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ABSTRACT

Till now stone forming process is passed on manually — acting task thought using classical
instruments and human interference .

Classical methods are characterized with less quality , time consuming and wasting row material.
Based on that our project presents design and implementation of store forming machine, where the
surface in process according to specific requirements .

PLC control technique in applied in controlling whole production process, The implemented protect

model fulfills the predetermined task with acceptable quality . The design can be improved in future
work .
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Chapter 1 I ntroduction

CHAPTER ONE
INTRODUCTION

1.1 General Description of the Project

The stone industry is a pillar of the Palestinian economy in general and income is important
for residents of the city of Hebron special, so we pay attention to this industry and its
development because of its significant role in the industrial sector, where are the first in the
industrial field.

Today, the stone enters the house in various forms, has become of great interest to the
formation of stone, but unfortunately with the huge development in the extraction of stone
and manufacture, but still a stone depends on the manual method in formation; this method
requires time and great effort, leading slow in manufacture of stone.

Hence we hope in this project build a machine for the formation of stonein an automatic .
In Figure 1.1 show the components and design of the machine , where it has four single phase

induction motors, three of them responsible to move the head in three direction. and the motors
X,y and z connect with lead screw gear to give linear motion .

'|_ Z - Mot. -_]

Fig.1.1: Construction of machine
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1.2 Project Selection

In this project work to reduce the time and effort in the process of stone formation exerted
manual methods. and work to increase the production of this form of stone, commensurate with
the demand. and at the same time increase the quality like as manual processin the formation .

1.3 Previous Studies

We did not find alot of previous studies that talk about the same subject, but there are some
machines that are similar to the principle of the work of machine, like washing stone machine
and some cutting machine, its similar the machine in this project .!*

Of course, we will dependent on references and studies on the induction motor, which is part of
the machine.[?
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1.4 TimePlan

1% week to 8% week we studied the project and collected data from the internet and books about
the machine and its component, from 8% week to 14¥ week we wrote of the documentation and
make calculation. And in 18% collect the component of machine then in 21% build the machine

And the following figure shows the project schedule

Table1.1: Time Line of Project
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1.5 Finance Study

The following table shows a cost of the project .

Table 1.2 : Cost of Project

Component Name Price Per Component (NIS) Total Price (NIS)

) I N B

Inverter

| Switches |

-—_

Iron
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CHAPTER TWO
ELECTROMECHANICALLY CONSTRUCTION

In this chapter we will talk about the motors that used in the machine, and the reason for their
choice, and we will review their equations , characteristics and control speed of motors.

2.1 Basic Construction AC Induction M otor

AC induction motors are the most common motors used in industrial motion control systems, as
well asin main powered home appliances. Simple and rugged

Design, low-cost, low maintenance and direct connection to an AC power source are the main
advantages of AC induction motors.

Like most motors, an AC induction motor has a fixed outer portion, called the stator and a rotor
that spins inside with a carefully engineered air gap between the two.
Virtually all electrical motors use magnetic field rotation to spin their rotors.

A three-phase AC induction motor is the only type where the rotating magnetic field is created
naturaly in the stator because of the nature of the supply. DC motors depend either on
mechanica or electronic commutation to create rotating magnetic fields. A single-phase AC
induction motor depends on extra electrical components to produce this rotating magnetic field.
Two sets of electromagnets are formed inside any motor.

In an AC induction motor, one set of electromagnets is formed in the stator because of the AC
supply connected to the stator windings.

The alternating nature of the supply voltage induces an Electromagnetic Force (EMF) in the rotor
(just like the voltage is induced in the transformer secondary) as per Lenz’s law, thus generating
another set of electromagnets;, hence the name — induction motor. Interaction between the
magnetic field of these electromagnets generates twisting force, or torque. As aresult, the motor
rotates in the direction of the resultant torque.
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1) Stator
The stator is made up of severa thin laminations of aluminum or cast iron. They are punched and
clamped together to form a hollow cylinder (stator core) with Slots as shown in figure 2.1 .

Cails of insulated wires are inserted into these slots. Each grouping of coils, together with the
core it surrounds, forms an electromagnet (A pair of poles) on the application of AC supply. The
number of poles of an AC induction motor depends on the internal connection of the stator
windings.

The stator windings are connected directly to the power source. Internally they are connected in
such away, that on applying AC supply, arotating magnetic
Field iscreated .

Figure 2.1: A Typical Sator

2) Rotor
The rotor is made up of severa thin steel laminations with evenly spaced bars, which are made
up of aluminum or copper, along the periphery.

In the most popular type of rotor (squirrel cage rotor), these bars are connected at ends
mechanically and electrically by the use of rings. Almost 90% of induction motors have squirrel
cage rotors. This is because the squirrel cage rotor has a simple and rugged construction. The
rotor consists of a cylindrical laminated core with axially placed paralel slots for carrying the
conductors. Each dlot carries a copper, aluminum, or alloy bar. These rotor bars are permanently
short-circuited at both ends by means of the end rings, as shown in figure 2.2 . This total
assembly resembles the look of a squirrel cage, which gives the rotor its name. The rotor slots
are not exactly parallel to the shaft. Instead, they are given a skew for two main reasons.

The first reason is to make the motor run quietly by reducing magnetic and to decrease slot
harmonics.
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The second reason is to help reduce the locking tendency of the rotor. The rotor teeth tend to
remain locked under the stator teeth due to direct magnetic attraction

between the two. This happens when the number of stator teeth is equal to the number of rotor
teeth.

The rotor is mounted on the shaft using bearings on each end; one end of the shaft is normally
kept longer than the other for driving the load. Some motors may have an accessory shaft on the
non-driving end for mounting speed or position sensing devices. Between the stator and the
rotor, there exists an air gap, through which due to induction, the energy is transferred from the
stator to the rotor. The generated torque forces the rotor and then the load to rotate. Regardless of
the type of rotor used, the principle employed for rotation remains the same.

Tryd Mg Curchmsons =0 Himg
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Figure2.2: A Typical Squirrel Cage Rotor

Generaly, induction motors are categorized based on the number of stator windings. They are:
* Single-phase induction motor
* Three-phase induction motor
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2.2 Three-Phase Ac Induction Motor

3-phase AC induction motors are widely used in industrial and commercial applications. They are
classified either as squirrel cage or wound-rotor motors.

These motors are self-starting and use no capacitor, start winding, centrifugal switch or other
starting device.

They produce medium to high degrees of starting torque. The power capabilities and efficiency in
these motors range from medium to high compared to their single-phase counterparts. Popular
applications include grinders, lathes, drill presses, pumps, compressors, conveyors, also printing
equipment, farm equipment, electronic cooling and other mechanical duty applications.

- Squirrel Cage Motor :
Almost 90% of the three-phase AC Induction motors are of this type. Here, the rotor is of the
squirrel cage type and it works as explained earlier. The power ratings range from one-third to
several hundred horsepower in the three-phase motors. Motors of this type, rated one horsepower
or larger, cost less and can start heavier |oads than their single-phase counterparts.

- Slip-Ring Motor :
The motor or wound-rotor motor is a variation of the squirrel cage induction motor. While the
stator is the same as that of the squirrel cage motor, it has a set of windings on the rotor which
are not short-circuited,
but are terminated to a set of dlip rings. These are helpful in adding external resistors and
contactors.

The dlip necessary to generate the maximum torque (pull-out torque) is directly proportional to
the rotor resistance. In the dlip-ring motor, the effective rotor resistance is increased by adding
external resistance through the dlip rings. Thus, it is possible to get higher slip and hence, the
pull-out torque at alower speed.

A particularly high resistance can result in the pull-out torque occurring at almost zero speed,
providing a very high pull-out torque at a low starting current. As the motor accelerates, the
value of the resistance can be reduced, atering the motor characteristic to suit the load
requirement. Once the motor reaches the base speed, externa resistors are removed from the
rotor.

This means that now the motor is working as the standard induction motor.

10
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This motor type is idea for very high inertia loads, where it is required to generate the pull-out
torque at amost zero speed and accelerate to full speed in the minimum time with minimum
current draw.

Wound Hotor

Erush \} ‘
%
. EARES
F j ‘ N, "External Rotor
— Shp Riny Rosistanco

Figure 2.9: Typical Wound-Rotor Induction Motor

The downside of the dlip ring motor is that dlip rings and brush assemblies need regular
maintenance, which is a cost not applicable to the standard cage motor. If the rotor windings are
shorted and a start is attempted (i.e., the motor is converted to a standard induction motor), it will
exhibit an extremely high locked rotor current typicaly as high as 1400% and a very low locked
rotor torque, perhaps as low as 60%. In most applications, thisis not an option.

Modifying the speed torgue curve by atering the rotor resistors, the speed at which the motor
will drive a particular load can be altered. At full load, you can reduce the speed effectively to
about 50% of the motor synchronous speed, particularly when driving variable torque/variable
speed loads, such as printing presses or COMpressors.

Reducing the speed below 50% results in very low efficiency due to higher power dissipation in

the rotor resistances. This type of motor is used in applications for driving variable torque/
variable speed loads, such as in printing presses, compressors, conveyer belts, hoists and
elevators.

11
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2.3 Speed of an Induction Motor

The magnetic field created in the stator rotates at a synchronous speed (NS).

- Equation 1:
N = 1200 x 4
P
where:
N; = the synchronous speed of the stator
magnechc ficld m KEM

F - the number of poles on the stator
F = theo supply ircquoncy In Hertz

The magnetic field produced in the rotor because of the induced voltage is aternating in nature.

To reduce the relative speed, with respect to the stator, the rotor starts running in the same
direction as that of the stator flux and tries to catch up with the rotating flux. However, in
practice, the rotor never succeeds in “catching up” to the stator field. The rotor runs slower than
the speed of the stator field. This speed is called the Base Speed (ND).

The difference between NSand Nb is called the slip. The dlip varies with the load. Anincreasein
load will cause the rotor to slow down or increase slip. A decrease in load will cause the rotor to

speed up or decrease dlip.

The dlip is expressed as a percentage and can be determined with the following formula:

- Equation 2:

Ng
..\' 5

where:

Ny, = the base speed in RPM

% slip = %ﬂt’xlﬂﬂ'

N¢ = the synchronous speed in RPM

12
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2.4 Torque Equation Governing Motor Operation

The motor load system can be described by a fundamental torque equation.

- Equation 3:
}ﬂ”"”+ mmrj

whoro

T = the instantaneous valiue of the
developed motor torgue (N-m or Jb-inch)

1y — the instantansous value of the load torque
(N mor b incit)

m,, = tha instantansous angular
velocty of the motor shatt (rad/sec)

J = the moment of n'u—,-rtra of the motor —
[oad syslom {&fg—m ol 1b-inch®)

For drives with constant inertia, (dJ/dt) = 0. Therefore, the equation would be:

- Equation 4:

This shows that the torque devel oped by the motor is counter balanced by aload torque, Tl and a
dynamic torque, J(dwnvdt). The torque component, J(dw/dt), is called the dynamic torque
because it is present only during the transient operations. The drive accelerates or decelerates
depending on whether T is greater or less than Tl. During acceleration, the motor should supply
not only the load torgque, but an additional torque component, J(dwnvdt), in order to overcome
the driveinertia. In drives with large inertia, such as electric trains, the motor torque must exceed
the load torque by alarge amount in order to get adequate acceleration.

In drives requiring fast transient response, the motor torque should be maintained at the highest
value and the motor load system should be designed with the lowest possible inertia. The energy
associated with the dynamic torque, J(dwnvdt), is stored in the form of kinetic energy (KE) given
by, Jw2 nm/2). During deceleration, the dynamic torque, J(dwnvdt), has a negative sign.
Therefore, it assists the motor developed torque T and maintains the drive motion by extracting
energy from the stored kinetic energy.

13
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To summarize, in order to get steady state rotation of the motor, the torque developed by the
motor (T) should always be equal to the torque requirement of the load (T1).

The torque-speed curve of the typical three-phase induction motor is shown in figure 2.10 .
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Figure 2.10: Typical Torque-Speed Curve Of 3-Phase Ac | nduction Motor
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2.5 Frequency Converter

A frequency changer or frequency converter is an electronic device that converts aternating
current (AC) of one frequency to alternating current of another frequency. The device may also
change the voltage, but if it does, that isincidental to its principal purpose.

Traditionally, these devices were electromechanical machines called a motor-generator set. Also
devices with mercury arc rectifiers or vacuum tubes were in use. With the advent of solid state
electronics, it has become possible to build completely electronic frequency changers
economically. These devices usually consist of arectifier stage (producing direct current) which
isthen inverted to produce AC of the desired frequency.

Theinverter may usethyristors, IGCTsor IGBTs. If voltage conversion is desired,
atransformer will usually be included in either the ac input or output circuitry and this
transformer may also provide galvanic isolation between the input and output ac circuits.
A battery may also be added to the dc circuitry to improve the converter's ride-through of brief
outages in the input power!®.

Linverier

_|I_|_|_ Motor [— "-'::lZ:r.-IIr
e

L IO utpat
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Inceming
hl]_::-‘:: I'\.

Wariahls
Freapueney

.
—a-=

Fig. 2.11 : Principal frequency inverter
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- Applications:

Aside from the obvious application of converting bulk amounts of power from one distribution
standard to another, frequency changers are aso used to control the speed and the torque of
AC motors. In this application, the most typical frequency converter topology is the three-phase
two-level voltage source inverter. The phase voltages are controlled using the power
semiconductor switches and pulse width modulation (PWM). Semiconductor switching devices
and anti-parallel connected freewheeling diodes form a bridge, which can connect each motor
phase to the positive or negative dc-link potential. The PWM changes the connections of the
phases between the positive and the negative dc-link potentials so that the fundamental wave
voltage has the desired frequency and amplitude. The motor reacts primarily to the fundamental
frequency and filters out the effects of harmonic frequencies.

Another application is in the aerospace and airline industries. Often airplanes use 400 Hz power
so 50 Hz or 60 Hz to 400 Hz frequency converter is needed for use in the ground power unit used
to power the airplane while it is on the ground. Airlines might also utilize the converters to
providein-air wall current to passengers for use with laptops and the like.

In renewable energy systems, frequency converters are an essential component of doubly fed
induction generators (DFIGs) as used in modern multi-megawatt class wind turbines

Frequency changers are typically used to control the speed of motors, primarily pumps and fans.
In many applications significant energy savings are achieved. The most demanding application
areas are found on the industrial processing lines, where the control accuracy requirements can
be very high. This is particularly true in the nuclear power and weapons industry, where these
devices regulate the operation of refinement centrifuges.

16
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CHAPTER 3
MECHANICAL PART

3.1 Lead Screw

Alead screw (orleadscrew) , aso known as apower screw! or translation screw, is
ascrew designed to translate radial motion into linear motion. common applications are machine
glides (such asin machine tools), vises, presses, and jacks.

In figure 3.1 shows, the lead screw connect with motor to translate radial motion into linear motion

In this chapter we will examineall kinds of lead screw to determine the best possible usefor
the type of movement, and gives us the required speed .

L Lead ¥ orew / Worm Gear Drive

Matnr

Fig 3.1: Lead Screw Drive System

Power screws are classified by the geometry of their thread. V-threads are less suitable for
leadscrews than others such as Acme because they have more friction between the threads. Their
threads are designed to induce this friction to keep the fastener from loosening. Leadscrews, on
the other hand, are designed to minimize friction. Therefore, in most commercia and industrial
use, V-threads are avoided for leadscrew use. Nevertheless, V-threads are sometimes
successfully used as leadscrews, for example on micro lathes and micro mills.

19
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Lead Screw
i
3.1.1 Square thread r: %

7 /

The sguare thread form is a common thread form for leadscrews. It gets S /,;,”

its name from the sguare cross-section of the thread. ! T = /
77

o

Fig 3.2: Squarethread

- Advantages & disadvantages :

The greatest advantage of sgquare threads is that they have a much higher intrinsic efficiency
than acme threads. Due to the lack of athread anglethere is no radia pressure, or bursting
pressure, on the nut. This also increases the nut life.

The greatest disadvantage is the difficulty in machining such a thread. The single- point cutting
tools or taps and dies used to cut the thread cannot have efficient rake and relief angles (because
of the square form), which makes the cutting slow and difficult. Square threads also cannot carry
as much load as a trapezoidal thread, because the root of the square thread is smaller. Also, there
is no way to compensate for wear on the nut, so it must be replaced when worn out.

3.1.2 Trapezoidal thread (Acme threads)

Acme threads have a 29° thread angle, which is easier to machine

than square threads. They are not as efficient as square threads, TRV T
due to the increased friction induced by the thread angle. 'l " " 'H'LI 'hww*:‘:*!‘:*:i!‘

Fig. 3.3: Acmethread

- Trapezoidal thread characteristics:

He acme thread form has a 29° thread angle with a thread height half of the pitch; the apex and
valley are flat. This shape alows the use of amilling machine for manufacture, which is much
cheaper than the single point cutter used in machining square threads. The tooth shape also has

20
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awider base which meansit is stronger (thus, the screw can carry a greater load) than asimilarly
sized sgquare thread. This thread form aso allows for the use of a split nut, which can compensate
for nut wear.

The disadvantages of the Acme thread form are the much lower efficiency and the greater radia
load on the nut, due to the thread angle.

P',-’"‘

“y
When created prior to 1895, Acme screw
threads were intended to replace square
threads and a variety of threads of other

forms used chiefly for the purpose of traversing Fig. 3.4 :Dimensions of an Trapezoidal Thread

motion on machines, tools, etc. Acme screw threads are now extensively used for a variety of
purposes. Long-length Acme threads are used for controlled movements on machine tools,
testing machines, jacks, aircraft flaps, and conveyors. Short-length threads are used on vave
stems, hose connectors, bonnets on pressure cylinders, steering mechanisms, and camera lens
movement.

The following table shows the diameter of |ead screw and the pitch .

Table 3.1 : Standard Acme thread pitches for customary diameters.

NMormimnal dizarmeter el Fitch Dimd

1 T4
T = 14 a
Z2-a -"f’12
-"f'z -"f"n:a
= =
EXE N ==
EREE> ==
4 L, 1 2. = T
= T, 1=
= SO
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3.1.3 Buttress threads

Buttress threads are of atriangular shape. It combines the advantages of the square and acme
thread forms with only one difference, it only works in one direction.

Fig. 3.5 :Buttress thread form

In machinery, the buttress thread form is designed to handle extremely high axia thrust in one
direction. The load-bearing thread face is perpendicular to the screw axis. or at a dight slant
(usualy no greater than 7°) The other face is slanted at 45°. The resulting thread form has the
same low friction properties as a square thread form but at about twice the strength due to the
long thread base. This thread form aso is easy to machine on athread milling machine, unlike
the difficult to machine square thread form. It can also compensate for nut wear using a split nut,
much like the Acme thread form.

Buttress threads have often been used in the construction of artillery, particularly with the screw-
type breechblock because the thread can withstand the axia load placed on it when the powder
charge explodes. They are also often used in vises, because great force is only required in one
direction.

22
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3.2 Characteristics

A leadscrew nut and screw mate with rubbing surfaces, and consequently they have a relatively
high friction compared to mechanical parts which mate with rolling surfaces and bearings.
Leadscrew efficiency is typically between 25 and 70%, with higher pitch screws tending to be
more efficient. A higher performing but more expensive aternative is the ball screw.

The high internal friction means that leadscrew systems are not usually capable of continuous
operation at high speed, as they will overheat. Due to inherently high static friction, the typical
screw is self-locking (i.e. when stopped, a linear force on the nut will not apply atorqueto the
screw) and are often used in applications where back driving is unacceptable, like holding
vertical loads or in hand cranked machine tools.

Leadscrews are typically used well greased, but, with an appropriate nut, they may be run dry
with somewhat higher friction. There is often a choice of nuts, and manufacturers will specify
screw and nut combination as a set.

The mechanica advantage of aleadscrew is determined by the crew pitch and lead. For muilti-
start screws the mechanica advantage islower, but the traveling speed is better.

Backlash can be reduced with the use of a second nut to create a static loading force known as
preload; alternately, the nut can be cut along a radius and preloaded by clamping that cut back
together.

A lead screw will back drive, whereby forces on the nut applied parallel with the lead screw will
cause a free-moving leadscrew to begin to rotate. A lead screw’s tendency to back drive depends
on its thread helix angle, coefficient of friction of the interface of the components (screw/nut)
and the included angle of the thread form. In general, a steel acme thread and bronze nut will
back drive when the helix angle of the thread is greater than 20°.
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Chapter 3 Lead Screw

3.3 Advantages & disadvantages

The advantages of aleadscrew are:

= Largeload carrying capability

=  Compact

=  Simpleto design

= Easy to manufacture; no specialized machinery is required
= Large mechanical advantage

= Precise and accurate linear motion

= Smooth, quiet, and low maintenance

= Minima number of parts

= Most are self-locking

The disadvantages are that most are not very efficient. Due to the low efficiency they cannot be
used in continuous power transmission applications. They also have a high degree for friction on
the threads, which can wear the threads out quickly. For square threads, the nut must be replaced,;
for trapezoidal threads, a split nut may be used to compensate for the wear.”
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Chapter 3 Lead Screw

3.4 Mechanics

He torque required to lift or lower aload can be calculated by "unwrapping” one revolution of a
thread. This is most easily described for a square or buttress thread as the thread angle is 0 and
has no bearing on the calculations. The unwrapped thread forms a right angle triangle where the
base is idr, long and the height is the lead (pictured to the right). The force of the load is directed
downward, the normal force is perpendicular to the hypotenuse of the triangle, the frictional
force is directed in the opposite direction of the direction of
motion (perpendicular to the normal force or aong the
hypotenuse), and an imaginary “effort” force s
acting horizontally in the direction opposite the direction of the
frictional force. Using this free-body diagram the torque required
to lift or lower aload can be calcul ated:

-

| Lead angl=
1

Tidm

Fig. 3.6: diagram of screw thread

Fd,, (1 + mud,, Fd,,
-T*.:"m'ss = = ta A) .
> (?Tdm—,ui) g gt @)
where
= T =torque

= F =load on the screw

* Oy =mean diameter

= [ = coefficient of friction (common values are found in the table 3.2)
= |=lead

« @ =friction angle

= A=leadangle

The efficiency, calculated using the torque equations above, is:

- T,  Fl tan)
B = T e (0+A)

25
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Chapter 3 Lead Screw

In table 3.2 shows the Coefficient of friction for different lead screw materials and different nut

materials .

Table 3.2 : Coefficient of friction for |eadscrew threads :

. Nut material
Screw material
Steel Bronze Brass Cast iron
Steel, dry 0.15-0.25 | 0.15-0.23 | 0.15-0.19 | 0.15-0.25
Steel, machine oil | 0.11-0.17 | 0.10-0.16 | 0.10-0.15 | 0.11-0.17
Bronze 0.08-0.12 | 0.04-0.06 - 0.06-0.09

In the table 3.4 shows the safe running speeds for various nut materials and loads on a steel
screw.
Table 3.3 : Safe running speeds for various nut materials and loads on a steel screw

Nut material Safe loads [psi] Speed
Bronze 2500-3500 Low speed
Bronze 1600-2500 10 fpm

Castiron 1800-2500 8 fpm
Bronze 800-1400 20-40 fpm

Castiron 600-1000 20-40 fpm
Bronze 150-240 50 fpm

After studying all kinds of lead screws is clear to us that the best kind of screwsto useit
trapezoidal thread . Where we will adopt thistype to work need calculation to know the torque
load and speed, and will be relying on the tables attached to choose the appropriate factors.
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Chapter 4

Design And Simulation System

CHAPTER FOUR
MACHINE DESIGN

In this chapter talk about block diagram and flow chart, and will make calculation to motors,
wherewould we calculate the torque, speed and power of motor. We will also work for
the simulation system in matlab.

l(I/P)

4.1 Block Diagram

Power Supply System

Fig. 4.1: Block diagram
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Chapter 4 Design And Simulation System

The previous figure 4.1 shows the block diagram of machine . The PLC isthe process reference
control system, and the all protection system is overload.

The power switch is circuit breaker will connect after the power supply , the power supply used
isac single phase.

And will control speed in X-motor and Y -motor with the frequency converter , and will used one
frequency to two motor , there is connect motorsin parallel with frequency converter .
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Design And Simulation System

4.2 Flow Chart

— Mo Stonsin

l'f Yes

Run Mot Of Head

Forward Cyl. Z

Run Mot X

&

Ls =2

l‘-l'es

Stop Mot X

Run Mot ¥

Mo

&

L= y2 No

Y Yes

l

Stop Mot Y

l

Rotate Mot X

i—
Ls x1 MNo
NC.
l Yes
Stop Mot X

l

Rotate Mot Y -——

Lsyl

l Yes
Stop Mot Y

}

Baclkward Cyl. 2 =——

}

L=z

_Nn

Note the (LS) means limit switch and (NC) means normally closed .

30



Chapter 4 Design And Simulation System

4.3 Calculation of Motors

There are three motors will be used, two of them to move the load in two direction linear motion,
and the other responsible to move the head.

All type motorsis an induction motors but different torque and speed , the two motors (X andY )
will connect lead screw to make linear velocity , and the diameter of lead screw is(d=2cm) .

In two motors (X, and Y) will calculate the torque and speed depended on this equation:

T Fdy (l+mpdy\  Fdy
raise — 9 ?Tdm, — “E =: Lo

Where

= T=torque

= F =load on the screw

= dm: mean diameter =1.5 cm

=} coefficient of friction = 0.15 (common values are found in the table 3.2)
= |:leed=tan29* m* d,= 3.5cm

- @ =frictionangle

»  A=lead angle
1|rev])

Nscrew = VI X ( P[]

Where
" Ngrew : SCrew speed = motor speed

= p:pitch=0.41cm
=V, : linear velocity
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421 X - Motor Caculation

This motor move the machine in X direction, and the max distance will move is 70 cm, this
distance will be crossed in 5 second. And the components weigh is 300 N.

The torque needed to move the load in X direction is:

T = 300=0.02 0.035+mx=0.15x0.02

2 1X002—-015-0035 _ 2°Nm

After we calculated the torque needed to move direction X, we will find motor speed to cross 70
cmin 5 sec.

D
Vi==—

t

Vi=—=01m/s
Now the screw speed given by:
0.l & 1 |rev] =244
Moorew =02 % 00041 [m] o TPS
—24.4 % % X rl”””l: = 1463rpm

Now, the power required to drive the screw could be calculated by:

2EMET
&)

power =T

2 1400

power = 2.3 X = 337watt = 045 HP

=11}
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4.2.2 Y —Motor Calculation

This motor move the machine in Y direction, and the max distance will move is 20 cm, this
distance will be crossed in 2.5 second. And the components weigh is 200 N.

The torque needed to move theload in Y direction is:

~ 200%0.02 0.035+m % 0.15 x 0.02
- 2 m % 0.02 —0.15 = 0.035

=154 N.m

After we calculated the torque needed to move direction X, we will find motor speed to cross 70
cmin 5 sec.

D
Vi = ¥
Vl=—=0.
> 0.1m/s
Now the screw speed given by:
o - 1 rev
Nscrew = 0.14 [- /5_] b4 m = 244rp5
=448x " x D — 1463 rpm

e L mim

Now, the power required to drive the screw could be calculated by:

2XTIXnN

e T
power 50

2 1400
(1]

power = 1.54 X = 225watt = 0.30 HP
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4.2.3 Head Motor Calculation

This motor is responsible to rotate the head so we will need high speed motor , speed in this
motor between 800 rpm to 1400 rpm , and the power of this motor is 2000 watt .

From this information we can cal cul ate the torgque of this motor

_ power
TO2XTXnN
60

2000

T= 5% 7T % 900 =212 N.m

60
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Chapter 4 Design And Simulation System

4.3 Simulation System in Matlab

We use the matlab to make simulation to motors, and depending on this equation :

- This equation used to make simulation to motor speed .

Nscrew = VI X e (1)

p [

- This equation used to make simulation to load torque in screw :

Fedm 40 pdm
T =

- 2z mdm=p i (2)

- This equation used to make simulation to total inertia:

w1 2

Je % B +Jis + 3

&

W = Weight .
J = Loadinertia.
g = Gravitational constant .

Js= Worm gear / lead screw inertia.
Jn = Motor inertia.
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Chapter 4 Design And Simulation System

This figure 4.3, is block diagram of x — motor in machine and we will make a smulation of
it depended on previous equation.

The change in any parameter of speed or load torque can see in display in matlab.

o e i _m (8]0

i in A
El—.-l--_]- T _i
=
:

1 Wl

sElat e RanneTh mrmes T (VR ‘_u
L

Toa ‘)

£ ———
- IR HF - 430 Y
* .-’_..H B e - A 200 o

udBndporoe

. 4—:*5{-}1_ ]
M - b T e
Ipd.y

bt 7 T

o Pl
= D
it Giam
o 1 380 -
et [ 188 |
Table “zth
Framndivn

Fig. 4.3: Block diagram of |M matlab

The figure 4.4 shows the motor torque :

Fig. 4.4: Torque Of The Motor
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Figure 4.5 () shows the block built refer to equation 2 , and if change the parameter will be

change the linear motion and change motor speed. figure 4.6 (b) shows the affect change the time
in motor speed .

‘m rFl ]
i

Clsec/min

Fig. 4.5 (a): subsystem of speed (n)[t=5 5] Fig. 4.5(b): subsystem of speed (n)[t=8 g

The figure 4.6 shows the actual speed curve of the motor :

Fig. 4.6 : Actual Speed Of The Motor
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Chapter 4 Design And Simulation System

From figure 4.6 show the change in motor speed and linear motion when increase the need
time to across X-direction the speed will be decreased.

When change the diameter of lead screw that is will be affected to load torque , and the
figure 4.7 (b) shows the change in load torque when change the dm =

___EE
F i1 TL1

o[

[ I

| = #

Farsiner : A
T
)
< 1]

Pmasies:

Fig. 4.7 (a) :subsystem of load torque (Tl) [when dm = 1.5 cm].

w20

I M1

rYy
x

:
Yy
o
-
B
z

] (RN I—l‘-

¥

rr

Lyt

Fig. 4.7 (b) :subsystem of load torque (Tl) [when dm = 1.5 cm].
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4.4 Layout Of Machine

figure 4.8 : layout of machine
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figure 4.9 : layout of control panel of machine
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Chapter 4 Design And Simulation System

In this figure show how connection plc with input and output , and theinput list is

X0 : emergency , X2 : start switch , X3 : stop switch , X4 : limit switch actuate when up
head motor , X6 & X7 : limit switch determine length the stone, X10 & X11 : limit switch
determine width the stone , X12 & X13 : determine the forward and backward the cylinder
isresponsible for push the stone..

Q W |
—+ b | g ; cas
a a . -
: L i i !
- D S S S N
Y, %A BN ﬁ'\?\}—\\ﬁpkﬁ-\kj\
+ g LU I
v g P oo (LB £ |z
sz {1 o b c c WL—”_, L 1
L Pl £ S =
L | M| > Al St ol S
] JF‘ ™ & i ¥ :f} -
e b e jofis -
(it ) (O G
+gq —ZL =/s = xl = 2 o2t o<bh =0 oxmS =) =1l oxE o mlE

L I [ (S S =N ¢ i T~ Y - 0| A R

NIGEGIGIOSN ISR OIS SR NG GG

—.
-

- FIwaRD
FE i NACE WART
Hzad|||v-Cw —LL i
dat ||| Mot bt T | HED
[ [ | [

¥ Cwl ¥ oW Frwven
ot || et LEMP B

Fig 4.10 : The PLC connection
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The output of the plc connect with coils of relays, and in this figure display how connect relays
with motors and frequency converter. and in figure show how connect two motors in the same
frequency converter and how change the direction of motors

T LR

FiE

X

1 H0 OND

Ll T
Ll Lg TL?
I

FA
RE H T—motor
w—motor = Yomotor
i H—motor o Cow

L

1

O O™

o] 21
(xnet ) (e )

- -~ e -

Fig 4.11 : Thef.c connection with motor
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In machine use two cylinder , the first to up head motor and the second to push stone under the
head motor , and this figure show how connect the pneumatic system in machine .

HP_HFAN MOTOR PLISH_ETOMF

4 2 4 2
Lol 11
iy~ il A Sl
3 2 3
i 1
O +
e

Fig 4.12 : The pneumatic system connection
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Chapter 5 Conclusion

CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

Conclusion
According to our predetermined task isimplemented design , the following can be extracted

1. The design isimplemented and tested , where tie obtained resultsin for of forming the store
surface fulfills the requirements.

2.Inthis project the problem is the long time is need to formation stone in traditional method ,
and the less quality in machine formation .

3. The solutions of this problems design machine decreased the time need to formation stone and
in the same time must increased the quality .

4. In this machine use the lead screw to convert the rotational motion to linear motion , and the
speed of lead screw depended on pitch whereisincreased it then the speed will decreased .

5. Between lead screw and nut high friction and this decrease the efficiency, and can increase the
efficiency if put oil in thread of lead screw.

6. In this machine the distance will be crossinginY and Z direction is constant , but the X
direction is variable because the stone length is variable .
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Recommendation
1. Can put motor to down and up the head motor .
2. Make conveyer to move the stone under the head motor .

3. Connect to frequency converter with to motor , the first with X-motor and the second with Y -
motor .
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Appendix A : Frequency Inverter
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Appendix B : PLC Model

Power Supply Viollage
Fuse Cagucty
Spike Voitage Durability

Noigse bmmainity

Enrth

Operalion!Sorage

Electrical Specifications

General Electrical Specif (Z1L11]

100 ~ 2400AG (-15% = 10%), SOEIHE 25% 28VDC |-15% ~20%)

1500VAC {Primary-socondary]; 1500VAC |Primary-PE), S00VAC (Secondary-PE|

ESD: RN Air Disciargn

EFT, Power Ling - 2KV

Digital VO 1KY

Analog & Communicafion 110 250V
RS 28MHz - 1GHz. 10Vim

The ciamoter of g -wire shall nat beless than that of e wiring barménad of th T
(When many PLCs: hmthﬂh.ﬁ‘uumﬁimuﬁrmu ropery proonde

Storage: 25°C = ?ﬂ'ﬂtmﬂmj.ﬁ Q5% [humbdity)
Qparation; (G = 55°C (lemperatera); 50 ~ 85% (humidity); polldicn degrea 2

Input Point Specifications

Inpul Signal Type

Single Common Port Input

SINK /! SOURCE

Input Signal Valtage -24VDGC + 10% (SmA)
Response time
ES/EX 0= 16ms ndjusiable
SEIBAEX 0=20ms adjustabla
sC 0~ 20mes adjusiable 4.Tus
EHSV 0= B0ms adjustable s
R OFF-=0ON ~16.5V0C ~18.8VDE ~16.5VDC
| ON=OFF <BVDG <BVDC <8vDC
Output Point Specifications
e R —
Ex K '
',é','.',’;f,’:,"":;““' (Working) | 5ad ON/OFF Contral 10kHz S0kH2/100KkH=/200kH:
Currant Spoacification
ES/EX 2A
55 1.5 0,341 point@40°C s1kHEZ, D-3AM poini@40°C
SAISXISC 1.84 = 1kHz. 30mAM point@d0°C
EHZ 2A
8 1.54
Vollage Specification 250VACIIOVDE apvnec
EH2/8V 0.5u8
DOFF-=0OM: 20us
Responsa Time 10ms : 5C1us
ON->OFF: 3018 SAISX 2us
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Appendix C: PLC Connection
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Appendix D : Circuit Breaker

.. FAZ Branch Clrcult Breakers
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