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Abstract

The aim of this project is to design and implement a control system for controlling
the three dimensional movement of an object within a selected working space. The
trajectory of motion is guaranteed by three cables connected to the object, the
length of these cables are controlled by three independent DC motor that receive
their commands from a PC-computer, the user gives only the target position
through the keyboard, the computer will compute the trajectory and controls the
cables' lengths as function of time to achieve the desired target position with the
planned trajectory. The length of the three cables is measured by three absolute

rotary encoders attached to the driving pulleys at the motor.

Knowing the lengths of three cables leads to computing the (x,y.z) coordinate of
the controlled object this is done by utilizing the forward kinematics equation of the
system. The proposed controller for each degree of freedom is PID controller, in
order to achieve the transient and steady state performance of the controlled system.
In addition to the control algorithm design, the synergistic system integrates the
clectrical system, computer system and mechanical system of the overall prototype

in mechatronics system approach.
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Chapter one

An Over view

1.1 Introduction

Designing and Controlling the Movement of an Object via Cables at Space represent a
challenge problem in control study. The system consists of three cables and a mass tied to the

cables which are driven by three DC motors. Whose torque represents the input of the system to

control the position of the mass, as seen at Fig (1.1)-

Fig (1.1) general view of DCMOCS



1.4 The process of the Designing and Controlling the Movement of an
Object via Cables at Space

As a mechatronics system, the most convenient way to follow during the design and
implementation of the Movement of an Object Tied by Cords at Space is the concurrent
design approach. This approach consists of a sequence of stages, which are shown in the

next subsection.

1.4.1 Conceptual Design

Designing and Controlling the Movement of an Object via Cables at Space system
consists of a mass tide by three cables, which are driven by three DC motors t0 control
the position of the mass .The input of the system is the final target position (XgYrZr)
coordinates from the computer which will be achieved by three DC motors in a closed
loop control. The important thing in the control is to determine the maximum torque for

the motors, which are required to perform the task.

The controller is implemented using one of two different kinds of control, first option a
proportional integral derivative controller (PID), every motor is controlled by one PID

Controller, in order to matching the requirement design.

1.4.2 Mathematical Model

The second step in the design process is mathematical modeling, which includes a set of
differential equations, and then we find the global matrices for the system that describe
the system behavior. The model will not only give a better understanding for the system,

but also it will be used for two major purposes, which are:



1.5.2 Mechanical part

The mechanical components are:

1. The load (mass 1kg)
Pulleys (ideal pulleys)
Bolts
Rods
Bearing
Welds

Frame structure, as seen at Fig (1.4):

N o v R W

a) x-axis 120cm
b) y-axis 80cm

¢) z-axis 100cm

@
0)

N\

100 gm

Fig(1.4) 3D general view of DCMOCS



The coordinate system, as seen at Fig(1.5)

N

Fig(1.5) coordinate system

1.5.3 Electrical part

The electrical part in this project includes actuators, PID controller circuit, and the

interfacing circuit that connect those PID controller circuit and actuator with the

computer.



1.5.4 Programs

use many programs for drawing, calculation, simulation, tests and circuits; because :
e Shorten time
e The answers are very accurate
e Allows the possibility of experimentation and shortly
e Shorten days in an effort click away
e can simulate the system

e find out what many points before experimentation in fact

The list of programs :

1. Matlab

2. Autocade
3. Catia

4. Proteus

5. Aurdino



The mass of cable one

my
my The mass of cable two kg
mg The mass of cable four kg
Ly The velocity profiles of cable 1 m/s
L The acceleration profiles of cable 1 m/s?
L, The velocity profiles of cable 2 m/s
I The acceleration profiles of cable 2 m/s*
Ly The velocity profiles of cable 4 m/s
Ly The acceleration profiles of cable 4 m/s?
D Distance which object move it in work space m
ty is the time for the desired goal position of object sec
(%0, Y0, Z0) Initial position of the object m
(7, vr 2f) Final desired position of the object m
x(t) The velocity profile of the object in x direction m/s
y(t) The velocity profile of the object in y direction m/s
z(t) The velocity profile of the object in z direction m/s
x(t) The acceleration profile of the object in x dircction m/s?
y(t) The acceleration profile of the object in y direction m/s*
Z(t) The acceleration profile of the object in z direction m/s?
Trnax Is maximum torque applied on pulley motor get N.m
from torque curve
Wi Is maximum speed getting from cubic polynomial rad/sec

profile

12




Table (2.2) constant parameters of system

parameter Description value Unit
a length of the frame in y direction 8 m
b length of the frame in x direction 1.2 m
Jo mass moment of inertia of pulley on each motor kg.m?
r radius of drum on each motor m
m mass of the object Kg
g acceleration of gravity m/s?
o the longitudinal length density of the cables kg /m
75 N—_— Maximum distance which object move it in m
work space
Apuity Diameter of pulley m
Leffinas Maximum effective length of cable m
h The height of the frame in z direction m
Negr Number of turns effective of cable Turn
Nsafty Around pulley for safety Maximum number of Turn
turns
Leffonas Maximum number of turns effective of cable m
Hepr The height of pulley what turns on it m
Higiai The all height of pulley m
Hearey Distance from right and lift sides of pulley for m
safety
Tpully Radius of pulley m
Mpully Mass of pulley kg
o Mass moment of inertia kg.m?

13




2.1 Introduction

Mathematical modeling of the DCMOVCS system tends to represent all important

features of the system and describe its behavior in terms of differential equation.

In general, there are two main purposes for modeling physical system:
* To predict the dynamic behavior of the system as accuracy as possible.
» The first step in building controller is the building of the mathematical

model, which can be used to improve the response, stability,...etc.

2.1.1 Matlab

Matlab is the program given what need in calculation, as seen at Fig (2.1).

T Efitor » EAVEAS! £ ta\Gmtndf\docomayis jon 10 gradustion project « A1 \GTattn EQUApL.|c | =) [aa) | 8 MATLAE 760 puoisa) EREChE
File Edt Tet Go Cell Tools Debug Dettog Window Help %8 x | Fie [t Dehug Penilel Desitop Window Hep
NHd| s - AesfiB-DRABDNEG . -0~ VG4 MB D OB P G | dutionproject- Wt EQUproject e et dty v [o] 183
S PR 230 Shortcuts 4] Howte Add (#] What's New
o - - W | CumentDireck  Command Windaw “g e x
A " D Newta MATLAS? Watch this Video see Demos or read Getting Saned. x
lanpies « 1l |
L4 simulink + | |
{4 1orqpan = | |
0 st |
#0008 x|
g |
i - Nel.
= g
Za.t
j34 asL
[l be.t
{11 - Ll
18 e
s 1.
i £z .
|23 - Arbalt (0TL2-0CLIMLILY) ol { il
|22 L (YA Ll I oeli
i23 i LI DL [@ -
2 | Tant
{z5-  Osmen myp  mrob) | | K
jze | Fpme
1: | ale
8- DeinvA) | o
ias =

Fig (2.1) matlab window
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2.2 Equation of Motion for the Geometry System

e Geometry equation describes the system.
e Geometry equation describes the system includes the length of the cables

and the distributed loads on this cables and the weight of the cables.

2.2.1 Assumption used of this project
The following assumptions are considered in deriving the mathematical model of the
system:
1-The extension in the cables is neglected.
2-The driving pulleys are assumed to be frictionless.
3-The air resistance on the moving object is neglected.
4-The motors are strong enough and fast dynamic characteristic than the
system to be controlled.
5-The position of the object is measured indirectly by measuring the lengths
of the driving cables.

6- The weight suspended to the cables ensure that there is no curvature at the

cables.

2.2.2 The Length of the Cables

Since the system has three degree of freedom, only three cables are sufficient to
control the position of the object; L1 which connect the suspended object to the
upper left right corner of the frame, its length is controlled by the motor MI, is
responsible for moving the object toward the upper left corner of the working
space.L23 connect the object to the lower right corner and lower left corner .The
cable passes the object through ideal small pulley attached to the suspension point of
the object. The length of the cable is controlled by the motor M2. The cable L4
connects the object to the upper right corner and is controlled by the motor M4 .The
cable is responsible for forcing the object to move toward the upper right corner of

the working space, as seen at I'ig (2.2).
15



L1 L4

Fig.(2.2) general top view of the structure

L= x2+ y* +22

L= x*+ (a-y)? +2

Ly=y (b—x)?%+ (a-y)* +2*

Ly= (b—x)%+ y*> +2°

Ly3=Ly+L3

Where:

L, = The length of cable 1 from origin to object, m
L, = The length of cable 2 from origin to object, m
Lz = The length of cable 3 from origin to object, m
L, = The length of cable 4 from origin to object, m
L, = The total length of cable 2 & 3, m

a = The length of the frame in y direction, m

b = The length of the frame in x direction, m

16
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(2.4)
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2.2.3 Force Analysis of System

2.2.3.1 Components of Forces in 3D Space

From newton second law ¥, f = ma we can determine the total force acting on the

object in three dimensions.
Y f=ma

FI+F2+F2+F3+W=md

Through vector notation 1) of force, as seen at Fig.(2.3)

F = F = fif

s R L (yn-y)j , (zn—z)K

an? Aom-y)? @n-2)?

Fig.(2.3) unit vector notation

(2.6)

2.7)

(2.8)

(2.9)

Force on cable number two and three are same force because they are driven by one

motor

—IF]_E —yFl }—ZFIE
Ly

ﬁ=F1*nf{ =

— —  —xFait+(a—y)Fyj—zF,k
F2=F*nF,= 7 277727 for cable 2
2

Fy(b—x)i+Fy(a—y)j—Fapzk
2(b=%) i YIZT22 for cable 3
3

F2=F,*nf2=

17
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Because force on cable 2 and cable 3 same force, as seen at Iig.(2.4)

Fig. (2.4) the geometry of cable L3

Fs(b—x)i +F3y j—Fazk
Ly

F3=F3* n F3=

W = mg * ni =mg k
= =S = (bLy—Ly3) s, [(a=y) o [2Ll23
— % * — |22 h23) IR »
F23 Fz nF2+F2 an [ ik ]F231+[L2L3]F23] [Lzl.g

]F23’E

Where:

= fif = The unit vector of the force
= F1 = force on cable number one, N

» F2 = force on cable number two, N

e

» F2 = force on cable number three, N

» F3 = force on cable number four, N

18
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By MATLAB

_ miljlg+Ly myliLy  m(g—#)Lli (axlz+bls (y— a)+ alz(x— b))

Fi=- b(lp+l3)  a(lp+l3) abz(ls + Ly) (2.21)
_my(LpLz )  my(g-—2)LlaL3

b= a(Ly +L3) ¥ az(Ly + L3) (2.22)
_ milg(L3+Lly)  mylp Ly | m(g—#)Ly(ax(Lz+ Ly)— byLz+ Ly)

o= b(La+L3) a(Lz+L3) abz(Ly + L3) (2.23)

Where:

e F1 is the external force applied to the cable of length L.1 by the motor.
e F2 is the external force applied to the cable of length 1.2 by the motor.
e F3is the external force applied to the cable of length L4 by the motor.

2.2.3 Analysis of forces in every cable in a system include weight of cable

The resultant of the forces on the cables, including the weight of the cable itself, In
addition to the force that affected from body weight on the cable and the force
generated from the motor on the cable, where assume that acceleration have the same

direction of the cable.

FI F3

L1 L4
™I Fl F3 ™3

123
4

T™M23

Fig.(2.5) top view of the system structure

20



®= X(t) = The acceleration of the object in x dircction

* ji(t) = The acceleration of the object in y direction

* Z(t) = The acceleration of the object in z direction

2.4.2 Designing of prototype specifications

o r=0.03m

o m=0.5kg

o Jo=0.00026325 kg.m?.

O My, mq, My =0.005 kg

P
Doy = J(xf —x{,)z—i— (yf —yo) + (2 - z,)°

Where:

" Dmax = Maximum distance which object move it in work space, m

* (X0, Y0, 2p) The origin position (0.1,0.1,0.1). m

. (xf, Yrs zf) Max distance of work space is (. 1,.6, .8), m

Table (2.2) profile path for prototype:

(2.50)

Forward bath Backward bath unit

Initial X 0.1 1.1 m
position Vo 01 0.7 m
Zy 0.1 0i9 m
Final Xp 1.1 0.1 m
position Vr 0.7 0.1 m
Zr 0.9 0.1 m

Needed time tr 3.8284 3.8284 sec
Max distance D 1.4142 1.4142 m

30



Use Matlab to show the torque curve of each motor, as seen at Fig (2.10).

Bt - BTG £y s\ sl oqim,
Ele Edt Tot Go Cell Tgols Ochug Desktop Window Help. Gult Sl
DER AMBYe Y- MNenkb-DOBRAFRR| - 0 -
TR -l (v AEO
(P e o
2= y=l0k
| 3= om0} =
= white 1<=10
| &
| &= Tt = ({287 (3250 - HEOSITIVI00 - 3500 « 111010000 + {28776 D25 - BN 257 (I P25 - 1]
7
le-  y=rytmip =
e ey =
10
{18 = [ mtey:
{1z
iz eme
4= plottr
{18
118
[17= hoden
he- w0,
f1s - yafo} il
20 = =[0] i
|- whiatetg
2
‘n = T =03 W50 - SOPIHE00- (ITAA0D + 111 0)V20000 + ([(6TE25 - 1t 25725 - (12N 2L
£
¥y Tmi | 5
=[xt] =
w1,
ond
- plotix
| i S = R P Bl ]
DVRAMICZTEST.m % Untitiedm = LENGTHm & LENGTH.m* * [tormmm

A\ MATLES 750 20080

_Eie Edit Dcpug Panilel Desttop Window  Help

DA MBI ¢ B0 D| 0 e proec - 215k EQuuormue soieon + () a2

Shortuts 1 HowtoAdd ) WhatiNew

Cusrent Durec Command Windew

ey D Newts MATLAS watch this ideo 4+ Qamas, o e Geting Satet :

Ble fdt Yiew Insert Tosh Desitop Window Heip

Dada k(550D Z- 2 08D

@ Hote newtostbar bustons: dat brushing & inked glots 2 ), Blavsaten
s

0 & x
x
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Fig (2.10) plotter matlab

Torque Three
T

02 T T T T

018

016

014

v tasmen

Torque-newton meter

006

004

0.02

]
Time-second

F Ny .

10

Fig.(2.11) maximum torque applied for motor one
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02

018

016

Torque-newton meter

004 -

0.02

Torque Two
T

(e 5 R SR, i
i : ! L I i i I i
1 2 3 4 5 & 7 P S 5
Time-second
Fig.(2.12) maximum torque applied for motor two
Torque one
05 . : : , : . , . [
04
03
02

o
L

&
4

Torque-newton meter
o

OV e rne i nesmns o en s s s e B S S S S R e TS Y B al
0 [ 1 COSRRU - SURREROVRUE. AR SRS e
04k T A R S e et S S S e e o =
05 1 | 1 1 Il 1 1 1 1
0 1 2 3 4 5 & 7 8 a 10
Time-second

Fig.(2.13) maximum torque applied for motor three
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2.5 Inspection of mathematical models

2.5.1 The static test in z direction:

Let:
M= 1 kg,mass object .
Z = y =X = 0, the acceleration in x,y,z direction
The static test of the force in z direction which applied in the systems

From matlab:

(2 —9.81W17

8
F, = (% — 9.31)@
(7Z -9.81)\17

8

8F, = V3(z — gm

8F, = #\3m —V3mg

. —\/17mg—4F,
7=
—/17m
= E98D =0
E, = @:5_05

37



From matlab:

syms x ysab=zg:
syns xb yd =b

==1:
b=120:
a=i0;

z
*

({{b-x)"2)+ ({a-y

e
Y
nHnmn

{{ (b-x) *LZ
({a-y)*(

A=[-x/L1
-y/L1
-s/L1

FElmixd : m»*ybd

D=Einwid)

F=D+Q

2 ))~0.5;
y2 + £°2 )*0.5 :
12 ) + 2*2)~0.5 ;

{ x*2+{{a-y)~2 )+ =2~2 )~0.5 :

}-{x*L3))/ (L2AL3) {b-x} /L4 :
L2+L3))/(L24L3) -3/L4

(=24 {L2+L3) )/ {L24L3)

=* (sb-g] ]

-s/L4]

Fig.(2.16) the code to find force matrix

| 5.056-|

A
Constant " AX=B (LU)
>
> BIm x m]
o LU Solver
Constant1

Display

Fig.(2.17)Simulink to obtained the force matrix
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—0.7276 0 0.7276
A=l —0.4851 0.9701 —0.4851 ]
—0.4851 —0.9701 —0.4851
0
Q-= 0 ]
—9.8100
—0.6872 —0.5154 —-0.5154
D=[ 0 0.5154 0.5154
0.6872 —0.5154 —0.5154
Ztest
[—0.7276 0 0.7276
A=l —0.4851 0.9701 —0.4851
—0.4851 —0.9701 —0.4851
[ 0
ad o ]
|7 — 9.81

0 0.5154 —0.5154
0.6872 —0.5154 —0.5154

[—0.6872 —0.5154 —0.5154
D=
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B

Fig (3.4) frame prototype

3.1.2 The load (mass 0.5 kg)

In first design the choice is 1 kg but after some experimental tests with rapid prototype
the 1kg has big weight that cause a big load on motor which that cause high current , that
is danger effect for circuits and some mechanical problem as big inertia moment in

begging move to desired position, as seen at Fig (3.5).
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3.1.3 Cable

Many choices of kinds of cable in project with different specification as cable nailon and
cable rope ,then the specification of prototype need the best cable which has :

a) no elongation without string from the mass weight with long time

b) less friction with pulleys

¢) small mass density , because it don’t cause a big difference in calculation

The choices, as seen at Fig (3.6).

Fig (3.6) kinds of cable

The best choice is number one for project specification.

43



3.1.4 Pulleys

The system has to be designed for different pulleys with different tasks , namely:

1. Aluminum Drums

Prototype Has two screw for fixed with shaft motor to avoid any back lash with internal
slot which has same cable's diameter with helical shape for smoothly motion and transit
the desired length of cable that the cable need it to receive the next position and all of

that repeat for another two motor, as seen at Fig (3.7).

Fig (3.7) Aluminum Pulley

2. Cable pulley
Many choices of pulley, as seen at fig (3.8) , can get the rational motion for cable but the
best choice with less friction with cable and smoothly motion in xy-plane , as seen at fig

(3.9).the choice of prototype is number two through experimental tests, as seen at fig

Fig (3.8) Cables pulleys choices
44




L

X
k. N

Fig (3.13. b) Fig (3.13.c)
3.1.6 Bearing

The choice of bearing pulley is limitation with dimension of system as talked in pulley

mass, then the best choice with pulley dimension, as seen at Fig (3.14).

Fig (3.14) bearing of mass pulley

3.1.7 The welding
In prototype was used in order to fixed the various parts of mechanics, especially the
overall structure that holds most of the parts and the pieces connect with each other in

different systems mechanics simple.

3.1.7.1 Arc welding
is a type of welding that uses a welding power supply to create an electric arc between an
electrode and the base material to melt the metals at the welding point.;7) , as seen at Fig (3.

15).
47



,f" Welding machine AC or DC
/ power source and controls

__l / Electrode holc&cr7
Electrode
_\;
Y
Arc _-\-“\\\\\’/:{{Z
| Work e
A
o Work cable
LY

\
— Electrode cable

Fig (3.15) The basic arc-welding circuit

Arc welding use for fixed the frame of prototype, as seen at fig (3.16.a), and struts in

order to avoid any possible Moment to get in the long run , as seen at Fig (3.16.b).

Fig (3.16) Fig (3.17)

3.1.7.2 Metal inert gas (MIG) welding:

is a welding process in which an electric arc forms between a consumable wire electrode and
the work piece metal(s), which heats the work piece metal(s), causing them to melt, and join.
Along with the wire electrode, a shielding gas feeds through the welding gun, which shields the

process from contaminants in the air.;g;, as seen at Fig (3.18).
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Fig (3.18) MIG welding

Mig weld use for fixed the pulley mass with mass, as seen at Fig (3.19).
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There are two power supply and Arduino microcontroller and computer and three DC
motors contact with three potentiometer (feedback) ,so the figure (3.25) below show the

wiring between this component .

----- mnalog input one analog input two  analog input three

Computer

""" ARDUIND MICROCONTROLLER RN R N N I

Fig (3.25) electrical wiring diagram
3.2.5 Interface programming

We used two type of the Interface programming such (matlap2013a , arduino

microcontroller) ,in the next chapter we take about this in details .
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== Winch
Controller

. Winch

o

| Controller
i
|

. Winch e
4 Controller Commandy ), Lommendy - contolter [commard | | Commmana :I

1 Winch Motor
i Ercodsr | DNVE | Encoder Drive Winch
! Teedvach M Feedtack Encodar Encader

Foadback F enabach

Stablizater
Controlier

Arm
* 1 Controller

Fig (3.26) Interface diagram

e e e e ———————

Ceibot
= =| Controller

- Matlap2013a is used to make a control Simulink model

2- Arduino microcontroller program

Arduino Target:

Used to compile and download Simulink code directly to the Arduino board, ,as show

Fig (3.27).
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Fig (3.27). Arduino Target
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Chapter four

Control Design

4.1 Introduction

Why control system?

Control theory is an interdisciplinary branch of engineering and mathematics that
deals with the behavior of dynamical systems with inputs. The external input of a
system is called the reference. When one or more output variables of a system need

to follow a certain reference over time, a controller manipulates the inputs to a
system to obtain the desired effect on the output of the system. The usual objective of

a control theory is to calculate solutions for the proper corrective action from the

controller that result in system stability [j2; .

General Control Loop Block Diagram

controller error controller output manipulated

e(t) = (SP-PV) signal, CO variable process varifble

\ \ \ \

set point, SP ] ¥ I s v v
>@ »| Controller ‘-'Efgr'fégt"gg’é)—u Process >

0 disturbance, D
~
measured process variable

signal, PV

Measurement
: D
Sensor/Transmitter

Copyright©2007 by Douglas J. Cooper
AllRights Reserved

Figure (4.1) General control loop
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4.3.2.2 Experimental Results

L Y W1 %1 6T U ——

Figure (4.4) Step response for estimated DC motor model

Introducing (4.12) and (4.13) in (4.11) to get the estimated first order transfer
function for motor control velocity:

G(s) = =2 (4.14)

s+5.7
Note that the electrical pole is neglected.

The estimated transfer function for motor control position by ingrate eq(4.13)

G(s) = —= (4.15)

$2+45.7s

¢ Designing a pid controller by sisotool in matlab to matching requirements :
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Fig (4.5)The designed PID controller for motor control position

Sy AR LA L W §

Fig(4.6) The simulated response of the motor control position with sisotool
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Selects a controller form in which the output is the sum of the proportional, integral,
and derivative actions, weighted according to the independent gain parameters P, I,
and D. The filter coefficient N sets the location of the pole in the derivative filter. For

a continuous-time parallel PID controller, the transfer function is:

G(S)=P+I:+D_~ (4.19)

The controller transfer function for the current settings is displayed, as seen at Fig

(4.7).

—E>

Proportional Gain

-

w

®—~—>[> N 3 _——

v Integral Gsin
Integrator
— (D D—
Derivative Gain S Fiter Coefficient
1
4 <
Fiter

Figure (4.7) Parallel PID Controller
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Chapter five

Results

5.1 Result Simulation

The suggested control structure is set up with ”Simulink™ in Matlab ,the output of the

PID controller is representing the actual angular position which is desired.

:E - lr> {’@
0 - [l ks of mokos gul
e Lungin of Cacie Soorat
wedvatio "
Sws2
anatien
Sup?
sirctio e =
Socced
e
Lergth of Catie 2 The sngoie pemon ot MO ToaaiN TroTe e T taui of moter pullyl
ha oully st motes 3
»] |
i
—f & | I |
L c
1 Langin o1 Cate 3 Tha snguiar cowion ot
¢

Figure (5.1) Simulation control for all over process
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L6201
L6202 - L6203

DMOS FULL BRIDGE DRIVER

SUPPLY VOLTAGE UP TO 48V
SA MAX PEAK CURRENT (2A max. for L6201)

TOTAL RMS CURRENT UP TO
L6201: 1A; L6202: 1.5A; L6203/L6201PS: 4A

Ros (on) 0.3 Q (typical value at 25 °C)
CROSS CONDUCTION PROTECTION

TTL COMPATIBLE DRIVE

OPERATING FREQUENCY UP TO 100 KHz
THERMAL SHUTDOWN

INTERNAL LOGIC SUPPLY

HIGH EFFICIENCY

DESCRIPTION

The 1.C. is a full bridge driver for motor control ap-
plications realized in Multipower-BCD technology
which combines isolated DMOS power transistors
with CMOS and Bipolar circuits on the same chip.
By using mixed technology it has been possible to
optimize the logic circuitry and the power stage to
achieve the best possible performance. The
DMOS output transistors can operate at supply
voltages up to 42V and efficiently at high switch-

BLOCK DIAGRAM

MULTIPOWER BCD TECHNOLOGY

-~ o

Powerdip 12+3+3 S020 (12+4+4)

& &

Multiwatt11 PowerS020

ORDERING NUMBERS:
L6201 (SO20)
L6201PS (PowerS020)
L6202 (Powerdip18)
L6203 (Multiwatt)

ing speeds. All the logic inputs are TTL, CMOS
and uC compatible. Each channel (half-bridge) of
the device is controlled by a separate logic input,
while a common enable controls both channels.
The I.C. is mounted in three different packages.

OUT1 QUT2
CBDOT1 i I CBOOT2
UOLTAGE CHARGE
1)
HEF REFERENC PUHP
| ]
4
EHRBLBJr H =}
N Jr 13 ly [:l <] C 4r N2
THERHAL
SHUTDOWN J
SENS _‘L GND N9ILE2D1 -89
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PIN CONNECTIONS (Top view)

U/
SENSE (T] 1 28 [D Vref sense td 3 V_1B y—
ENABLE (T 2 19 [TJ BOOT 2 ENABLE O 2 12 B soor2
N.C. (T 3 18 [IJ IN.2
N.C.O3 16 [J IN2
GND (T] 4 17 [ID GND
GND [ 4 15 [J GND
GND CT] 5 16 [1TJ GND
GND [ 5 14 [J GND
GND (T 6 15 [1J GND
GND (T] 7 14 [ GND GND ] 6 13 [J GND
N.C. (T] 8 13 [ IN.1 N.C.O? 12 0 1M
out.2 (1] 9 12 [ BOOT 1 out 2[]8 11 [J BOOTY
+Us (T] 10 11 [D 0UT.1 Us[]9 18 [J 0UT1
N91LE201-82 N91L6201-84
S020 POWERDIP
GND [:(1 20 ] GND
NC [ 2 19 [ ne.
NC. 13 18 [ NC.
ourz 3 4 17 [ ENABLE
vs C 5 16 [T] SENSE
outt T 6 15 [ vret
BooT 17 14 [ soom
Nt ] 8 3w
NC. 19 12 [ Ne.
Gno T 10 1 [ GND
DISIN218
PowerS020
pd | o  emeLe
B> SENSE
@' i} —— UREF
8 [ BO0T2
> IN2
-} mee—
:‘fl’ - s IN1
45 BOOTY
-$- I——> Wmn
2D
S 1 A om
Z TAB CONNECTED TD PIN 6 HIILE201-03
MULTIWATT11
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THERMAL DATA

Value
| Parameter Unit
Wyoio L6201 | L6201PS | L6202 L6203
Rinjpns | Thermal Resistance Junction-pins max 15 - 12 =
Rty jcase | Thermal Resistance Junction Case max. - - = 3 oW
Rty ;amn | Thermal Resistance Junction-ambient  max. 85 13(%) 60 a5

(*) Mounted on aluminium substrate.

ELECTRICAL CHARACTERISTICS (Refer to the Test Circuits; Tj = 25°C, Vs = 42V, Vsens = 0, unless
otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage 12 36 48 Vv
Vet Reference Voltage Ingr = 2mA 135 v
Irer Output Current 2 mA
k Quiescent Supply Current EN=H V=L 10 15 mA
EN=H Viy=H IL=0 10 15 mA
EN=L (Fig.123) 8 15 mA
fe Commutation Frequency (*) 30 100 KHz
T Thermal Shutdown 150 *C
Ta Dead Time Protection 100 ns
TRANSISTORS
OFF
loss | Leakage Current | Fig. 11 vi=52v | [ [ 1 ] ma
ON
Ros On Resistance Fig. 45 0.3 0.55 Q
Vi Drain Source Voltage Fig. 9
o los = 1A L6201 03 v
Ips = 1.2A L6202 0.36 \'
Ips = 3A LG?O;PSIO 09 v
Vsans Sensing Voltage -1 4 \'
SOURCE DRAIN DIODE
Va4 Forward ON Voltage Fig. 6aand b
lsp = 1A L6201 EN=L 0.9(**
lsp = 1.2A L6202 EN=L 0.9 E“; Vv
't.so =3A L6201PS/03 EN = 1.35(*")
t; Reverse Recovery Time dif 300 ns
— =25 Alus
dt
Ir=1A L6201
Ip = 1.2A L6202
Ir=3A L6203
te Forward Recovery Time 200 ns
LOGIC LEVELS
Vie Vene | InputlLow Voltage -0.3 08 v
VN He VBU H [I'lpu! ngh VO“ﬂgB 2 7 v
tan, lent | Input Low Current Vin, Ven =L -10 A
lsn, lenn | Input High Current Vi, Ven=H 30 HA
p——
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