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Ahstract

Because of problems and dangerous that face the worker in the
chemistry laboratory through making an experiment which cause 3
Poisson gases that make losses of equipment and humans , so thatin
this project a machine will be designed and implemented and controlled
through PC that will give the worker ability to make an experiment in
accuracy and safety and that will make the worker away from the

experiment .




all

-—'_."'-—‘_"h::ll _Ln-"— _i_‘.'-"q_*n c‘T'.n__'_‘-Cl'l .."_1__._.13.; -e-"j J‘l_..__].' legs l_pgligllu] -‘:H,: I‘_‘! ._E a XY
copetally ol b A g Al S lE gl w0y 8 AT Ale sl

Jae Jlenll 2l Las sl (IS fye ggd aSalll B0 SO S 25§ apanal @ g siall ioa
E_IJ:IJ.W _)'Iia = L:. ,_Lnll.l.l‘ _1_':.5___ ‘:"F‘ I_‘LAIJ- din u_l_}l_*t;.'

:1_’,'__:,_'1._1:'11:_;,__-.._‘-_,;.__:__)_'_1.".1|Q1+$H¢_5t',ﬂjﬁgjjgdt_nl_|?5aillﬁm&}‘;ﬂ1zé
a Ted AT
__m‘:ELE'_:.Ll_d.‘!J_m:zl_._;
s e,

aSadll el i Al anddeal Agad o YA e g g el 451




Table of content

Title Page
Acknowledgement

Abstract

Table of Content

List of Table

List of Figure

Chapter One: Introduction 1
1.1 Overview 1
1.2 Project Goal 2
1.3 Project Important 2
1.4 Methodology 3
1.5 Project schedule 7
Chapter two : Mechanical Design And Parts g
2.1 Introducticns 8
2.1 Mechanical part 9
2.3 Dynamic analysis 15
Chapter three; Control Design 29
3.1 Overview 29
3.2 Overall control step 29
3.3 System modeling 30




Chapter four: Electrical Design
4.1 Introduction
4.2 Motors

4.3 Motors Drive circuit

Chapter five : Experimentations and results
5.1 Introductions

5.2 Mechanical parts

5.3 Lab view interface

5.4 Conclusion

5.5 Future work

References

Appendix

50

50

51

54

56

56

57

59

60

60




List of Figures

Title Page
Figure 1.1 Mechatronics system 3
Figure 1.2 Machine operation principle 3
Figure 1.3 Mechanical system 4
“igure 2.1 General figure of machine 8
Figure 2.2 Fixed parts 9
Figure 2.3 Main base 10
Figure 2.4 Liguid base 13
Figure 2.5 Movable parts 12
Figure 2.6 Trundle 13
Figure 2.7 Syringe-plunger 14
Figure 2,8 Screw mechanism 15
Figure 2.9 Torgue-force 17
Figure 2.10 Axial force 18
Figure 2.11 Free body diagram of lifting the load 19
Figure 2.12 Free body diagram of lowering the load 21




Table of content

litle Page
Figure 2.13 Trundle free body diagram 25
Figure 2.14 Oscillator 27
figure 3.1 Block diagram of closed loop system 29
Figure 3.2 Block diagram of the system 32
Figure 3.3 Total inertia 35
Figure 2.4 The simulink block of the uncontrolled system 327
Figure 3.5  The sumilink result 37
Figure 3.6  Root locus and the required dominant pole 39
Figure 3.7 Root locus with dominant pole 40
Figure 3.8 Sumilnk of controlled system 41
Figure 3.9 Sumilink response 43
Sigure 3.10 The robust tracking controller 45
Figure 3.11 The response of the robust tracking system 47
Figure 3.12  The response of the PD controller 48
Figure 3.13 The robust controller with disturbance 49
Figure 4.1 Basic element in the system 50
Figure 4.2  Unipolar stepper motor winding 51
Figure 4.3  Motor drive circuit 52
Figure4.4 One pole drive circuit 54
Figure 5.1 The overall system 56




Table of content

Title Page
Figure 5.2 Project general structure 57
Figure 5.3 lead screw mechanisms 58

Figure 5.4 Graphical user interface

59




List of Tables

Table(3.1); System Parameters 42




Chapter One

Introduction

1.1 Owverview

Chemistry is ane of the oldest and most imporiant sciencein the world il s the sludy of matter
angd energy and the ineractions between them, foeds on the propertics of subsiances and the
nteractions between difforent ypes of matier, chemistry is important in many different ways thai
affect our life , for example:

liFoed industries.
2 ICleaning,.
5 iMedicine.

4 iEnvironmental issues.

And as we know, for all students of chemistry scicnee and an industry depends on chemistry,
they deal wirth the matter in laboratory (o make experimental.

The resull of these experimental may be a source of dangerous like poison gas lire and
=xplosion Some of this dangeross might be uncapected since the result of the reaction will

depend m many varinbles such as amount of materials snd tempersture. On the other hand, the

possibility of emror will be high while implamenting the experirhent manually,

Ihese dangers can't be expected and it varies fiom a simple 11;;:71;150 to death and s0 we always

aave to think m our cmoloyee and student salety.




1.2 Project Goal

‘The main purpose of this project s to desien and manufacture a machine that can be
controlled by compuier 1o mixing liquids samples, and Decrease the human interaction with
the mixing process, in order o keep safily., .

1.3 Project impartance

The importance of project it explained throush three main objectives that will improve the

PIoCess. -

1}-human salety: - in the previous section some dangerous of chemistry laboratory was
explained ,such as poison gas, fuir and explosion, that cause human and equinment losscs
Ay project will increase the safety by reducing the interaction between lhe human
(srudent and Roscarchor) und the environmentzl of experimental.

Dangers are not removed, bul it reduced, this mean that the human still the most
important element in the safetv.

2) The proposed automated machine should be accurate enough in order to be used in

scientitic research

3) The machine will save tme @nd elfort to prepare and conduct an cxperiment.




{4 Methodology

The project will be a mechabronics sysicm. which is imegration between mulridisciplinary

sciences; as represented by Figurel.l, which show the synergistic intcgmation of three

cngineering fields. This integration achicves the praject importance thal we explained in section

i T
=

m:ch anical
engineering

electrical
engineering

information
technelegy

Figure 1.1 mecharronics system

L he mean 1dea and machine operation principle could be explained through Figurel 2

pewer supply

le‘ =
drr-.'e

cireui

F Meotor

mechanical
system

Figurel .2 machine operation principle




This system will reduce the interaction between peeple und the "mixing process”, 5o thig will not
sk people's lives,

cach block in Figure 1.2 will explained as the [ollowing.

I.4.1 mechanical system

DC Motar

Trundle

Lead screw

Nut and plunger

Liquid base Syringe

Main base Liquids cup

Figure 3.1: mechanical system

Figure (3.1) show the mechanical system, first the trundle will move down to make the four

ssmnge in the liguids cup. then the each one of lead serew will pull tha plungers o suck the
sads into the syringes. after the required amount of liquids being in the syringes, trundle again
s e until the below syringes end reach a sate position




Then trundle start rotate to make one syringe above the mixing cup then it move down to make
this syringe inside the mixing cup. afier that the lead screw will push the plunger to inject the
Uguids, in the same time the ascillator start work in order to accelerate the mixing process,

Some ol chemical reaction required energy to start, so that hearer will be installed on vscillator,
m order to increase the temperature.

14.2 Computer

In the computer side labview will be used 1o control the machine cperation. such as
temperature condition, the amount of liguids to be mixed to form the desired reaction.

LahVIEW is & grephical programming environmen: used w  develop aoplisticated
measurement test and control systems, using praphical icons and wires that resemble a flowehart,
It offers integration with thousands of hardware devices and provides hundreds of buili-in
bbraries for advanced analysis and data visualization The LabVIEW across multiple targers and
0Ss LABYIEW hasa [riendly user interface that will be easy o use.

143 Microcontroller

A microcontrolier {sometimes abbreviated pC. nC or MCU) is a small computer on a single

miegrated circuil containing & processor core, memory, and programmable imputfoutput

peripherals, as well as a typically small amount of RAM. Microcontrollers are designed for

embedded applications.

Mamly, there are three tasks that microcontroller will be able 10 do,

) Interfacing with pe to receive commund (fom labview.

21 Collect the data from the machine and send it to pe.

31 Controlling the zctuator.

2} atmege3d2¥; from Atmel company, it easier o interface with PC . s task to receive a
command from labview and distribute the tasks o other microcontraller also it will collect
the feedback data that other microcontroller receive it from the machine and send it to PC

5




1.4.4 Drive eircuit

Microcontroller can’t give an enough current to deive the motor so that. powercircuil will
be used Lo drive mntor's.

1.4.5 Electrical Motor

Electrical motors used to drive the mechanical system. in this project iwo kind of de motor will
he used:

Il Permanent Magnetic DC Motor (PMDCY Four DC motor are used in arder to drive cach one
ol the lead screw that pull and push the plunger to suck and inject the liguids.

Stepper Motor: Three stepper motor are used with different tasks, first ome, fo rotate the
trundle, and the second to move the trundle up and down. the last one to drive the oscillator

1.4.6 Sensors

Uhe purpose of a sensor is to respond to some kind of an input physical property and to convert it
mia an electrical signal which is compatible with clectronic cireuits, We may say that a sensor is
& translator of a generally nonelectrical valucinto an electrical vahuc,

Tow kind of sensor will be used:

Lrotary encodar:

A rotury encoder. also called a shaft encoder, is an electro-mechanical device that converts the
angular posiion or motion of a shaft to pulses. In this prajeet it used to measure the angular
displacement of motors

2- Temperaturesensor: used to measure the cup temperature.




1.5 Project schedule
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CHAPTER TWO

Mechanical design and parts

1.1 introductions

This chapter considers (he design of the machine, In order 1o understand the
principle of operation and to obtain general idea about the motion. Understand the
miching parts and mechanisms. in this chapter each one of machine parts are designed
and explained.

First of all we divide the machine parts into two main types, the fixed parls and the
muvable part. Each of them will be explained in the next section. A general figure of
machine shown in figure (2.1)

e e T T e el e




2.2.1.1 Main base

Man base hus square shape as shown in figure (2.2) and we install the eleetrical
motors to drive serew (hat used for the trundle motion. amd the mechanical oscillator
under the reaction container to accelerate the mixing operation.

L]

o o _i e —
ul 118 —G-di.d

Figure (2.3) main base

2,2,1.2 Liquid base




It 1s a circular shaped disk with fivehollows, distributed in a constant angel along the
disk, these hollows used to install the liguid containers. also the disk installed above the
main base by three rectangular rods as shown in Figure (2.4).

Figure (2.4} hiquid base
1.2.1 Movable parts

Maost of movable parts shown in figure (2.5) are made from plastic since it light and
that allow to use small power electrical motor to drive these mechanisms. There are three
hasic motions in the machine:

I-vertical maotion up and down to make the syringe below the surface of liquids
2-the second motion it also vertical to pull and push the plunger of syringe up and down.

3 Rotational motion aboul fixed axis to transfer all difterent liquids in the svringes to the
muxIng container,

s




Figure (2.5) movable parts

2.2.2.2 Trundle

It is a cyvlindrical shape, with two circular disks at each ends as shown in figure (2.6), It
will be movuble in rotational motion about the slider; bearing will be used to achieve this
motion,

The lower disk will be used to fix the syringe. and the upper disk shown will fix the
motor that will drive the screw to pull and push the plunger.

12




I

Figure (2.6) Trundle

2.2.2.3 syringe-plunger

Now we will explained the pull and push mechanism for the plunger. pull 1o Al the
syringe and push to discharge the syringe. There is a four unit of syringe —plunger, all of
them operate as the same way 50 we explained one of them,

As shown in figure (2.7), the plunger with the slider fixed togather as ;so they will move
in the same distance up or down.

i3




Figure (2.8) syringe-plunger

On the other hand, we can see the screw fixed with the motor shaft by coupler, so they
will rotate by the same angel.

The slider and the screw is hixed together by a screw joint, to convert the rotational
motion of motor to vertical linear motion.




2.3 dynamic analyses

Dynamic analyses will be implemented in two distinet parts: kinematics which is
the study of motion without reference to the force which cause motion. and kinetics.
which relates the action of forees on bodies to their resulting motions,

2.3.1 Plunger kinematics

Ihe Plunger will be driven by a motor to suck and injeet liquids. so a lead screw
will be used to achieve this motion and eonvert the rotational motion of the motor to

linear motion.

The lead of used screw is 2mm, that's mean every one revolution of the serew. the
plunger will travel 2mm along the screw axis. Figure 2.9 show the mechanism,

iz

Figure 2.9; screw mechanism

The proposed Plunger veloeity v, tan be expressed as:

A
o =1 @1)

15




s: Stroke of plunger
I: Time required filling the syringe completely.

Vp: plunger velocity.

10cm

= = Sem/s = 0.05m/s

2ser

I'he plunger displacement described by the fullowing equation:-

s=14+0

s: Plunger displacement in m
L:Lead of screw in mirev '

H:5crew angular displacement in rev

To describe the plunger velocity. cquation (2.2) differentiated with respeet 1o lime:-

v Plunger velocity

& Screw Angular speed

16




Then the angular velocity founded by equation (2.3) as following:

=02 o rev/s = 1500 rpm.

DOOZmfrey

2.3.2 Plunger kinetics

The torque and force acting on a screw and nut assembly are shown in Figure2. 10, the
relationship berween the torques and force is a strong function of the coefficient of

friction, between the thread and nut,
E |
F

Figure 2.10: torque-forces




To calculate the required torque. each force on the nut, must be defined Figure 2,15

chows the axial force that acts on the nul.

)

LE

Tigure 2.11: axial force

Where:
Fy: The gravitational force of the nut.

£.: The required foree due to orifice flow resistance.

Other values atfect the torgue but. it not axnal:

fo Iva force due to the friction between the nut and screw, and it determined by knowing
the friction coefficient and the normal force.

J&: It is a required torque due 1o the inertia ofscrew.

There is o difference between the lifting and lowering torque. so the required torque in
the both cases will be caleulaled, and evaluate the molar selection at the largest torque.

18




The first case is one in which the mation of the plunger oceurs in the opposite direction

of the acting force on the nut. This is commonly referred to as a case of lifting. free body
diagram shown in Figure 2-12.

Figure 2.12: free budy diagram of lifling the load

F iThe summation of all axial force
Fp: required force 1o raise the load.

FN: A friction force acts oppose the motion.

Az the lead angel.
i, The mean diameter of the thread contacl.

[: The lead of screw.

Hy a victor analyses. the torque required due to axial force and friction is:

i3




?Lm”=lkﬂ$ﬂ[§%§ﬁ” ................................................................... (24)

Where:

d . The mean diameter oof the thread contact,
{: The lcad of screw.

F :The summation of all axial force

fCoefficient of friction berween nut and thread

The force (F) in equation (5), it's the summation of all axial force:

A R P L L | SO (2.5)

And the torgue required duc to the inertia of the screw:

TF*.‘!'E"WI'LE?'.',E-S.: =j|ij. B e o o e T b e ot o B M L R e oy S {‘j.ﬁ}

Wherc:
J: The mertia of screw,

: Angular acceleration of serew,

Finally, the total torque reguired

Srafol - Tl:ﬂer:'i.ﬂ +T!|JU.H:"“"'"""""""' ......_------....................,.......---.....1-.("..i}




The second cuse is one which the motion of the nut is in the same direction as o force
load acting on the nul. In essence, this is referred to case of lowering a load. a free hady

diagram shown in Figure (2.13).

-1-—'“-—-!-|

Figure (2.13) free body diagram of lowering the load

F <The summation of all axial force

Pz reguired foree 1o raise the load,
fN: A friction foree acts oppose the motion.

A1 15 the lead angel.
il 18 the mean diameter of the thread contact.

i: The lead of serew

The required torque due to the screw inertia will be the same as the lifling case. but the

forgue due 1o gravitational and friction force will be:

21
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z R+ £l in

The foree (F) in equation (7), it’s also the summation of all axial force.

In lowering case the plunger will inject the liquid from the SYTINEEC, SO 10 order to
determine the total torque: flow resistance due to the syringe orifice should be addel.

Must add the Orifice flow resistance will build up the pressure, which means it will need
more torque o drve the plunger, and we can find it from (he following equation:

£ reguired foree.
w: Flow rate.
&+ A constant specific to orifice and it determine experimentally.

A: Plunger piston area

Sguanon (6) will be as tollowing:

R I 1

& The total of axial foree

22




Fe: Foree due to orifice Now resistance

Then equation (9) used to find the total torque in the lowering case.

2.3.3 Trundle dvnamics

Trundle has two degrees of freedom, first one is the motion vertically down and
up, in order to make the syringe helow the liquid surface. And the second is rotating
about the shier by u constant angel displacement i each step to make one of syringes

above the mixing container to inject liguids,

2.3.3.1 Trundle linear motion

This mechanism is the same as plunger, lead screw with prismatic joint used to
achieve this motion. to determine (he torque, velocity, and the motor power. the same
equations in the last two sections will be used.

Trundle will move vertically as the following description:

1) When machine start, the trundle move down for a distance

3




5 = 10c¢m
2) In the inject stage trundle move down by a distance

S, =:6cm.

The load on the lead serew will be:

L) The weight of trundle

2) The friction between the nut and screw

if we assume that, the trundle required 10second to move the longest distances, .
So. from equation (3) we determine the velocity

10cm
Vi
= 108

= 0.01m/s

Also the serew lead | = 2mm/frev . so from equation (2):

_ 0.05my/s _ 2arey
0.002Zm/rev

= 1500rpm
In the same way, the required lorque in the two cases litting and lowering can founded by
asing equation (5) and (9) respectively

Sut the axial force in the low cases will be just the trundle weight so equation (6) will be
s following:

24




2.3.3.2 Trundle rotating motion

Syringes are distribured along the disk by a fixed angel (approximately S0 degree). afler
the syringe suck the specific amount of needed liquids, only ane syringe each time inject
this liquid in one container, so the disk have to rotate aboul the slider by approximately
3U degree each time. When Lhe syringe be above the mixing container, the rundle will 2o
down and plunger inject the liguid in the container.

In figure 2.14 a free hody diagram of the trundle rotating parts jointed with motar by 2
hell.

Job e

Figare 2.14: trundle free body diagram

The time needed (o rotate the disk by 50 degree is 1.5 second also, the gear teeth arelVe
and the pinion teeth are Ny,

| he motor angular speed calculated as following:

Firsl find the trundle angular speed:

_ungel

time

50dey

=333 deg/s




Then the gear ratio will be used to find the required speed at the motor side:

And we can write equation (13) as following:

Ny
{Ll_l_f = fjJG e

inhrﬁ'

The motor will work against the trundle inertia. in order to caleulate the motor required
torgque we begin at the load side, and by using Newton sccond Tow:

4 at -
]_II'UT.'J:-"[E — Urr'uwﬂc}gu'unuie ------------ e R I P Y W T P I S e S R S| {2 I.J-ll

Agdin, by using the gear ratio the torgque delivered by the motor;

S e e e S b T orm s treag Ehe e vt (2.14)

Terun dle JI"-'.l'lfl'

And we can write equation (14) as following:

A Ne
'I'-f i Trrunm'f )

Ny




2.3.3 Oscillator dynamic

Oscillalor 18 a disk driving by a stepper motar; it used to accelerate the mixXing process,
the disk installed directly to the motor as shown in the figure (2.15)

e
motonr

o

Figure 2.19: oscillator

1 DTyl
T A T i O R e R e S i s S e g o S R z

r F (Z.15)

Where

£ Time in second

f: Frequency in 112

2




And by using equation ();

g _
1ts = 120 deg/s

Also we can find the torque by using equation (2.13)

Tdisk = {lldi_w)édisic




Chapter Three

Control design

3.1 Overview

Control system is essential in this project to give desired motion, and it can be funed according to
the need of applicaton.

Control system is a collection of components to construel an accurate machine, There are two
types of control system, open-loap and closed-loop and all the components {physical system) can
oe represented by mathematical equation called transfer function. The DC motor will be modcled
and tronsforined into transfer function. The entire component such 2s DC motor and hardware
will be modeled and transformed into trensler function alier nbserving its nalural characieristic,
sdditional algerithm can be added in to computer(controller) in the form of program codes so all
somponents will work aceordingly with nthers to provide the desired response.

3.2 Overall Control Steps

Figured 1. show the block diagram of closed loop svsterm, the system will start by the required
quantity (q) by the user. The data will go through software to microcontroller that gives Lhe
command (o the cireuit, The eircuil will on the motor and move the mechanical hardware {1ul) to
e require position, that will beknown from the relation benwveen thereyuired quantity, the lead
of screw, su the motor angle will be sensed by the encoder and transform to the signal that can be
read by the microcontroller.

MICROCONTROLLER

PROCESS
—_ 1 T ——
s b ] ML oo B e

.-—....h?ﬁ .;—.'I el o) : [!.HU-W-—‘—=. L -\_\,H Lred g

a & =t 1] | &

= Comralier 03icrameToe b -

i,
-y

(LU |

Figurs 3.1: block diagram of closed loop system
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the [eedback data will then undergo data analysis and caleulalion in mictocontroller. The
microcontroller will continuously give the signal w the moror until the platform reach desired
posttion given by the user.

Three gains are used as following:

L-PR: will be used to convert the required volume into required de motor position.
2-ER to convert the encoder feedback inte de motor position oulput.

5 convert the rotational motion of de motor into nut linear motion.

3.3 Svstem Modeling

Syster modeling 1s a mathemarical formula to represent a true designed system, Generally, these
models are used to:

') Provide an efficient technique to understund a real physical system.
21 Allow the behavior of # physical system to be determined.

e system has five permanenl magner de moters (PMDC) the ratsing and lowering the plunger.
“id there is ancther three siepper motor for the following tusks;

') Tirst one move the trundle up and down and,

-1 The second will used to rotate the trundle in order to make the syringe exactly above the
mIXINg cup.

) The Tast onie will used as oscillator 16 decrease the mixing time,

“wo of sicpper motor will used with encoder in order o make sure, there is no slep losing.
10 obtain the de motor mathematical model, two constant of de motor must be considered. and
are explained as following:

1) Torgue constant K

Current that is delivered to de mator is & function of the mechanical load, and it is
linear relation hetween them, and described as following:

[T R S = (S S A
Where
T.:mechanical torque
i: electrical current
K,: torque constant

3u




2) Back electromotive foree (emf) constant K,

When the voltage applied to the armature, the armature conductor rolale in the
magnetic filled that generates a voltage in the opposite polarity of the applied
voltage, and desenbed ag following:

S O O N O . |
Where
f:angular speed

p: Rack electromotive torce
Ky: electromaotive force constant

3.3.1 syringe-plunger position control

‘e method of controlling the amount of liguid in the syringe will be explained as following {see
Fimure 5.2

|- The plunger is fixed to the nut, so the displacement of nut will be the same for the
plunger.

- De motor will drive the lead screw, and that will make the plunger to move,

3- By controlling the de motor angle, plunger position could be ¢ontralled,

4- 'The damping constant due to the orifice was considered in section)




r allo

R

armature

Figured.2: block diagram of the svstem

Mathematical model that describe the electrical side of the system by using Kirchhoff law, in
Frgure (3.2) take a closed loop in the armature cireuit that give:

e e N T (3.3)
Where:
wsimput voliage
S armature resistance
Larmature inductance
Earmature current
e: Back electromotive force

From eguation (2) and equation (3) could be wrilten as following:

32




HT‘-I—L—+I{hEI .................................................................. (3.4)

In order to obtain the model that deseript the mechanical side of de motor:-
Equation {2.5) with gedr ratio (n) will be used:

Fdg,y [l f
T'[ == [( i dm]]
2 I]]

Asgume Lhat:

= (d_m) [] + nfdm]
2 /lmd, —fl

All the axial force must be constderad:

A e (3.5)

Wherea:
m:mass of nitt and plunger
¢ l‘!ﬂmper canstont

Then and by using eguation (2.2) . equation (3.5) can be writing as following:

FmmlB 4 alB + Mg e (3.52)

“ow subsel equation(3.5a) in cquation({2.5).

=MING + cINB F TN, oo e e e e e (3.6)

Sy equation (3.6). equation (3.4) is:
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T B e e s St sssssasisai (3.7

And 1f we assume the armature inductance is very small compared with armature resistance we
<an neglected it, and add the screw and mator inertia.
So. equation (3.7) 15

Hm‘v]g

(F‘.mIH

" ]qu b+ (“'ﬂ” + Kh) e (3.7a)

ASELme;

RmiN
T i1 on

Eguation (3.7a) is:

B =80 B0 F e (3.8)

Taxing the Laplace transformn, cyuation {3-7a) is:

BLS) = a5 0(8) b8l ) i it ie s (3.9)

Sow g ransfer function can be oblained by write equation (3-8) as a tatio botween the mput
s ) and the output (0(5)):

8(s) 1
q_

(3.3)

=) s ol o1 e e I A s e S 8 N 4 T e




To calculate the total inertia from the motor side in Figure (3.6)

nut and
~" plunger

Figure (3.3) total incrtia

| e 1 ¢ 3 =
E!EqH] =]mﬂrnr +E15EREW'H4 ---.--..-.-.-----.,4-.........--..-.,.....”.,..........--.-1&{“_'.'.'I}
But:

:  NyNs .
By =_._i_'ia1
N. N,

N N h I
———the over all gear ratio
N, N, H

S0, equation 3.12 becomes:

. Ny N2} 2
qu = .I‘.ll'If_IT.l:r + ISEREW (N_j'q_-}] ........................... T e LT el {3.12}

332 syringe-plunger simulation




Transfer funclivn coefficient obtained from by substitate the system parameter in Tahle(3-1).
now MATLAB/simulink could be used o study the response of the system, in order 1w decide
which controller have to be used, since thal depend on the required criterin of ke ourput.

Table 3-1: svslem parameters

parameters Value Unit |
R 28 Ohm |
Kt -—— Kh ﬂ'da ——— i e
1 Z
 rastor 0.9 kg *m
_J.ECLE_W 2.6x10°% kg + m?
d 0.012 on
e 0.002 m
syrine redius 0.02 m
C 0.21 L
i
Encoder 38 Pulse/rev
Myputand plunger Pon= kg
Over all Gear ratio 5.9:1 St

f

Figure (3.4) show the simulink block of the uncontrolled system with 1 m] as input,
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Figure(3.4) Simulink of uncontrolled system

From Figure (3.5) the simulink result shows that:

12 ; i .i 'E'ﬁ_ﬁl__:

refsec)
Figure(3.5)the Simulink result
I-there is an overshoot and it will be deleted by using crifical damping ratio in
controller design




2-the transit scttling time will be reduced to be 2 second
3-the steady state error look 1o be fine.

In order to improve the response & robust tracking controller will be designed.

3.2.3 P'ID 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 (0) —1.

2-from the settling timeT, = 0.5s5ec:
4

Figure (3.6) show the root locus ;
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Figure (3.6) root locus

In order to achieve the required response a zero will be add ate = 8 and this will
be the D element in the PTD controller

Gp =(s+8)

Aguin root locus us sketched in Figure (3.7) with G, in order to find the gain




Root Locus

/ \ Syalem gIpk
f \  Gein 0,182
i | Pl J3EE
Camping: 1
Overahoot (%) 0
Frecuency (radis) 228

Wi

=
——
]

'1 =
—.—

o

\ S
% el =
A, l 1 :
2= -2 =15 =" i b &

Frgure (3.7) root Iocust with G,

Raot locus passes the point and the svstem still stable. From the last sketch of root
locus for the PD compensated system. scarching along the 1 damping ratio line in
order to find

K=0142 + 1388 = 1.97

Now gains (KK;,) could be determined:

Goip = 1.97(s +8) = 1.97s + 15.76
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Kp = 1,97
K, =1576

Now we simulate the controlled system in order (0 ensure the required respunse is
achieved. Figure(3.8) show the simulink of controlled system and the response

l!:‘a-:l
iride T Barrt

4
{in

Figure(3.8) the simulink of controlled syslem







3.3.4 Star feedback controller
One of the main reasons to use conirol systems is suppress disturbance of control objec
or minimize the effect of system parameters variation,

Contro] system can be used for many different purpases but in general they operate in
mwo basic control modes:

I-as regulators, intended to operate around single set or operating peint in stale space,
andl keeping the control abject at certain location,

Z-as Irackers, intended Lo follow a certain trajcelory in state space. And this mode will be
applicd Lo this projeet in order to control the liquids volume.

Figure(3.9) show the block diagram of the stat space, In order to des gn the robust
macking controller a transfer function will convert inlo stuge space model :

DC Moter

Yi7)

1]

Figure (3.9) the block diagram of the stat space

Ax + Bu

3]
Il

................................................................................. (3.13)

a3




In equation (3.9), Suppose:

X, =&
IE:E

Equation ) be:

T'l :.“:J .......................................................................................... {3[4}
x_}-——.——x,_-i—iu (3:15)

Equation (3.13-3.14) in stat space form:

Bk )
i:[n EI;HL}
L L

u

¥=[1 0l

Where:
[0y 1
A= 0 _f:] Svstem matrix
L =
0
= l] Inpul matrix
it

C=[0 1] Output matrix

he pait (A, B) is controllable if and only if the contrallability matrix

a4




M e S e R B L it L e B e L s (3.17)
Has rank n. .

By using matlab Code:

A=[0 1:0 -5.91]);
B=[0 ;13.88]:
Me=ctrb (A, B) :
r=rank (Mc) ;

(ive rank =2 which means the system is controllable

Now the controlled system shown in Figure (3.10) will be designed in the following
form; )

U= —kex +

. =S 5 s o SR (A S O (21K)
@=r{t)—y(t)=r—C%

DC Motor

X(1)

X(7} ViTl)

=
e
:|E‘E

Frure (2.10) robust controller




Now we find the A, and B, that represent the closed loop Fyslem matrix:

1 0 0
A _rl U] ;b a0 0
€~ | 0 a :
0 = 0
0
1
B=lo]=|z
]

For the design criteria
LT;, = 0.5sec

2-damping ratio = 1

The poles must be place in to following value:
Poles=[-12 —-12 -18]

Hy Ackerman formula value of kyand k are founded the:

Pa=[-12 -12 -ig8};
ke=acker (A=, B=,Ps) ;
E=ka(1:2):
KI=~1%ke(3)

And thal give:
¥ =[41.49 2.6]
N=1186.74|

Figure (3.11) step response of the robust tracking svstem controller:

4




x 16° robugt tracking controllsr respanss
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Figure (3.11) step response of the robust tracking system

3.3.5 Controller selection

Frum figure(3.12) und figure(3.13) .The PD and the rohus tracking controller improve
the response in the same way, but by Comparison between the two controller when there
5 & disturbance \we can sce the performance of robust tracking controller to reject this
disturbance effcct al the same input as shown in the figure() and fgure()
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Hgm"‘ PO controlier wilh disturbance response

.

Figure (3.12)PD controller




% 10" rebusst controfler with disturbance responsa
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Figure (3.13) robust tracking controller




Chapter Four
Electrical Design

4.1 Intraduction

This chapter will discuss the process of designing the needed clecirical parts 1o operate
the system: these parts include the actuators which are electrical motors, the drive cireuits. and
the contreller,

The block diagram shown in Figure 4.1 describes the elements that form the entire
system generzliy.

f/—_ Electrical Prart —\

* Microcontroller.
¢ DC motors e | ABVIEW |

Mechanical « Stepper motors Computer
part ) | Software !
* Motors drive circuits.

* DC motor encoder

5] J/

Figure 4.1 Basic Elements in the Svstem

The electrical system includes two types of eleetrical motors, the first is stepper motors
these motors are comrolled by digital sequence generated by microcontraller and supplicd 1o the




motors throw drive circuits, the second type is the DC motors which are controlled by the
controller using pulse width madulation technigue. “

The designing of steeper motors drive cirenit will be diseussed in this chapter.

4.2 MOTORs

The system includes three unipolar stepper matars and five DO motor o provide the
needad motion,

4.28lepper motar

Unipolar sicpping motors are composed of twa windings, each with a center tap as shown
it Figure 4.2. The center taps arc brought outside the motor as two separate wires, As i result,
unipelar motors have & wires, and driven by tied the 4 eoils 1o power supply and the center wap
wire(s) are altemately grounded.

Figure 4.2 Unipolar stepper motor windings




4.3 MOTORs DRIVE CIRCUIT

Since the motor need a power that micracontreller can'l deliver it, a power circuit will be

nsed thar inerease the power of the control signal.

4.3.1 Designing of Motors Drive Circuit

Siee the motors used 1 the syslems are unipolar stepper motors with 4 poles for cach
molor, il is now required to desipn & drive circuit that transfer the digital signal produced by the
Microcontroller and supply the motor with the required power as it donated in the molors
dutasheets,

T OCGLCHOC

| oy 'L{_._! = @

= ek o e B

Fig 4.3 Motor Drive circuit

Figure 4.3 show the drive circuit, the motor poles are power from power transistors, and
for 1solation pwpose the power tansistor biased by an optocouplero isolate the power
connection between the Microcentroller and the power transistors.
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The optocoupler 15 biased by a (ransistor which receives the digital sipnal from the
Mizraoconiraller.

Thus in our caleulation we will design one pele diive circuil which will he applied for all the
other poles.

4.3.2 Circuil Operation Principle

As we mentioned earlier in Uns chapter the digital sequence which eentrol the moor
rotation is produced by the microcontroller, this sequence is formed by [our digital hits (000 1)
sine # four poles unipolar stepper motor will be used. 4 bits are shifted on the inpul of the motor
drive circuit to generate the rotation,

To describe the aperation of the drive circuit ,one pole conpection which is shown in
Figure 44 will be discussed. DO 15 the signal comes from one hit of the microcontroller, and Zm
is the mator impedance representation,

The microcontrolier signal (10} include two states 0 or 1, the O state means that no voltage on
the termingl DO and this is called (OTF) state, and the | state means 5 volts are supplied (o the
terminal DO and this is called (ON) state.

Case 1: OFF state

In this case [0=0 [V] which means no mput current a1 the base of Q1, this will make Q|
10 stay ofl and no current will Aow throw the emitter, because of that the optocoupler will not
wrn on and so on 2 will not be biased

Case 2: ON state

In this case the ARDUINO supplies digital logie | to the bit DO, which means D0=35 [ V],
s DO will bias Q1 us will shown by the calculations latest in this chapter, and Q1 will turn on
the optocoupler which will bias Q2.

Q2 1= a power transistor that will supply the power to the moler terminals in order 10
sctivate the pole that is connecred o the emirter.

S0 the stepper driver is work like switch that convert the small pawer signal generated by
Se microcontroller to high pawer sipnal with specific values of voltage and current that can
sctivale the desired motor pale.




4.3.3 Circuit equntions and resistors (inding

To find the resislance value, applying Kirchhoff's voltage low on this circuil in figure 4.4, four
equations are produced, cach vguation deseribe the voltage summation of 4 specific loop,

g

! _'u_JT:

Figure 4.4 one pole drive circuil

5t Ve = Vg = Ve

= Vs =+ Vg = Ve
2= Vertapey = Vs = Vazips) = Yn
s Vewrgm = Vi

i the voltage vn the motor pole

Loop 2!

Dy — Vay — L-BE‘.QU T A 2 A e e P Y e A [41}

F.'il = -;E“. X H: = D.;l = UEE:Q"]_} - Vi" el e e ':4-.;1}




Luap 2:

l""l = Vgg b=z l"’f.'n{f&;} = Vr' o e e e

Vo = logay X By =V = Wearalr =R i iy

Loap 3:

L — Vs =K = -
i LL‘EHUF'T'I I'ﬁ: lEE:.’JII L"I,..: T

Vs = Tgyg,y % B3 = Vi — Vepgorry — Viasrgn —

Loup 4:

1""3 = VCE(U;} = L':_.._ e I B S

Vortay = W= Vg s o i s el s siiads

A

k&)

e [4:8)

=

(4.3)

4.4)

- (4.5)

v (4.8)




Chapter Five

Experimentations and Results

.1 Introductions

This chapter contains , The practical result of the project , problems . conclusion | furure
work

LA . &
-'ﬂ_‘r:-.: .\a:!{a
PC

Labview

C ootroller Data Fhe wser
program .

Contral
~ ngnn.ls_ : ”

Microcontroller

e

Feedback

Figure 5.1 the overall system




5.2Mechanical parts:

Figure (5.2) show the general structure of the meehanical parts of the project:

= “_ﬁ‘;:.__&?

L .
" '\!l‘
o P _

Figure (5.1) project general structure




And in Figure (5.3) show the lead serew with the Gide in order 1o suck and inject the
liquids:

Figure(5.3):lead screw mechanisms




5.3 LABVIEW interface:

Figure (5.4) show the graphical user interface in the labview side that used to control and
monitor the process

Figure (5.4): graphical user interface

The software that control this program shown in appendiz A
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5.4 Conclusion:

The project doesn't achieve its goal , dve to machining and assembly problems . aftect
the accuracy of the system . so there is no perfect results

5.5 future works

The result achieved by this project ean be basic point for future student 1o development
this project in order to avoid current problems and give more lfeatures for the machine .

I'he development could be in many sides .
-software (labview)

Inn the software side a datebase could be add in order to management the datz that sensors
read from the experimental.

-Hardware

Many feature could be add to the hardware such as add a sensor thar can read some
properties of the mixing result such as if there is a gas or the energy that produced by the
reacnon,

-This project is financed due Scientific Rescarch of graduate study at PPU

GO




APPENDICES




Appendix A

Labview Scripts




(7 NATIONAL
INSTRUMENTS

LabVIEW Evalustion Software
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Data sheet




Technical Data
Eoition 071/20035
HS5200-GE-07103.doc

High-Performance Stepper Motors
HS200 Series

« 2-phase Hybrid Step Motor in Frame Size NEMA 23
» Holding Torque from 0.4 up to 1,6 Nm

« Peak Torque up to 2,8 Nm

+ Full Step Angle 1,8°

+ Direct Heat Dissipation from the Lamination

+ Noise and Vibration optimized Shape of Lamination

+ Linear Torgque of up to 2,5 Times of the rated Current
for short Acceleration/Deceleration Periods

BAUUT £




Technical Data Ci0s Bautz

Technical Data (Standard Types)

HE200-2231-0300AXDH

HS200-2221-0300AX08

B . HS200-2216-0100AX08

Holding Ter

:blpi_:{u::ar.uz ;-ﬁaggsepamlml connechad) it L G‘{i_r______ i : 1'53
RFated Current Phase ibipelar parallel) | A 14 4,2 4.2
Rated Current Phase (sipolar sarisl) | A 0.7 2.1 21
Step Angle s 1.8 1.8 148
Angular Tolerance : %o 5 5 5
Resistance per Phase Rpe. |£2 - 4.6 0.7 1.1
Induclance par Phass L. |mH 4.8 0.9 1.7
Residual Tarque iy Mz | Nm 0.0z 0,04 SeRr
Insulation Class B B B

| Rator Inertia J  [Kgm™0¥ | 0,008 | 0022 | 0034
Mass m kg s 0,7 1.0

Standard Varsion: MEMA 23, smonth shaft
8 flying leads for serial or parallel connection

Furthar types and options for those series as well as stepper drives and other accessories are
available upon request.

Torque Characteristics
(Connection bipolar, parallel)

1,20

1,20 4

H5200-2231~-..
Uzk=70V lch=4 24

B HS200-2221-..
E Lizie=T0V, Ioh=4.2A
<
2 C.50 B —
=
o
€40
HS200-2216-.... -
0,20 - _____I
.00 T T r T T T T ‘,
O 1204 ;Lo 0 | S0y sion i i) EOEH SR (000

Freqlency at Full Step (Hz)

Z Siepper Motors H3200




BAUTE i [ Technical Data

Dimensions

IEkE _pngh
= Al A
il e il

e 7 = .
= & - st o D
f | | [ :_-‘; l;s"g ‘_,-ff ¥ & Tf_ﬁ
; fols ) / B
If- ‘ :I : = = _i -‘I ll lﬁli II
S i o O
2 [ Y | M
kA -\-‘!E'Z’ 'k.\‘“‘ _._,.-"{ ?:_‘_I'
- i B
L &P =) l
i T [ y !
R | 312505
it X LT i CEaT ]
3 = e - =37 2 mah
all dimensions in mm
| Length {Lmax) Shaft (@A} |
|HS200-2216 41 mim 8,35 mm
(hs200-2221 | SEmm G635 mm
| HS200-2221 77 mm 8 mm

subject to change without notice

Stepper Motors HS200




Sales and Service

We are committed lo quality customer service. In order io serve you in the most effactive way
rleasa contact your local sales represantative for assisiance.
If you do not know the local sales representative please contact our customer suppart.

Danahar Motion Customer Service Stepper Products Europe

Eduard Baulz GmbH & Co. KG Phone +49(0)5151-8798-10
Robert-Bosch-Strasse 10 Fax +48[0)5151-8796-123
C-64331 Weiterstadt E-Mail bautzi@danahar-motion.de

Visit the eurcpean Danaher Moticn Website at www.Danaher-Metion.de for further information
about Danaher Motion and our product range.

4 Stepper Motors HS200




L2938

DUAL FULL-BRIDGE DRIVER

CPERATING SURPPLY VOLTAGE UP TO 48 W
TOTAL CCCURRENT UPTO 4 A

LOW SATURATION VOLTAGE
OVERTEMPERATURE PROTECTION
LOGICAL "0" INPUT VOLTAGE UP TO' 1.5V
IHIGH NEHSE IMMLUNITY)

DESCRIPTION

The LZ48 s anintegrated menolithic circuitin a 15-
lzad Multhwast and PowerSO20 packages. i is 2
high voltage, high current dual fullbridge driver de-
slgred to accept standard TTL legic levals and drive
inductive Inads such as ralays, solencids, DC and
slepping motors. Two enable inputs are provided o
arable or disable the device independently of the in-
out signals. The emittars of the lower transsions of
gach bridge are connacted together and the corre-
spending external terminal ean ba usad for the con-

BLOCK DIAGRANM

Multiwatl1s PowerS0Q20

DRDERING NUMBERS : L208N [Multiwatt Vert.)
LZGEHN (Multiwats Harlz )
LZ98P [PowerSOZ0)

riection of 2n exiamal sensing resizlorn, Anadditional
supgly input is provided so that the logic works at =
lower valtage.

SEHSE A ]
LETY

OuT &
o
T
thss | a
Gv ®
il
Gt
&
In2 Ind
o— o | I
Enk EnB
il ‘ e o
[
5 J_ }—oseses

Jenuary 200
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L2988

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Y& Powier Buoply 50 L0
Van Logic Supply Veltage 7 W

WiV Inpul and Enabile Viliaie 0.3 a7 LTy
la Peak Sutput Curent (sacn Charmel)
— MNon Rapetina (T= THus) 3 A
Fepatitive (0% o0 <20% off e = 10m3] 2;_5 A
0T Qperatlan £ A
Waris Sanasing Yollage = o2 W
Piai Total Power Cissigaion [Taass = 755 25 W
Tews Junctian Operatng Temperaune =20t 13 i &
Toi: 1 Etorage and Junction Tamperaiung =41 150 =
PIN CONMECTIONS (top view)
/ | e el g
. - O — 1T 2
6_ =¥ E— | TSP &
-3 E— 1 F
| —— ENABLE 8
[ — Y
| — LOGIE SUPPLY VOLTASE Ve,
| PIRmAILI. o —— e
i Ee— IHPLIT 2
E————— EMABLZA
5 —'_- RMEUT
FY| — T R ey
.$. aE——— puEuTe
- ) e U
l\\ [ . | P CLIRPENT RENSMT &
Z TEE CONRECT=D 7O HINE LA
i
enp C—J 1 3 1 GhD
danze A A 15 ] SemeB
e 1 1 na
e 1y am— 17 [ Om4
outz ] 5 PowerS020 45 M1 ous
ve ¢ 15 [ woue
[l v 4 T 12 [T &neble 5
Enahiesn T & 13 1 Inputs
npwtE ] @ 2 ] vas
BhNm ] 0 1 —1 GHD
DRSNS
THERMAL DATA
| Symbol Paramatsr PowerS020 | Multiwattis | Unit
Fopows | Thermal Resistance Juncllon-case heax. - a “CAn
Ryarm | Thermal Hesmtanes Juncion-ambient Mz 131°) 35 |

(*! Mounted on 2limingr sheiraba

2
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PIN FUNCTIONS {rafer to the block diagram)

L298

MYY.15 PowersS0Q Name Functlon
15 219 Sensa s Sense B |Bewwesn s pin and ground |s connecied the sense rasisiortn
coiol he curant of the load.
23 45 Cut 1, Ourt 2 Culputs of the Bridge A; tha curment that flevws through Lhe boad
ennnatied betwee:) (hese two DI 1S monitored at pin 1
4 g Ve Supply Wattags for tha Power Oulpol Slages.
A nendAnducive 100nF capadiat must be connected beween thiz
pim and ground.
57 e npat 1. Input 2 TTL Compalible Inputs of the Bridge /A
611 814 Eratie A Cnade B |TTL Compatible Enasle Input: the L stale disables the brdgs A
ieratde A) andior the bridge B (gratia 5)
a 1,0140:71,20 EMD Zrounc.
g 12 Vs Supzly Voltaga for the Logic Blocks . A100nF capacior must be
connecied boetween @is pin and grodnd,
1012 13:75 Irpaut 3; Input 4 1T Comoatble Inpuls of he Bridos B,
13: 14 18117 Dhat 3 Oul 4 Cutpiats of t1e Andoa B, The cument tha! lows through the doad
connected between thase twa pins is monitored al gin 16,
- 518 N.C. Mot Connecied |

ELECTRICAL CHARACTERISTICS (Vs =42V Vas = 5Y, Tj = 25°C; unless ctherwise specifiad)

Symbal Paramster Tast Condifians Min. Typ. | Max. | Unit
W Supply Volipgs (pn 4) Operative Condihon Vi =2.5 6 N
Yas Logic Supply Voliage (pin 8) 45 B T W
I5 Ciuisscent SUpply Surrent [pind] |V =H, L=0 Vi=L 13 2 171

Vi=H 50 T s

T W= 4 mA

ls Chilgssznt Currsnt from Vas (pin 83 (Ve =H, IL=0 Vi=L 24 35 mA

Wi= i 12 i1

I'\lreq =L v A 5] M

Wy irput Lew Voltage }a 1= ')
fpins 5, 1 10 1E)

Wi Input High Vollags 2.3 WSS L%
(ping 5, 11012

Iy Low Wallage Ingul Surrent Y=L =10 uA
(pins S, 7210, 12)

Ly High Woltage Input Currsnt Vi=H & Vs G EY ch 100 pA
ipins 5, 7, 10, 12)

V=L |Enabie Low Valtage (ping 6, 11) 2.3 1.5 W

Wen=H |Erable High Voltsne (ons 6, 17] - Vs W

ly=L |LowVolege Enable Cirment Wiy = L -10 i

{pins 8, 17)
le==H [High Veltage Enable Cument M= H = Vag —DEY a0 100 uh
{pine 8, 11)

Vs |Source Salurslon Vollage =14 085 1.35 1.7 s

=28 2 L W

Wipsar 1y | Eink Beturaton Voltage h=1a {5 L 12 1.6 v

k=24 (5 17 -] W

Vigse: | Tota! Diop =14 (5 1.8D 12 W

=28 5] 4.9 L

Ve | S2nsing Vallsge (pins 1, 15] T TH J 2 'S

I” 3
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ELECTRICAL CHARACTERISTICS {ccntinuea)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ty (V] |Source Currant Tim-of Delay 05 Viko 08y  [Zhid) 1.5 s
T: (V) | Sourcs Current Fall Time gl o0t (2% 0.2 a8
Tz (V) | Scures Current Turm-on Delay sV 2 (2kE) 2 | us
Ty (V) | Soues Curranl Rise Tims 0.1 I toisly (2 4 0.7 e 3
Te (Vi) [Sink Gument Tum=off Delay CEVito DAL (35 o it
Te Vb | 2ink Current Fall Time OOk molh 3k 05 (8
T: 0V | Bins Cumrent Tam=pn Delay 05V m oAl @)= r 16 s
Te W) | Sink Current Risa Tims b TS 1= = I 3 02 ws
fo (V) | Commuiaion Froquenay lp=2A 25 A0 KHz

Ti (M) |Soures Cument Tum-off Delay FEVeninBHEL  (ZE{4) 3 WE

Ti(Van) |Sourca Current Fall Time 081wl &2n{4) 15
FaWan) | Sourca Currest Turs-on Selay 05Vemto Gl {2 14) M us
T4 i¥ar) |Source Current Rise Time 0 a8l {25 ) Bad 1%

Te{Wer) | Sink Currenl Tum-off Defay DEValoDah  (3h 4 2 us |

Te {Men) | Sink Curmnl Fall Time OOttt 13 M) 0.35 1%

To (Weu) | Sink Curmart Tum-on Clalay 0.5 Ve lo 081 (30 (4) 0.25 | ps

T (Ven) | Sink Cirent Rise Time i 00 1 P =5 T T 175 [T

13 1 j&ensing volage can be =1 Vo L350 psea in sinady stale Ve min 2 — DB Y,
215y ¥

o) Eem lig. &,

£) Tha Insd must ba & DUFE PEsIa%or.

Figure 1 : Typical Saturation Voitage vs. Culput Figure 2 : Switching Times Test Circuits,
Currant.
e FY | b= bith
YT
v |
v,.t.*.:'
& s = .
in L
i | -
1B /?F
7 b— T
03 |-
04 S-SR
i
I |
a DL DB 12 15 20 24 laglAl Mot : For INPUT Switching, set EN=H

Foe ENABLE Switchag, set N =H
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Figure 3 :

Sourcs Cumrent Delay Times v&. Input or Enabla Swilching.
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Figure 4 : Swilching Times Test Circuits.
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Figure 5 : Sink Cumrent Delay Times vs. lnpul 0V Enable Switching.
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Figura 7 : For higher currents, cutputs can be paralieled. Take care la paralial channel 1 with channel £

and channel 2 with charnel 3.

v

[
.‘:"\-\._ U
1

o]

EMARLE ]
O
I
o 5
N 1

-

APPLICATION INFORMATION (Rafer to the block diagram)

1:1. POWER OUTPUT 8TAGE

The L2EE integrates two power sulput stages (AL B),
The power output stzge i= 3 bridge configuratian
and its outputs can drive &n inductive foad in cam-
man or difarenzial mads. depanding on the slate of
the inputs. The current that flows through the load
cormes oul from: the bridae at the sense output: an
extamal resstor (Res | Res ) allows o datact the in-
tensiyy of this currenl.

1.2 INFUT STAGE

Ezch bridge is driven by means of four gates tha in-
putof which are Ini ; In2 1 EnA and ind | ind ; Enk.
The Ininputs set the bricge state when Tha Eninput
s high ; & low state of the Eninputinhilails the bridge.
All the inputs ane TTL compatble.

2. SUGGESTIONS

A non inductive capaciior, usualy of 100 nF, muslt
e foreseen betwesn both Vs and Vss. to ground,
25 near as pessible o GND pin. Whan the large ca-
paciler of the power supply is oo farfrom the IC. 2
gaconc smaller ore musl ba foresesn near the
L2986,

The =ense resisior, nol of & wire wound type, Must
he grounded near he negatve pole of Vs that must
be near the GHD pin of the LG,

7

Each input must ba connacted to the source of the
driving signals by means of a very shori path.

Turr-0n and Tum-0ff ; Before to Tum-0N the Sup-
phy Valtage and before to Tum it OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fi & shows a bidirectional DC motor control Sche-
mmatic Diagram for which only one bridge is necded.
The extemnal bridge of diodes D1 to 04 je made by
four fast recavery elemants (br £ 200 nsec) Bal
must be chasen of a VF as low as possible al the
worst case of the load curment.

The sanse output voltaga can be ussd 1o control the
curant ampltude by chapning the inputs, or to pro-
vide overcurent protection by switching low theen-
abbe input.

The brake functon (Fast motor stop) reguires thal
lhe Absolute Maximum Rating of 2 Amps muasl
never be ovarcame,

\Whan the repatitive paak current needed from the
load is higher than Z Amps, a paralleled configura-
tion can be chosen (See Flg.7)

£n external bridge of diodes are raquirec wher in-
ductive loads are driven 2nd when the inpuls of the
ICame chopped ; Shattky diodes would be prelems4d,

TH3
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This sodistion can drivae until 2 Amps In DC oparation
and until 3.5 Amps of 2 repetitive peak cumrent

On Fig 815 shown the driving of 2 twe phase bpalar
stepper motor ; the needed signals to drive the in-
puts of the L25E are generated, in this example,
from: the |C L2897,

Fig B shows an example of P.C.B. designed for Lhe
epplicaton of Fig &

Figure 8 : Twe Phase Bipolar Stepper Motor Circu

Fig 10 shows a second bwo phase Bibolar stappet
mckar combrl crouil wihare 1the cument is controlied

by the .C. LESOE.

This circult dives bipolar stepper motors with winding currants up lo 2 &, The diodes are fast 2 A ypes.
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Figure 9 : Suggested Printad Circuit Board Layout for the Circuit of fig, & (1:7 scala).
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Figure 10 : Two Phase Bipolar Siepper Motor Conirol Circuit by Using the Current Controler LESDS.
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DiM. = e OUTLINE AND
MIN. | TYP. | max. | MiN. | TYP. | max
A 5 f 0.187 MECHANICAL DATA
B 1 ¥ B8 i 0.104
= 1.5 ' {.063
o i [0.028
= |oss oss [oora|  [uee
F | o8s 075 | £.026 | €.030
G | 107 | 127 | 152 | 0.0e0 | o050 | o060
@1 | 17.83 | 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H | 198 0772
H2 202 _ 0785
L | 210 | 229 | 225 [uses |vees |cess
L1 | 217 | 224 | 225 | 0.as4 [ 070 | c.a0e
LZ 1185 181 0,683 Ll |
L3 |17.28 | 175 | 17.75 | 0.672 | 0.688 | 0.699
ke | 103 | 107 | 103 | o405 | 021 | oazs
LT | 285 23 |0.104 0114
M | 225 [ 455 | 285 o167 [0a78 [ o0
Mi | 83 | 508 | 553 |08z | o200 | o218
s | 19 24 | o078 6102
51 | 18 25 | 0.075 6,102 | Multiwattis V
Dia1 | 365 385 | 0.144 0.152
Hi
A e
—-—:—IQL :I_-' | = i
- | X >
I 1 Dat M|/
= = 2
ol . 1 -
i sl | Do O
o =1 |
= i
o ¥ Iﬂ
: R ke :
: Sl |
A P E | G
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g MIN. ':r": MAX. | MIN. ;r:: MAX. OUTLINE AND
o = e MECHANICAL DATA
5 268 0.0
o 1B | ooea
E Z4a b5s | onep o022
B oien 7S | 0026 o030
E | t3& | 12 | 14 | 0045 | 0050 | 0055
G1 | 1757 | 17.76 | 17.91 | 0652 | 0.700 | 0.705
H1 185 ﬂ??z___ ——p
HZ | 202 755 |
L P Tl 0810
L1 1603 0710
L2 254 A 0100
13 |1726| 17.5 [ 17.75 [oeve [nens [ 0oon
L4 | 168 | 109 | 108 | o406 | D421 | DAZe -
| LS 5. 23 0.2
| L8 250 5.0
| L7 | 248 28 | 004 0114
5 14 Z6 | 0078 .10
g1 | 18 26 | oo7s | | o102 Multiwatt15 H
gt 165 385 | 4 152
= s ]
i C | 1!51
i ¥ / \ T o
£ 1 De. 1
& — [
= il 3
- O O
JI LB
1 t
= .
pe— 1 H2
F 0
=1
= F !
L6 g I+
5 >
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DIN. TTHTH inch o
MIN, | TYP. | MAX. | MIN. | TYP. | MAX. QUTLINE AND
A 36 E 0,742 MECHANICAL DATA
a1 0.1 03 | D0og LU12
a2 3.3 .10
a3 | © 01| 0,000 0.004
b 0 393 | 506 0.0E1 |
c | 023 | 232 | 0003 0013 '
D1y | 3548 18 | D.B22 0.630
| D1 | @4 a8 |o.aro 0,386
e | 55 | 145 | 4647 | 0.570
=3 T2 0.050
el 11,243 0.450
EifH ) 10.5 111 | 0429 0437 |
EZ 23 [ 3114
es | 58 62 |0zzs | 0224
= o L 01 |oogo 0.004
H 15.5 155 [ 0610 Q.88
R 11 043 JEDEC MO-166
L | o8 11 | noat 0.043
i 10" e}
g 8" {prax. )
. EEE | o4 | PowerS020
(1} "Crand F*deseiat i moid Aesh or prefrisans
= Mend hash of prctrisioss aaall not evekec 35 mir 000
Ciilizal dimansions: "E®, "5 and "ag” ; s
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