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Abstract

According to the high prices of imported wood panels (which uses in furniture), the
increasing of waste wood (which not being recycled properly ) and using unregularly ways of
cutting trees annually to produce panels (which causes bad effect on environment), all these
problems was a motivate to find some solutions such as building a local project produces wood
panels can compete the global product in terms like quality and specifications. Thus, this project
aims at designing a machine that works to produce a wood panels by recycling the waste of
wood, with dimensions (2.44m long , 1.22m width , 0.016m thickness) standard , these panels
are to be used in furniture production. The project also aims to reduce the large amount of
imported wood panels and provides a large proportion of the human needs of the wood.

The prototype contains a three main parts: mixer, hydraulic press and oven, with
experiments as follows, adding the materials (waste wood and adhesive) to the mixer to be
mixed and made it a flexible material, then the material obtained from the mixing process was
pressed by a hydraulic press to get the final shape, and finally the panel was placed in the oven to
make it a dried panel. Already A product has been produced.
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1.1.

1.2.

1.3.

Overview:

The evolution of industry and resources consumption revolution has decreased in some
resources like wood which is a great motivation to find alternative solutions.

One of these important resources is wood, There is so many of companies that consuming
the wood with very large quantities per year that causes high import price of wood and
make some problems of buying it. That was a big reason to make a project exploits the
waste wood to produce a wood industrial panels with high specifications. That’s had
good benefits like avoid importing wood panels and paying high cost for it, avoid
throwing the waste wood in dump.

After several researches about wood industry we realized there is a lot of (1,200,000)
panels consumed in Hebron per a year and the waste of them is 110 tone per a year.

Notes: the dimension of standard panel is (2440 long, 1220 width, and 16 thicknesses) in
mm.[1]

Problem Statement:

In this world, there are large quantities of waste wood and bad ways of recycling, the
most of the people drop the waste wood in the dump, the increasing of cut wood caused
bad effect on environment, the high cost of imported wood panel.

Recognition of the Need:

Notice that, the local market need a local wood panel product instead of importing it from
other countries.

To reduce the importing of wood panels:

1) High specifications for local product.

2) A good price for local market.

3) A Mechanical electrical system without using a human hand.
4) Support the national economy.

5) Exploit the waste wood in recycling.



1.4.

Conceptual Design:

Mixer J—»[ tanks HCDEEWrH Furnace]

Figure 1. 1: The system design

. piston .
gates of mixer . N . .| hydraulic
PLC tanks motor [ 4| Mixer gate »  moving * motor )
maotor
tanks first limit second limit
Sensors switch of .
piston switch of
mixer piston
sensor
up-down maoving pushing

conveyor [«— conveyor «— .o <— lifting jacks ] th€ compression |,_J
motor motor J jacks

furnace fans —*{ furnace gates

v

stop system

heating sensor

Figure 1. 2: The conceptual design

The production line process begins when the addition materials (waste wood and
adhesive) goes to the tanks ,the (PLC) system will turn on to make a control for opening
and closing tanks gates (signals come from sensors), which means that the quantity of
materials reached to the required level then added to the mixer. There will be a
sensor(signal for mixer motor to run) when all materials get in mixing tank, when the
materials become a flexible one material the motor of mixer will turn off, after that the
gate of the mixing tank will be opened to put the material inside the mold. There will be a
plate moving right and left to make the material equal in all area of the mold then the
mold will move until reaches under hydraulic press (by using a pinion and gear system).
After the pressing process finish, the panel will lifted up (by using jacks exists under the
mold) and transport it to oven (by a conveyor belt) for drying process. There will be a
Sensors (for controlling) to determine the temperature.
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1.5.

1.6.

Objectives:

The main objective is how to exploit the large quantities of waste wood to produce a
standard wood panels (compressed wood MDF) with global and high specifications. The
sub-objectives are:

1) Reducing of import wood panels used in furniture through recycling of waste wood.
2) Preserving the environment and reduce waste wood.
3) Reducing the irregular habits in cutting wood.

literature Review:

Reference [2] show the adhesive systems used today in the European industries of
particleboard, medium density fiberboard (MDF) and oriented strand board (OSB) are
discussed. The structure of particleboard, MDF and OSB markets in Europe in relation to
the types of adhesives and product specifications are presented as well.

Reference [3] show the panel products industry like medium density fiberboard (MDF)
and described it as engineered wood product and show the history of compressed wood
industry development and manufacturing . The mold products industry for panels .

Reference [4] show a method and a System for producing a pressed-wood composite
product from a prepared, pre-assembly mat having opposed facial expanses, and
including, plywood sheets, lumber pieces, and Wood components, the system of cyclic
compression and cyclic heating.

Reference [5] is dedicated to the analysis of the drying processes and the energy
consumption. In order to evaluate the main energetic processes that consume the most
energy, the energy consumption of each individual drying process with and without air
recirculation was modelled.

This project differs from other projects in some parts such as the compressor mechanism
a hydraulic press will be used while the rest of the systems use the rotating process, in the
drying process there are many systems of drying processes in factories, such as the
collection of the process of pressure and drying at one stage Or in a separate oven, but
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here an external oven system will be used. The main objective of the project is profit, so a
wood panel will be produced to compete with the imported product in terms of
specifications, quality, price and the same dimensions.

1.7. Time Schedule:

Table 1.1: Time Schedule

Tasks/ Week 1| 2| 3| 4| 5| 6| 7| 8| 9(10) 11| 12| 13| 14| 15|16

Selecting project
title

Collection data
and information on
the subject of the
project

Identify function
and task

Design and
analysis
Documentation

1.8.  The budget:

Table (1.2) shows the total profit for one cycle(which means 5 days to produce 100

panel):
Table 1.2: The total profit
Tools and devices Items Item price(/py) Total price(p)
Waste wood 20 20 -400
Adhesive 20 25 -500
motors electricity 330 KWh 0.8 -230
Additional costs
(machines,workers, - 200 -1000
Electricity...)
Fuel (dry wood) 400 Kg 1 -400
Fans electricity 52 KWh 0.8 -42
Product sale 100 70 +7000
Total profit 4428 )

12



Table (1.3) shows the total cost of project:

Table 1.3; The total cost

Tools and devices Items Item price($) Total price($)
Stainless steel - - 4000
Motor 3 200 600
Hydraulic motor & 1 1000 1000
pump
Hydraulic jacks 4 300 1200
Air compressor 1 2000 2000
Pneumatic piston 5 54 270
Aluminum - - 3000
PLC 2 400 800
Contactors 4 20 80
Sensors 9 10 90
Fans 3 230 690
Electrical wires 50 meter 2/meter 100
Industrial cost 4000
Total cost 16030 $

1.9. Chapter Conclusions:

This project will solve many problems such as consuming a lot of money to buy imported
wood panels and the problem of throwing wood waste into the environment... etc. After
studying the budget, this project will generate good profits and create a good job
opportunity.
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2.1.

Introduction:

This chapter shows the general stages in the system the new technology of recycling
waste wood with a full automated system. The proposed machine is shown in figure

2.2).

Figure 2. 1: The machine design

In order to draw an image in our minds about how the machine works and how the
manufacturing stages pass through it to get the final product, we divided the stage of the
production into three general stages, these stages are:

1) Mixer
2) Hydraulic press
3) The oven

15



2.2.  The Mixer:

In order to obtain a high quality product. At this stage, the system mixes the waste of
wood and additional materials (adhesive) in the tank mixing by using a ribbon blender
with ratio (2 kg of waste wood :1 kg of adhesive) by trial. The ribbon blender is
controlled by an electric motor located above the tank, as shown in figure (2.2).

tank of raw material

tank of additional material

= cylinder 1

Figure 2. 2: The mixer

2.2.1. Parts of Mixer:

1) Mixing tank :

This part is a stainless steel container with a cylindrical design to facilitate the mixing
process. We chose this type to resist the high weights of the mix. This steel should be
smooth to avoid the adhesion of the mixture with the sides of the mixer.

This part contains an electrical operated rod installed in the centre and at the end of this
rod there is a ribbon blender and this rod is operated by an electric motor located above
the tank.

16



2.3.

2) Ribbon blender:

The mixing elements consist of a center driveshaft and the actual component that provide
the mixing action. This component is ribbon blender. The ribbon blender is used for
mixing the waste of the wood in the tank. The mixing process will be according to
specific amount for all material and according to some laws in order to get a good
percentage of materials without the use of estimate in the mixing process.

3) Tank of additional material :

This part is a tank containing very strong adhesive materials dedicated to the process is
relatively with wood waste to be mixed in the mixer. These materials are used to make
wood particles more strength and hardness.

Hydraulic Press:

The second stage of the project is using a hydraulic press to compress the resulting
mixture on a rigid table having a moving mold and There will be a plate moving right and
left to make the material equal in all area of the mold. The hydraulic press will compress
the wood panel to produce the wood panel form with global specifications and standard
dimensions .The hydraulic press and the table shown in figure (2.3)

Figure 2. 3: Hydraulic press design

17



2.4.

24.1.

The Oven:

Figure 2. 4: The oven

As shown in figure (2.4).After removing the wood panel from the pressing process, the
moisture content of the wood panel will be high reaches to 50%(by trial). Therefore, we
need to reduce this ratio to reach the equivalent moisture content ranging from 8% to
12%.[6].

Wood Drying:

Some important reasons to dry wood include:

1) Reduced shipping costs. Dry wood weighs less (drying may reduce its weight by one-
half or more). It is more profitable to transport wood than water

2) Less likelihood of stain or decay during transit, storage, and use.

3) Reduced susceptibility to insect damage.

4) Increased strength. As wood dries below 30% Moisture Content, most strength
properties increase.

5) Better finishing. Paints and finishes adhere better to seasoned wood.

6) Better heat insulation. Dry wood is a better thermal insulator than wet wood.

18



2.4.2.

2.4.3.

2.4.4.

The System:

The construction of a thermal oven designed to withstand a high temperature reaches to
160 °F(65 c°) [6], the oven contains of room where the burning of fuel, such as wood to
heat the air and enter the air inside the oven and there are also several fans used to move
the air inside the oven to make sure that the temperature in all parts of the oven is equal.

Air circulations through the wood can develop by natural convection. Warm, dry air
enters the sides and top of the wood panel. As the dry air moves over the wood, it
evaporates the moisture from the surfaces.

Problems in Wood Drying:

There are some negative aspects to drying wood, including:

1) The great amount of energy that must be expended to dry the water out of wood.
2) The possibility of drying defects. As wood dries, it shrinks in several dimensions. If
wood is not correctly dried, the dimensional changes will cause drying defects.

The Experiments:

We did some experiments on this project, to know some information’s for the
calculations like thermal energy(The expected energy consumption to remove the desired
amount of water from the wood fibers during processing) and moisture content to
produce best panels the best result was 2 kg of waste wood and 1 kg of adhesive and you
can see the results in the figure (2.5) below.

19



YouCam

Figure 2. 5: The Experiments
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3.1.

3.2.

Introduction:

The process of production start with collecting operation of waste wood in a tank then
moving to the mixer relatively with the adhesive to be mixed and became a flexible material
and put it in the mold. The mold will move to reach under the hydraulic press; the material
will compressed to obtain the required dimensions. The panel will extract and placed in the
oven to dry it. Thus produces the wood panel.

Since the machine used for preservation of the environment and in order to maintain the
product, most of the machine parts are made of steel, and in order to obtain a good and
simple design a set of parameters must be considered, these parameters are related to the
machine itself such as: safety, portability, cost, design simplicity, availability, work space,
on the other hand, the design must be able to produce efficient suitable for user related into
the international standard.

Proposal System Description and Specifications:

The first step in mechanical design is to know the whole operation of the system and to know
how the machine is bind as shown in figure (3.1).
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Figure 3. 1: Machine design

3.3.  Mechanical Design:

In this section each block will be explained in details, the used material for most parts in this
machine is stainless steel (1020).

3.3.1. Mixer Machine:

The first step in the operation start in this tank as shown in figure (3.2) which is designed to
hold the mixture
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Figure 3. 2: The mixer dimensions

Through the experiment found that the density of the mixture before pressing is equal 177.6
kg/m?®, finished product measurements (standard):

Density = 770 kg/m®
Volume = 0.048 m®
Mass = 37 kg

mixture mass

Mixture volume = — — =0.208 m® (3.1)
mixture density
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3.3.1.1. Area Calculations for Mixing Tank:

mixing tank

large cylinder

the cone

Figure 3. 3: Mixing Tank

» The large cylinder area (Ay):

A,=2mrh; -1.319 m? (3.2)
Where:

r1: the radius of cylinder (0.3 m).

hi: the height of cylinder (0.7 m).

A;: Area (m?)
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» The cone area (Ay):

A,= mis(R-r) = 0.387 m?

Where:

s: the length of the slash (0.352 m).
R: the radius of large Circle (0.3 m).
r: the radius of small circle (0.05 m).

Ag: area (m?).

» The small cylinder area (A3):
Az=2mr;hptmr,*= 0.0219 m?

Where:

r,: The radius of small cylinder (0.05m)
h,: The height of small cylinder (0.05 m)

As: area (m?)

> The total area is the area of the mixer:

Arorar A1+A+Az= 1.728 m?
3.3.1.2 Volume Calculations for Mixing Tank:

» The large cylinder volume(V;):

V,=mr;’h; = 0.208 m®

» The cone volume (V,):

V=2 h (r2+Rr+R?) = 0.0279 m?
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» The small cylinder volume (V3):

Vy=r,°h,= 0.000393 m3 (3.8)

> The total volume is the volume of the mixer:

Veota=Vy+V,+V5 = 0.236 m? (3.9)

3.3.1.3 Mixture Ribbon:

The ribbon blender is a vertical styled helical blade mixer .That ribbon blender is of highly
efficient and versatile mixing machine designed to homogeneously mix dry process,
thorough mixing is accomplished by continuously moving the process media from the center
to both ends of the container and in reverse direction. Which diameter area estimated about
60 cm, and consumes a 440 voltage and a current of (2A) and it will turn in speed of (60
rev/min).as shown in figure (3.4).

Riboon blender

Figure 3. 4: Ribbon Blender
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3.3.2. The table:

This table will be designed to have the ability of a forward and backward movement, In the
beginning the mold will be filled with the mixture of the mixer then move horizontally until
it reaches under the hydraulic press for compression process, so the dimensions must be
appropriate for this process so as not to find any problem.as shown in figure (3.5)

Figure 3. 5: The table dimensions

The table dimensions:
> Width:
Width=the width of the mold+ walls thickness (3.10)

Width =1.4m
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» Length:

The length of the table is the distance between the edge of the table and center of the mixer
and radius of the mixer and the distance between the mixer and the hydraulic press and the
length of the mold.

Length=4.8m

» The heightis 0.8 m

» The edges height is 0.05 m

3.3.3. The Mold Dimensions:

» Length : Length of the board + thickness of the edges = 2.44 m + 0.012 m = 2.452 m

» Width: 1.22 m + 0.012 m =1.232 m

> The height: Mixture volume - 0.07 311
O A engthewidth ™ (3.11)

» High wall mold =0.07 + 0.03=0.1m

> Mold area:

Area = 6.123 m?

> Mold volume:

Volume = 0.208 m®
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3.3.4. Mixture Drive:

(330/220)V AC motor. That used to run the mixer; the motor will be connected with inverter
to control the speed of motor and make the speed of blades slow to give high torque.

In order to choose the suitable motor to rotate the internal blades ,there are two points.

» Blades Torque (T)(static)

T=fxr— f=m gcos(0)

Tb=m g cos(0) xr

=36.96 x 9.81 x cos (7.2) x 0.29 mg cosf)

=104.32 N.m

Where:

m: mass of mixture.

0: angle between blade and horizontal line.
r: radius of blade.

Th: Blades Torque.

The torque required to move the blades must be higher than the blade torque value (Tb) so
choose torque (T) equal (120 N.m).

» Power consumption (P)

P=Txw =753.6 W (3.12)

Where:

o: angular velocity (rpm)
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» Blades Torque (T)(dynamic)

As shown in figure (3.6) the relation between speed acceleration and time:

Acceleration &

Speedh

Slew speed

t0

-t1

Figure 3. 6: curve of acceleration and speed by time

> The Acceleration:

w = Umax = Ds
Tmax 2

Figure 3. 7: free body diagram
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q = Lmax g = Dmax (3.13)

Where:
6 : The acceleration of the motor.
t1: the time required for motor to reach high speed. (1 min)

» Mass moment of inertia (I) :

1) For shaft:
I=~ m.R? =0.00056 kg.m”
Where:

M: the mass of shaft (5 kg)
r: radius of shaft (0.015 m)

2) For helical :
=2 m (R"+R?) = 0.601 kg.m”

3) For material :
In =2 m R =1.665 kg.m’
4) Y 1=2.266 kg.m?

» Newton’s second law for rotating :

YT=Y1%6=0.236Nm (3.14)
Where:
T: The torque (N.m)

I: mass moment of inertia (kg.m?)
rad

6 : Acceleration (0.104 —)
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3.4.The Oven :

The oven designed to contain 100 panels in each cycle, and the temperature in is between
(100°F_160°F) [6] if the temperature exceeds this value the panel will shrink and damage so

the oven will be at 150 °F shown in figure (3.8):

Figure 3. 8: The oven dimensions

3.4.1. The Volume of the Oven:

V=L*W+*H =60m* (3.15)

Where:
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3.4.2.

3.4.3.

V: the volume of the oven (m°)
L: the length of the oven (4m)
W: the width of the oven (3m)

H: the height of the oven (5m)

The Walls of Oven:

The walls of the oven are designed to contain three layers two of them is aluminum and
insulation layer between of them, the walls of the oven have a thickness (15 _20 cm) .[4]

The Power Consumption :

The energy for the production of MDF results from sources of electricity and fire of wood.
Electrical power is used all over the manufacturing process in order to operate equipment
inside the oven, such as fan motors. The thermal energy is generated by provides hot air to
the process that comes from wood burning. The system shown in figure (3.9).

Electrical
EnNErgy
—Drying material— —Dirned material-
Diving
Outdoor air T .

. eviromment | Outemsine diving

Dirying ageni—s«| = T

1 = agent

Thermal

CIRTEY
1

Figure 3. 9: The drying process

34



3.4.3.1.Thermal Energy :
> Moisture content :

To calculate the thermal energy, first we must calculate the initial moisture content (MC) in
the wood panel after press process.[6]

WBD—-WAD

WMC =—p75

*100%= 50% (3.16)
Where:

WBD: weight before drying (3 kg by trial)

WAD: weight after drying (2 kg by trial)

The expected energy consumption to remove the desired amount of water from the wood
fibers during processing. The average Moisture Content (MC) of wood material coming into
the mill in this study was 50%(by trial) on an oven-dry weight basis. The targeted MC for
the dried material was 8_12% [6]. The MC of the MDF finished was approximately 12% on
an oven-dry.

> the time:

Second, we must calculate the time consumed in drying operation, the rate at which wood
dries depends upon a number of factors, the most important factors the temperature, the
dimensions of the wood panel, and the relative humidity. So any change in these factors the
time will change so the value of the time is important:

Ln
t=
a+bpsqe(T)

M_Me _
n( ) = 5.6 days (135 hours)...... [5, 7] (3.17)
MO_Me
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Where:

t: the time of dry operation (days)

L: the thickness of the panel (0.64 inches)

n: constant (1.52)

a: constant (0.0575)

b: constant (0.00142)

Psat(T): the saturation vapor pressure of water at temperature T (192 mmhg at 150 °F)
M: initial moisture content (50%)

Mo: finally moisture content (12%)

Me.. moisture content of the wood at equilibrium (11%)

» The heat consumption:

The amount of heat needed to evaporate the moisture from the material is

Q = F(M—Mg)[ro— (Cow—Cp) Tt = 7796471.4 kJ ....... [8] (3.18)
Where:

Q: The amount of heat needed to evaporate the moisture from the material (kJ)

F: material flow rate (0.1 ton/hour=100 kg/hour)

ro: latent heat of water (2260 kJ/kg)

Cow: specific heat of water (kJ/kg K)

Cov: specific heat of water vapor ( ki/kg K)

T: the temperature (338 k)

t: the time (135 hours)

36



» the amount of fuel (wood) :

The amount of fuel wood needed to give the oven this amount of energy:

The calorific value (The amount of energy produced by the complete combustion of a
material or fuel. Measured in units of energy per amount of material. KJ/Kg) of wood dry is
19.9 MJ/Kg. [9]

_Q
A= R =391.78 kg (3.19)
Where:

A: the amount of fuel wood (Kg)

CV: the calorific value (KJ/Kg)

3.4.3.2.The Electrical Energy :

The electrical energy in oven system is expressed by the fan motors, but first we must choose
the type of the fan, the size and how much fans we need. We can calculate the size and type
required by calculate the size of the oven and measure the flow rate from this equation:

The flow rate needed for the oven volume= 4230 m*/hour...... [10] (3.20)

So the fan must reach this flow rate but this flow is too high ,it need many fans in the oven to
circulation operation , we decide to choose fan in type of Axial Plate Fan, 315mm,as shown

in figure (3.10) the Data sheet of this fan :
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Specifications

Supply Voltage

Attribute Value

Fan Type Axial Plate Fan
Air Flow 0.43m3's

Fan Speed 1400rpm

AC or DC Operation AC

Blade Diameter 315mm
Bearing Type Ball

Fower Consumption 1300

MNoise Level A09dB{A)
Maximum Current 590mA

220 — 240V ac

Dimensions 430 430 = 168mm
Depth 168mm

Height A430mm

Width 430mm
Dimensions Height x Width 430 x 430mm

Figure 3. 10: Fan data sheet

From data sheet this fan can give 0.43 m*/s (1548 m®h), three of this fan work.

The power consumption= 3*130 = 390 W

3.4.4. Air Heating Process:

Assume that the process start at point (A) having a temperature and relative humidity of
outside air then make a sensible heating until the temperature reach to 150°F at point (B)after
that the water in the wood panel start evaporation , the relative humidity in the air will
increase gradually until the end of wood drying operation at point (C). We can’t know point
(C) in the chart without make an experiment. The process shown in figure (3.11).
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Figure 3. 11: Psychrometric chart of air heating process
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4.1

4.2

Introduction:

This chapter contains the electrical component specifications (motor, sensor, and overload),
power & control circuit, and protection.

Motor Calculations:

Mixing motor:

The mixing motor was obtained 753.6 W by equation P= Tx.

Figure 4.1: Mixing Motor
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Table 4. 1: Motor table

Motor Table \ \
Max current \ \
Input power | 1 Kw |

Voltage 380\220 V
Cos (¢) 0.66

Phase speed 3 phase pole 50
Speed 1400 rpm

To protect the motors we used overload switches and it defined as overload relays are
intended to protect motors against excessive heating due to prolonged motor over currents up
to and including locked motor currents. Protection of the motor due to short circuits or
grounds is a function of circuit breakers, or motor short-circuit protectors. In this project we
used one Overload. As shown in figure (4.2).

Figure 4.2: Overload
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4.3

4.4

Switches:

The emergence switch is used to stop the machine immediately when something wrong
happened with the machine as shown in figure 4.3.a. The start pushbutton switch are used to
turn on the project as shown in figure( 4.3)b The stop pushbutton switch used to turn off the
project as shown in figure( 4.3)c.

T W

r— Emergence switch b- Start pushbutton switch c- stop pushbutton switch

Figure 4.3: Switches

Contactors:

A contactor is an eclectically controlled switch used for switching a power circuit similar to
a relay except with higher current ratings.

A contactor is controlled by a circuit which has a much lower power level than the switched
circuit.

Contactors come in many forms with varying capacities and features. Unlike a circuit
breaker, a contractor is not intended to interrupt a short circuit current. Contactors range
from those having a breaking current of several amperes to thousands of amperes and 24 V
DC to many kilovolts. The physical size of contactors ranges from a device small enough to
pick up with one hand to large devices approximately a meter (yard) on a side. Contactors
are used to control electric motors, lighting, heating, capacitor banks, thermal evaporators,
and other electrical loads.

In this project we used two contactors, first contactor for a mixer motor and second contactor
for conveyor motor.
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4.5

Figure 4.4: Contactor

Sensors:

1) Limit switch:

Limit switch is a Switch operated by the motion of a cylinder part or presence an object, they
are used for control of a sequence of the cylinder, interlocks, or to count objects passing a
point in project there are five limit switches as showing in figure (4.5).

Figure 4.5: Limit switches
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2) Ultrasonic sensor:

This sensor works to transmit sound waves through an outlet (Trig) and after the collision
waves with the body reflected and are received through the port (Echo) and through the time
between sending waves and reception time is calculated distance through the following
equation:

Distance = (time * speed) / 2

In this project there are two ultrasonic sensors used as shown in figure ( 4.6)

ectrical design

Figure 4.6: Ultrasonic sensor

3) Thermocouple sensor:

Is an electric piece used in measuring temperature, for this type of measurement pieces is
very important in the measurement of high temperature value and features of this sensor low
manufacturing cost and strong design and ease of use. As shown in figure (4.7).
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Figure 4.7: Thermocouple sensor

4.6 Invertor:

Is a device whose primary function is to convert the DC power current to 220/380 AC to
operate the equipment and control motor speed. As shown in figure (4.8).

Figure 4.8: Invertor

4.7  Cylinders:

In this project we used nine cylinders, Three of these cylinders are used to control the
movement of tanks gates, one to control the mixer gate, three are used to press the material
into the mold, two are used to lift the board from the mold and the last one is used to push
the board and transfer to the conveyor, controlled by nine electrical control valve.
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5.1.

5.2.

5.3.

Introduction:

As mentioned ,the operation of line production will be full automated in serial orders by
using PLC (programming logic controller). This program added some specifications like
automated running and occupational safety. This chapter provides experimental result and,
some recommendations from the work team for this project.

PLC Characteristic:

Programmable Logic Controller (PLC) is a digital computer used for automation of
electromechanical process, such as control of machinery on factory assembly lines, PLCs are
used in many industries and machine. Unlike general-purpose computers, the PLC is
designed for multiple inputs and output arrangements. extended temperature ranges,
immunity to electrical noise, and resistance to vibration and impact. Programs to control
machine operation are typically stored in battery backed up or non- volatile memory.

A PLC is an example of a hard real time system since output results must be produced in
response to input conditions within a limited time otherwise unintended operation will result.
In our controlling design it is desirable to use a PLC with 13 input and 11 outputs mention,
It can be operated on 24 volt. The used PLC is Twido base controller 24VDC with 13 inputs
and 11 outputs.

System Programming:

The program of the system has been done of three stages: define outputs and inputs of the
system with symbols, programmatic expression for system parts and movements by SFC,
transfer SFC to PLC program

1. Inputs and outputs definition:
Put symbols to definition inputs (switches, sensors, limit switches) (Appendix, table
A.2). And outputs (motors, cylinders) (Appendix, table A.1).

2. Building SFC:
Coordinate movement of system parts sequentially by SFC (Appendix, figure A.1)
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3. PLC program:
After making SFC, transfers it to ladder program then upload the code to PLC
(Appendix, figure A.2).

5.4. Project Prototype:

The figure (5.1) shows the prototype that was made and it consists of three main parts:
mixer, hydraulic press and oven. The prototype is one to ten in the real project which means
every centimeter in prototype equal ten centimeters in real project.

Figure 5. 1: Final Project Prototype
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5.5.

5.6.

Prototype Running On:

The operation starts with adding the materials (adhesive and waste wood) manually to the
mixer, then with pressing on the button (on) the operation will start with mixing the material
to became a flexible material in around three minutes, after ending this time the gate of the
mixer will be opened automatically, then the material will fallen in the mold in around ten
seconds, when the mixer gate opened, the timer will start counting until fifteen seconds.
After that the mold will start moving to be under the hydraulic press and when it reaches, the
sensor will give a signal to the motors of the mold to turn off. The hydraulic press will
pressing the material manually after this operation end. Taking the panel to the oven
manually to be a dried panel.

Total cost of prototype:

Table 5. 1: Total Cost Of Prototype

Metal structure Table 61000

Gears and bearings 200

DC motors 300

Coupler 150

Switches, wires and limit 100
switches

Relays 100

PLC Twido 1500

Temperature controller 100

Cylinder 150

Finishing 250
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5.7.

5.8.

Experimental Result:

We made some experiments on the project, the results:

Adding of the materials (adhesive and carpentry) was manually , after that the mixing stage
has been started in the tank and took a three minute which produce a flexible product ready
for pressing , the tank was open after this point to put flexible material in the mold and
transfer it below the hydraulic press to press the material and produce the panel after that we
put this panel in the oven for drying , the results was good as we wished. Already A product
has been produced.

Recommendations:

1. Study the possibility of using a compress rollers instead of hydraulic press to
increase production quantity.

2. Improve the project through of adding a crasher to get a large quantities of raw
materials.

3. To study the possibility of HMI programming of this project.

4. Studying the possibility of dry the product through of pressing stage.
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6.1.  System basics:

This system is designed to recycle waste wood to produce wood panels with dimensions of 1.6 *
122 * 244 cm suitable for industrial use and wood production.

6.2.  Parts and Descriptions:

Table 6.1: Parts and Description

Description
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6.3.

6.4.

Main features:

1) medium si

ze ,heavy weight

2) fully automatic system
3) mass production line and short cycle time

4) easy instal

lation

5) easy maintenance

Electrical circuit:

STOP EM FL sm T RUNS1 52 53 L51 LS2 |53 LS4 LSS

Y here 31

j[— B4 E% BN E3

iin

24\1 1 ||2 ||3 | I4 | I5 | Ifi | I7 | 15 ||9 ||1n||11 ||12||13||14||15|| fi

PLC

w|u1 |u2 |n3 |D4|D5|DE|D? |u3 |u9 P1n|u11P12P13P14P15P15

i

k7] [k&] 0@ FI0] [RTT

Figure 6. 1:

Control circuit
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Figure 6.2: Power Circuit

6.5. Operation and setting:

Note: Electrical cables are connected to the clutch

1)
2)

3)
4)

5)

6)
7)

8)

Lifting the main and secondary electrical bases

make sure that the electric current reaches the production line and the compressor air
and hydraulic motor

make sure that the controller (PLC) is working through the exist of power light

make sure that the materials are in place (waste wood in the tank of waste wood and
adhesive in the tank of adhesive)

Press "start" button to start the process of the system, then the system will run
automatically from A to Z.

To stop the process at any time press "stop™ button.

If any danger or not normal states happened, press "emergency” button immediately
to move the system to the most safety conditions.

If the process stopped for any reason press "Run" button to complete the operation
from the stop point.

Note: When the system is running on, there are some signs explains the operation
movements like green led lights when the system is running on, the yellow led lights when
the system stop and the red led lights when the operation of press is running.
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6.6. Check and maintenance :

Note: If any electrical component stops working, check the electrical cutter of that
component.

>

6.7.  Safety:

1)

2)
3)
4)

5)

6)
7)

8)

If any engine stops working, check the overload circuit breaker. If the cutter is
disconnected, disconnect the power supply from the engine and look for the load and
fix it then reconnect the power and start working

In the case of giving the appropriate pressure for the jack, check the selector and if
there is no problem in it make sure of work the hydraulic pressure engine or air
compressor

When making sure all electrical parts are working and there is no electrical fault, but
the system does not work when you give the START command, make sure the
controller (PLC) electrical connections (Power / Input / Output) If there is no defect,
the problem is in the programming of the plc, so reprogram the plc the code is in
figure(A.2).

Do not use flammable gasses such as anesthetic gas ,oxygen or hydrogen ,or
flammable liquid such as ethanol ,near the system because there is danger of
explosion .

Make sure that the electrical source is proportional to the electrical characteristics of
the production line

When maintaining or changing the used parts make sure that their characteristics
appropriate to the original parts of the system and take down the cutter.

Replace damaged electrical cables with electrical cables with the same characteristics
for fear of electric shock

Keep the production line away from any water source, especially the control panel
because the system does not have a protection system against water, there is a risk of
electric shock when exposed to water

If any problem is observed during the operation or scan, stop the process immediately
and turn off the system

Before cleaning the system, turn it off and remove the power cable from the plug to
avoid electric shock

To avoid damage to the system or electrical failure, do not remove the cable from the
plug until the system is turned off
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Appendix

Table A. 1: PLC Characteristic:

Output symbol address Logic allocation
Gate Al GAl Q0.2 Q0.2=1,0pen first gate of raw tank
Gate A2 GA2 Q0.3 Q0.3=1,0pen second gate of raw
tank
Gate B1 GB1 Q0.4 Q0.4=1,open first gate of
additional tank
Gate B2 GB2 Q0.5 Q0.5=1,0pen second gate of
additional tank
Gate C GC Q0.6 Q0.6=1,0pen mixer gate
Mixer motor M1 Q0.7 Q0.7=1,mixer motor on
Mold motor M2 Q0.8 Q0.8=1,mold motor on at left
direction
Mold motor direction M2D Q0.9 Q0.9=1,mold motor on at right
direction
Cylinder 1 C1 Q0.10 Q0.10=1,press piston out
Cylinder 2 C2 Q0.11 Q0.11=1,raise piston out
Cylinder 3 C3 Q0.12 Q0.12=1, push piston out
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Table A. 2: PLC characteristic

Symbol Address Logic Allocation
Stop (NC) Stop 10.3 10.3=0,0peration stop
Emergency switch (NC) Emg 10.4 10.4=0,turn off all processes
Over load (NC) FL 10.5 10.5=0,stop motors
Stars (NO) Start 10.6 10.6=1,0peration start
Run (NO) Run 10.7 10.7=1, complete the stopped
operation
Ultrasonic sensor 1 (NO) S1 10.8 10.8=1,tank of additional
material is full
Ultrasonic sensor 2 (NO) S2 10.9 10.9=1,mixer tank is full
10.9=0,mixer tank is empty
Load sensor (NO) S3 10.10 10.10=1,tank of raw material is
full
Limit switch 1 (NO) LS1 10.11 10.11=1, mold under mixer
Limit switch 2 (NO) LS2 10.12 10.12=1,mold under press
piston
Limit switch 3 (NO) LS3 10.13 10.13=1,press piston is fully
expansion
Limit switch 4 (NO) LS4 10.14 10.14=1, raise piston is fully
expansion
Limit switch 5 (NO) LS5 10.15 10.15=1, push piston is fully
expansion
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State graph:
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