Palestine Polytechnic University

College of Engineering and Technology

Mechanical Engineering Department

Graduation Project

Cold Forming Packaging Machine for Drug Tablets

BY
Qusai Abu Alin

Project Supervisors

Eng. Jalal Salayma Dr. Maher AL-jabari
Hebron-Palestine
Jun- 20014
& i _.,.a::.—-' '-_a.dm a3 Tl W"
gﬂ'ﬂﬁ" % palzcting Foliieds |1.. L.'I |l.i.|rF-1tl.-
{FFL]
_ SEESL The Library  Bebdl —
ACE i jl {FLE\S! ........ ,‘_'H-J--I-I"L_I
@msc _..:_: a._i.,J




Palestine Polytechnic University

Hebron —Palestine

College of Engineering and Technology

Mechanical Engineering Department

BY
Medicine packaging Machine by C Id Forming

BY
Qusai Abu Alia

he agreement of the Testing
Department of Mechanical
fulfillments of

According lo the project supervisor and according to t
Committee Members, this project is submitted to the
Engineering at College of Engineering and Technology in partial

the requirements of (B.SC) degree.

Supervisors Nignatare
l'}'IIE 'L"‘-]-.:.lj‘i.bl L L - l_;:ﬁ"“l

Examine Community Signature

asssdalIEApd Sl FER TR

Department Head Signature

January- 2014




Figure
Number

Figure 1.1
Figure 1.2
Figure 1.3
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6

Figure 2.7

Figure 2.8
Figure 2.9

Figure 2,10

Figure 3.1

List of Figures

Figure Name

Mechatromies System ...

Machine Operation Principle .....occoviviiiiiiiiinnnn,

IMIBCHATIEA] SYEPEITY, 1. o ou vt vees nans nassensabssnsuss sviomss s sinsassyossrasassnasisinans

Creaeral Flpare of M ie o i i et e e o e

Cieneral Figure of Machine (Diminutions).. .o cvveeimeeniinaens

Component of Materdal .........0ovv 00

e e
The Main Base (Diminution) ........
B PN R I R i e s Bi ey s et w e s iy bl e o e e e

Hydraulic Cylinder (Diminutionsh...c..coiviiiee i

The Lppet- gt of TRIPIEE .. .. corcvmerr s e issivms savosmsisiive

The Bottoin-part ol Template (.o oo memnrmm e s

The Template ( DImInuUtions): ... coovunivisiien.n

The Experimental Test

Page
Numhber

18




Figure 3.2 The Hydraulic Systems ... ... oo, 19

Figure 3.3 The EFtact DEPMESSIIT ., |, .o covass fhicssio s biads s satbou das s dvowan. il
Figure 4. | Schematic Diagram of A Hydraulic Control 8ystem....ooooviinn 24
Figurc 4.2 Block Diagram of Closed Loop Control System ,....oooovciverinne 26

Fiourc 4.3 The Physical Component of the Controlled Systerm....oooooviee. 27

Figure 4.4 The Simulink block of the uncontrolled system.....oooevvinins 30
Figure 4.5 Step responses for uncontrolled system......cevveeceieniinnnrgeenee 31
Figure 4.6 Rt Toeta: Lo i i et i s s s b 3
Figure 4.7 Simulink of PID controlled SYStEm.. oo veereiaeini s rraniene 1
Figure 4.8 I'he response of the system afier contraller,.ooovvoviviiiien. 3
Figure 5.1 Basic Elements in Lhe SYSeMl . e 1
Figure 5.2 Unipolar stepper motor Windings, . ....cooiiinimmmiseina.. 37
Figure 5.3 G DI BRI s vt s b rmsm s s am s s e s 18
Figure 5.4 Drive Circuit for Relay......cooeiieiinn, 40
Figure 6.1 General sicucture of the Maching oo veveviciieiciiiiaiiarianirnione=s 49

Figure 6.2 ‘The cylinder that work o pull the aluminum foil by stepper motor 43

Figure 6.3 I'he template thar works on the formation of aluminum foil...... 43
Figure 6.4 the cylinder thal installed the aluminum..........._.._........ £
Figure 6.5 Control panel of the MAching. ..o iiivaiimna.
44
Mg 6.5 FIBranlic DEMP BOI. .. - <. ovoversbiabon iisuiosesvasnaiioiis
45
Vi




Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10

Figure 6.11

IThustrate the pressure relief valve that work on the protection from 45
the high pressure ...........

The electrical panel responsible for the operulion of the
£ R

46
The feedback of the micrncontroller and called limit switeh ...,

47
Solenvid and Modular L o

The interface hetween user and machine system




Table
Number

Table 1-1
Table 1-2
Tahle |-3
Table 3-1
Table 2-2

I'able 4-1

List of Tables

Tahle Name

I'ime table for the first semester time (week)

l'ime table for the s=cond semester time (week)
Cast of Project
[Mustrate the Specifications of Aluminum

Test Data Table

Assumed System Parameters

Pape
Number




EIOSEC FIUE RNCH SIRIIURR o b e S S e e e

Table of Contents

e s T RS e R R e

e T S
Listof Tablcs ..

Chapter One

Project Concept ...

..[

LI N |

I S

L6
1.7

|
[
I

Overview,

Problem D'J.ﬂmimn
T R el s

Project Importance....
Methodology ..

Praject E-.u:twdul::
cost estimation a:nd hudget h; un[-‘dmm

Chapter Two

Mechanical DesSifn ....uviwiiseiimesmemsinmamn

2

27

a
29

!._"

{ 5
fad Tad B33 Tpa

| B8 T B |

Overview...

Material Sp“clrn,a.hun f-i.IL.m-num Tmh e et L e
221  Cold-Forming Bottom for AIummum
222  Material Specification (Aluminum Foil) ...

bachine Parrs .,

Ia

Maim Base .,
Forming Mu._.hé'l.]’l]am ernm

[

Chapter Three

Mechanical Analysis

3.1

1 Machine ‘:truttun, e ..

51 Meclmmcal b}»sh.m c b e S B AR TSR SR N

1.5.2  Programmable Logic Cont mllrr H"‘LL ).
33 Drive Llr{.ml
T U e g e T e e D e oo S
5.5 Sansors... e R e e VY A P R

Template I“a_rL R AT P o e R A B

--------------------------------------------------------------------------------------------------

gl R o T W 0T o L N

= Oy o n) B s ) R R

wid

1
i
IV

et
el

+ 10
=1
B 1

s
i

'|"3'

g [

.13

17

A8




Maximum Punch Inrce 18

Experimental '['csts Skt e R e ¢

Hydraulic Cvlinder Spﬂﬂtf 19
341 Calculation of lxtension Speed of Cylinder . ..oiviniiinn 20
342  Hydraulic Prcs.aurel

i L JI

Chapter Four

Lontrol Design S e st e s A S oot 2
Overall Control Steps b s e s A s e O
SR MRSGENHE AN OB oo im st 27
PID controller deqlgn’ﬂ

b e
5 b i-.l =

Chapter Five

SICRl DIOBIGR 0ot e 35

S 37
2.1 Stepper Motor S o A e R 1,
SR BENOII it R e T P e L
o e T T e BRI e T 38
5.3 Motors Drive Cirenit .. e o e et ST 38
Designing of Motors Drive Circit,, oo izt 38

3.3.1
3.3.2  Circuit Operation Frmnpluﬁ':'
~ Chapter six

Machine Construction and Testing e e R | |

| Introduction e e s DO N |
52  Mechanical Part B Aot S e VN S S < A
53 Response festing of the cuntro] BYSUCHT. <o~ o st A e L e e vn s T

54 Conclusion S e S S e e Man s s R s e e
5.5 Recommendotion AT A e s oA oe s R AL YDt g et e P

Referemce............ ...




Chapter one

Project Concept

1.1 Overview

1.2 Problems

1.3 Project Goal

1.4 Project Importance

1.5 Methodology

1.6 Project Schedule




1.1 Overview

“he manufacturing process is one of Lthe important seiences in the world, It s the study of the
material and what the industry need, The manufacturing process is important in many differem
ways in industry lor example

I} Shaping material into difTerent sizes

2) Impraving the properties of the materials.

3) Producing accurate product dimension.
The manufacluring process includes many types of processes. In this project, the cold farming
process is used. Some materials cannot he formed at normal ambicnt lemperatures, such as

mdium, and some alloys are not amenable to form on heat . This project is working on (he
*ormation and packaging template medicine by cold forming,

1.2 Problem Definition

Manufacturing the medicine in Palestine depends on imported machines from abroad which
mercase the cost of investment.  Also, the political situation which is represented by many
obstacles and challenges makes that more difficult,

1.3 Project Goal

The objective of this project is to design and manufacturing a machine that is able to perform
=uld formation of aluminum foil which will be used in the packaging (such as medicine),

I.4 Project Importance

The importeance of the project is presented bv four main objectives thal will improve the
process:-




3)

4)

Humun Safety: This machine will reduce buman interaction with the process which
will keep workers sate. Process ol formation through the hydraulic system depends
on high-pressure which is proven to be extremely dangerous and harmtul.

High Efficiency and Accuracy: these templates of high dimension accuracy and
low error rate are needed to reach the perfect forming,

Production Rate: The production process will be adjusted by controlling the speed
ol the hydraulic system.

Caxt: the aim is to lower the production cost and enhance production rate which will
in return decrease product price and benelil both manufacturer and customers,

1.5 Methodology

The project will adopt a mechatronies system which is an integration between multidisciplinary

sclences (

). Figurel.| illustrates the synergistic integration of three engineering fields,

Figure: 1.1 Mechatronies system




8¢ main idea is clear through Figure 1.2 which illustrates the machine operation principle.

power supply
Ay = o
— — orwe | . P
Interace i.mu_n"” —iﬂr.:un A= e o :
— o I e
o ] m leal
Tesdback ‘ymm

Figure 1.2 Machine operation principles

L.5.1 Mechanical system

Figure 3.1 illustrate the mechanical system and the gencral structure,

Figure 1.3 Mechanical system




Fizure 1.5 illustrares the mechanical system. The template is divided into two pants; the
first ane 1= installed on the piston and the second one is placed on the table. When the
piston rushes, the template rushes with the piston. When the Orst parl moves towards the
second part the aluminum foil are forming.

1.5.2 Programmable Logic Controller (PLC)

PLU is more or less a small compurer with a built-in aperating svstem (0%), This O is highly
specialized to handle incoming events in real time, i.¢ at the lime of their cccurrence. in this
project the ple will be used Lo aulomate the svslem ( i |

1.5.3 Drive Circuit

PLLC or microcontroller is low power, it cannet give an cnough current Lo drive the molor
so that, power circuit will be used to drive motor's to increase power.

1.5.4 Electrical Motor

Electrical motors will be used to drive the hydraulic svstem: in this project the De molor
and AC moetor will be used.

1.5.5 Sensors

Sensors will be used as a feadback to the control system,

1) A Rotary Encoder (Shaft Encoder): is an electro-mechanical device that converts
the angular position or motion of a shaft or axle to an analog or digital code (.

2) Flow Sensor: a flow sensor [s a devics for sensing the rate of fluid Alow W control the speed ().

)

3) Pressure sensor : a pressure sensor i5 a device for sensing the pressure in the syslem
to be gure the user is safe ( ¥,




L6 Project Schedule

Table 1-1: Time table for the first semester time (week)

E-e:l'-e‘ctl.‘d

Collection of
e needed
_data
Mechanical
snd electrical
modeling
Writing
document

Table 1-2: Time table [or the second semester time (week)

Activity

Software

Design
Hardware

Design

Hardware
Testing

System Tosting




1.7 cost estimation and budget breakdown

! his section lists the overall cost of the project . the cost includes the hardware cost, and the
Suman respurees budgst

Hardware cost: includes the cost of the component that was used to implernent the project.
fable 1.3 lllustrates this cost

Tahle |-3: Cost of Project

: Componenl | Price
Hydraulie pump (Gear Pump) 100 JD
AC Motor 100 JD ]
Template (Aluminum ) ) 200 JD
| Piston 30 In
Pressure Relicf Valve 25 b
| Selector { Conirol valve) 150 JD
Electronic 100 JD
Structure 150 JD
| Throtile I 25 D ]
| Total cost 000 J D




CHAPTER TWO
Mechanical Design

2.1 Overview

2.2 Material Specilication

-3 Machine Paris




=1 Onverview
Saiimated machine will be designed for contralling the forming for some ol material. espacially
Wismam foil that’s used in medicine, In order to understand the principle of operation and to
W general idea about the motion, first of all the machine parts and mechanisms will be

sesaned through this chapter,

m—— s

S8 machine parls will be explained in the next section, Figure 2.1 illustrates the general
Sesen of machine.

Figure 2.1 General figure of machine




Figure 2.2 General figure of machine

2.2 Material Specification (Aluminum Foil)

Aluminum foil is the materials used in the medicine packaging and this material Characterized
by the possibility of keeping the medicine fur 2 long time after packaging and it divided into two
parts, the first one exposed to the forming process in order to achicve the required shape and the
second part exposed to heat and pressed to the first part close the tape this project will work with
only the first part forming Figure 2.1 illustrates the component of material

10




2.2.1 Specification of Aluminum Foil
The material used for medicine template is composed of three materials as
11 OPA (polvamide)
21 Aluminum
33 PVC {polyvinyl ¢chloride)
OPA
Adhesive
" Aluminu

e
¥

Adhesive
PVC

e

Figure 2.3 illustraies the component of material

This aluminum foil compoesed [rom lhree materials, the aluminum is basic and .Is put
adhesive on both sides of Aluminum and on the top part there will be polvamide, and the
butlom there will be polyvinyl chloride.

2.2.2 Material Specification (Aluminum Foil)

Table 2-1: llustrate the Specifications of Aluminum Fail

Material- | Base Thickness or Grammage
Deseription
OPA Polvamide d5micrometer=28.8g/m2-1 0%
Adhesive PLI 3.5+ Rpfm?2
Primer Eproxy resin .24 20/m2
Aluminum soft Alloy min | 47Tum=128.9¢/m2+8%
dull/bright I8.6%=AAR0TY
Adhesive PU 4.0+ Bp'm?2
PVC ' Palvvinylchloride H0um=78.6o/m2= 10%

| Total weight 243.0e/m2 (4. Im2/Kg) +10% SURER—
THICKNESS (119.7-144.3 micrometer) —

11




Table2-2: Tesl Data Table:

 WIDTH |43mmElmm

(uantity 2800 rm 99 Kps .

Joints NMT 2 joints/'wheel marked with red mark
WHEEL 149.00_151.00 MM

LINNER

DIMETER

Test

Supplier Nominal value Cheel of process
test-method . Thata -conformity
Polvamide thickness | Analytical balance | 25.0 my 32.5-27.5 my
()25 my
Alu-thickness Afco-a 47 my 43,2-50.8 my
(=) 3.8 my .
Pve thickness Analytical balance | 60.0 my 54.0-66.0 my
(") 6.0 my
Sealing- strength Crm-pa 10.10.29 AN/ L Smm =HNA Smm

“my: micron unit

2.3 Machine Parts

n this section the maching parts will be discussed.

1.3.1 Main Base

Main base has rectangle as illustrates in Figure 2.4, and hydraolic system will be
installed on the vertical, besides cylinders will be installed animation, as well as the rule

that contains the lower part of the template.

Figure 2.4 Ihe main base

12
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Figure 2.5.Tthe main base

And the main base consists oft

1l Guide
21 Stands
3) Template { Fix Part)

2,32 Forming Mechanism (piston)

The hydraulic system is responsible for the movemenr of the lempiate and this movement
i linear movement. That will control the speed of the piston to increase production
quantity. Figure 2.5 illustrates the hydraulic cylinder and the diminution chosen hased on
the experimental test,




Figure 2.6 Hydraulic cylinder
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Figure 2.7 Hydraulic cvlinders




2.3.3 Template Part

'he templale works so that when entering the parl of Aluminum the piston will work to
compress, the upper part of the template und the template will be installed on the piston,
the template is made of aluminum Tn order to bear the pressure of piston. [llustrates the
Figure 2.8 and Figure 2.9, And chosen the diminution basad on tape width

Figure 2.8 . I'he upper part of template

Figure 2.9 The bottom part of template

15
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Chapter three |

Mechanical Analysis

21 Owverview
== Deep drawing
= Hydraulic Cylinder Speed
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=1 Overview

"o t=mplate will be push by the force resulting from the compress piston so the template will be
ssatled in the piston. through this chapter the loree and material analysis will be explained.

52 Maximum Punch Force

"o calcalate the maximum punch force, [irst of all the punch force required to shear stress of the
el sheel is direct proportional 1o the length of cut sheet, the thickness, shearing strength, and
= =0 Imction condition, the resull is equation 3.1

Fp = 0.7a, hL (31N
Where:

[ 18 maximum punch force

y, 1s the ultimate: tensile strength

n is sheet thickness
L is total length of the sheared edge

2.3 Experimental Tests

» sguation 3.1 the tensile strength for the aluminum foil is not available so that an experimental
o sest the material strength and find the required force is applied in hvdraulic [aboratory, Figure
| illustrate the experimental,




The value to be ndjusted to the pressure forming process and this value is 8 har or
8 x 10° pascul.

F=Px4

Where

F is the furee piston

P is the pressure of piston
A is the area of piston

From pressure definition of equation 3.2 is 8 x 10° pascal.and the area A=(7.06
X 107*m* o the force is equal 565.2 N.

3.4 Hydraulic Cylinder Speed

The Speed of hydraulic cylinder rod based on two factors.

L. The size of the vylinder bore, which is the area inside the cylinder in which the piston
MoveSs.

2. The oil flow rate into the cylinder. Figure 3.3 illustrates the hydraulic system.

Figure 3.2 . The hvdraulic systenis




3.4.1 Caleulation the Extension Speed of Cylinder

Fhree calculations are required Lo delermine the extension rale of the cylinder

Caleulation 1:

Find the flow rate of fluid
Q=VyxN

Q = 20 litter fmin

vy = 14 x 10 * m¥ /rev
N=1450 rpm

Q) is flow rate

Vp is fixed displacement pump

N ix Revaluation per mints

Caleulation 2:

IFind the bore size of the cylinder (also the piston area) using the following equation 3.6.

_ miy*
Ap = P

A,=17.065x10"* ™

Where:

Apis Piston area

m is3.14

D, is Diameter of the piston

4  is numerical constant used in the formula




r Calculation 3:

Find the speed of piston at which the piston rod extends use equation 3.7,

v = 23140 3.7)
Ap J
__23té30 ‘
VE - 7.065%10-% 6.5 % 10
in®/rev

251 is constant (for cubic inches in a gallon)
Q is Flow rate of the pressurized fluid (in gpm)

f-’lp is Piston area

3.4.2 Hydraulic Pressure

the pressured, marked p, is created by direction a force on a fluid
according to Pascal's low, pressure spread equally in every dircction in a fluid

Pressure in the fluid causes a force effecting at a right angle against surface as
illustrated Figure 3.5,

Figure 3.3. The effect of pressure

21




« the force is equal in every area unit
= Pressure is given in a force on arca unit.

1o calculare the pressure of the piston we use cquation 3.8,

- P is pressure [N/m*|
- F is Force [N]
- A is Area [m?]

Bt the value of pressure is equal 8 % 10% pascal by test.

Hwdraulic power:

Hydraulic puwer is a result fow and pressure.
S1 system power unit is KW.

Imperial system power unit is hp.

To calculate the power use equation 3.9,

LI

Foower = P X[
(3.9)

Poower = 16 kw



Chapter Four

Control Design

_ Overview

2 Overall Control Steps
System Modeling and Control




&l Omerview

S swstem is essential in a svstem to give desired motion and il can be tuned according to
e of application.

e system s a collection of compenents to construct an accurate machine, There are two
S o0 control syslems, open-loop sysiem and closed-loop system and all the components
el svstem) can be represented by mathematical equation called transfer function.

s £ 1 sllustrates 2 schemntic diagram of'a hydraulic control system

Fluid

e ; Flsd Retm

Aeseryeir | ! (Low Pressure)

Fower Supmy . I

1k v) BR o |

Ll AC Motor gy i

i Frassurized Fhuid :
Aeled Valvd === sypgiv (3, P)

feterence 234, ;
Input | Micro - iDirectional | | o fve === =| Hydraulic e
== Controfler yalv= Lo — e Adtiizior
» ] e ——
i

|

Fredback Sgrais Sensors &

Figute 4.1 Schematic diagram of a hydraulic control system

System components include the following:

1)y AC Motor

AC motor is an electric motor driven hy an alternating current (AC) and this mortar
operating the pump.



4)

6)

Hydraulic pump

It will he used to convert the mechanical power into hydraulic power, and supply high
pressure to the systam

Fluid reservoir

The tank that containg oil, Ils volume three times the neaded oil for the system.

Pressure Relief Valves (PRV):

The pressure reliel valve used to retum the oil when the pressure of the system increase
so it 15 salety valve

Programmable Logic Controller (PLC)

PLC is more or less ¢ small computer with a built-in vperating system (OS). This OF is
highly specialized to handle incoming cvents in real fime, i.e. at the rime of their nccurrence, m
this project the ple will he used to automate the systam.

Direetion valve

It used to control the fow dircetion in the system

Servo valve

It used to control the required flow rate for the system.
Hydraulic actuator (piston)

Used to convert hydraulic power into mechanical power

Sensur and compensation circuit;

Sensors will be used to moenitor and control the system parameter such as pressure, flow
and spead, compensation circuit will be used to condition sensors signal if there is a
noiNe.




nerall Conirol Steps

e previous chapter the piston speed iz direct proportional to oil flow rate that could be
by two ways

1} Control the flow hy control the speed of the AC motor by using inverter.

21 By servo valve that contain a throttle and flow feedback thal control the throttle
area to adjust the flow rate and that what will be used in this project (o control the
flow rat

2 Hustrates the black diagram of closed loop contral system; the svstem will start from '
wput position (g) by the user. The input signal is handled by softwarc installed on
troller that gives the command to the circuit until it achieves the required input. P

S ; e e T Y
MTTOCONTRANE ] i |
{ | |
| |
i e R T A 1 ——
— ET. N 5 SRR LN ) o - N e |
—ﬂwlmes‘""{:&h e R T ¥I J‘m—.'. o 5
o e b | |
= | - Congroller mmm:uj | @) s

i o |

A i i
o pe

[LUL  —

Figure 4.2 Block diagram of closed loop control system




4.3 System Modeling and Control

Control system design is based on a mathematical model for the system or process to be
controlled.

Figure 4.3: illustrate the phyvsical component of the controlled system that contain a servo DC
motor and the throttle in order control the Mow rate the DC motor will control the opening
throttlc area

, CD Armatura
1 3 : €
= CIrchir

i

0
Rorar

Figure 4.3.The physical component of the controlled system

The DC motor is an electromechanical device, in order to get the mathematical model the two
sides must be modeling,

T=+ki (4.1)
Where

T is the motor torque
i 15 the armature current

K is a torque constant

The generated voliage, e, is relative to angular velocity by

Eg = k-emm. (4'1}

From the Figure 4.3 we can derive the following equations for mechanical and electrical
behavior by using Newton's 2nd law and Kirchhoffs voltage law.



. d*o dg ’
=t b s ki (4.4)
Where
Jisthe inertia
b is the damping

di g et -
j‘a: +Ri=w = (4.5)

L i inductance
R is the resistance
V iy the voltage

I'ransler Function

Lising the Laplace transform, equations cquation 4.4 and 4.5 can he written as:

(js* + bs)8(s) = ki(s) (4.6)

L(s 4+ R)I(s) = V(s) — Ks0(s) (4.7)
_ V(s)—ksB(s)

== (4.8)

Substiture cquation 4.8 in equation 4.6 to obtain:

. " kVis)=ksi(s

j540(s) = bsO(s) = —ﬁ;-@—:' (4.9)

o) = 2 (4.10)

V(s)  SUS+BI(LS+R)+ K2

For the throttle could be modeling throw the following equation

= UbL, }@ (4.11)

Where:
() is the Flow Rate

U is the Input displacement
b is the Land width




d is the discharge cosfficient at each port
%, is the supply pressure ol the hydraulic fluid
= 15 the pressure after the valve

2 is the Density of the hydraulic fluid
b= oL (4.12)

4 15 the Angular displacement
Lis the land of screw

Substitute equation 4.12 in equation 4.11 to obtain:

J=0LCy J@ (4.13)

From equation 4.13 can express(8): ]

@ :
= —m—— tﬂ.]41
Lcd“j:agPE;F'zi !

By Laplace transformier equation 4.14 will be:

2(Pe—
Q(S) = LCz [<==226(s) @15
And substitute eguation 4.15 in equation 4.16 to obtain equation 4.17:

K

()= S s+b)(LS+R)+K? ¥(s) i)
Ley 12Ps—Pa),,
Q(S) = ek, ST V(s) (4.17)

s(Js+b)(Ls+R)+K?

Now a transfer function can be oblained by write equalion 4.18 as a ratio between the input
(Q(5)) and the output (V (8)):

g
10 [2Ps—Pa)
o) a5 K

vis)  SUS+B)(LS+RI+KEZ

(4.18)

25




Transfer  function coefficient  obtained  from assumed parameter in Tahle 3, now
MATLAB/Simulink could be used to study the respons¢ of the system, in order to decide which
controller have ta be used,

lable 4-1: Assumed System Parameters

Parameters _ Vilue Unit
R Resistance 28 Ohm

K=K 447 —

] Inerlia 0.9 kg = m*

p Density 0.880%10°3 Kg/m?

[ Land 0.002 m B
Cy Discharue i 3.9 R [ '

coctlicient

8 Damping 0.0é12 N.s /M

P Pressure 8x 10° Pascal

1 Inertia 1.169 mH

|

Figure 4.4 show the Simulink block of the uncontrolled system with 1ml as input

Step Input

“l._‘ v
= :
Gaind

Transtar function

NN

Fa o,

Gainl TTOPC

Figure 4.4 show the Simulink block of the uncontrolled system
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The step response of the uncontrolled system shown in figure(4.5);

o i - i B m . E ] % 0 & 50
Tima

Sigure 4.5 Step responses for uncontrolled svstem

-

Sieure 3.4 indicates that

I} “There is an overshoot around 30% of the reference signal and it is unaccepted in the
system,

2} The settling time is 15 second, which means that the svstem is slow while the hydraulic
system must be faster.

3) Thete is no error, but an error is be expected since the mathematical model not represent
the system exactly,

A PID controller will be design to provide 0% study state crror , and deercase the sertling time
0 be | 3sec, and decrease the overshoot.
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=4 PID controller design
From the criteria of controller design:

I-in order to have a no overshoot, eritical damping ratio will be used which mean
zeta (8) =1.

2-from the settling ime T, = 1.5se¢

3- overshoot 10%4

I'igure (4.6) illustrate the root locus of the transfer function

Root Leces
a
b | -
E ol-------- — _— — — !
-E-.
25 4
<3 -
all ] 1 1 L] 1 1
= = - -l -2 2 = 1 1

Risal fcxin [macmnds™ |
Figure (4.6) root locus




By using SISOTOOL in matlab we can design of PID controller just adding the
data required and transfer function, after that can get the gain pf PID controller

from equation{4.19),

1,4e9%¢% 4 00025025 + 130.8
. 4.19

SFL... = -

From equation 4.19 the gaim of 1D 14
1) KD=1.4¢™"

2) KP=0.002502
1) Ki=130.8

Now we sinmulate the controfled system in order to ensure the required response is
achieved. Fizure (4.7) show the Simulink of controlled system and the response

=+

s il

Figure 4.7 Simulink of P1D conmolled system




Tigare 4.8 illustrate the responise after simulation, atad the resull decreased the setthing time 1o [.5
s, decressad the overshool from 30% ta 10%, und study state error 0%,

Figure 4.8.The response of the system efier contralier




Chapter Five
Electrical Design

3.1 Introduction
5.2 MOTORs
3.3 Motors Drive Circuit




TR |

b

2.1 Introductivn

This chapter will diseuss the process of designing the neaded electrical paris to opernte
the systemy; these parts include the actuatars whith are elecinical motars, the drive eireuits. and
the controller.

The block diagram shown in Figure 5.1 deseribes the elements thal form the enlire
systen penerally.

-~ = Electrical Prart T

* Microcontroller. * Matlabe ]

. * DC motors
Mechanical Computer
part * Stepper motors Software
* Motors drive circuits,
» DC motor encoder

B

Figure 5.1 Basic Clements in the Svstem

The electrice] system includes two types of cloctcical motors, the first i slepper motors
these motors are contralled by digital fequerce generated by microcontroller and supplicd to the
motors throw drive circuits, and the second type is the DC motors which are controlied by e
controller using pulse with modulztion rechnigue,

The desigring of stepper motors drive cirewit will be discussed i s chapter.
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S22 MOTORs

The system includes one unipolar sicpper molors and one DO metar to provide the needed
molion, #nd one Ac moter to drive the pump.

5.2.1 Stepper Motor

Unipolar stepping motors ase composed of two windings. ezch with a center tup as shown
in Figure 5.2, 'The center taps are brought autsids the molor a5 two separate wircs, As a
result, unipalar mators have O wires, and driven by tied the 4 coils to power supply and
the center fap wire(s) are altemately grounded, and the stepper motar used (o pull the
aluminum foil after forming process.

Figure 5.2 Unipelar stepper motor windings

3.2.2 De Motor

This preject work Lo conlroliing for speed of the system by controlling the fow of the ail,
atd in order 10 controlling the flow used de motor instlled on the spieal, amdl make
position control tor this system form during this can cantrol [or the speed.




5.12.3 Ac¢ Motor

This project work by hydraulic system, and this svstem nead the Ae molor to drive the
pump, when the A¢ molor run the pomp rin |

5.3 Molors Drive Circuit

Sinee the motor need a power that micracrstroller can't deliver it. a power circull will be used
that increase Lhe power of the control signal.

5.3.1 Designing of Motars Drive Circuil

Since the motors wsed i the systems are uripolar stepper motors with 4 poles, it is now
required Lo design a drive circuir thar transfer the dipital sipnal prochiced by the
Miemconiraller and supnly the metor with the required power az it donated in the matars
datasheets.

=

T i B

Figurs 5.3: Motar Drive circait




Figure 5.3 show the drive eireual, the moter poles are power from power transistors, and for
isulation purpose the power transistor binsad by an Optocoupler te isviate the power connection
between the Microconiroller éand the power transistors.

The Optocoupler 15 biascd by a transistor whiclh teceives the digital signal from the
Microvontroller.

Thus in our caleulation we will desion one pole drive cireuit which will be applied for all the
other poles.

5.3.2 Circuit Operation Principle

As we menlioned earlier in this chapter the digital sequence which contral the motor
rotation is producesd by the microcontralier, this sequence is formed by four digital bits (0
{0 1} since a tour poles unipolar stepper motor will be usad, 4 bits are shifted on the
input of the motor drve cireuil o generate the rotation.

Te describe the operation of the drive circuit one pole ¢onneciion which is shown in
Figure 4.4 will be discussed. DU is the signal comes from one bit of the microconteoller,
and 7Zm 18 the motar impedance represcrtation.

The microcontroller signal (D0) include two states O ar 1, the ) state means that no
violtage on the terminal DO and this is called (OFF) state, and the | stale meuns 5 volls are
supplicd (o the terminal D) and this is called (ON) state.

Case L: OTT state
In thiz case D=0 [V] which means no inpuat current ar the base of (1, this will make Q1

to stay aff and no ciwrent will fow theaw the emitler, bocsuse of that the optocoupler will
nol lum on and so on Q2 will not he biasad.

Case 2; ON state

In this case the ARDUINO supphes digital logic 1 1o the bit I, which means DO=3 [V],
thus DO will bias QT as will show by the calculations fales! i this chapter, and Q1 will
turn oa the oplocoupler which will bias 2.




(2 15 a power transistor that will supply the power to the motor terminals in order to
activate the pole that is conneeted to the eritier,

So the stepper driver is work Like switch that convert the small power signal generated by

the microcantroller to high power signal with specific values of voltage and current that
can activera the desired motor pole.

5.3.3 Relay

The hydrzulic system can controlling by selecior, and this selector installed two cuil
work on 220 volte and this project will be controlling by microcontroller, and the
microcontroller gat 5volte output somust be used relay and transistor to drive this
coils. Figura 5.4 illustrates circuit far controlling an Ac or other high - current device from
a microcontraller by using relavy.

reley:
N = riefndlly Closed
= S i
O = namrally open

=
diode

100-1K ohms

transistor

ramsintor: e current
B - bass
C = colleciar
E = trarsmittor GND —

Figure 5.4 Drive Circuit for Relay




Chapter six

Experimentations and Results

4.1 Introductions

6.2 Mechanical parts
6.3 Response testing of the control system

o.4 Conclusion:

6.5 Recommendations




6.1 Intreduction

This chaprer demonstrates the results that are obtained from the SXperiments in order o verify
the theoretical results riesched in conteol design chaprer, [he mechanical, clectrical, and control

designs are fo be applisd m this practical side.
refer to the thearetical results are discussed.

6.2 Machine parts

‘Then the practical results and madifications thar

Figure 6.1 illusreates the peneral structure of the mauchine

Figure 0.1, General structure of the machine
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Figure 6.2 illustrates the stepper motor. This motor works to pull the alurminum foil afer the
forming provess,

Figure 6.2 The cylinder that work to pull the aluminum foil by stepper molor

Figure 6.3 illusirates the Lemplate. This template is divided inte two pans; the first one is the
upper part (the unc installed on the piston) and the second part which is installad on the table.

The first part moves toweards the second part by guide. The guide represents the center between
the two parts which helps to reach Lhe balance between (he parts. Also, the guide is mods of
chrome and the templaie is made from Aluwminum,

Before the fonming process, the aluminum il muvst be installed fron four sides to pot the
perleet forming . bul in Lhis project the material installed from two sides only,

Figure 6.3, The template thet works on the formation of aluminem il
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Figure 6.4.illustrates the eylinder that installed the aluminum foil befure formin g progess

Figure 6.4 the eylinder that instelled the aluminum

Fgure 6.5 illustrates Lhe control pavel of the machive, From this panel, the workers can run the
miachme and stop by the emcrgency, and display the numiber of tapes on the LCD sereen,

Figure 6.5 Control panal of he mackine




r—*

Figuye 6._15- illustrates the hydraulic pump that is Imponant to prmp
the template. When the Ad motor

the oil goes throy gh the pipe

artal oil to the piston for moving
runs the purnp which is installed on

% L0 the piston,

he shall ofthe A s nusor,

Figure 6.6: Hydraulic pump rd:

Figure 6.7 illustratey the pressure relied valve. When the pre
vallve works to get the oil back to the tank. Sa Lhis valve 1s ¢
has the main role 1 proteat workers

SSULE mCreascs 1o the machine. this
me of the most important parts as it

prensire walyp

pressure relief type

Mgure 6.7 illustretes the pressure relief velve




Figure 6.8 illustrates the elceirical panct which 18 responsible for the operation of the machine
This panel includes of the driver (hat weorks o run the stepper motor. Alse, the panel includes of
the microcontroller which is called arduing and this nusrocontrol ler work to centrol the nachine.

Figure 6.8, The electrica] punel responsible for the operarian of the maehine

Figure 6.9 illusteates the limit switch that works to teedback the microcontoller. When the
lemplate rises, it reackes limit swirck | (i Lhis stage, 11 tums off enil 2), this linit switch sends
sighal W the microcontzoller. After that, the microcontraller sends signal o coil 1 (coil | is
placed on the sclector) As @ result, the piston moves dewn ra reach limit switch 2 { in this
stage, 1l tums off coil 1) which sends sighal to mierocontroller and the wicocantroller sends
stgnal 1o coil 2 ( coil 2 1s placed on scleetor ).
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LimilEk Swobieh 1

LIt wiitcty 2

Figute 6.9, The feedback of the microcontroller and called limit switch

[igure 6.10 illusirates the eontrol valve that works to deteunine the direction of the o1l. Whan (he
zigrial reaches the coils, the selectar works.

Figure 6.10, Solenaid and Modular Valves
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6.3 Response testing of the control system

Ihe real hurdware which is used to simulate and evaluate the performance ol (he propesal
contraller that applied on the throtle mechanisms & shown in fipure 6:11

E mashine

Micraconirollir

Feedback
Figure 6.11 The interface between user ad machine system
Corrroller applied to the norm of ermor o control the ow of ail in the hydraulic system. "I ne

purpuse of this controller is to mprove the spued of the system in order ta incresse the product
rate.

From the previous controller, the response for sysient 15 pand and has approximalely negligible
steady starc error und there 18 no overshoat and the settling time 15 also acceplable

6.4 Conclusion:

The proicet achicyes its goal and il givesa Feature to control for the speed of the machine, end
keeps the workers safe. Also, the project could he used in the pharmaceutical factonies. As
mentioned before, complicated machines exislin sharmaceutical factories; however this mmachine
can offer the sume fanctions with low manutachiring cost.
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Themajority of the forming machines in pharmaccutical factories use the cem to move fl
templaie. This mechanism and this rotated cam frop the shaft of the motor zenetate the frietion
bitween the shafl of motor and cam, o the ljfa evele ol this cam is short. However, in this
praject the template moves by piston that works b Yy hydraulic system and generates no [Hetion in
this mechanisiy,

I'he best way for controlling (he hydraulic system is the serve valve. However [his project uses
mechanism the same of serva valve. wnd the function of this mechanism contrals the Qow rate of
oil. Through covtrolling the Muw rate, the speed of machine could he changed according to (he
product rale, Accordingly, in the project, it 15 obvious that through contralling the specd of the
machine, the product rate reaches 40 lemes per minule

6.5 Recommendations

Y/

This project is the (irst part from packeging machine, and the maching consists of [our
parts. The first one is called formimg and the second is called filling and the third is
sealing und the last one is culting. So this machine is importzmt as it represents g
primarily model in wlich furure development could luke place.

catnera 1o know il the entirs gap formed or noL. Also. if is important (o know if this gap
filling drug or not

# Some sensors could be added t6 show (ke pressure, flow and remperatare and can add

# Ihe material must instalied from four sides (o wet the perfec| forming In this project the
material is installed from twe sides only, and after experimental test, it shows if the
lorming is perfcet or nat, so the materinl must be irstelled trom all sides.

# DBesides the fact that this machine ix VETY expensive, il is imported from notside Palesting,
Az the impoert cast is upproximately SO0,000 curos. Theretiore, if this machine is
manufactured in Palestine, the cost will be 2000 JD

Y/

It = recommended (6 have new Faclories that encourage the national industry in which
they will adopl the idea of some machines manufaciured in Palestine,

|
(¥}
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Appendix A

The codes of arduino

Cade 1 for limiz switch and Lo

Finclude =LiquidCrystal |

iquidCrystal ledro, | M 2
int eountier= 0 4y ariable thet will store the ot

const mt bitionPin] = g-
eonst it buttonPin? = 7:

f the number of the pushhution pin

4 the mumiber of the pushbuion pin

const int ledPin| = &-

cotst int ledPin2 = . the number of the [ED pin
boolean PRIp=0;

hoolean PBZp=t);

int =4k

# the nurnber of the | ED pin

i variahles will change:

ink ButtonStare] = () 'Y variahle for reading the pushbutton status
int bullonState2 = ()- * variable lor reading the pushbutton statig

comst int fiv = 13;
const inr twl — 12-
const inl re= 11:
const mt re? = 105/ the number of the LED pin
{finterval ar which 1o Blink (milliseconds)

vaid setup() |
A inuiakize the 1 ED pin as an output:
meMaode(ledPinl, OUTPLT ¥
pinModeled Pin2, OUTPUT):

# nitialize the PUSHDULtON pin as an inpu;
pinModefbutionPin |, [P LTy,




ninMode(butonPin2, INPLTY;

led.begin( 16, 2); /et up the 1.0D's number of columns and rows:
ledt setCursar(D,0);
led. print( "temlate number "):

pinMode(for, OUTPUT);
pinMode{wl. OLTPUT);
pinMuode(re, OUTPUT):
pinMade{rel, O PUT);

1
I

vold loopl )|
led. setCarson(0, 0):
ted print("temlate Number ")
led setCursor(0, 1);
cd.print(eounter); Sprint it on serial mondtor
FRIp= buttonSt:itel;
PBE2p=huttonSiatel:

buitenStatel — digitalRead(buttanPin] ) /fraad the increment bulton state
bartonSiate = di ritalRead(bullonPin2), //rcad the decremernt butron slate

if (haltonStatz] —= [IIGH §

1
i

digtal Write{ ledPin2, 1LOW):
digital Write(ledPinl, HIGH):
dilay( 500y
i Mator molion/

for(inr hold=0;hold==50hald+=)
digitalWrite( 10, HIGLI):
delav{3);
digizalWrite( 10, LOW):
digital Write(11, HIGIT):
delay( 5y,
dipitalWrite( 11, LOW):
digitelWrite( 12, HICGD):
celav(s);

cigmtal Wre(12, LOW);
digitalWrite( 1 3, HIGH);

&2




R R ——

delaw(s);
digitaTWrite{ 13, LOW);
|

i

clse if (hullonStare? == HIGL
(
digitalWrite(ledPin ], 1.0W);
digital Wrire( ledPin2, HIGH);
delay(shy:

{PRIp==LOW & PE2p=—10W & LmilunSnHii:E‘——Hl(jIT_I
i
coumter -

deiay 200);

|
|

Code 2 for de motor

rinclude <Encoder 1=

Cocoder myEne(2, 3
const int COWdi—4;
const inl CWdir=5.
consl int OUT=10)

double HLL,GEp ep. Ipoup, upp e
#u Input for motor

/e Error

% Feedbark

/i iput desired angle

double Kp-0.001-
deulle Ki=0.05:

a3




double Kd=0.01;
doubtle ' s=0.01 1

double A=(Kp+((Ki*Ts)y2) (2¥EKd)VTs):
couble B=({Ki*Ts HETERA) Tsh;

dowble C=(-Kp=(Ki*T: VI 2*KdVTs):;
donhle D=1

int count=0:
voud serap()

pinModyy 1LINPLT):
attachlnterrupt(0, blink, C'Y ANGE):;

attschIntersupt( 1, blinkl, CLHLANGE )
pinMede(9,0UTPUT):

Setial. begin(96007):

u=l;

e=i),;

=

=t

ep—il;

enp=il;

up=i;

upp=l

PInMede(CCWdin.OL TPY )
pirMode{ CWdir, OUTPUT):
pinMode( LT OUTRUT):
Serzal. hegn(9600):

long ldPosition = oG

void [oopi)

.JL-ng, oldPosition = -9gg:
lanz newPosition = myEne read():
samalooH ead():
&=l 100y

et

if{oldPosition=c)
]
1

o4



digital Write{ COWdir, LLIEGIT);
dipital Write{ CWdir, LOW S

else
ifinowPosition =c)
1
1
digital Write{CC W LOW):
digitalWrite(CWdir, HIGH);

Ll
fioldPasition==c}:

!
[}

digiral Writel COWdir, LOW):
digial Write{CWdir,LOW):

u—A*g  Brep+tCepptTFFupp;

Cpp=ep!
ep-e;
upp=up;
II]'I_lI i

if (newPasition '~ oldPosition) |

uldPosition = newPosition:
Serial.prictin(newPosition):

void blink()

1
i

Serul.print("conn—");
Serial printfocoumnt);
Serial prnt(" ");

if{count==¢)

d: gital Write( CCWcir, LOW )

digital Write{ CWdir LOW )

eize
tfilcount>e)

LI

LI




digtalWnilelCCOWdir LOW):
digitel Wrile(COWdie, HIGH):
COUmT s 1

kg

iffeount-2g)

digttal Write( CCWdir, HIGH):

digital Write(CWiir LOW):
COUNt-+;

-
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Appendix B

Hydraulic pump unit

AC Motur

Code | Phase Fower (KW)

Voltage( V)

A20 1 | 0,75

220 v

P PT Circuit / PT Semasi
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viia U

vy /

'.

b
r ﬁf& ‘LH &
Pump

splecement; 0.25...% cm?
Dutlat presture: ug 200 S5
Spaed: 750 ..3500 revimi
Flufd temp.: <20 . =BD "E
Werking Hquidi hydravlie ali

Vizcosity: 16 .. £00 s

!.I
o
in
=
3

Oegree of filkration:
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vi 101112 Reservoir / Tank

Capacity of Reservoir(Lt) Type of Mounting
Tank Kapasitesi[Lt) Montaj Tipl
:. Harizontal Mourding J Yatay Medtal Yertical Maent r;i- Dikey Montay)

Hgdru-pal:k

15 Sub Circuit of Solenoid Valve

AD3 ADS

RHOEDS 1

-
-
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Dimension Table / Boyut Tablosu
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