The objective of the DCMOCS s w develop cur theoretical skills throughoul our
project in the practical uspeets of this idea, so the main aim is (o create u complete
system which is able (o cover a large predetermined arca by contiolling the object’s
position. In addition, the second objective is to control and increase (he relative stability

of the movement of the mass in the space.

Application of this projeet includes discovering the space as in the movement ol a spider
cam robot, and ather applications used to discover he position.

1.2 Literature review

The conlro! mass position of this project is always an interesting and challenging ficld of

study. thus there are many researches and paper that take the position contrel as the core

af their studies using a wide variety of designs, and control techniques,

Thamas Johansson. December 9. 2003

Full dvnamical medel of the crane structure (apart from the DC mators which eentrels
the eables) was developed.

In that project. o latness bassd control scheme for positioning the load (given a
reference trajectory) was also developed. The controller was designed under the
assumption that the DC molors could deliver a perfect torque. No particular care was
taken in order to accurately madel the DC motor,

In this project the control of the crane and the contral of the NC motors will be

scparated, as seen al Fig (1.1).
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Fig (1.1) Spider Crane
1.3 Aims of the project

Many objectives could he achieved throughout this praject: the working team develeps
their theoretical skills in the practical aspects of this idea starting from molding and
ending 2l computer contzol. So the main aim is 1o ereate a complete system which is able

lo cover a large predetermined area by comtrolling an object’s position.
It is possible ta put a new product that uses applications in several areas imcluding:

The fiald of lourism (chairlifts three-dimensional).

Agricultural field (automaric spray pesticides vn crops in large arca).
s Ficld imaging (Flash photography in siadiums).




|. Controller.
2. Simulation process.

After the mathermartical model is derived. the contraller law can be found, the detailed
mathematical model and its derivation procedure will be discussed in chapter two of this

report.

1.4.3 Contral Design

Basad on the mathematical model a closed loop control system will be designed, the
controller must be able to contral of the position and velocity, as required by the user.

Ihe controller should be able to reject. or to compensate for the unknown disturbances

acting on the system.

1.4.4 The Actuators

Rased on the dynamics of the system and the proposed closed laop contral method, the
sclection eriteria of the motors, are based on their inertia, power, speed and torque

requirement to specily the dynamics of the DC motors,




1.5 Designing and Controlling the Movement of an Object Tied via

cables at Space elementary components

L5 IMethodology

The project will be a mechatronics sy=tem, which is intepration between
mulridisciplinary scicnces: it can represent by Fig (1.3), which show the synergistic
integration of three engineering ficlds. This integration within & mechatronics system
can be pertormed through the combination of hardware (components) and seflware

{information processing).

Fig (1.3) Mechatronics basic disciplines
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Chapter TWO

Mathematical Modeling

Trhie (2.1) variables of svstem

equation of the systeminxn)

Symbol Description Unit

i The length of cable | from origin to object m
Ly The length ol cable 2 from crigin to object m
I The lengt: of cable 3 from origin 1o object m
Ey The length of cahle 4 from crigin Lo object m
Ly The total length of cable 2 & 3 m
X position of the ohject in x direction m
¥ position of the object in y direction m
7 position of the object in z direction m
¢ Time Sec
fif The unit veetor of the force m
7 force on cable number one N

I = lbree on cable number two N
Iz force on cable number three N
a3 force on cable number four N
[4] Matrix which describe the difTerential equation of

the system(nxn)

(9] Acceleralion matrix(3x1)
[i] Forces malrix
[A'] Matrix Inverse which describe the dilTerential

11




2.2.3.2The Forces Analysis in 3D

Introducing (2.10).42.111 and (2.13) in (2.16) to get the equations of motions

T =m&+my+ mé (2.16)
APy o Blabanfy | XL o in x direction (2.17)
Ly iz15 Ly
--:.F! 4 laibnify ke mi in v direction (2.18)
1 Lals Ly 5

Ef | _[elnify L 7T L g = mi in z direction (2.19)
it 51 lp L Iy

[A)IF) =@ Q:20)

Fquations (2.17).02.18),(2,19) and (2.20) are cambined to get

—& [(b— x), —xla] —X7
Ly By Ly Ly
A (G102t I | I ’;1;]
Ly Ly Ly L F, 1 e
—2 [=z(l23)] —Z
L LI IJE I—la L+ H

[F]=[4710Q]

Where:
A = Matrix which describe the differential equation of the systen: (nxn)
() = Acceleration mairix(Ix1)
F = Forees matrix
A" = Inverse of A matrix

13




Mass of cables:

}'-_ﬂb!u = pleapte (2.24)

oy =ply omy=ply g =ply

Where:

» m, =The mass of cable nne. kg
* M, =The mass of cable two, kg
*  miy =The mass of cable four, kg

g = longitudinal density ol cable, kg/m

Note: weight of the cable number three is neglected with the fixed attach to the
column number three, as seen at Fig.(2.2),
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(2.0
le number ane, as scen at Fig. (

ight of cable n

* Weighto

F1- !’g -
3
&
W
mig=pL1g
on ¢ umber one
2.6) distribuled load on cable nu
Fig.(2.6) di
I:F = m.]_I:;

) 3

o xt-{-}'ji‘ﬁg :i;):m_:_-[ﬂ_[
B 2L (k) (m—
: 3
TEE_ my Ly
Ry = Aoy (225.1)
. ] —'—'—r e (2.25.2)
™ LI_N' |
L' _,{ﬂ +j£f+ﬂ'} T {1.15.3)
. 1 _ : ’ . L".
[RE£E54 v+ o4 28 42%) - Ly
S =

Ly
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= Weight of cable number two, as scen at Tig.(2.7)

ro »2p=pl.2g

Iig.(2.7) distributed load on cable number two

Fa=Fy+ "’::"-"— m; Ly (2.26)

Where:
= L=y 2tk (a—y)? +2°
: i,= (x3 +(y—aly +=7)
2

ha

. o (et Gmaie gt a0 - 1T
i —_—
Ly

23




»  Weight of cable number four, as seen al Fig.[2.8)

Fig.(2.8) distributed load on cable number three
S=r %s—‘ — mg Ly

Where:

W Ly= L (h=x)2+ y? +22

SO . i
L L4_T.

v (m—mE it e e ziast) — L
[ ] L4 £ Te

2.3 Torque equation analysis

(2.27)

Torque squalion is caleulate as a funetion of time for each three motor in the system
10 know how the mechanical torgue and eleetrical torque is réquired to drive of sach

thraa motors,




2.3.1Analysis of torque on each cable

Figure (2.9 Torque of system

® The driven torque for motor ome:

Ssernducing (2.25) and (2.25.3) in (2.28) to get the equations of driven torque [or
=olor ond

Ly ¢ ”
Imy =], (—)+F1Y,N.m (2.28)

r

B+ 50+ yy+ y2+ 28 50 = L )

L
Tmy =g r
f F+( mg gz ) 3
: Ja F 3¢ + 22
(i + 33 + 7)Y |
- . vl “2+E§+ii-3- _( ZF ) ,
(R + %5+ yy+ ) TET R t52
e




ey o

(

Tm,

=y

The driven torgue [or motor two:

Tms = |, (-!;_1] + Far.Nom

(i + 47+ (—a)f+

(2.29)

. e
prt 4] = L

L,

?.I

s+

(i + £ + (v — @y +

ngz
Jxt E fa—y)t

2
. S (30t -J-Lf}'—u:l_}?+ﬂj)
gl 430 — ( :

¥ v s j (‘I'l"x3+ (u_}r}i _|__z.! .

Tm, = Ju (%) + Fir, N.m

((x—bE+3°+ v+

JEF (a—y)7 +2

® Thedriven torque [or motor three:

(2.30)

VRt g 4 2Y) = L,

.

T

Fq =+

((x =By + &%+ y¥+

mzgz
\.!'r(:b—x}z‘l‘ il
(x— B)x +yy + 22 )?‘

y2+ 28 +2%) - (J[b—ﬂ% ——

TS S
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Maximum torque on cahles system through general Cubic

the problem of moving the wal fram its initial position to o woal position in
m amount of time

2.4.1 The Cubic Polynomials trajectory 2; method

=aking a single smooth maotion, at least four constraints on s(t) are evident. ['wo
ints on the function's value come from the selection nfinitial and final vaives:

(2.31)

he Cubic Polynomials trajectory method is used to genetare the trajeclory path of
e ohject along the coordinate axis (x.y.2).

= additional two constraints are that the function is continuous in velacity. which in
s case means the initial and final velocity 1s zero!

H0)=0
HEL (2.32)

Theso four constraints can be satisfied by 4 polynomial of art least third degree. Since
= cubic polynomial has four cocfficients, it can be made to satisfy the four conslraints

given by (2.31)and (2.32). These constraints umiquely specify a particular cubic. A
cubic has the form:

s(t) = a; + a3 t + 2,12 + agt®

(2.33)
And so the joint velocity and acceleration along this path are clearly:
5(t) = ap +2a; ¢+ 3a,tt (2.34)
3(t) = Zap + Bagt (2.35)

»  s(1)~The position profiles ol the object in cubic form .m
= 5 T{L="The velocity praliles of the object in cubic form mis
s« (1) The aceeleration profiles of the object in cubie form mis?

27




ing (2.33) (2.34) and (2.35) with the four desired comstraints yields four

m four unlenowns:

=3,
+ag t+ast® + agt®

3 (2.36)

;1 +EEJ? + EESIE

=P
'It these equations [or the a; we ohiain:
- calculation:
| -
*s
= Iﬂ .
Al
. [er=5)
| i)
I=
| bF
=14 2D, Vgpy = 0.5 mfsec
. z z .
!=J(xr~xnf+(r;-ru] +(2p—20) (2.38)

Where:
= [ =Distance hetween previous position and desited position in the work space,

m

* ;= Is the time for the desired goal position of objeet, sec
* (xy.¥o.25) Initinl position of the ohject, o

. (x_l,_.l J',r.zf) Final desired position of the object, m
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» Cubic form in the x-direction:
x(€) = xyt+ 38 _"ﬂ]+ zﬁ[‘_ﬂr;L]
= 6t I‘Lf— gl ..:1., 1)

x(t) = ﬁ[—f—ri— + 1zt [

« Cubic form in the y-direction:

3 = o[22+ 62 [y L)

3(0) = 6[22l] + 12e[ 2]

o Cubic form in the z-direction

2(t) = zp b+ 38 [f—g,-l] + 288 [L:sﬁ]
20 = ot[* =uJ] 6 [tsu;sn

1) = o[ + 12 [2e2r)]

Where:

= x(t) = Position of the object in x direction
» y(t) — Position of the object in y direction
= z(t) = Position of the object in z direction

» () =The velocity of the object in x direction

*  ¥(t) =The velacity of the vhject in y direction

= (L) =The velocily of the object in z dircetion
29
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A result was observed when we compute the torque that is required (b motors ta transport
an object between two points in the work space The torque was obiained as a function of
time The torque function is obtained using cubic polynemial triajectory path. The torque
function of the forward metion was the same of torgue [unetion of backward metion .

This test was mad when the distance between the actual position and desired position was
sraximum, the maximum distanee was used to caleulate the torgue function in order ta seleat
the motor using its required power.

Powenpax = Wmar Tmox (2.51)
Where:

v Ty = I8 maximum torque applicd on pulley motor get ltom torque curve, Nom
*  Wiae = Is maximum specd getting from cubic pobymomial profile, rad/see

2.4.3 The length of all cables used in protelype:

Fig.(2.14) distance from the shaft’s pulley 1o the upper
A=A+ W2 =102m
=V 22 +12=1.02m
whicre:!

s 7~ the distance from the shaft’s pulley to the upper fixed pulleys on the
frarme, 1.
e IT= the height from the upper pulley to the shafts pulley in 7 direction.
s W — the distance {rom cach motor to the column of the fame.
33




equations which deseribe the total length of cach cable used in the system.

*  Lirpn.,— Maximum effective length of cable( the muximum distance which

objeet moving ), m

*  d.uey = Diameter of motor’s pulley, m

cable number 1 the leneth subs in eg. (2.52):
- 3(11' di’-‘-'u”}’] +h+ L""’Jrﬂ':u.z

M x005)+ 1.1+ L1124+ 0.7 +0.9% 1.491-1.585
L.= 3.075 m . the total length of cable number ane.

cable number four same calculation and same result.
=l = 3075m
1he cable which include the cable number two and three:

3 dpuny) + W+ Laospuy T Laerto

=047 411 4VIIEF 0.7 + 09 L4012 + 0.7 + 092

- L. = 42195 m, the total length ol cable munber (two, three),

e 1otal lenpth of all cables used to cover the area of work space:
Bl =Lyt Laa+ Ly =10369m
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2 4.4 Pulley connected to shaft motor characteristics
Pulley’s motor design

1o meel the desired specifications which give the project the perfect performance
wod to consider the length of the cable which will be tura on the shaft's pulley, so
e distance of these cable will be known [rom fhe number of cable’sturns on the

shaft's pulley for cach motor.

00 s, e S

S0cm T3cm

0.9cm

Fig.(2.15)
Let:

= iy = 0.06m for all motors
o pg=2700 feg/m? (aluminum densily)
o H.E'.If.T-fI.}' __Dﬂﬁ m.

mpu!!}' =R

Where :

o m=mass ol pulley, kg
e o~ density of aluminurm, kgm?
o 1 =The volume of aluminum, m?
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‘rul’i}' = rp‘uﬂ;r:'zﬂtnlﬂ Pal MS}

Pl
.’puit_-.r = E"‘-pul{rfpuiryg (2.54)
Lg
Ner = =014 (2.55)
Where :

= Jouiry —Mass moment ol inertia of pulley. kg.m?.

& T, = Mass of pullev.kg.

® Ty = Radius of pulley mitum.

o Nopr= Number of tums elfective of cable, furn.

o Lopp .. = Maximum number of turns effeetive of cablemn.

o d = diameter of motors pulley.n

Number of turns eflective of cable from ¢y(2.35):

Nerr = o obE Qturn

The length of the shaft the cable that are turned on the pulley can be calculated using
the number of tums the diameter of the pulley:

Herr = 2|(Nuapey + Nogr)eanta ] = (Btarn + 9turn) = 0.03 <2 = 7.2em

Ay = V.2em

Then the all height of pulley
Hi'ﬂ'fe:r_.! = H«j'r o5 Hg'.;_rt:,a = 72+052=82m

Jyuty—Mass moment of inertia for the pulley, kg. m?.

Sub in eq (2.33) to find Mags moment of inertia of pulley

1
Jouity = Emw_mllrrpui[yz (2.56)
Tty = >+ 0585 +0.03% = 0.00026325 kg, m*.
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Chapter Three

Mechanical and Electrical Design for Prototype

2 1 The mechanical components:

Design is an iterative process with many interactive phases. Many resources axist to support
e desiymer, ineluding many sources of information and an abundance of computationsl

gesign tools [7].

“te mechanical desien of any mechanical machine means the description of physical
~arts o the system: know any how much the forces acting an each part ol the svster in
wAditian 1o knowing the pressure and tension caused by these forces, it is also necessary

o know the geometry of each part of the machine is mechanical.

CATIA VS program and AutoCAD2007 is used for designing and simulation of the mechanical

sructure for the svsiem, as seen at Fig (3.1) and Fig (3.2),

B OORE T bR e e
Lt B Tl

Pig (3.1) CATIA V3 windew

a0



Warkpppoes

Fig (3.2) AuaCAD2NOT window

The svstem has to be designed for different mechanical components. will be shown and

Sscussed aceording to their [unctions.

The dimensions of frame, as scen at Fig (3.3) 1s ¢
a) x-axis 120cm
) y-axis 8lcm

c) zeaxis 100cm

Fig (3.3) geometer of DCMOCS

2.1.1 Frame

The material of frame is casl iron with 4*4 em with plate of 4 mm east iron, the

prototype has 4 wheel | as seen at Tig (3.4).
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Fig (3.10) motion of pulley cable
3. Mass pulley

I'he choice af pulley is limitation with dimensicen of system. that would to find a small

pulley with small bearing. that can earry muss inside the whole space of prototype.

Fig (3.11) pulley mass

45
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This pulley has one rotation:t] degree of freadom in zy-plane. . us seen al Fig (3.12),

Fig {3.12) pulley mass morion

3.1.5 Bolts

Blats in mechanical svstem is way to connect fwo part or maore. in prowtype use halts,

quts and washer, as seen at Fig (3.13.a), with difference dimensions for
e Fixed motor with frame of protolype, &8s seen al Fig (3.12.b)

e Fixed pullevs cable with frame of prototype, as seen ut Fig (5.13.¢)

Fig (3.13.a) Bolts. Nuts and Wasner
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1.2 Electrical Design

3.2.1 Introduction

This chapter will discuss the process of designing the needed electrical parts Lo operate
the system: these parts include the actuators which are clectrical motors, the drive

cirevits and the controller.

The block diagram shown in Figure (3.20) describes the elements that form the enlire

svstem generally.

L Y
\-!p
« Microcontroller. * Matlap under
: arduino
+ DC motors
Mechanical « Motors drive circuits. Sslis ol
prarl ” putonti Smeter sortware
N "

Figure (3.20} Rasic Elements in the System
50




The elecirical svstem includes DC of electrical motors. this motars are controlled by
digital sequence generated by microcontroller and supplied (o the motors throw drive

cireuits.

3.2.2 MOTORS

in the first we were used some kind of motors such stepper motor and de motor but in

the end

we use the NC mators depend on the characteristics of the motors and which is more
suitsble for control .se The system includes three DC motor to provide the needed

melion.

3.2.2.1 Stepper motor

Unipolar stepping motors are composed of two windings, each with a center tap
as shown in Figure (3.21), The center taps are brought outside the motor 4s lwo scparate
wires, As a result, unipolar mators have 6 wires, and driven by tied the 4 cuils to power

supply and the center tap wire(s] are alternately groundedy).

Figure (3.21) Unipolar stepper motor windings

gl




1.2.2.2 Tie motors

A DC motor is a mechanically commulaled electric motor powered from direct

current (DC). The stator is stationary in space by definition and therelore the current in
the rotor is switched by the commentator to also be stationary in space, This is how the
relative angle berween the stator and rotor magnetic flux is maintained near 90 degrees,

which generates the maximum lorgue.

DC motors have a rotating armature winding (winding in which a vollage is induced) bur
non-rotating armature magneric field and a static field winding (winding that produce
the main magnetic flux) or permancnt magnet. DifTerent connections of the field and
armature winding provide different inherent speed/lorgue regulation characteristics. The
speed of a DC motor can be controlled by changing the valtape applicd to the armature
or by changing the field current. The introduction of variable resistance in the armature
circuit or Meld cireuil allowed speed control. Modern DC moators are ofien controlied

by power electronics systems cafled DO drives as scen at Fig (3.22410).

Fip(3.22) DC drives

3.2.3 Sensor

Linzar Potentiometer lincar potentiometers is sullicient.

A potentiometer as seen at Fig (3.23), is a three-terminal resistor with a sliding contact

that forms an adjustahle voltage divider.

52




Tig (3.23) potentiometers

Potentiomelers are alsa very widely used as a part of displacement transducers beeanse

of the simplicily of constructivn and because they can give a large vulput signal g

A patentiometer measuring instrument is essenfially a voliage divider used for

maasuring clectric potential (volage).

Pulentiometers can be used as position feedback devices in order Lo create "glased luop”
control, such as in a servomechanism. This method of motion contrel used in the DC

Mator is the simplest method of measuring the distance or speed.

e 1lsing linear porentiometer instead of encoder
« Noted a polentiometer will give an absolute position within a limied range ol
motion regardless of its starling location. And it is also inexpensive and practical

In contrast ta the encoder.

3.2.4 MOTORS DRIVE CIRCUIT

The drive clreuit is trunsfer the digital sigmal produced by the Microcontroller and
supplies the mutor with the required power as it donated in the motors datashects .as
show Fig (3.24).
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Fig {3.24) I'ne Electrical wiring diagram of the system
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A control system consist of subsystems and processes (or plants) assembled for the
purpose of controlling the outputs of the process, There are two common classes of
control svstems. open foop contral systems and closed loop control systems. In open
loop control systems output is generated bascd on inputs. In closed loop control
svstems current output is taken into consideration and corrections are made based on
fecdback., 30 comrol system can automatically chanwes the outpul based on the

ditference between the feedback signals 1o the input signal

4.2 Recognition of the Need

T'his project aims to design and implement a prototype of a contral svetem (o conlrol
a position of an ehject o transport it from a specilied position to another speeificd
position in three-dimensional space. The strategy that is used o control the position
ol an ohject uses three cahles, these cables are hold with the ohject and cach end of

cable is conneeted o a DC molor.

This strategy needs a closed loop control svstem Lo make the required calculations to
ohtain the torque for cach moter 1o get the required length of each cable. Morcover,
the computer will compute the (rajectory and contral the cables lengths as function of

time to achieve the desived rarget position with the planned trajectory.

The proposed controtler for cach degree of freedom is a PID controller o control of
three independent DC motors in order to Determination the cables lengths, The
current {actual) position is usually obtained from the previous command, and the
dasired position will be given by the user .The actual position of the vbject can be
determined using encoders that are placed @t pulleys of motors, The centreller makes
a comparison between the actual and desired position in order to get the frue position

ol the object and matching the requiring design,
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Figure (4.2) General PID Controller close loop

4.3 DC motor
4.3.1Theoretical madel

The model that deseribes the system  does not take the dynumics of the DC motors
into accounl. A way to improve the control of the hele svstem is to take these
dynamics into account. The madel of the DC maotor, which is identilied, consists of a
DC motor gear hox with a pulley connected to the shaft.

This is due to the fact that one would like to contro] the Tength and velocity of the
cahles, which is (he same gs the position and velocity of a poimt on the Suspended
object, By the way, it is desirable to have a simple model that describes the DC .

Figure (4.3): A simple model of a DC motor.,




This system is described by the following dillerential equations :

From fig(4.3) and Ohm's law the input current to t¢ mator

The input voltage of motor is:

Vi Wy
Ry

The input voltage of moler i frequaney domain is:

v[!t:s] = Kil KN Bm

The electrical worque of motor n frequancy domain 15,

Tmgee = Ky #i(5) = K #

iV, =Ky S0}

The mechanical lorque ol motor m [reguancy domein 7s:

L

" (¥i—Kps58) _
" Ra

g2 Jeq B+ Ceq8 By

Tabel (4.1) D¢ motor pameters

(4.1)

(4.2)

(4.3)

(44)

(4.5)

Svmbol Deseription

R, Tesistance

L induciance

Ky and K,; are maotar gains

W | the velocity of the pulley

i | current ]

Vi N applied voltage

r pulley radius

) S— mechanical torgue .
i T Elecirieal torque
| g angular position of the motor

f1
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The diffarential eguations above correspond to a first order transfer function

assuming that the electrical pole is neglected.

W(s) = 'rt_:;_m* v(s) (4.6)

Which is the transfer lunction from applied valtage to veloeity of the pulley cable?

Where:

¢ K, is related lo the de-gain,
e 1., is the mechanical fime constant

e vis)=applicd voltage

Assuming that:

The mator is strong enough, and is the mechanical ime constant is very small
{tm = 0).

Wis) = Kuy"¥(s) 5
Ofs) =~ % ¥(s) (4.8)
Where:

o K, isrelated to the de-gain
» v(s) = applied voltage
o W{s)— velacity ol the mator

e O(s)=anpular position of the mutor
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4.3.2 Experiment and Estimation

The inertial load on the DC motors will change when the load is moved. This is due
o the fact that the forces in the cables are dependent on the position of the load, The
two extreme cases for the inertial load on the DC motor are:

= Weight of load is not connected to the DC moetor

« The whole weight of the load is connected (o one DC motor.

4.3.2.1 Estimation Results
Wisr= Km*v(s) 4.9)
0(5) = km/S * v(s) (4.10)

It is desirable o have a simple mode! that describes the DC molor, The estimated
first order transfer function model is
G(s5) = = (4.11)

S+t

System Idenrification method is used to estimate the coefficienis (u , §) of the first
order model by Appling open loup velocity feedback ¢

a1, (4.12)
fi=V; % u (4.13)
Where:

» 1% = the setiling time ,ms
» = rclated to the de-gain
» V= linal value mv
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4.4 control simulation

The ohjective is 1o track a position reference for the cable, which is the same as the
position of the molor.

Ry control the length of three cables, to control position of the suspended ohject to
the cables which each desire length is treats as voltage inpul Lo the PID controlier to
make the require calculation and getting the true position and velocity peeded o each
motor for driving the cables.

The length of cable which freat with motor number four
Ly= J(b—x)2+ )y +2* (4.16)

The length of cable which treat with motor number Lwo

L=J@+ @a—yp2 - 22 (#17)

The length of cable which treat with motor number one

Li= 224 y& 422 (4.18)

[here are three variable in the equation above (x.y.7) this value represent the desired
pasition of the object which is obtained from the user .aller caleulate the length of

cach cable they converted to the angular position 1o drive each motor’s drum.
The suggested control structwe is simulated in Matlab ©

Where:
o A =LI/r:%A % The angular position ol'the pulley at motor |
e B =12/ %8B % The angulur position of the pulley ar motor 2
e C=L4/r % % The angular position of the pulley at motor 3

e r = radius of drum on each motor. m
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The designing P11 controller by tuning on matlab to get the gains (P, I, D) which

match the requirement of desired response design. as seen ut Fig (4.8).
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Figure (4.8) desired PID response



The first test sluge is to check the respense of the motor afier the feedback process

ih

Figure (5.2) Control Simulation by Simulink model for the angular position of the

motor's dram
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Figure (5.3)the step response ol the angular position for matar’s drum

The response in the figure(3.3) is match the requirement of the PID controller design
and achieves the true pasition which user interest.




The second test stage is to check the response of length before and after the

controller

E[: — ™ b - e ﬁ_ﬂi
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Figure (5.4) Control Simulation by Simulink made] for the length of cable in close
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Figure (5.5) cable’s length step response before and afler controller

‘I he result ensure that there is 1o error in actual and desired length of the cable as
seen in figure (5.5) .therefare the mpul position from the user by terms of (x.y.7) is

the same 1o the acmal position .
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The third test stage is to check the response of the angular position of moter's drum

et Lasis & Tra g o E Bt BT |
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Figure (5.6) Control Simulation by Simulink model for the angular position of the

mator’s drum
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Figure (5.7jthe step response of the anpular position for motor's drum
The respanses in the figure(3.7) are maiching the requirement design of the PID

coniroller and seen the same response result berween the reference position and the
actual trug pasition which user interest.
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5.2 Implementation result

5.2.1 Communicating with Arduino Mega 2560

5.2.1.1Introduction

Arduino is un open-seuree microcontroller board, with an associated development

environment.

What is Arduino good for?
= Basically anv Mechatronies project requiring sensing and acting, provided
that computational requirements are not 1o high (e.g. cun’t do image
processing wilh it)
o Tdeal for undergraduate’graduate Mechatronics Labs and Projects
e There is a very large community of people using it for all kind of projects,
and a very lively torum where 1t is possible o gel tmely support
o Communicating Arduine Mega 2560 with matlab (20132} we need Simulink
Suppart Package for Arduine Hardware enables you to monitor and tune algorithms
running on Arduing Mega 2560 board from the same Simulink models from which
you developed the algerithms.

Arduino 10 Package: Used to perform analog and digital input and output as well as
motor control from the MATLAR command line,

Arduino larget: Used to compile and download Simulink code directly to
The Arduino board
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5.2.1.2 Analog & Digital 10 that use in model control

Analog input block

ARDIUING

FAYAN o
Pim <

Anslog Input

Measure the voltuge of an analog pin relative Lo the analog input reference voltage on
the Arduine hardware Output the measurement as a 10-bit value that ranges from U
to 1023.1f the measured voltage equals the ground voltage.the block outputs 0.1f the
measured vollage equals the analog referenceveltage. the block outputs 1023.The
default valuc of the analog input reference voltage is (o 3 V

Pulse width medulation plock

ARDLHNG

{  mn

PinE
P

Use pulee-width modulation (PWM) to change the duty-cycle ol square-wave
pulses output by a PWM pin on the Arduino bardware, PWM enables a digital outpul
to provide a range of difterent power levels, similar to that of an analog cutput. The
wvalue sent to the block input determines the width of thesquare wave, called duty-
eyele. that the target hardware outputs on the specified PWM pin. The range of valid
cutputs iz Dto 235,

Digital input block

ARDUIND
mnri >

Fin &
Cigital input

T4




Giet the logical value of a digital pin on the Arduino hardwars:If the logical value of
the digital pin is 1LOW, the block outputs 0.1f the logical value of the digital pin is
HIGH. the block outputs

Digital output block
ARDUINS
3 nri
Ping
Digital Chlput

Set the logical value of a digital pin on the Arduine hardware:

«  Sending 1 0 the block input sets the logical value of the digital pin LHGL] (o
5V or 3.3 V. depending on the board voltage.

«  Sending 0 to the block input sets the logical value of the digital pin LOW to 0
V. I'he block input inherits the data type of the upstream hlock, and internally
converts it to boolearn,

5.2.2 Model control implementation for ane unit of DC motor

This model consist from a LD controller and some ol guins and Arduino input
output blocks and step input .50 when apply 4 step input for this mode? this value of
fhe step go to the PID controller and after that to the arduine input/vutput pins and to

the motor to drive it, as seen in figura(5.81.
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Gart Gwmt  Ged ——
F Find

Figure (5.8) DC control madel with aurdion
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Description of the gains
¢ Gaind: Kmv=3/1024;  %Jo convert from 10bil number to voliage

o Gaml: Kvr=(53/10)%(2%pi); %To convert from voltage to radian

o (aind: Krm=1: 5 To convert from radian 1o meter
o Gaind: Kvd-236/5; %To convert [rom voltage 1o duty eyele
s Gaind: Kfv=|; % To convert from foree o vollage

The final real control madel

The final control model is deseribe the kind of contrel is used and the input of the
system and the owtput of the system and the number of bins of microcontroller which
is used and the gains that convert the data, so when we apply three step input
(x,y,z}is come from the user of the svstem and this value is substitute in the length
ol the cables equation (L1.L2.L3 150 the value of the length cables is substract and
the value of the sensor is the input for the three PID controller fur three motors |, as
seen in figure(5.9),

g

Figure (5.9} final real control model
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5.2.3 Interface Result

“[lie software interface which is used Lo control the model is combination ofa C
Sharpe interface with visual studio 2010 which runs a real-time interfacing. In the
current setup of the visual studio interface. The experimental setup of the system was

done necording the simplified model. All parameters and the Telerence trajectory

were the same as in the simulation part

! Hv?l-u..ﬂ
i e S Y i A e R
| By b e - B § ||

Fig(3.10) window of computer control interface

There are two optional control way the first is a real {ime autornatic control where |
{he user entering the desired position in the terms of (x.v.). then press on the "go"

icon ay geen in the ﬁgurf:{ﬁ.'iﬁ'}.

The second chaice 1s the manual operation:where the user can control each motwor ‘
separately in the work spuce by pressin the icons "L Mor"D" for running and "ol
icon for stopping . Also the "read” icon is a feature enables us to read the lengths of

cables in o real time run,
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Chapter six

Conclusion

The main problem with the identification of the model for the motors was that the
motors were very fast. This meant that the software nterfaced connected to to motors
could not sample fast enough, withont inducing aliasing of the measurement dara,
This meant that the identified models were not totally reliable, and ulso that it would
be hard (¢ control the motors. In the sofrware algorithm of the controller there is
limitation to sample the small values of voltage because of consider that the sampling
time is treal with the derivative controller which mean having a big value of
derivative gain, therefore there is sume reading crror from the feedback sensor om the
motor.8a, Due to the characleristics of the model of the moror, the controller needed
to amplify high frequencies a lot.

FHRRT b 0 v mmmms pey e T D



Recommendation

It is possible for anyone who wants to project development Avaid the following
problems which mention in conelusion and work to improve the mechanical and
electrical systems in the overall stricter. While taking into account the srretch in the
cables and may he adding GPS system to Suspended ohject to facilitte locate object

in workspace.

The simulations of the motor showed that the control structure was a bit sensitive to
noise, this might be something one can improve upon A befter approach would have
heen to identify one model for the motor with only the pulley connected, since the
effect of the load is canceled hy the feed forward term in the contoller for the
reduced bandwidth design,

There is the possibility to add a fourth motor 10 conteol the dead corner where there
fixed cable, and therefore the possibility af controlling the private space of those

angled for control of the entite space meticulously.
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Vaiua Unit
LE2DY | LB201PS | L6202 LE203
max 15 - 12 -
. - - - 3 oW
max.| B5 130 B0 35

oS (Refer to the Test Circuits: T; = 25°C, Vi = 42V. Vaans = 0. unless

Test Conditions Min. | Typ. | Max. | Unit
12 36 48 v
lner = IMA 135 L")
2 mhA,
EN=H ¥Ym=L 10 15 mA
EM=H Vg =H L=0 10 15 mA
EN=L (Fig. 1.23) B 15 mA
30 100 KHz
150 L,
100 ns
[ Fig. 11 va=52V | | | + | m
Fig. 45 03 0.55 0
Fig. 9
lng= 1A Lez2om 0.3 v
lps = 1.2A Lg202 0.36 v
lng=3A Lﬂ'l.';ll"ﬂm na L'
=i ' | W
Fig. Gaand b
lsp= 1A LE2M EN=L I}.‘IF' v
lip=1.2A L6202  EN=L gap) v
Ltpna.l. LE201PSM3 EN = 1.35(*) v
Reverss Recovery Time 300 ns
=25 s
F= 1A La2ao
=128 LE202
Ip=3A L&203
Farward Recavery Time 200 ns
-03 0.8 v
2 T v
Vi, Vien =L =10 | pA
V. Yeu=H a0 A
——
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