Tlogs, in)Toutlet ~ Tinlet /kAiog\

\ hog )

Wiogshog\ cv,log
(T Avg, river Tlogs,in)Toutlet ~ Tinlet Afog

The last equation clearly indicates that the outlet temperature Toutlet is controlled by the 

factor

increase the outlet temperature one has to reduce this factor. To reduce the factor he has to 
reduce the flow and increase the area of logs.

fwiogshoA w|1jje a|j tjie other variables become constant or to a negligible state. Here to
V Alog J

12



2.4 The Dryer

The same analogy applies in the case of the dryer. We will consider the losses and other 
quantities which were not considered in the river model. But we can see most will cancel and 
the remaining quantities would be almost the same as in the river model.

Q lossT Troutlet inlet

£__ , Blow Line

IA
◄-

Q dryer <-

\l v;
T

Heated AirFully insulated Dryer Tube

Figure 2.3 Fully insulated dryer with constant air flow and hence continuous heat flow but no flow of fiber 
into it.

2.5 Heat Model of the Dryer

In figure 2.3 it shows the dryer with no fiber flow but has continuous air flow and constant 
heat since not heat loss can be happen due to complete insulation.

The fiber is bring in through the blow line same as in the river released inside the area of our 
interest and the continuous flow of air with constant supply of heat comes away from the 
portion of consideration which is also the same as in case of river.

Let us assume that the Air has a continuous heat loss along the tube which is Qioss

If the temperature of the exchanger is TEX, then the heat transferred to Air (qai>) from the 
heat exchanger, according to equation 2.1;

1
P—(TEX ~ Tinlet) 
kEX

Qair ~

REX = Thermal Resistance of heat exchanger. Tiniet = Inlet Air temperature.

If heat loss is Q|0SSthen the heat transferred to Air,

Qair ~ Qair Qioss

1
Qair = n—(Tex “ Tinlet) ~ Qioss

kKXI
13
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Now consider the situation of flowing of fiber into the dryer,

Q lossT T inletoutlet

¥ Blow Line

1<-
-rfj-----------

f I I

;« **•
<<1

t
Insulated
dryer

Heated Air
Fiber

Figure 2.4 Fiber flow into the river of Air with a high mass flow rate.

We have to keep in mind that Tiniet and Touiet are measurements of inlet and outlet 
temperature of Air flowing inside the dryer.

The amount of heat transferred to fiber as a result of flowing into the hot Air stream,

Q fiber ~ ^fiber^v,fiber(TAvg.air Tfiber,in)

The net heat remaining in the Air after flowing of fiber into it is,

1
Qair = (TEX ~ ^ inlet) ~ Qfiber

Hex

Qair.net = (T EX ~ Tinlet) ~ wfibercv,fiber(?Avg.air ~ ^ fiber.in) ~ Qloss

Qloss

2.5

Now let us consider on the other way around. If there is not heat loss then the inlet and outlet 
temperatures of the dryer has to equal. But there is a constant heat loss. So there should be a 
temperature difference. But the difference is constant because the loss is constant. Due to this 
reason again we can consider that there is no change happens in the inlet or outlet 
temperatures of dryer until the fiber is flowed in to it. It can be shown as follows.

n (Tiniet T oulet)
“tube

Qloss ~~

14
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Here,

Tiniet = Inlet temperature of dryer before fiber flow in. Same as the temperature after the 
fiber flow.

T'outlet* outlet temperature of dryer before fiber flow in. 

Qioss~ Constant = K

1
(Tinlet - T'oulet)K =

Rtube

(T inlet T oulet) — tube

kAiube
^tube ~ = Constant, because the dimensions are constant in the dryer.

Itube

(Tinlet - Touted = contant

After the fiber starts flowing in the outlet temperature will be reduced due to the heat flow 
into the fiber as a transfer.

T\ AT = final outlet temperatureonlet

AT = T'oulet - Toulet

T' - (Touiet ~ Toulet) = final outlet temperatureoulet

Touiet = final outlet temperature

Toulet = Toulet ~ ^

Toulet = Tiniet ~ COUtaut - A7

; A71' = contant + ATT'oulet - Tinlet ~ AT'

So the reduction of heat in the Air in addition to the reduction of heat due to the loss is equal 
to the transfer of heat to the fibers from Air. This reduction of heat from Air gives rise to the 
new outlet temperature, Touiet.

Let us assume each and every fiber is equal dimensions after grinding in the refiner. Actually 
they are almost equal size. The difference can be measured by using vibrating meshes. The 
vibrator has different meshes for different sizes. We put the fiber sample on the top most 
mesh which has the largest holes. The lowest one has the smallest holes. After vibrating a 
known period of time we measure the fiber collected in each tray separately. So percentage of 
fiber collected in each tray can be obtained and if more than 80% of fiber collected in the

15
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required size the sample can be considered as suitable for the production. The size normally 
using is approximately, 2 -3mm in length and 0.25- 0.7mm in thickness.

Let us consider the heat absorb by one fiber from Air,

1
(Tinlet ~ Toutlet)R i =

The heat absorbed by n number of fibers,

n n
^ Ri ~ ^ [^r(Tm/et “ T' outlet)

i i

fkA':
(Tinlet ~ Toutlet) / |

(Tinlet ~ Toutlet)

Rfiber ~
i

R fiber l i

R fiber
ii

A'
R fiber ~ (Tinlet ^outlet)[ j

k(nA')
(T inlet Toutlet)Rfiber ~ l

Take \nA' = Afiber\ the total area of fibers inside the dryer and assume lengths of fibers are 
approximately equal.

kAfiber
(Tinlet Toutlet)Rfiber ~ lfiber

1 kA fiijer

l fiber
—

R fiber

So the equation again becomes,

1
(J inlet Toutlet)R fiber ^

fiber

So the net heat of Air after derived on the other way around using inlet and outlet 
temperature,

i
Qair,net “ (TEX Tinlet) (T inlet T outlet) Qloss 2.6

R fiber

16
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2.6 The Key

From the equations 2.5 and 2.6 we get,

1 1
D O'EX~ Tinlet)-—— 
kEX Kfiber

(T inlet T outlet) Qloss

1
r (TeX T inlet) W f iber^v, fiber OAvg.air Tfiber, in) Qloss

Simplifying the equation,

1
(Tinlet Toutlet) ~ ^fiber^v,fiber(TAvg.air T' fiber.in)

R fiber

\ \ ^v, fiber O'Avg.air ^ fiber,in)

R fiber/

(T inlet Toutlet)

W fiber
^v,fiber(T Avg.air  ̂fiber,in)Toutlet T inlet (-J-)

\RfiberJ

W fiber
Cv.fiberiO Avg.air ^ fiber.in)T outlet — T inlet /kA fiber\ 

\ Ifiber /

wflbeAfiber\ Cv.flbcr ^ \
) ^ Avg.air 1 fiber.in)

( 2.7T outlet T inlet
A fiber

The equation 2.7 is the key of our control design. The control of outlet temperature will 
control the moisture level of fiber under a known relationship of moisture and outlet 
temperature.

17
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The next chapter will explain how this equation plays his role in the design of our control 
system of moisture control. This equation is basically used to understand what really is 
done by the operators in the manual process of controlling moisture.

18
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Chapter 3

The Controller

The design of a fully automatic controller contains two basic steps.

1. Design of a cascaded PID system for the control of moisture until the steam PRV 
is 100% open.

2. Coupling of the multistage control algorithm with the cascaded PID for the control 
of moisture after the steam PRV is 100% open.

3.1 The Cascaded PID

The control system before this modification contained a PID for the outlet temperature. 
The operator has to monitor the moisture content continuously in the HMI (Human 
Machine Interface) and has to put the appropriate temperature set point to meet the 
required moisture content. The moisture content is a requirement depends on the thickness 
of the board and has to be changed sometimes during the same thickness.

The set-point of the outlet temperature PID decides the position of the steam PRV and 
asks the PLC to output the analog control signal to the actuator of the steam PRV.

The amount of steam come into the heat exchange via this valve determine how much heat 
that can be supplied to the air passing through it and hence how much temperature can rise 
in the air.

The basic failure undergoes in the prevailing system is when the operators are unaware of 
the moisture content of fiber in some unavoidable situations it can go very high and the 
occurrence of basic human errors.

To eliminate this, a cascaded PID system can be developed to monitor the moisture 
content continuously replacing the operator’s eye and the set-point which is set at the 
moisture PID will determine the temperature set-point of the outlet temperature PID and 
this temperature set point decides the valve position or the control variable of the steam 
PRV.

The operator has to decide the set point of moisture he requires and can forget about it 
until the PRV get 100% open. The PRV would never get 100% open if the weather 
condition is good enough to give dry and warm air into the dryer. So in dry weather this 
PID system will control moisture without any interference of refiner operators.

19
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I Cascaded R:D System jMOISTURE INPUT ---------j MOISTURE PID
L>|pvl

>Tsp1SET POINT

r~cvi
OUTLE TEMPERATURE PID

0
HSET POINT

[cv]0 STEAM PRV

Cascaded PID System

Moisture PID 
Controller

Outlet Temp. PID 
Controller

Moisture Set Point
(SPM)-------------------

PLANT
■»

PV0,PVU

Moisture Input 
(PV„)

Outlet Temp. 
Input (PV0T) Outlet Temp. 

Feed Back

Moisture Meter 
Feed Back

Figure 3.1 The proposed cascaded PID system

3.1.1 The PID equation

The PID equation controls the process by sending an output signal to the control valve. 
The greater the error between the set-point and process variable input, the greater the 
output signal, and vice versa. An additional value (feed forward or bias) can be added to 
the control output as an offset. The result of the PID calculation (control variable) will 
drive the process variable towards the set point. The PID equation used in RSLogix500 
(The programming software) according to the manuals is,

rf(PF)CV = kc (£) + J(E)dt + bias+ Td dt

So the CV of moisture PID,

d(PVmoist)CVmoist = kCM (Em) + 7— f (EM)dt + TdM
1Lmj dt

■
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Here: EM = Error = PV (Direct Acting PID)

PVmoist — Analog feed back from moisture transmeter

CVmoist = Analog output from moisture PID to outlet temperation PID

-SPmoist moist

In this cascaded system,

C^moist SP outlet

3.1.2 Control Mode

Select either E = SP - PV (Reverse Acting) or E = PV - SP (Direct Acting).

Reverse acting causes the output CV to increase when the input PV is smaller than the set- 
point SP (for example, a heating application). Direct acting causes the output CV to 
increase when the input PV is larger than the set-point SP (for example, a cooling 
application).

In moisture PID the control mode is direct acting. If the moisture content or PVmoist is 
higher than the SPmoist the PID increases its CVmoist which in turn increase the SP0Utie[of 
the outlet temperature PID, because in this cascade system CVmoist = SPoutiet.

The outlet-temperature PID gets the outlet-temperature RTD feedback and calculates the 
Error for his calculations. The control mode is reverse acting.

Eqt — SP outlet PV outlet

From the cascade relationship,

pQT ~ CVmoist PV outlet

so in the equation of the outlet PID we can see,

CV outiet — kc Qrp {CVmoist PV outlet)

d(CVmoist - E0t)T j. f (CVjnoist PVoutlet)dt + P(Iot

iOT ^ dt

Here,

d(PVm0iSt)cvm0ist = kcM (Cm) + »T“ [(^M)dt + TdM
liMJ dt
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These equations easily show the interrelationship of variables of moisture and variables of 
outlet temperature. The equation shows why the moisture set point defines the steam PRV 
position.

3.1.3 Tuning the PID Gains

The gains of the PIDs can be tuned using the software provided instructions and other 
control theories on PID control.

Controller Gain ( kCM & kCoT)

This is the proportional gain. Generally set this gain to one half the value needed to cause 
the output to oscillate when the reset and rate terms are set to zero.

Reset Term (T£m & TiQT)

Type in a value representing minutes. This is the integral gain. Generally set the reset 
time equal to the natural period measured in the Gain calibration above

Rate Term (Td„ & TioT)

Type in a value representing minutes. This is the derivative term. Generally set this value 
to 1/8 of the integral time above.

This tuning criterion is provided by the programming software of the PLC used in the 
design of the control system. It doesn’t matter which criteria is used, the important matter 
is whether it can control the process.

3.2 The Multistage Controller

Now we come to the problem of outlet temperature control after the steam PRV is 100% 
This T0utiet or in other words the outlet temperature controls the Moisture content ofopen.

fiber. Increasing T0utlet will decrease the Moisture content and decreasing T0utlet will
increase the Moisture content.

When the PRV is 100% open whatever the system can do with steam on controlling the 
outlet temperature comes to a limit.

Since steam is the only source of energy that can be applied to the system, this limit gives 
the margin of energy injection to the system in increasing the outlet temperaturq. y

The Key Equation 2.7 shows that the outlet temperature can be still controllable even after 
the steam PRV is 100% open where no more controllability can be achieved with it.

22
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Let us see what happens to the dryer when the PRV is at 100% open position using the 
Key Equation 2.7.

wfiberlfiber\ cv,fiber frr ^ ^
' I V Avg.air 1 fiber,in)Toutlet Tinlet

A fiber

At this condition, maximum energy is transferred to the Air from the exchanger and due to 
this Tiniet rises to its maximum value which becomes a constant at the end.

Let us take,

T\niet = Ki = Constantl

The fiber travel though the blow line released inside the dryer closer to the inlet 
temperature RTD when comparable to the length of the dryer. So an assumption can be 
made on the temperature region from which the fibers get heated.

is the temperature of the region to where the fiber is released in the dryer. SinceTAvg.air
this area is closer to the inlet temperature and the inlet temperature is at its maximum level
let TAvg air be equal to Tiniet which is a constant, K1.

is also approximately constant because the temperature changes in fiber during 
their travel in blow line is hardly noticeable and almost the same at every time. The 
process from refiner to blow line is always going with fix parameters in temperature wise. 
Let S take Tfiber,in ^2*

So the equation 2.7 then becomes,

T fiber,in

Wfiberlfiber^ ^v,fiber 

Afiber
k (K1 “ *2)Toutlet

W fiber l fiber Cvf^(K1-K2);K3 =k3Toutlet ^1
A fiber

W fiber  ̂fiber * 3
; Ka = —

4 K iT outlet — 1 ^4
A fiber
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/fiberrr 100% _ jr
1 outlet ~ A1 1 K4 Wfiijer I ^ 3.1

fiber/ _

is a function of the expression Wfiber ^lber j .

So, according to the equation it can be easily shown that by decreasing the factor ( flber \
fiber/

100%
outletThis clearly indicates that T

and by decreasing the amount Wfiber the outlet temperature Toutiet can be increased.

Decreasing the factor means decreasing lfiber and increasing Afiber.

3.2.1 The Blow Valve

consider the first control parameter ( lflber ).
fiber/

Let US

(}pber \ can be decreased by increasing the area and reducing the length of
fiber/

The value of

fiber. The way of doing this can be described as follows.

The situation is practically achieved by closing or opening the Refiner Blow Valve. The 
amount of closing or in other words the percentage value of Valve Position reasonably

determines the factor ( lflber \ 
fiber)

When the Blow Valve position is reduced by a known amount the fiber output is damped 
making the fiber stay some additional time inside the Disk Chamber where it may grinds 
further. As a result of this a normal fiber can split into two or more fibers increasing the 
total area and the total length of a fiber. It was noticed by long term practice this reduction 
of blow valve by small amount does not matter in the reduction of the fiber output. This is 
because the closing of blow valve creates more pressure inside the Disk Chamber 
developing more outward tendency in fiber. This outward tendency compensates the 
restriction creates by the Blow Valve.

c>
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It will be shown later how this Percent value of Blow Valve position or simply the Blow 
Valve Position (BValve) work as a basic parameter in controlling moisture content of fiber. 
The relationship can be realized as follows;

lfiberB °C —------
A fiber

Valve

l fiberThis indicates that is a function of Blow Valve. This can be written as follow s;
A fiber

lfiber
fi Valve) 3.2

A fiber

Note;

When the area of fiber (AFiber) is increased not only absorption of heat can become high but also the 
emission. So, this emission again will affect in the increment of heat inside the dryer where it can be again 
absorbed by Air or fiber depending on their temperature levels.

3.2.2 The Feed Screw Speed

Then consider the other parameter WfHjer. This flow rate depends on two variables of the 
refiner. One is feed screw RPM and the other one is differential pressure. But 80% of the 
control is on feed screw RPM where as the rest belongs to the other one, the differential 
pressure.

Suppose the relationship of flow rate to the feed screw speed can be written as the 
following function,

wfiber “ 3.3

3.2.3 The Differential Pressure

Then consider the relationship of flow rate to differential pressure,

In addition to these two parameters, that is Blow Valve and Feed Screw Speed the operators 
regulate one more variable in the process of control moisture. The Differential Pressure 
[Pdiff) is also considered as a basic parameter in regulating moisture content after all the 

other parameters were considered.
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In the refiner( the differential pressure is the pressure difference between the top pressure and 
the bottom pressure.

Pdiff — P top P bottom

More clearly speaking there is no such physical valve called differential pressure valve but 
a pseudo valve which has been simulated to control the bottom pressure valve. The refiner 
pressure system has two pressure regulating valves (PRV’s) for bottom pressure and top 
pressure. Two PID controllers work together for the control of this pressure system.

BOILER

SET <•MAIN STEAM 
HEADER

TOPPOINT
PRESSURE
PID 1CONTROL

VARIALBLE s
TOP PRESSURE
PRV

TOP
PRESSURE

<-£(TP- BP ■ OP) 
DIFFERENTIAL 
PRESSURE

->SET
POINT

BOTTOM
PRESSURE

DIFFERENTIAL 
PRESSURE PIDn

2

g
r
§
5

QTO!r
REFINER STEAM 
HEADER o

V

(xt
BOTTOM PRESSURE
PRV

Figure 3.2 The differential pressure PID. The pseudo valve for the controlling the bottom 
pressure PRV.

Here, bottom pressure PRV is controlled by the differential pressure PID and the top 
pressure is controlled by the top pressure PID. Figure 3.2 shows schematically how the 
differential pressure works in the refiner.

If the operator puts a positive set point, then the bottom pressure should be less than the top 
pressure and if he puts a negative set point then the bottom pressure becomes higher than 
the top pressure. This negative condition damps the downward flow of mass and creates a 
condition which has an upward tendency. Although the mass never go upward under this 
condition the downward flow reduces.



So, this will result in a reduction of fiber flow rate or in other word a reduction in the fiber 
production in the refiner. This reduction of mass flow rate directly affects in an increment 
in the outlet temperature and is theoretically explained in the relationship constructed 
above.

This reduction of outlet temperature at the dryer affects in the reduction of the moisture 
content of fiber in the process. Here, same as in the case of feed screw speed (RPMFS), the 
differential pressure (PdZ//), also controls the mass flow rate of fiber (wFlfcr).

The same mass flow rate is controlled by the differential pressure and the affect of this 
control parameter is lighter than the affect of the former one, the feed screw speed.

The mass flow rate is related to differential pressure in the same way like feed screw RPM 
but may have a different profile.

So we can write, Wfiber as a function of Pdiff •

w'fiber = H(Pdiff) = e^‘ff 3.4

Here rj is a constant.

So the mass flow rate is a function of both of these parameters which can be state as the 
product of the functions 3.3 and 3.4. The need to use an exponential function for the 
differential pressure came due to the reason than when the differential pressure is zero, no 
pressure difference is working as a support or as a resistance to the mass flow. Then only 
the feed screw is controlling the mass flow rate. When the differential pressure is zero the 
exponential function becomes unity making the product is only equal to a function of the 
feed screw speed.

fz (RPMFS,Pdiff) = G(RPMFS)er'Pdiff 3.5Wfiber

Then considering the equation 3.1 again we get,

Tffi = Kt {l - *4 [fz {*™FS, Pdiff) x A (IW)]} 3.6

Expanding the equation 3.6 we get,

= - K,[G(.RPMfs) x e"Pd,rr x fx(B )]}J 100% 3.7Vafueoutlet
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So the equation that governs the multistage controller will be equation 3.7, where the three 
functions of variables, blow valve, feed screw speed and differential pressure are well 
constituted.

After this by taking one parameter as the independent variable at a time, making the 
remaining two constants, the relationship of this particular variable with the outlet 
temperature has to be derived.

Like this three functions can be derived for the outlet temperature taking one at a time as a 
variable. These can be showed as follows.

Taking blow valve, BValve , as the independent variable we get the outlet temperature as a 
function of the blow valve position under the condition of steam PRV 100% open,

T outlet — ^Byalve)} 3.8

Where Ks = x [G(RPMFS) x e^wr] is a constant.const

Then taking feed screw speed, RPMFS , as the independent variable we get the outlet 
temperature as a function of the feed screw speed under the condition of steam PRV 100% 
open.

T100% 
1 outlet = *i{l - K6G(RPMfs)} 3.9

Where K6 = Ktx [e’’Pdirr x f1(BValve')\ is a constant.
const

Then taking the differential pressure, Pdiff , as the independent variable we get the outlet 
temperature as a function of the differential pressure set point under the condition of steam 
PRV 100% open.

T100% 
* outlet = Kt{l - K7e1lPdirr} 3.10

Where Ky — x [G(RPMps) x /i(^va/i>e)] is a constant.
const
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After obtaining the theoretical relationships of each variable with outlet temperature the 
experimental data were collected separately for each variable (taking one as the 
independent variable while the others are constant).

3.2.4 Experimental Data

The experimental data cannot be collected for the full range of any variable. As an 
example we cannot fully close the blow valve while the refiner is running. Because the 
fully close of blow valve will fully cut the mass flow. This will increase the grinding 
house pressure creating a very high current which will cause the main motor to trip. (The 
safety relays are set in Merbok in order to prevent the 2.2MW motor from drawing high 
current. This is common to every industry involving high capacity motors.)

In the same way, we cannot fully stop the feed screw which will stop the production 
entirely. Stopping the feed screw doesn’t harmful to any machinery because stopping it 
would automatically stop the column feeding screw after the level goes higher than the 
column-height set point.

The differential pressure is also varied in between a range which is not harmful to the 
system. The negative increment of differential pressure will increase the bottom pressure 
higher than the top pressure which will result in a negative tendency in the flow. Although 
it never flows in the negative direction the output will get reduced. When the differential 
pressure is increased negatively beyond the operational range it causes in several other 
problems. They may be either an increment in main motor current as a result of the high 
grinding house pressure or a fluctuation in the top pressure.

After the formulation of the theoretical model (equation 3.7) and then after getting an 
isolated model for each variable by making the others constant, it was well understood that 
the outlet temperature will get a definite relationship independently with each variable.

After each step change of any variable the effect is felt by the outlet temperature, but it 
takes around 2 minutes to settle in a particular temperature level. This two minutes time 
interval is common to all three variables and data was recorded after every 2 minutes 
under each independent variable.

29

.



The equations of the functions can be derived using the experimental data taken by 
maintaining the conditions set in the development of the theoretical functions.

3.2.5 The experimental data plot obtained for the blow valve position.

Outlet temperature response against blow valve position

E I 71U \--- f■
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67CD Il: ;a) r 65.f- - IQ.
4I -tE : 63P=QJ
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=t 61
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i.

aj i 59
i__ !3
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i
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blow valve position %

Figure 3.3 The outlet temperature plot against blow valve position.

To obtain a model from this response let us assume that the response is given by a sum of 
exponentials.

y(Bvaive) = y(°°) + Ae~aBvalvc + De + Fe yE^aIVC H— 3. ll

Here y(po) will be the maximum value that T^tiet can §et when blow valve is in its 
position. (But keep in mind that we cannot close the blow valve to zero position.minimum 

The minimum can be 30 %.)

Subtracting off the Final value and assuming that -a is the slowest pole, it can written. 

Taking BVaive = Bv

y - y(co) = Ae aBv

log10[y-y(«>)] s logio (^;)

logiofy - y(<»)] = logioA - aBv log10e
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,0gio[y - y(oo)] = Iog10A - 0.434 a Bv 3.12

?
This is the equation of line whose slope would determine a and intercept would determine
A.

By fitting a line to the plot of log10[y - y(co)] (or Iog10[y(co) - y] if A is negative), 
we easily estimate A and a.

Once they are estimated, using equation 3.11, we plot again;

y(Bv) - [y(oo) + Ae~aBv] = De"^

>ogio[y - [y(co) + Ae~aS|']] = Iog10D - pBv log10e 

•ogio[y - [y(°o) + Ae"aBl']] = log10D - 0.434 P Bv

3.13

By fitting the line to this plot we can easily estimate D and /?.

The process can be repeated removing the slowest remaining term until the data stop being 
accurate. So if we repeat,

•agio y - [y(°°) + Ae~aBv + Be pBv]} = Iog10F - 0.434 y Bv
{

_ ,. . _ x r 100% _ r ioo%
Taking y( Bv) - l outlet “ 1 out,Bv

, N r 100%y(co) — 1 out, BVi„iax

- [T'™L + Ae~UBv + Be~fiBv}] = l°giof - 0.434y Bv. ioo%
logio t out,Bv

By fitting a line for the log plot F and y can be estimated.

We can continue this until the best fit is found for the experimental data plot 
fit is found it can be used to formulate the transfer function that may control the process or

the system of our interest.

. Once the best
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t us consider the data plot of figure 3.3 for obtaining the experimental function 
Consider the equation, ,

lo8io[y-y(co)] s log10A - 0.434 a Bv

logio[y(°o) - y] = log10A - 0.434 a Bv • A is negative

100% 
out, BvLet us take y(oo) = T = 68

,max

LOG plot off y-y(oo) ] vs blow valve position
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Figure 3.4 The plot of logxoLyC00) y\ against Bv

By looking at the figure 3.3 let us consider that y(«) = 68 and A is negative since y(«)
is greater than y(B„)- Using the data of flgure 3'3 We Ca" P'0t the graph of logl°b'(ao) ~ 

" ““ flgure 3.4 shows the data plot of log10[y(«) - y] and from the line fitted to the

determine A and a of the following equation.
y\. The 
plot we can

, rr 100% _ j 100% 1 ~ login Alogiol‘out,BVimax 1 out.Bv\ - luei0 - 0.434 at
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The equation of the trend line is;

Ytrend = 0.049* - 2.554

Aty = 0, x = 52.122

By the comparison of two equations we get,

log10|>l| = -2.554

A = -0.0028 ; A is negative.

-0.434 a = 0.049

a = -0.113

y(co) ^ Ae aBv and the experimental (actual) outletThe theoretical values of y 
temperature data can be plotted against the blow valve position, the independent variable
considered.

Outlet temperature - theoretical & actual plot
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blow valve position %

3.5 Theoretical and experimental plot of outlet temperature against blow valve positionFigure
theoretical plot matches reasonable good with the experimental data plot and therefore 

theoretical relationship of outlet temperature to blow valve posit.on whenThe
takingall toother variables including steam PRV is constant.
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From equation 3.11

y^Valve) ~~ yC03) + Ae aBVatve .j. Dg-PBVaive Pf,~YBValve -j. ...

The best fit is found at the pole - a and then the equation is,

.
y(BValve) = y(°°) + Ae aBValve

Substituting the values obtained from the experimental plot,

p 100% + 0.113( BValve) 3.14= 68 - 0.0028 eoutlet BValvc

The control equation of the outlet temperature is a function of blow valve when all the 
other parameters are fixed.

This method is used derive the relationships of other two variables.

3.2.6 The experimental data plot obtained for the feed screw speed (RPM)

Outlet temperature response against feed screw speed
so

SI:,-V”--------

7S
u

76(U
l 74

.....;v 72ro
------ L 70a>

a.
6SE \.«■_______

(V 4 66'1:
64Icu

• : 62
±D

60o
fl

ee 65 64 63 62 61 6077 71 70 69 68 6775 74 73 < *■

feed screw speed % outlet-Act
•;

peed( RPMf$).plot against feed screw sFigure 3.6 The outlet temperature
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the response is given by a sum of exponentials as in the case of the blow
valve,

y(RPMFS) = y(co) + Ae~aRPMFs + De-P Rpmfs + pe-yRPMFS + ... 3.15

1 lere y(co) will be the maximum value that T^tiet can Set when feed screw speed is in the 
lowest speed in the situation considered. (But keep in mind that we cannot slow down the 
feed speed to zero. If this is zero, the production will stop. The minimum can be 20 %.)

Subtracting off the final value of the equation 3.15 and assuming that —a is the slowest 
pole, it can be written,

y — y(oo) = Ae a(RPMFs)

By looking at the figure 3.6 let us consider that y(oo) = 78 and A is negative since y(cc) 

is greater than y(RPMFS). Using the data of figure 3.6 we can plot the graph of 

Iogi0[y(°°) “ y]- The figure 3.7 shows the data plot of logioLK00) - y] and fr°m the line 

fitted to the plot we can determine A and a of the following equation

logi0[yC°°) - y] - logioA - a (RPMFS) Iogi0e

feed screw speedLOG plot of [y(°o)-y] vs

1!I 1.2 :
: l
♦ I- 1i! t j♦

0.8ii .•
Iy = 0.Q83x-5.025 0.6

0.4'
I♦

! 0.2!i

0
61 5^ (if 636567is m ..... 69i -..1 t

-0.275

-0.4i .

------ Linear (LOG plotl)4 LOG plotl

Figure 3.7 The plot ofIog,„[y(») “ ^ aSainst RPMfs
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1
'

100% 
out, Bvlogiofr _ r 100% _ .

out, bv = log10A - 0.434 a ( RPMFS) : A is negativemax

'I

We have taken that TQ®t°B 

The equation of the trend line is;

= 78V.max

^trend 0.083*- 5.025

Aty = 0, x = 60.542

By the comparison of two equations we get
■

logiol^l = -5.025

A -0.00000944 ; A is negative.

—0.434 a = 0.083

a = -0.1912

The theoretical values of y - y(oo) = Ae a(RPMFs) ancj the experimental (actual) outlet 
temperature data can be plotted against the blow valve position, the independent variable

Outlet temperature - theoretical & actual plot

! ■ }
r 80
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76cu ri;
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a; 64
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feed screw speed %

Theoretical and experimental plot of outlet temperature against feed screw speed.
Figure 3.8
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i t0 * 6 conc*us*on ^at this theoretical plot fairly matches with the experimental
p tie equation of this theoretical plot gives the control relationship of outlet
temperatuie to the feed screw speed when all the other parameters are fixed including the

Then the equation of the control relationship is,

y(RPMFS) = y(oo) + Ae~aRPMn

Substituting the values obtain from the plot,

+ 0.1912( rpmfs)'j1100% 3.16= 78- 0. 00000944 eoutlet RPMfs

The control equation of the outlet temperature is a function of feed screw speed when all 
the other parameters are fixed

The same scenario is gone for the construction of the model of relationship between outlet 
temperature and differential pressure.

3.2.7 The experimental data plot obtained against the differential pressure set point

Outlet teinperatur against differential pressure
-7-2-mu fT~-

0)

-70-: ------13 ~r:
::::::::::::::03

£5?<u 1
CL “eg:£ i0)

67-i • *
QJ --60-
13

• ■ -t"o
-0.3 -0.3S -0.46-0.06 -0.14 -0.220.020.18 0.10.260.340.5 0.42

u r e set point outlet-Actd iffe r ent ia 1 press

against differential pressure(Pdiff)-Figure 3.9 The outlet temperature plot
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Assume that the 
variables,

response is given by a sum of exponentials as in the case of other two

y(pdiff) — y(°°) + Ae ap<nff De~PPdiff pe~YPdiff + ... 3.17

1 Ieie y(°°) will be the maximum value that T^^°t can get when differential pressure is in 
its highest negative value in the situation considered. (The value of differential pressure set 
point is usually varied in between +0.5 to -0.5. The values going away from it will damage 
the process and the plant itself.)

Subtracting off the final value of the equation 3.17 and assuming that —a is the slowest 
pole, it can be written,

y - y(oo) ^ Ae aPdiff

By looking at the figure 3.9 let us consider that y(co) ^ 70 and A is negative since y(cc) is 

greater thany(Pd^). Using the data of figure 3.9 we can plot the graph of log10[y(°c) - 

y]. The figure 3.10 shows the data plot of log10[y(co) - y] and from the line fitted to the 

plot we can determine A and a of the following equation

logic[yC00) “ y] ” loSioA - a Pdiff log10e

differential pressureLOG p lot o f [y(°o)-y] VS

0.9... |..

1 0.7i..:! ♦
♦

...0:5.....!..... ...

—0.3.... |..........

i♦ !!
:y = 1.399X + f 009

f0.1... ii'

...-03 -Q.5-d.31......0l3................... 00l5 ♦i :^.. i.........-0;3... !....♦'
♦ i

I.... I.-0:5
------ linear (LOG plotl)♦ LOG plotl

Figure 3.10 The plot of !og10M00) aga,nst Pdiff
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100% 
OUt, Bylogio[T Tout, £f°^] = Iog10A - 0.434 a P : A is negativemax diff

We have taken that T™?0/£UUl, tiy

The equation of the trend line is;

= 70max

ytrend = 1.399^+0.009

Aty = 0, x = -0.00643

By the comparison of two equations we get,

Iog10|A| = 0.009

A is negative.A = -1.0209 ;

-0.434 a = 1.399

a = -3.223

The theoretical values of y - y(°o) = Ae a Pdiff and the experimental (actual) outlet 
temperature data can be plotted against the blow valve position, the independent variable

Outlet temperature - theoretical & actual plot

u
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set pointdifferent ia 1 pressure

■imental plot of outlet temperature against differential press ure.
Figure 3.1 i Theoretical and expei

So we come to the 
plot and the equation

conclusion that this theoretical plot fairly matches with the experimental 
of this theoretical plot gives the control relationship of outlet
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V

temperature to the feed 
steam PRY.

screw speed when all the other parameters are fixed including the

Then the equation of the control relationship is,

y{Pdiff) = y(°o) + Ae~aPdlff

Substituting the values obtain from the plot,

+ 3.223 PdiffT 100% 
1 outlet = 70- 1.0209 e 3.18pdiff

The control equation of the outlet temperature is a function of differential pressure when all 
the other parameters are fixed.

3.3 The Model for the Temperature Difference

Now let us again consider the equations 3.14, 3.16 and 3.18 obtained for the control 
variables. Here y(°o) in every equation is a constant depend on the initial outlet 
temperature value at the starting of the experiment. So depend on the initial temperature the 
experiment starts the limit of its maximum value is determined. But it can be seen that for 
any initial starting temperature the shape of the graph of response remain the same. Which 

that the temperature difference we can achieve by changing any of the control 
parameters is independent of the initial condition of the experiment.

Consider the equation 3.14,

rp 100% |
* outlet 1

mean

l= 68 - 0.0028 e+°-113(®>'.iv.)
B\'alve

Say the initial temperature is (fi), for some blow valve position^,ue) 

that all the other parameters are constant at this situation. Then consider the blow valve is closed to 
the position (BValveh and the resulted outlet temperature is (T™?let

the model come as follows;

Initial situation;

Remember

)7. Then the equations of

<
+ 0.113 ( BValve)x 3.19(r ioo% ^ - 68 - 0.0028 e

\* outletJi
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Final situation;

( t 100% ^
V1 outlet)2 = 68 - 0. 0028 e+ 0113( Bvaiveh 3.20

Subtracting equation 3.19 from equation 3.20 we get.

(7 100%
outlet

)2-(r 100%
outlet )1 = 0.0028 e+0113(*W„t), _ e + 0.113( BValve)2

AT BBValve = 0. 0028[ e+ 0 ll3(BValve)l _e+0.U3(B„a/ve)2j 3.21

This is the increment that the outlet temperature can get when the blow valve is closed 
from some know value. The increment can be easily used to calculate the outlet 
temperature at which the system is going to be settled as a result of blow valve's known 
reduction.

In the control system which is under design knows the relationship of outlet temperature to 
the moisture content of fiber. So the reference value is coming from the moisture side. 
When the operator has set the moisture set point the cascaded PID system will bring the 
actual moisture level to that particular set point. If the cascaded PID can do this the 
multistage second controller would not interfere with him. In the unfortunate situation of 
100% steam PRV condition the PID system has to ask help from the multistage controller 
to hold and bring back the system to the active temperature level. Actually if the outlet 
temperature remains around the required set value to keep 
the PRV is 100% open, the multistage controller would not go for the support. Because, the 
PID would not ask for any help. The reason is that if the system can run without changing 
the multistage control parameters the output will not get affected. Even though the closing 
of blow valve does not cause in mass flow reduction, if it is closed beyond the critical value 
it should be opened for a certain feed screw speed, the feed screw speed has to be reduced 
in order to maintain the required current level in the main motor.

a certain moisture level even if

i

Now imagine situation when the PRV is 100% open and the outlet temperature has gone 
down away from the set value. The cascaded PID has already decided the required outlet 
temperature set point. So the system now knows where the actual temperature is and what 
the temperature difference is and hence the increment that should be done in order to bring 
the temperature back. Once the increment is calculated the required control parameter value 

be calculated and then command the actuator to get the appropriate action. The
can
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equation 3.21 will show how the 
increment is known. parameter value is calculated for blow valve after the

AT BValve ~ 0028[ e+0113(B Valve) 1 __ g+ 0.113( BValve)2 j

e+°H3 (%afvc)2 = e+o.H3(ff,a/l,e)1 AT BValve

0.0028

o.ill I” [e+°'113Bl' ATByalveBValve,2 — al ve,l — 3.220.0028

The equation 3.22 will determine the 
And the scaled value of this 
valve actuator.

blow valve position for the required increment, 
blow valve position is the analog signal goes to the blow

new
new

Considering the same procedure followed for the blow valve, the control command for the 
feed screw and the differential pressure can be calculated.

Consider the equation 3.16,

= 78- 0. 00000944 e+ 01912( RPMfs)J 100%
outlet RPMFS

The required increment of the outlet temperature to bring back the moisture level is.

= 0.00000944 [ e+01912 (RPMts)' - e+ 01912 (RPA,fs)2] 3.23
AT rpmfs

increment that the outlet temperature can get when the feed screw speed is 
know value. The increment can be easily used to calculate the outlet 

to be settled as a result of feed speed's known

This is the 
reduced from some 
temperature at 
reduction.

which the system is going
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e+ 01912 (RPMF5)2 =
e+ 0.1912 ( RPMF5)x __ AT(

0.00000944

1PPM In e+ 01912 k/Wfs.i _ &t(rpmfs)fs, 2 =
0.1912 3.240.00000944

The equation 3.24 will determine the 
increment. And the scaled value of this 
the feed screw motor drive.

The same piocedure is followed to calculate the analog control signal for the differential 
pressure valve using the equation 3.18.

new feed screw speed for the required temperature 
new feed screw speed is the analog signal goes to

T100% I 
1 outlet | = 70- 1.0209 e+3223Pdirf

pdiff

The required increment of the outlet temperature to bring back the moisture level is,

1.0209 J g+3,223 _ g+ 3.223 (f\tt/y)2J 3.25ATpm -

This is the increment that the outlet temperature can get when the differential pressure is 
reduced from some know value. The increment can be easily used to calculate the outlet 
temperature at which the system is going to be settled 
negative increment of the differential pressuie.

e+ 3.223 (Pdiff)

as a result of known reduction or a

ATPdi„ *+ 3.223 (p<urr)1 _i — e 1.0209

^Tpdiff
\____ln e+ 3.223 Pdiff.i - 3.261.0209Pdiff,2 '3.223

T„« equation 3,6 wii,
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Even though the outlet temperature has 
fiber, the new known relationship with the moisture content of 

set point set by the cascaded PID. 1 he cascaded 
set point depend on how much the actual moisture level

a
control system consider the 

PID decides the outlet temperature 
deviate from the moisture set point. The
point. The higher the temperature 
For a

the deviation the higher the temperature set 
. • , , . set P°'nt the higher will be the temperature increment,

g r increment higher values will be calculated from the control equations.

more

In addition to this one 
it is actually a

more constraint has to be considered in the operation of this system, 
rule that the system has to obey. Although controlling moisture is the most 

critical job, making good fiber is the reason why they run the refiner.

The amount of main motor current normally indicates how much load that has applied to 
the fiber inside the grinding house. If we maintain a fix plate gap the bottom pressure or the 
grinding house pressure decides the main motor current. The pressure increases with the 
feed screw speed. The increment of pressure increases the current. In high pressure 
conditions or in other words in high current conditions the fiber becomes so fine which is 
not suitable for the production. Of course this will reduce the moisture content of fiber. But 
we do it when there is no other option.

The operators know the relationship of current with the feed screw speed that can produce 
good fiber.

motor currentvs f/screw RPM

120

no
<

100
y = -0.006x2 + 1.738X + 8.315c

QJ 90
• Current (A)2

3
80u

o
70

o
E it60

50 11010090807060504030
feed screw %RPM

speed and motor current is obtained by plottingrelationship between feed screwFigure 3.12 The
operator’s data.

rent and feed screw speed is given by the
The relationship between main motor cur 
equation

y — -0.006x2 + !■ 738x + 8.315
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■
Where y = Main motor current 

x = Feed

To maintain this relationship the °rind’ u 
increment of feed screw speed The ^ ,.0use Pressure should be varied according to the 
the blow valve. It can be seen that ^ouse Pressure is maintained by regulating
maintain this current condition thpk?^ PaJ*arneter has some interrelationship. Anyway to
relationship. To increase outlet tern Derate ^ ^ feed SCrew Speed a'S° haS 3 known 
motor current. But we can let it increase h ^ C ^ ‘he b'°W Va‘Ve' But 'l increases the 
motor and the system. So if we close the hln S°T am°Um Wh'Ch W°Uld n0t harm t0 the 
has to be reduced under this rule of cu Jem 6 ^ 3 m°re ^ fCCd SCrCW Speed

screw speed

3.4 The Algorithm

The control outputs of the multistage controller have now been determined and next job is 
to put them in an algorithm that will continuously scan the system. The control diagram of 
the control system can be as follows;

CONTROLLER

I
T

—T y i

pdiff

= min
pdiff __ BV=BVCBy RPMFS RPMfs

= Crit

T
(PRV100V.) eAND

(E>0)

/ v
y y y

PLANT
Outlet Ter 
PID Contr

mp.
roll®

Moisture PID 
Controller RefinerMoisture 

Set Point Forming

cv—cv SP/\ E*0

DRYER(SP) Line->Steam
Valve

PVPV

Outlet Temp. 
Input (PV)

Moisture Input 
(PV) Outlet Temp. 

Feed Back

Moisture Meter 
Feed Back

The controller is made by coupling the cascadedof the control system.Figure 3.13 The block diagram
PID and the multistage controller.

we maintained at theis written unde, the same conditions nnd constntins 

trol equations of each parameter.The algorithm 
time of derivation of the con



Following is the basic Control Algorithm; 

For CV0T < 100% & |Em|>0 (Em = SPm-pvm)

The cascaded PID; Loop update time = Scan time of the PLC

Moisture PID

SPM >

PVM > CVM The PID Loop

Outlet temperature PID

*SP0T

PVqt > CVox

[ > The steam PRV (0- 100%)

End

IF CVor = 100% & |Em| > 0 (Em = SPM - PVM)

Loop update time = 120 seconds

For By > Bvl- Lowest value possible in getting the maximum motor current possible (figure 3.12) 

Determine ATBy 

Set the Bv position {B AT B\’alv‘B1 |n g+ 0.113 BValve,i 
0.113Valve,2 “ 0.0028

End
IF Bv > Bvl & CV0T = 100% & | EM | > 0

For ARPMps < ARPMfs.m Maximum difference set by the operator 

Determine ATFs

Set the RPMfs value { RPMFs.z = |n g+ 0.1912 RPMfsi _
111 e 0.00000944J)

1
0.1912

End
IF ARPMfs > ARPMfs.m & CV0T = 100% & | EM | > 0

For PDiff> - 0.5 : The minimum value that can be set

Determine AT dkt

Set the PDiff value jPdtff,2 = In | e+ 3 223 -

1

I!STpdiff
1.0209

End

ELSE
RETURN

ELSE
RETURN

ELSE

RETURN
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This basic algorithm can be used to write the PLC program which will contain hundreds of 
logical interlocks and techniques that would control moisture content of fiber. After all the 
parameters are reduced to get the moisture level back to normal these parameters has to be 
once again increased to increase the production rate. The increment of the production rate 
01 in other words the feed screw speed after the moisture is controlled can be done 
considering the blow valve to feed screw relationship and feed screw to main motor current 
relationship. These relationships are already known but it is beyond the scope of this 
project and will be considered as a next step. But the procedure is simpler than this and can 
be done by using another cascaded PID which takes main motor current as the set-point to 
decide feed screw speed in the first PID and then take this feed screw speed as the set-point 
in the second PID to determine the blow valve position.

Up to now the manual advancing of feed screw speed will be done by the operators after 
the moisture is automatically controlled.

Is
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Chapter 4

Application & Results

bok up to now only the program of the cascaded PID system was attached to the 
program. The coding of multistage controller has to be coupled to the PID program 

later. The HMI of the PID has to be designed so 
opeiators and has to be included all their requirements.

In Merbok, in the sense of automation, Rockwell Automation plays the biggest role. More 
than 90/o of the plant was automated using Rockwell software and Allen Bradley 
controllers. The moisture PID program was inserted to the controller which handles most 
of the refiner area analog signals and control structures.

as to be easily understood by the

The PID program is written using the standard programming language RSLogbdOO 
developed by Rockwell Automation as the programming language for the Allen Bradley 
controller SLC5. The SLC5 is a high standard PLC developed by Allen Bradley and one of 
the latest in the family of Allen Bradley processors.

The PID controller works pretty well for more than three months and has proved that 
automatic control is more accurate than the human control.

was established to the first timeAnyway the concept of fully automatic moisture control 
in Merbok after six years of Plant history where it seemed little strange to the operators to 
absorb the concept and get rid of the old manual control system. The reason was that the 
operators never thought that this can be done or modeled theoretically due the complex 
nature of the controlling pattern. Now it is almost three months passed and they cannot run

without it.

The graphical representation of the HMI has to be changed several times to give the 
onerators a better one and several modifications with many interlocks have to be inserted 
to the control program. Playing with dryer is a critical job since the high temperature 
levels in the dryer can cause fire inside it. So control interlocks and salety alarming has to 
e set in the relevant places of the program to minimize the lire nsk.
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4.1 Tuning the PIDs

software S]w aT. Pl^.SyStem were tuned using the instructions provided by RSLogixSOO

econd Pinof tb " 'n SeCti°n 3-L3 3nd n0 other lunin8 criterion was used. But the
vilh f pp h Hi 1G CaSC! ed system cannot be tuned using this method and has to be tried 
w.th f. ee hand to get a better control in moisture.

The following figures show the 
Moisture PiD.

structured files of the PID settings. The first one is the
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Figure 4.1 The Moisture PID, the first PID of the cascaded PID.

In the PID setup screen, the first three fields belong to the gains of the PID where the values 
P of tuning. Here the PID output (CV) is going to the set point ot

be entered in the process
the second PID which is the outlet temperature set point.
can



The outlet-temperature PID. The
second PID of the cascaded system.
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Figure 4.2 The Outlet Temperature PID, the second PID of the cascaded PID.

In this PID, the output or the CV is going to the actuator of the steam PRV. Ultimately the 
steam PRV is controlled by the moisture set point set at the moisture PID.

This system works well until the steam PRV is 100% open and the steam PRV will never go 
to 100% until the weather is good. It all goes upside down when the weather condition is 
not favorable to the temperature control.

All the data that should be monitored are taken to graphical trends using RSView32: the 
same graphic software used to build all the other HMIs of SCADA. and logged in data files. 
So history is always retrievable where we can trace any situation in the past to reorganize or 

These trends played a major role in the process ot tuning PIDs.modify the system
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The following figure sh 
as requested by the 
which mean that the

operat ^scac^e(^ PID system and the restrictions inserted with it 
Jrhe restrictions are actually used for the safety reasons 

me ers do not move beyond the limits which are entered.
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Figure 4.3 The Cascaded PID. The moisture and the outlet temperature PIDs are cascaded.

The green arrow shows the relationship between the control variable of moisture PID and 
the set point of the outlet temperature PID. Actually they were made equal in this
controller.

mem
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The maximum value 
refiner operators to define the ranT °f the °UtIet temPerature can be set by the 
will be written in maximum anH ^ Vanatlon of outlet temperature and this setting 
This will restrict the m,nimum output fields of the moisture PID setup file.

The following figure shows h 
refiner main page HM1. °w the above PID system comes as a popup screen in the

F1
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LEVEL
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Figure 4.4 The popup screen of PID. The background is the refiner main screen.

The dashed circle in the refiner main page shows the place where the outlet temperature is 
displayed. By clicking on this outlet temperature display box the operator can get the 
popup screen of the PID system as shown in the figure 4.4. This popup screen can be 
dragged to anywhere on this main page to see any information covered by it.

4.2 The Results

„,llds of all the variables considered are plotted in the SCADA and be considered 
tienas oi an ii general situation ot moisture control has beenThe

as the results of this project. A one 
considered in the discussion of results.



A general situation of moisture control Process using the cascade PID system.
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FigUl e 4.5 Outlet temperature, Outlet temperature set point, PRV position against time (Minutes).
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Figure 4.6 The response of Moisture and the Moisture set point against time (Minutes).

Figure 4 5 shows the how the outlet temperature set point is increased to compensate the 
increment of moisture (in figure 4.6) from its set point. The plot in figure 4.5 shows that
,he outie, temperature,£ SrJcvTJ: “ ^“cVof
T"c out „s overlapped by the set point of outlet temperature since they

, , v II ran be seen that the steam PRV position has increased due to theequal quantit.es. It can be seen conlent and vice
increment of outlet temperature set point to fliof 

versa.

moisture
are
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The oscillation of the steam PRV is
oscillation in the steam flow which is no f°r ^ Pr°CeSS' This oscillati°n creates an 
the PIDs were tuned to get the best c vorable to the operation of the boiler. However 
regardless of the other issues. The°o f° °fm°isture- The response has to be optimized 
moisture on the set point within a sh ^ at'°nS damped with time bringing back the
is that the CV of the second Pin ■ V Pen°d of time- The mason for the PRV oscillation

PID is a function of the CV of the first PID (see page 21).

ongs to the trends at figure 4.5 and 4.6
Figure 4.7 contains the table of data bel

Time (Minutes) moisture Outlet SP PRV Outlet Temp Moisture SP0 7.24 63.5 27 64.8 7.32 7.26 63.99 28 63.5 7.34 7.31 63.77 29 64.46 7.36 7.38 64.7 32 64 7.38 7.47 67.16 32 66.62 7.310 7.53 69.99 33 69.25 7.312 7.61 71.99 32 71.86 7.3
14 7.63 71.99 33 71.5 7.3
16 7.58 72.49 31 72.2 7.3
18 7.44 71.99 31 72.6 7.3
20 7.24 71.46 30 71.75 7.3
22 7.09 68.35 28 70.15 7.3
24 7 63.72 28 62.62 7.3
26 6.95 63.99 31 64.44 7.3
28 6.94 63.99 34 63.03 7.3

30 6.96 63.99 33 63.34 7.3

32 7.26 64.13 34 63.45 7.3

34 7.56 67.96 39 65.05 7.3

70.6271.99 41 7.37.8636
7.343 71.1571.997.9338

71.42 7.34371.997.9340
7.372.884274.997.9142
7.375.864075.447.7944
7.374.983974.997.5246
7.376.043675.247.3448
7.374.13472.697.1550
7.371.763269.267.0852
7.367.583163.966.9454
7.363.743063.996.8756 7.363.123063.996.7958 7.363.893063.996.7660 7.363.993263.996.7462 7.363.043263.996.7864 7.363.053263.996.8166 7.363.773463.996.8968 7.364.79

65.25
66.86

3465.957.02 7.370 3565.97

67.96
7.19 7.372 38
7.26 7.369.0374 3968.957;4_______ 7.369.5676 4068.95
7.4878

Urol. Continue to page 55.ral situation of moisture coi
Figure 4.7 Table of data of a gene
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80 7.58 70.35 41 70.11 7.382 7.62 71.99 42 70.14 7.384 7.69 71.99 42 71.99 7.386 7.71 71.99 42 73.13 7.388 7.72 71.99 42 73.1 7.390 7.71 71.99 42 72.99 7.392 7.69 71.99 42 72.98 7.394 7.66 71.99 42 72.11 7.3
96 7.61 70.25 40 71.23 7.3
98 7.49 70.25 40 7.370.01

100 7.41 69.39 38 68.99 7.3
102 7.25 68.65 37 69.01 7.3
104 7.21 68.45 37 67.99 7.3
106 7.15 68.4 37 68.06 7.3
108 7.13 68.4 37 67.99 7.3
110 7.15 68.4 38 67.96 7.3
112 7.2 69.32 39 69.02 7.3
114 7.25 69.66 40 69.21 7.3
116 7.31 70.21 41 69.99 7.3
118 7.32 70.21 41 71.01 7.3
120 7.33 70.21 41 70.86 7.3
122 7.32 70.25 42 70.25 7.3
124 7.31 69.48 40 69.38 7.3
126 7.28 69.24 40 69.21 7.3

Figure 4.7 Table of data of a general situation of moisture control. Continued from Page 55.
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Chapter 5

Conclusion

The cascaded PID that has already been implemented carry out the job with reasonable 
accuracy that cannot be achieved by manually. It has been proved without dispute that 
automatic control is more accurate than the human control.

Now more than three months has passed and no complain on the reliability or any 
incompatibility with the prevailing system has been reported.

The PID system as it was predicted gave the expected solution to the problem of board 
splitting due to high or low moisture. The expected saving as it was estimated is around six 
million rupees. The important thing gained after the implementation of this fully automatic 
system is the ability to maintain the consistency of the plant. The consistency gives time to 
identify other minor problems of the plant which cannot be monitored with inconsistent 
situations. This has smoothed the production process and considerably improved the 
quality of the product. The most serious quality issue comes when a split board has reached 
the customer without been detected by the quality controller. If the split is in the mid of the 
board how can the quality controller check it. If we do not have a scanner, the middle area 
splitting can hardly be detected. This has brought a very bad reputation and now the 
Merbok has got rid of it.

The addition of resin quantity for a unit production has been fixed after the smooth control 
of moisture and could save millions of money wasted for additional resin usage. The resin 
usage for the production has to be increased always to stop the splining problem by- 
increasing the bond in between fibers of the board. The additional bond is totally 
unnecessary because it is beyond the specification of the product. We cannot sell the boards 
to a higher price by telling that we have used additional resin inside them. In fiber board 
industry resins only second to the wood when consider the cost of raw materials. So saving 

in by smooth control of moisture is one of the biggest achievements and it could fix the 
resin usage to a value of around 90kg/lm3 from a value of around 120kg/lnv\

The overall improvement of the production and the whole process of fiber board 
manufacturing, after the automatic control of fiber moisture content, cannot be easily 
measured and it is always something more than that can be measured. It has made the life 
of both refiner and press operators easy due to the abandonment of a time wasting and 
irritating job they have done on removing the reject boards from the production line.

res
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1
The second multistage controller will be coupled to the PID and hope that it will control the 
moisture level under situations where the cascaded PID cannot achieve it.

The multistage controller has to be implemented in a processor that can handle enough 
analog inputs and outputs and can perform all mathematical functions derived at the 
modeling. The same PLC used for the PID system can be used for this controller and if 
there are no additional I/Os available, new I/O cards can be inserted to the same rack 
available or to an expansion rack.

■

:

:
57

:



References

m Clarence W. de Silva, “Mechatronics - An Integrated Approach"’, CRC Press, 
2000.

Gene F. Franklin, J. David Powell, Abbas Emami-Naeini, “Feedback Control of 
Dynamic Systems, Fourth Edition, Pearson Education Inc, 2002.

D. S. Mathur, “Mechanics”, Vikas Publishing House (Pvt) Ltd., 1978.

I. V. Savelyev, “Physics - Mechanics and Molecular Physics: A General Course”, 
English Translation by Mir Publishers, 1980.

Erwin Kreyszig, “Advanced Engineering Mathematics”, Eighth Edition, John 
Wiley & Sons, Inc, 1999.

[2]

[3]

[4]

[5]

58



Appendix A

Additional Relationships
If the change of blow valve is high it relates to the feed screw speed. So a relationship can 
be derived for the amount of change in blow valve and the amount of change in the feed 
screw speed.

Here the amount of change of blow valve ABvalve can be related to ARPMFS

feed screw RPMVs blow valve position

■ feed RPM
75

---------Poly, (feed
RPM)

■ 70

65

60■

55
■

y = 0.005x2 + 0.240x + 27.07
50

5058 56 54 5262 6066 6470 68

The following chart shows the relationship between outlet temperature and the moisture 
content. The experimental data seems go outside the line but maintaining the linearity of 
the relationship.

moisture agaist outlet temperature
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Appendix B

Program of the cascaded PID

The program written for the cascaded PID system is attached here. The program is written 
using the standard programming language RSLogix500 developed by Rockwell 
Automation as the programming language for the Allen Bradley controller SLC5. The

of the latest in theSLC5 is a high standard PLC developed by Allen Bradley and one
family of Allen Bradley processors. 1
The PID controller works pretty well for more than six months and has proved that 
automatic control is more accurate than the human control. I

i
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Cor- diaoonnaotPXD

OUTLET TEMPERATURE CONTROL RID

DRYER 02 OUTLET TEMP 
RIDB3 £0036

RIDO RID
H18-.1QOControl Block

Proc»«; Variabla SI 8 :12 a
NIB:12SControl Vansbla

Control Block Langth

PXD MANUAL SELECT 
N18 lOO0037

1
SIS:125Input

6<27<
Input Min.

16383Input Max.
16383<

O
o<

Sealad Max. lOO
ioo<

Output SI8:126

(DRYER2 & RUN)
(STRUP & TEST) 
(DERIVED FROM PLC3) 

B3 : lO
1 DRYER02 OUTLET RID 

AUTO/MANUAL SELECT 
(AUTO-1 / MANUAL—O)

B!;3
o

0038

11 4
DRXER02 OUTLET 
AUTO /MANUAL SELECT 
(AUTO-1 / MANUAL—O)

___ BJJ(:3_____
PID

r
ONE SHOT
-REE02 OUTLET TEMP . 

CONTROL
DRY 02 OUTLET TEMP— 
PID-CV AUTO REDUCING 
AT PID MANUAL ROS.'' B3 : 3

5

:
DRYER02 OUTLET PID 
AUTO/MANUAL SELECT 
(AUTO-1 / MANUAL—O) 

B3 : 3
DRY 02 OUTLET TEMP- 
PID-CV AUTO REDUCING 
AT PID MANUAL POS.

T4 : 22. PID MANUAL SELECT 
NX 8 : lOO

SCALE FOR ANALOG

I I-------- —1 H Mo-
I EN Source*. io<

Daat N18:126

■

39<

ONE SHOT
-REF02 OUTLET TEMP.

CONTROL

(DRYER-2 & RUN) — 1 
(STRUP « TEST) 
(DERIVED FROM PLC3) 

B3 : XO

DRYER02 OUTLET PXD 
AUTO/MANUAL SELECT 
(AUTO-1 / MANUAL—O)

----------- j—--------------

O
PXD MANUAL SELECT 

NX 8 : XOO
x.U''0039 X14

DRYER02 OUTLET 
TEMPERATURE CV

— SCP...................
Seal* w/Pari 
Input:

PID MANUAL SELECT 
N18:lOO--------- ) |--------- itara - 

NX8:X26
39<

0040
1

, Input Min. O
O-C

Input: Max . XOO
100<'

' Scalad Min. O
o<

Scalad Max. 16303
16303< 

NIB:125
«427<

Output

DRYER *2 PRV CONTOL 
DRYER02 STEAM PRV 

- SCP
; Soala w/Rari
Input

itara - 
N18:125

6427<0041
Input Min.

io<
Input Max . 16383 

1«303< 
62 50 
62SOC 

31200 . 
31200-C 
0:1.2 
1««55<

Soalad Min.

: Sealad

Output
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5m 0042
'

mt.
.m-'

i

!
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Ir.

■ L-

If;
m■

►v
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