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Abstract

Car Distance Protection System

By
Kida' Y. M. Abu Noufal Al-Mazalmeh

PPalestine Polvtectnic University 2007

Supervised By:
Dr. Sameer Hanna

This system would be designed to get simple motor control, needs less power,
2h eiliciency, automatically work, low cost, good safetv,

This design contains several types of mechanical and electrical devices, then runge
=t consists of transmitter o produce laser rays that is needed to travel from the car
siains device to the other car, and receiver to reccive (he reflected Tays rellected
wm the other car, 30 then this receiver convert light to voltage value, this converted
flag= passes to analog digital converter (o be as digital code.

The digital code will be an input to comparator, and will be compared with other
gital one that | choose referred to converted voltage introduced when laser reflected
0 & dangerous distance. When comparator output connected to speed controller
stem then system works as: It the digital code comes from ADC larger than

erence value, the motor can work in forwerd mode, and car can be driven forward.
the digital code is less than the reference value then motor will rotates reversely

=t stopped. But when the digital code cquals the reference value motor will stop
lomatically then car will stop.

Car Distance Protection System helps drivers, passcogers to get secunty that
mes from the safety on roads.

Practical implementation of this design should be realized, and some comrections
=t be introduced in order Lo achieve sucegssiul results and operation.
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1. Background

LI Increasing Use of Motors

Recen! advances in the high energy batterics, combined with the development of
smaller and more powerful motors, have opened new markets for a wide range of
products, including electric vehicles. Desipners concerns. however. for improved
performance and more efficient operation are not limited to drives applications. The
next generalion of motors in many stalionary applications will take further advantage
of changes that are occurring i both the motors and the drive electronics that control
and pratect them. Motor drive electronies is experiencing improvements in the
packaging, control, und power, as well as in the interconnectivity and communication
that will allow motors to run more efficiently. adapt to new applications more quickly_
and operate with fewer down time hours.

The size of moter can be as emall as a fraclion of watt to several kilowalls,
depending on the application. Control techniques are changing from none or analog o
digital based. Improved semiconductars technology and control schemes can be
implementad by advanced inlegrated circurts and inereasmely efficient power devices.
The motors are also changing because of new magnetic materials, lammations. and
winding insulations, and new designs and approaches to old designs. such as the
reluctance made practical by electrical technology

Soeme from electronic motor controls was employed 1n 15 to 20 percent ol motor
units manulactured in 1994, However, electronie vanable speed drives can produce
energy savings from an estimated 14 to 47 percent and in some applications. makes
mators and their control electronics an important area for investigation. (1)

LL2 Need for Increasing Control

The uming couldn’t be more ideal for new technology Tncreased energy costs,
public concern for unnecessary energy consumplion and the resulting environmental
impact, and legislation (hal require manufactures to design for improved efficiency
are amang the key forces thal are driving the development and the implementation of
new motor controls. It should be no surprise that motors have been largeted for more
ellicient control

113 Implications of more Exteasive Mator Conirol

The benefits provided by motor controls don't eecur without some controversial
implications, including the need for electromagnetic compatibility (FMC) and to
minimumize electromagnelic nterference (EMI), deterorating power quality based
on the increasing use of digital control. concem for electrostatic discharge as a source
ol potential relinhihity problems for semiconducior components, and a new aspect to
safety. No malter what terminology 1s used 1o describe the switchad. dizital control ol




moter =V ST, variable frequency drives (VFID}), or ASD, the switching for the voltage
can produce electromagnetic interference. The electronic control of moters and
inductive loads, when used withoul regard 1o the eflect on power lines, has caused
damaging voltage transients, lowered the power factor. Safetv 1s also affecting motor
controls. (1)

1.2 Problem Domain

A car distance protection system is an aploelectionic device that operates by
sending lager hight pulses and counting the vollage that imtroduced by light that
refleetad hack by an obiect (target) Then the veltage value introduced in the laser
receiver will control the work of the speed control cireuit of motor that connected Lo a
comparalor circuit. Comparator gel three types of outpul pulses, these pulses are the
input of speed control circuit that connected to melor. Alse the motor spead will be
changed reversely to the distance between two cars and that control the car speed 100,
So this device will be designed to introduce the salety on roads by gelling no
accidanis.

1.3 Studies

Since invitation [irst car scicntists work to design methods to control the car speed
to get salety for human using this car. In Palestine Polytechnic University, graduated
students work on this aim too, three different projects had the same purpose, these
projects are,

l. Mo'nis Batta group designed a device called Cruise Speed Control (CSC), that
project idea concerned with the limitation of the vehicle speed by reduce the
amount of the mjected fuel.

Cruige Speed Control System compromises three main units; radio wave
transmitier, receiver, and electromechanical mechanism While velucle cruises
al a high speed and passes a head the transmitier of the system, the
electromechanical mechanism will be aperated to determme the throttle angle
which guarantess the imitation of vehicle speed in order not to exceed the
maximum permissible speed on the particular roads. This system used to
control its function which is the control of the position of butterfly 15
electronic control unit

This project idea depends on an important factor fur such accidents 15 high
gpeed vehicle So CSC is contending traffic accidents lo help and to take part




in munimizing human faults, as 18 well known some hasty drivers don'l abide
with permissive speed.

=3

Ahmad Hasasneh Group used the remote controller and remole monitoring,
This design called Automobile Contrallar That work usad in il design
cellular phones. (hat provided cheep. dependahle ang [zasthle technology to
control remote oects and moniter far away environmental parameters.

The purpose of this project was to use the cellular phones as a new technical
controlling technique to remotcly navigate a toy car, and to request the needs
of cellular phones

That system needad regular cellular phone attached 1o microcontroller board
of & car to accepl commands and data restored in nuerocontroller. It desipned
fo purpose is (1) Including INITIALIZEING. GO, and REVERSE, LEFT,
AND RIGHT. (2) Wails the commands from Lhe user to send data. And
including temperature and darkness, Microcontroller in that project is uself
automatically. and the dala command is border which is senl if' any border is in
fronl of the car wila moving. {3).

| 3. Ramu Abu Arqoub Group work on fuel and dccelerator pedal, so in this project
group would like (o control the speed of car by connecting the motor valve to
stepper molor that controlled by microcontraller wonmected w brake. Thar

| project titled with Computerized Car Acceleration Pedal

| Ln this work throtle angls is the main factor used 1o control the car speed, then

| when this angle measured using angle measurement meter, its value inters (he
microcontroller, this micracontroller then control the fuel that control the car
speed. Thus idea is an intelligent work to control the speed of drivers.

I'mis work designed te maximize the satety for who used the device, cornfort
and elficiency of pedal 1o do its function as the ideal controller of car speed,
That system served as the first step toward an intelligent cruise control system

1.4 Description of the Problem

L41  Definition

[t°s an electromechanical device used 1o control the car speed by controlling its
matar speed, the speed control depends on the distance belween the car contains the
device and other car moves in front of it




42 Block Diggram

3 I range Controller,
diddin Conditioning.

tference +| &lnterfacing || Motor

distance Cirevits
' T x
| power electromagnetic
supply systam
Speed Controlling

Fig.1.1: blcek dingram of Car Distance Prgtection Syelem
L43 Project Features

The currenl goal of this praject is o design a device that emits a certain signal that
caby reflects when it receives s required si enal. The receiver can introduce 3 vollage
“=pends on the distance belween two cars. Then | use un operating amplifiers circuit
o enlarge vollape introduced from optical sensor, and then this high value of voltage
will be compared with a reference value, encoder with COMPArators can change the
=nslog veltage value 1w digital that can be an input pulse-work as a switch- (o speed
<ontrol circuit that contains three main functions: ( 1). Forward, (2). Stop, and (3).

- Reverse word,

. L{ Subgoals

Design the aptical source also capable of receiving reflected sipnals

Design g controller circuil to calculate distance between the car and the
ohstacle,

Design a photo receptor thal can detect the emitted raceived signal

Use the comparalor to choose the correct choice that used m speed conlroller.
Use the magnetic circuil to get accursle motor speed inversely with the
distance between two cars,

Applying new techniques in determination the distance.

Introducing new system that prevents cars accidents,

% Practical implementations of theoretical studied coursas.

L | EF

Lh ds

>




l.f Helpful Skills

» Photonics/Optoelectronics

= Interfacing circuits (opteoupler)
« Digital design

« Mechanical design

» Electromagnetic implementation

1.7 Report Contents

This project contains five chapters, as follows:

v Chapter one is an introduction to the project, so it describes the project idea,
definition, block diagram, aim of the project, taking its accounts and show
some previous works that realized in Palesting Polytechnic Uni versity.

v' Chapter twe is optical state, so I show in it the use of lenses and their
calculations, laser | used in project hardware with wavelength calculations,
and the relationship berween laser ray density and the sensor voltage
introduced, then presented the reflecrion and refraction narure of light and the
problem that cut my project line.

¥' Chapter three is a mechanical state, in this chapter I show the work of cars
motar. how to control its speed and that change of speed how affects on torque,
s0 how to control the speed of car,

¥ Chapter four is a discussion of the electrical cireuits and their function with
the mechanism of every circuit work, and then shows the final cirouit,

¥ Chapter five is the last chapter which is the testing of clements and cireuits
work, and then we show in it the problems we found while we work in this
praject.

v" Chapter six shows the results of the project and future works







2.1  Introduction

One of the mosl fascinating accounts of physics history 1s the physical nature of
szhit forms, Since ancient time the light has been pictured as particles or waves. but
Sow il become clear wave and particles side by side. One of the most suceassful
Seorelical structures in 1 quantum electrodynamics thal was the solution of the wave
pariicle duality problem. The final result of expariments i light is the subatomic
particles like electrons that are considered Lo be manifestation of malter or enerey

Quanta and quanta mechanics born, according to Planck the energy E of quantum
of clectromagnetic radialion is proportional to the frequency of radiation as in aq *

R i
Where:
5 =663 107" 1s: Planck's constant.
¥ Frequency of radiation.

The light indicaled that it is possessing enerey and moment so wave length can be
===ociated using moment o as a function:
h

AT

o

-3
ot

11 Wave Praperfies

Quantum mechanics o wave mechanics combined with moinent, energy, velocity as.

F= —m=g
= 23
C
Pt — o W 2.4
Vi PR e
i f el U
M= — =i Fl = o 25
Il \ E

Whera:

= - resel mass.

£ Total energy.

= /2. Kinglic energy
W resel mass energy.

S0 there 15 & very important distinction between elactrons and pholons, which is the
fermi statistics that’s being as in gq.;
R 8 S s AL

Wara
= Photon number.
£ Imadiance (power’ area).
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2.2 Light

From ancieni life human Jooks to know light prospenties and its nature. 50 thai
comes from the ingredients of the life of the Farth Plants need light energy, human

seed 1t to live, m this project I need light to measure the distance then everywhere and

=very time life can't ba witlwat liaht

Carmeks told that e light s s tingy of parcicles. wsing (s theory Mewron define the
reflection and refrastion ol laelil. Fooaos Pl larn cleMinirion sc lenic s s e ess il Line
B il Prewe nn wvnrvas mminre, e o f Wi iwes Uil coones lnter 13 Tho inlerference ol Jugg Bnd il

Srihant theory which developed and talk about the magnelic wavas,

221 Measurements of Speed of Light

By ¢xpeniment light speed equals 3 < 10" m/ & . that was measured when Galileo
used two observers on two towers and meusurs the time period of light movement
from two towers, There are two methods to calculate the light speed:




- Roemer's Methed he used one of Jupiter moons and 1tz traveling around
Jupiter, he see that the distance ol light particle moving was Like the radius of
the Earth. and then he calculated the speed of heht winch was 2.3« 10%m ¢

- Fizeau's Method: he used the rotanng tooth head wheel 1o measure the total
lime light take to travel from source 1o murror, than determined the speed as in
the gquation:

¢ =2t 240
d : Distance between source and mirror
{ : Time of travel

Here he found the value of speed of light that equals ¢ =3 1=10"m/s(2)

2.2.2  Reflection and Refraction of Livht
2.2.2.1 Rellection of Light

The [irst property ol light we consider is reflection from a surface, such as that ol a
murtor. This 18 illustrated in Fig 2.1

In the ray \raced image above several polished chrome spheres reflect light from
varied positions within a checkerboard tiled room. At first we will look at a simpler
reilection, one that happens oo u flat surface. Below is a picture of such a siluation.
Here a single ray of light strikes a surface and is reflected from it

When light is reflected off anv surface, the angle of incidence & 1s always equal to

the angle &, of reflection. The angles are always measured with respact to the normal
1o the surface. The law of reflection is also consistent with (he particle picture of light.

2.2.2.2  Refraction of light

Relrachon occurs when light rays chanee medium as ray i3 changing its speed. so
the direction of ray change too.

In the Fig 2.1 above light rays change direction as they go from air into the plass
spheres, and they change direction again when they exit the glass spheres and enter air
Ihus causes the checkerboard pattems Lo be distorted, Anvone whao has ever lookad
frough any type of curved piece of glass has seen similar phenomena

2.2.2.3 Changing (he Speed of Light

snell's Low:

The bending of light as il enters medium commg from another one differs m ifs
characteristics while traveling. Tnterface between the madia is the meeting place of
wo different media. All refraction of light {and refleclion) nceurs at the interface,

When light 15 incident at a transparent surface, the transmitted component of the
ught changes direction at the interface. Another component of the light 1s reflected at
the surface. as shown in Fig 2 4. (he refracted beam changes direction at the interface
and deviates from a straight continuation of the incident Llight ry.




Fig. L1 Light in air moident on gless swfuce where it s purtly reflected at the interface and purtly
trimsmilied mto the gloss. The direstion of the msmitted ray 15 changed ot the arr/uluss surface The
angle of relrasiion r 15 less then the angle of incidence 7.

Snell's low came (o [ind the change of light speed when 1t refracts as in equation:

M, smr _ﬁzi_“ s iad

n., smi v, A

o, . Medwm index

4 . Light wavelength in of incident rav
A.: Light wavelength of refracted ray

i Incidencs angle

r: Refracted angle

v, . Incident ray speed

v. - refracted rav speed

The change of direction of light as it passes from one medium 1o another is
associated with a change in velocity and wavelangth. The energy o the light is
anchanged as it passes from one media to another

2.2.24 Critical Angle

Using the refraction simulator, notice how the light bends toward the normal when
e light enters a medium of greater refractive index, and away from the normal when
entering a medium of lesser refractive index, Then notice what happens when you
move the flashlight to an angle close to 90 or -90 degrees in the medium with a higher
reffactive index As you approach the critical angle the refracted light approaches 90
or =20 degrees and. at the critical angle, the anple ol refractions becomes 90 or -90
#d the light 15 no longer transmitted across the medium/medium interface. For angles
greater i absolute valug than the critical angle, all the light is reflecled. This is called
total reflection, (3)




ke Brn ,,
Fig-2.2: Measuring the Angle Bevween Two Lenses

==2an  (2.5cm/10m) =03
= =M-{0.15=8985"
F=9%-8985=015°
F=2x8085- |79.7¢
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=3 Laser

T8e laser is an acronym for “light amplitude by the stimulated emission of
ssss=on . Laser produces far and away the best kind of light for optical
Ssmmunication.

5 laser 15 the most important optical device for last fifty years, laser is an optical
smpiitier. The laser word stands for light amplification by stimulated emission of
Sisen Together with optical fibers and semiconductar optaelectronics devices
e mas revolutionized optics and optics industry,

L Advantages of lavers

Lasers have been quite expensive by comparisen with leds. One of the things
hal cause lasers to have a high cost is that for lasers used in long distance
applicalivns temperature control and outpul power control is ngad.
Temperature control mamtains a stable lasting threshold and power control




ensures that the defector can see a stable signal. Both of these require added

Ccost.

The wavelength that laser produces is a characteristic of matertal uwsed o build

it and of its physical construction, Tunable lasers exist and are beginning to

become commercially available bul the available tuning range is quite narmow

and luming 15 gquite slow.

i Ampliude modulation usmg an analog signal 15 dillicult with most lasers
bacause laser output signal power is genarally non Linear withoul inpul signal
power (4)

BN ]

I il Laser Basics

While most lasers are extremely high lech devices which require the engineering
=i manufactunng expertise of corporations, universitics, or Government agencies Lo
Sesizn and construct, there arc a few types that can be built from scratch by the very
setermuned amateur. I'm not talking about wirmg a helium-neon laser tube (o a power
sspplv or a laser diode to a driver circuit. A truly home-built laser mav start out as 4
S5t lengths of various sizes of glass tubing, mirrors, special gases and chemicals,
werap metal and hardwarg; electronic components like Lransformers. rectifiers.
sepacitors, and resistors - and laser and high voltage warning signs! Converting this
solection of matenals into a working laser will require many hours of effort as well
= blood, sweat. and possibly tears.

Although the laser 15 a device or instrument basad on fundamental quantum
mechanics which s very simple in principle - an exciled medium batween mirrors -
sidmg one suceessfully may require mastering several disciplines not normally
Seand in even the high tech home. These include: glass workmg, vacuum sysiems, gas
Sendimg. high voltage electronics, and precision mechanical fabrication. Dealing with
‘== can n iself be an excellent educational experience. Aceess (o a universily or
sdusinal lab will make things 2 lot easier but isn't essential - it is possible to build a
s without outside assistance. Academue studies in laser physics or related subjects
we also not necessary unless vou want to attempt to do serious research as all he
“sers that can be reasonablv constructed at home are based on well estabhished
semciples where rules-of-thumb and simple caleulations will sufTice.

The reason for building a Iaser from scraich 15 to learm how lasers work through
s&s cical hands on construction. Also, one major feature that you have with homea-huilt
weers s the unbimited freedom of experimentation, vou can control many variables
ke powser (voltage and currents), 2as, optics, materials etc, which otherwise 1s very
£55calt or impossible with commercial lasers

Another rule that I have set when it comes 10 building lasers; Build the lasers that
we more sxpenszive, exotic, and least ohtainable like!

*  Carbon Dioxide Laser.

«  Nitrogen Laser.

* Copper Vapor and or other metal vapor lasers.

« Solid state lasers - Ruby, Nd: Y AG, frequency doubled Y AGs.

¢ Dwe [Lazer (flash lomp and/or N2 laser pumped). (5)




233 Wavelength Measwrements

W hght of wave length A from two luminous poinis whose phase difference is
constant falls in pownt P_ then two beams of light interference. If two vecior
amplitudes for propagation in x direction are represented by

_'r*:'r:rl.e"”"*'ﬁ:_..,........ . 212

where &, represents phases

The mdividual intensitjes are given as:

RS JE. RO &
the superposition gives
I=5L 1T, +21 0 cosd ... 3214
Where
BT =8 e e 205

In case of [resnel mirror wave from light source Q) falls on to two mirrors inchned
angleer | interference patterns ohserved on screen S, mirror with light source can be
replaced two coherent light sources O, & U, separated by distance & Ifr is a distance
setween ) & A which the mirrors are louching.

AQ\ =D, =r&d=2rsina .. .. .. ... 216

If distance between screen and murrors is large compared with distance batween 1w

sdiacen! meerference masima

r=hh=a 217
.—h=pila 2.18
Smce
Ws—=hNnFn)=2pd, . ....... .. 5218
d=2z(r.~r)/i=2apd/!Aa.  _ . IS ¢
Tauma occuis on sereen lor P equals 1o
P=ndalda .. .. 221
==d muinima for
P={n+S)iald. ... .22

T8e distance d between (wo virtual light sources 1z determined by projecting a sharp

“m2ze ofthem on screen using lens of foeal length fand measuring size of [ HILE

&
-




gib=diB . ... ..223

»here & & b represent object to lens and image to lens distances as
d= B b= e hds
2 = a distance befween two neighboring maxima and case of hiprism distance d

setermined as in mirrors. {O)

Calculalions:

» For mirror experiment:

d=B.Fi{b—-f)=0.7= Sllf{ﬂlﬂ - Bﬂ) = 00420 ¢m
i=dpina

£ = 004292171 x536.2 ="192 3nMn

£ =00429=14/2x536.2=535"5mn

£, =00429 »1.8/3 %5362 =470.6nm

i =lA 4+ A, +A)In=7993x10 "+ 5595x107 + 4796107 =6 128 %10 "cm

-~

Eerorte = (6,128 x 10~ om — 536 20m)/536 8)= 100% — 3.16%
F=2apd [ Aa— 27 % 3% 00429 /6128 %10~ % 536.2=1.664x10 "m

» For biprism experiment:

d=FFHb- 1=34=x30/(414.5-30) -0265cm
f=dp/na = 0263 x0.1/422 — 628 6om
Error®e = (6328 = 628 6/ 632 %) x 100%.=2.02%

5 2md [ Aa=27 <12 0265/6286 %107 x5362=494 <10 "m

-1 =S

. T 7
=—___ Thewavelength I use in this project 4 —44 =107 m
-‘-_“""-a-.,__J [




=34 Laser Principles

The key principle in laser operation 1s the principle of stimulated emission as:
An electron within an atom stans in a low energy stable state often called the
“ground” state.
Energy is supplied from outside and is absorbed by the automatic structure where
upon the electron enters an excited state.
2 pholon arrives with an enerey close to the same amount of enargy as the electron
needs tu give up to reach slable state.
The arriving photon triggers a resonance with the exited alom, As a resull the
=aciied electron leaves ils excited state and Lransition to & more stable state giving
up the energy difference in the form of a photon.
The cnitical characteristic here is that when a new photon 15 enutted it has identical
wavelength, phase and direction characteristics as the exciting pholon. {7)

2.4 Lenses

Lens is a circular piece of glass or fransparen| plastic, this has two surfaces are
£rounded to produce convergence and divergence of light, so we have Iwo types of
=nses which are concave lenses and convex lensas. Then 1o find the focal length of
e lens we use the equation:

2
F

#  Focal length
O Observer
£ Image produced.
“=en enlarge of the imagee calculated as:
M ==Y e

241 Convex Lenses

Convex lenses considered as positive lenses, so thal coming lrom causing light
“¥5 ko converge and concentrate the real image that can project onlo screen. Convex
== that shown in Fig.2.3 has a focal length FL and focal point a1 F. this lens is
mmetne 5o has equal curvature angles on ils two sides




Focal .;IIII'IE
(a) Bi-Canvex Lens

Fig.2.5: Comvex Lens

Convex Lenses Caleulations

= When the laser transmitter placed on a point back to a lens at Sem and unage
will be at point with distance in froni of this lens Y.

Fig. 24: Convex Leny Caloulation

—-—

L i3

R I

| 3 P_:L{_j__'}w—Sﬂ::‘ng?m"
I10 945%107

L) We can chaose a lens with [ocal tength equals five (F = S¢m)

= When the reflected laser return to the receiver from & point placed on Ym and
its image will concentrate on a phototransistor placed on 2¢m back of the lens
then the lens have a focal length:

l 1
= —4 =
e L

: L I e
- Jl_fi_ﬁl S3xH]

= = ——— = 4 99T
{400 9454103




b We can choose a lens with focal length equals five (F = Scm)

it | choose alens with focal length (F = 10¢em) to make more enlarge and take better

ECiEncy.
be,

i 1

o 7
B r.?- .i" = ‘?:-.'ID?-:IIJ"‘. Atk
—F 9_10=xIp=

t _F_.F___,._-H""-F—I - - ['_"““—h-_.,_____‘

il Phototransistor will be placed back to lens at distance |8cm e

e e

1. Concave Lenvey

Concave lenses considered as negative lenses. so that coming of divergence of
ssinp waves or scattering away at focal point F as shown m Fig 2.9, diverpence
oduced bocause of the shape of lens, so lens is then onto the ceater and thick onte
= periphery that making the rays refracl away [rom thin site. Waves concave on the
sative focal point T, the virtual focus coming from no convergence on F so image
lied virtunl imagea.

|—n—I -
e
Ei e \
: Axin
: g e,
: .,
Foeal plase T

(b) Bi-Concave Lens

Fip.2.5: Concave Lens (3)

sncave Lensas Caleulations

hien the laser transmitter placed on a point back to a lens at 3cm and image will be
point with distance 1 front of this lens Ym
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& wecan choose a lens with focal length cquals five (F = Sem)

“smcave Lens Enlarge Factor:

| —FL—| ——
3;1’;.-1—‘ I == M

1 ‘L-'-. Bris |
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Flg. 2.7 Tnlarge Measureamants
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'Qi‘l;tfmsiﬁmr will be placed back 1o lens at distance |
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3.1 Introduction

Diract current motars are seldom used in ordinary industrial applications because
elactric utility svstems furmish allernating current. However, for special

2l

soplications such as a steel mulls, minas. and electric trains, 11's semetimes adyanlages
- transform the alternating current into direct current m order 1o use dc motors. The
~=sson is that the lorgue speed characteristics of de motors can be varied over a wide
sanee while retamming high cfficiency.

Today, this general statement can be challenged because the availability of
sophisticated electronic drives has made it possible 1o use altemaling current motors
: variable speed applications. Nevertheless, there are millions ol'dc motors still in

service and (8)
The Motor Classification

Motors are often ranged by function, such as motor for sewing machines, blenders.
w=hing machines. While this supplies information about thew use, It savs nothing
wout the type of the motor. This is better done by designations such as thosa in Luble

The busic concept behind the function of a motor is very simple and depends on
S forces of attraction and repulsion between mapgneis These consist of two lypes
sermanent mapnets and electromaguets. A permanent mognets mada al melals or
wiovs that can be magnetized: an electromagnet is a coil of wire carrying an eleciric

cwrrent, either de orac.

3.1 Motor Types
Alternating Current

Direct Current Single Phase Paolyphase Electronic

Shunt Split-phase Squirrel-cage rotor  Brushless, slotless,

coreless

Series Repulsion- Wound rotor Hall effect

induction
Compound Universal
Sphit field Capacitor

Shp ring Logic circuit
Brush shifting Electronic control
vpes

Differential Series Shaded pole Disc stepping

Interpole Puwer stepper

Universal
Tapped feld

gniversal

The armature is mounted on 4 shaft, supported al its ends by bearings. The rotation

“ e armature results in useful work can be done this machina. The field coul. fixed
= sosilion, can raceive its operating voltage directly The armature docs present a
poblem and that problem is how to supply current o a rolalig coil This is done by




semmutator segments made of copper and mounted i the form of a cylinder on a
wail, The copper seements are connected 1o the coils of armature. A carhon brush,
sosilionad against the commulator segments, supplias a pood electrical contact

s hout inlerferimg with the rotation of the armature. The brushes are connecled (o de
o ac voltage source. In this way an electrical current flows from the source voltage
=40 the brushes and then from the brushes into the armature coils. It's this current that
sesults in o magnetic field around the coils.

The current flowing through the field coils also produces a magnetic fisld 1t is the
“==clion between this magnetic feld and that surrounding the armature that resulis in
e rotation of the armature. And, when the armalure turns, so does shaft on which it's
poslioned,

This is the basic way in which a motor works, and while it’s simple. thers are a
“ee number of molor types as in Fig.3 1, cach designed to produce certain results.
Some have a large amount of lurning power, known as torque: others have a constant
spe=d, shill others can have their speed cantrolled easily: some are more efficient than
“Sers: some are low power types, while some demand a high amount of poOWer input.
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33  Electric Motor Basics

f3T1  Motor Constriclion

A metor consists of two types: primary winding and secondary winding. These
consist of oils ol wire wound around an iron core, both fixed in position. One of
»mdings known as armature o7 rotor 15 allowed to rotata. The other, fixed position
=mding, is referred to as the feld or stalor

Windings have no physical connection; the stator 15 wound =o that it forms a
Souswng surrounding the rotor, the rotor is amounted n a shafl and is fastened to it is
5afi, a rod made of steel, protrudes [rom the rotor and turns with it 1t"s this rotating
shafl thal supplies the torque or lurnimg power or gears, levers. cams or other
mechanical arrangements as in Fig 3 2

Copyrignt & Tha McGraw-Hill Companies. Ine. Parmission raquined for teproducton or display
Overtemperature- :
il Primary

ol rofection thermisior
English or P e - feedback

metnic dimensions, . . device
optional NEMA - '-

56C face “TIF : v — Rugged

- \ TENN, 1P65
waterproal
construction

Saced optional shalt

ovafigurations ~a=— :
Steel bearing — () ring
insert for long . — prevents
bearing life -~ ] rotation of
LI‘r‘;k—inlEI1irr Class H high- outer hearing
samarium- lemperature race for longer
cobalt rotor insulation besring life

Fig.3.2: Moy Haris (1001}
Induction motors s vomposed of a rotor (armature) and stator containing windings

comnecied 1o poly-phase energy source as in Fig 3.3 Simple 2-phase induction motor
Selow 1s similar to (.5 hp motor.




Fig.3.4: Stator Frame Showing Slots lor Windings (9)
3.4 Motor Speed

“41  Rotating Speed of Mutor

the ralation rate of g stator rotaling magnetic field i= related 1o pole pairs number
=t stator phase. The full speed as in Fig.3.5 has three pole pairs so three phases. but
“wtor need only one pair and one phase to gel | pole pair/ phase The magnetic ficld
“HEes once per sine waye cvele. At 60} Hz power. field rolates 60 limes per second.
= 50 Hz power it rotates 50 limes which are the synchronous speeds of motor. For
“HEr motor can't achieve this speed so it necds the upper limit. To solve this
seoblem designers used douhle motor poles. then synchronous speed is eul m half

“stion because the magnetic field rotates | 80 degrec for 360 degree of electrival sine
EEha

Senchronous speed caleulated as
N, =120.F/2 ... 31
. Synchronous speed in rpm.
- Frequency of applied power in He.
Total number ol poles per phase, multiple of 2

=




L

full speed
ﬁg.f:l,ﬁ'. .ijl.l-H[iI[E the Staley’ Poles hoalf the Svnchronous Hpﬂed

Main idea said that inductance mator is that the rolating magnetic produced by the
gaior makes rotor rotaics with 1

Stator's magnetic field induced allernating current mto rotor squirrel cage
conductors. This current creates magnetic field, so stalor magnelic eld mteracts with
sotor Leld which attempls (o alien with stalor rotating then rator squirrel cape rotates
That be d'there is no lorque, no bearing, windage and other losses, but if these
mechanical parameters are founded then rotor rotates at synchronous speed. Torque
seveloped by the slip between rotor and synchronous speed stator. Magnetic flux cut
soizting tolor conductors as slips does. loaded motor then slips in proporton Lo
mechanical load. In s¥nchronous there is no stator flux Lo cut rotor and no curreni
=ouces 1l sono lorgue.

The purpose ol a motor speed controller is to take a signal representing the
s==anded speed, and to drive a motor at that speed. The controller may or may not
scually measure the speed of the motor, Tf it does. it is called a Feedback Speed
Comtroller or Closed Loop Speed Controller, if not it is called an Open Loop Speed
Comtroller Feedback speed control 1s better, but mora complicated, and may not be
secuired for a stmple robot design,

Motors come in a variety of forms. and the speed controller's motor drive output
w1 be different dependent on these forms. The speed controller presented here is
fesizned 1o drive a sumple cheap starter motor from a car. which can be purchased
Fom any scrap vard. These motors are generally series wound, which means to
s=verse them, they must be altered slishtly (11}

242 Theory of DC Motar Speed Control

The speed ol a DC molor is directly proportional 1o the supply voltage, so il we
ssduce the zupply voltage from 12 Volts to & Volts, the motor wall run at half the
seeed. How can this be achieved when the battery 1s fixed at 12 Volts?

The speed controller works by varving the average vollage sent to the motor. Tt
could do this by simply adjusting the voltage sent Lo the motor. but this is quite
meMicient 1o do, A better way 15 to swilch the motor's supply on and off very quickly
& =e switching is fast enough, the motor doesn't notice it, it only notices the average
effect

When you watch a film in the cinema, or the television, what vou are actually
sesng 1s @ series of fixed pictures, which change rapidly enough that vour eyes just
e (he average ellecl - movement. Your brain [ills in the gaps to give an average
=Tt

The lme (hal il takes a motor to speed up and slow down under swilching
seadimions 1s dependant on the inertia of the rotor (hasically how heavy it is), and how

L
L]




ek friction and load torque there is, The graph below shows the speed of a motor
e 1= being tumed on and off fairly slowly: (10)

Sypby Vallege

\ Time

l_ Muldr spees — Rupghy '-'I'|EE

Fig.5.6: Relationship between Tune and Speed and Voltage Supply.

S af  Speed Control Circwits

|
Fig,3.7: [Mecromagmetiv Field Cirouit and with Speed Controller (12)

W hen car switch ON all components of controller system will work, one of hese
“smpesents is the speed controller cirouit. When car work, then speed controller work
W e ohiaze of cars batlery, 1f in this circuit press FORWARD switch. car work on
s controlling and driver conirols the car speed, so FORWARD switch when
esec relay A will be ON then Al be ON oo, that makes A2 work then motor work
» = Frward mechanism [fswitch STOP pressed Al will be OFF then A2 becomes
5" = relay B and so relay D be ON, s0 D1 becomes momently ON and then be




~FF. BZ can now be on AND motor will stop its motion speed. When REVERSE
swich pressed. B1 becomes OFF and so B2 15 now on then motor will work reversely

235  Torque

+ 51  Torque and Frequency

At bepinnmeg of motor power feed 1t will be al rest, when stator magnetic field
swmes stetor field cuts the rotor at svnchronous. current mduced in rotor turns be
maumum, then rotor speed increasss, so when the stator flux culs rotor the diffarence
setween synehronous speed and actual rotor speed will be the rate as:

AN N —N issiniin 32
AN - Speed rate.
% Swvnchronous speed.

% Rofor speed.

8e ratio of actual Nux thal culs rotor to synchronous speed is determinad from the
iy

N -N AN

IS s = — FITLER
N N,

The mduced [requency into rotor canductors high anly in line fraquency at the

seznning of power feeding, and then decreasing when rotor approaches synchronous
soeed s0 1t piven as:

3.3

L= i B
Stlator power line frequency .

i Slip.

~ 52 Current Limited Torque Speed Characteristics

The DC Motors page describes (he normal motor torque speed graph, and how the
wseque of o permanent magnet DC motor is proportional Lo the current. If the current is
muled however, the targue must also be himited. at the value comncident with the

wssted currenl on the torque-current graph, The effect that this has on the torque
speed graph 15 shown below:
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Figd.8: Speed Torque Clinracteristios

&2 1% load torque increnses, the speed drops -
sp=ed characteristic from the left hand side towards the right, droeping down.
% e same as the uncontrolled motar The motor torque alwavs equals the load
“5en the motor is running at constant speed (this follows from Newton's first
= An object i mulion tends to stay in motion with the same speed and in the
#=ction unless acted upon by an unbalanced forca I'he motor torque ond load
=5t be balanced out if the speed is not changing].
5 call the ourrent limit valye 1; and the equivalent tor

que value on the lorque-
faph at this current is 7, When the load torque exceeds 7;, the motor can no

~=sle an equal and opposite torque, and so the load will push the motor
wds in the opposite direclion - we are naw followmg the line as i drops
& inlo negative speed. Let's take an example: an opponent's robot is more
=% than ours (or his current limit is sel higher), and we are in a pushing match,
S pushes harder. our speed controller reaches its current limut first. Our rabot is
esime o a constant foree (since the motor torque is now constanl at its highest
As the opponent pushes harder. our wheels start to rotale backwards, and the
W msats acceleraies backwards at a rate given by Newton's second law-

we are following the line in the

F=ma or a=F'm._. P e

¥ = the difference between the forces of the two rohots pushing and m is the
mes of the two robots. (9)

Meckanical Power und Torqae

Jewer and torque of the de motor are two of its important praperties. We now
% simple equations that enable us 1o caleulate Lhem:

s==F induced in a lapwound armature s given by,

E,=Zngicb .. . 3g

e sowar P osupplied wo the armature is equal to supply voltage &

. multiplied
Emsture cumrent
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Design Testing

I Volrages Transiens T, esting and Protection

=lectronic circuits arg inkerently s

usceptible to sudden failure from fransient over
2gcs. There are two basie ways g

f'dealing with voltage spikes.

The first is to clamp or ghsorh the voltage spike.
* The second is 1o isolate the electric cireuit from the voltage spike with some
type of electronic switch that Opens when an over voltage condition is detecred,

Individual Test

2ch module of the System was tasted individually, to be sure that it works
stly and gives, the desized result.

» We tested if the system can he operated
before combining it,

> We tested the suitability of my svstem on test

» Electrical test
Properly.

- ICs was testad prior to their assembly,

- We checked applicability of choice sensors fis
Control unit also was tested.

individually o a ¢component basts

motor,
for electrical circuits was completed to be sure that it works

rtheir intended applications.

Integration Test

scked the individual board w

orks correctly. All parts of fhe same board arc
ted

together to test their response under the real conditions,

Interfacing Civouit Tost

= s situation [ tested the interfacing components which are opto-couplers

W0 connect digifal cireuits with speed controller so [ check these components
% Be used or not and they good choice to he interfacing components as
hes for speed controller.

Motor Speed Tesy

U5 et depends on the work of speed controller system, g0 here | check if' the
Ratic circuit or not when I connected it to three switches, st for forward
smism, 2nd swiich for stop fimetion, and the Ird switch for reverse

RIS,




5.4 Receiver and Transmitier Test

'||"| i
|| 1

Here 1 will check the circuit design as electrical cireuit using simple meters like
multimeter device and oseillator.

Transmitter Test:

Transmitter is in this project a led with power so led has a continuous light, but |
work in this checking to convert it 1o flasher led, so 1 use a timer 553 1o convert it
then [ test the duty that | want to choose.

Recelver Test:

On circuit maker [ check the receiver, so the device work as following table 5.1:

Table: 5.1
Ivpe Input Voltape Voltage
& Nolighton theoutputaf v R i
receiver and no distance 13w z
L2560y
®  With light an the cutput of 3w 3.6v
TeoEIVer and nodisiance |5y
12
& Voltage on Sv 145my
phototransisior with 15w
light and no distance 19 8m
iS5 Laser Text

Laser will have a safely design, so have very low power and travels to large

Sistance.We will take ane type of lasers pulsed laser or continuous laser and chose the
Sest type to connect it in the system design.

In this test we test the wavelength for led light we used, then I check the power
st we can use if can introduced to more ime than the ideal batteries do.

We check then the lenses we can chonse and the quality of these lenses and the
Sistance that we can work on it to get accurate efficiency in my work.

i6 Compavrator and Converter Circuits Test

We connect every comparator alone in its circuit, check the output if it was
digital or not then connects all of cireuil components together and checking the
outpul on circuit maker and on bread.

£7  Final Test

After connecting all the parts of the system together we connect the hall system to

motor, then checking if motor work as aum we work on it when we choose the
project.

-







6.1 Visible Study

6.1.1 Cost Table:
_ Needs | Cost
1. Collection of information JD 20
2 Electrical components JD 150
;P‘nnﬂrlg and paper sheets JD 20
4. Overhead JU 100
Average JD300
At maximum [ need JD300
£12 Components Table: :
_ Component Value Chips number Comp. number
__ Resistors R—= MG - 1 _.|
R = 100KD i |
4 R = 10KQ (pot) - 1 !
R = 68KQ (poi) : 1 ]
R=0KQ 8 ]
) R=1KQ 1
R — 6800 [
Capacitors C=0.1pF Ceramic - 7
B C=220uF - |
5 C=10uF - 3
C=uF —i
Phototransistor NPN - | —l
_ Comparators - UA741CN 7 '
. - SNT4LS85N 1
- | LM74ICN I
Op-Amp - LM386N 1
Encoder - CD74HCI47E ] |
B ADC - ADCOBDECN 1 N
__ Relays 12% C3415 4
Diodes 0.7v S 3 =
Timer - NESSN 2
Lenses F=S5cm - 2
B F=10em - 2
Vires - - -
__ Breads - . - il
Regulators Svolt reg, LM7B05C 1
15volt reg, | 7RL1S |




6.1.3 Time Table:

Work _ Time Need |
| Collecting informations 4 weeks
Collecting clemensy 6 weeks
Copying & printing 6 weeks
Produce circuits and make real 10 weeks
device's design
Testing and calibrations 2 weeks

Maximum time [ need is aboul two semesters.

ol Time Plane:

G =
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1 40

& EEE-EH'E

§i5231

. eBEL T
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$§338%%

_ 0 o L]

: LS
10weeks  Bweeks 6 weeks 4 weeks - Y ES

6.2 Conclusion

Car Distance Protection System (CDPS) is a new idea for ensuring a safety life for
people, both drivers and passengers. This system can used in all systems contains DC
motors like cars, trains, plans, and ships too. Tuse it here in cars because | have roads
mn my life. High curve of accidents will be less with CDPS so it work on laser nature
prosperilies, that’s because rays can be reflected from any body cut its road.

It was hard work to accomplish this work, that combined three branches of science.
mechanicy, electronics, and optics that is the main controller for all system work.

[ found while working in this project many problems, and these problems are:

= While connecting all parts of system | have many problems, one of these is the
work of the device, it wasn't as [ would like to get,

= Nature of light was a difficult problem because it affects on the laser receiver
mtroduced voltage.

= The naturc cffects like rain that affects on reflection and also incidence rays,
was aflected on the device work.,

= Some components like lascr tube couldn't be founded, so T choose components
have less efficiency that affected on the final system efficiency.

TR

il

il i

Lk |J=lil

i



h.3 Future Ideas

1. To continue on this project T will convert the laser Lansmaller and recerver
with ultrasonic transmitter and receiver, because its more allective and salely
than laser in humanity nature

2 In this project | use single lransmiller- receiver device, any student can use

multi-trans mitter-receiver device in all sides of the car And protect it from all

sides.

Olher [uture project is when transmitter placed in car and the recever in other

car not bath m only one car. so this introduced mare elficiency and less bme.
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LM109/LM309 5-Volit Regulator

General Description

Thie LW 2 seras are comaials Y mgulntory fabricased o
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aNallab 'S in two stancard Uanaslse pochogea, [ Hhe solia.
kevar TS-5 hescar, I can coiver colnid Gurfesriy in =NTESE
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LM317

3-Terminal Positive Adjustable Regulator

General Description
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LM555/NE555/SA555

Single Timer

~ealures Description
* High Current Thive Capahility {2000mA) The LMSSS/NESSS/SAS5S jx a highly steble controiler
= Adjuswble Duty Cyele capeble of producing . accerate timing polsss. With a
= Temperaiurs Stability of 0.005%C moncstable vperalion, e bme delay s ambrolled by ones
= Tmng From jSec o Hours excternal reststor and one capeciton. Willi un axlable
= Tom ofl Time Less Than 2pSec apemtiom, the fraqusncy and dety svele are socuaiely
eomirallad by two extemed tesistos: aind one capiceiior,
“pplications
: , B-DIP
= Precision Tinidng
« Pulse Genecation &
« Time Delay Generdtion 1
= sequential Timing
8-50P
e
1

‘nternal Block Diagram

GND ()——

-J
; | H Comp;
Trigger (2}—-

‘. CutPm
Output k‘*}_

Reset G}

Rev. 1.03
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LM3ERMNESSSCARES

Absolute Maximum Ratings (Ta = 25°C)

'_F'arameiar _aymbul Walua Lini
| Supply Votage Ve 16 v
Lead Temperatura (Saldaring 10sec) TLEAD 300 b 1
Powar Dissipation PO GO0 mi
Uperating Temperature Renge
LIMSSGINESSS TOPR D=7l N
| BAERS -4 = +85
| Storege Temperature Rangs TaTG -85 ~ +150 G




LM35EEMESESTASTS

Electrical Characteristics

{Ta = 25%C, Voo = 5= 15V, unless ctherwise Bpscifiad)

Parameter Symbal Condidons Min. | Typ. | Max. Unit
Supply Volage veo - 4.3 - 16 v
§ . | Vee =5V, RL = e - 3 8 ey
u urrent (Low Stabls) (Nowet o
i : A ! Voo = 18V, BL= - = [ 1% mdy
Timing Ermor (Monuslaole)
[mital Accuracy (Mote2) - '
Drift with Temperature (Noted) AEL',:;.E RA=TKQ10100k2 | 15'5 43 w:f‘f:
Drift with Suoply Voltage {Noted) AUAVED C=0.1uF 0 0s B A
Timing Error (Astands) .
Intial Accuracy (Mote2) ACCUR | Ra = 1kl io 100kL2 .25 - o
Ot with Temperature (Motad) AVAT C=01pF 150 pomC
Drift with Sunply Voltage (Molad) ABAVED 03 Bl
Voo =15V 8.0 100 1.0 W
Control Volisgs Vi 2
Voo =5V 2.8 3.33 40 W
Voo =18V - 10.0 - L
Threshold Voltege Ve e
Ve =5V - i - LY
Threshold Current (Moted) ITH . 8 | 0.25 )
T M s ik Vo =58V [[=E 1.87 | 22 Vv
eabanid T [Vec=1av |45 | 5 | 58| ¥
Trigger Curent R Ve =0v | | 007 20 BA
| Resat Vilags VRST E | 04 | D7 | 1.0 vV
| Raosat Current IgeT - (HE 04 ma
Voo = 1oV
[8iME = 10ma - oG | 025 v
Loy Qutput Vollage VoL |88k = S0mA g 0.7s v
IMIEE - 5\, - ; =
Fedimine - B 0:05 | 0.35 v
I Voo = 15V
IsoURcE = 200mA 125 ("
| High Outnut Vaitags Vol ISOURCE = 100mA 1275 133
Voo =5V - - !
Al ISOURCE = 100TA st a5 v
Riga Time of Cutput (Moted) =} - z 100 Fis
Fall Time of Qulpul (Noted) 1 - - 100 rs
kG - - 20 | 100 i

ischarge Leakage Current

Maolas:

1. Whien e cutplt s bigh, 1he supply oumen? s typicelly tmA less then &t Vog = 5V

2. Tested at Voo = 6.0V amd Voo = 15W,

#, This will determine the maxdmum value of Ba < A& for 19 operation, the mex, lolal R = 200i, and for 5V operation. tha max.,

okl B = & 7ML

These parameters, eiihough guaranmeed, are nol 100% tesad In produstian.




LMASRNES S 558555

Application Information
Table 1 below = the basie aparating table of 555 dma-

Table 1. Basic Oparating Tabia

Threshold Vollags Trigger Vollage Discharging Tr.
VONPING) VEPIN Z) | G o
Don't care Dan't ozre Low Cow ON
[~ Vi =CWec /3 Vih=2Vec '3 | High Cow D%
Ves/!3=Vin<2Vee /3 [ Voo /3= Vh=<2Ver 13 High . .
Vih < Ve /3 Vih < Vce i 3 High High OFF
Whent the low signal iapit b applind 10 the 7zaet erminal, (he Gmer UIpTL Famins low regardieas nl the [reshold 3 oltage of

the frigeer voltane, Oalv when the Righ sign
threshald volingr and trigper voltape.

When the thrashald voliape exceeds 203 of the sapply volinps while the Gm
tums un, lowering the threshnld vobags 1o below
low,  Laer, if 2 lew signal is applied 1o the Leipe
dixcharge Tr, turns off, increasing the threshald v

&l is applied 1o the reser termimal, i Gmer's au tput chunpes fecording e

er mutput is high. the dmer's incmal discharge Tt
1i3 of the supply voltge. During this time, tie mer output Is mamtEped
rvoltage so thal it becomes 1/2 of the supply voltaps, the Hmet's intermal

Hlage and driving the tmer output sgain at high.
1. Monostable Oparatian

er

s
e
i

_ ¥ e
Y i L — v
o 2T TR T

o
[

I
- -
i e
4 4 Fl W 4 ..I L@
[ RESET v

o

A 77
s 00 T ° BV
] JTCE WAAAS

=L

P
THRES[ B ——

Time Delays)

Figure 1. Monoatabls Cirouit Figure 2. Resistance and Capacitance va.

Tima delay(id)

LV Sl

—

T

Hy W0 =1 -0l ul, Ver=ay

-

Figure 3. Wavetorms of Monostable Oparation




LAMEEMESL oA AsSE

Vigure 1 llusteates i oot eirear, In this moda, the thner penenleg a Fred pulss whanzver the riggcs virltag falls
below Yec'3, Woen te wigger pulse voltase apnlisd to the 27 punt fells below Vw3 while (he timar outpist is Tow, e lime's
intermel fip-flop turns the discharging Tt off end causer the fimer ourpun 1o becomse ligh by charping the extesmal capaciton T
ind seltimg the flip-flop surpur 28 the same Lime

The volluge seross the external capacioor C1, VO| invreases exponertially with the time constunt I=Ra*C snd rediches 2Vee 3
a - LIRA™C, Henee, capacitnr C1 15 chargad Qroeygh resistor Ba, The prearsr the time canstail RAC, the lonzer it fakee
fer the Vit to reech 2Vew'3. In ather wards, the time sonsient RAC controls the autput polse widih,

When the applied volige 10 the capavilor O reaches 2Vee'3, the compatator vn the et terming| resets the Mip-fop.
wming the dischangng Tr on. Althis-lime, ©1 bapine 1o dischargs and the Limer oulpol convers o low,

In this way, Lhe umer operating i e mcnostable repests the ahove process. Figure 2 sliows Lhe Sme sonsiznt relationzhip
baced on R aud €. Figure 3 shaws the gencral waviclorms duning the monestable aparaton,

It must be noted that, For s nirmal nperation, the trigger pulse wullpe neads ta marntzin @ minmom of Vee'd before the fimes
ot e baw., That is, altieegh the oot remains nafected even o o different trpirer pulee s applied while (e muipinis
Ligh, it may be aftected and e wineform does not operate properly i1 te irigger pulse voltepe o the end of the culpuc pulses
remains ul below Vee'S. Figure 4 shows sach & timer autpit ahnormaliy,

1Y b sl

1 pizinisisisln

i

Ly
I, 0 DR T =1 L 1A ¥, VeV -
Figurs 4, Wavslorms of Monostable Oparstion (abnommal)
2. Astable Operation
- 5. _II" =|
{ f ERa
—{ ¥——F BI" 1
RESET Ve ]
r-- ™y
[ 2 TG

Cagraciamaink]

s
¥
s
5
:

Floure &, Astable Ciroull Flgurs &. Capaciance snd Resislancs vs. Fragusncy
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IV, e
7 .

W,y Tl W =W, Tl el Yy

Figura 7. Wavaiorms of Astable Oparation

An zstzble timer operation is achieved by adding reaisler RE w Figure | eod configurng us shivwn on Figure 3. In the astable
operition, the trigger terminal znd the threshold 1=mminal pre connected so that & seli-tipper 1% fnned, operatimg s & malld
vinrainr When the Smermeqne s high, it internal discharging Tr rume off and the VO] increases by expunential

function widh (he e corslanl (T A Rg=C

Whee the Vi1, or tie thredvald vallape, reashes 2Vea!3, the sompamster output on the migzer formimal becomes hizk,
repetting the =F and cansing e times outpul o besrme low. This mlerm s on e dizehergmie Troand the 07 discharges
through the discharging chaone! formed by Ba and the dischargag Tr, When the Vi Talls below VoS, the compammior
uutpul on tne tnpger wrminsl keeomes high and the timer outpe bacomes kigh again. The discherging Tr wims off snd the
Vo | msos nymin.

Ir: the ubwwve process, the seelion where the <mmer'ougrt 15 high 15 the time i fkoes far the Vi te e from Voo 3 tn 2Wee 3,
and the section wlhere the tmer vutput is low isthe time it takes for the Voo to drop from 2Viee'Y o Wea?. When timet autpt
5 -high, the aquivalent cirenit for charging capaciter €1 i5 a5 follows.

R, Ry
ﬂ.j
+
Vi T cl T_vc.um=vm3

i
E¥oq ".",E- Wi
“& " ROR he
2 R =
".‘C.Il'ﬂ-l-u £ "u’{;EJB (A
¥ T
o 5 VIR SRET

Sinee the duration of the timer output high state{n7) is the amaunt sftime it takes for the Vot s reach 2Veed,
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: = ! . 2 [ le—zﬂ.ltl}
UC..:‘_- - Q.VCL' = JGC 1 ED 4y
by =GR, Razlum-ﬂﬁgarFEﬁ-iRBﬁ{.'.l 'BY

The equivalent cireuit for discharging eapscitor C1, when timer autpor is low s, 95 fallows:

v
C1 1
G 2l =] -] I'l"l:1 Q (8]
i |
Ry v Ry
Veisdy e
’ GG

Sinee the duration of the timer outpot low st ] i the smoons of e i tekes Tor the Vo ilt) 1o reech Vieo 3,

i

TRy R

By ATS &)
3G 3 oot

i = C4(Rg~Rpylin2 - 0.683(Ry 1 Rpy)C, (&

Sinve B i3 nomally RR=+Ro althongh related (o the size of drecharging T,
b =0 B3R (i

Consecvently, if the Umer cpemites in ustable, the netiod is 1he snme with
=R =0 C05(RASRR ) H A RAC 10693 A 1 2R BT baoause the pueriod is the sum of the chame tme and diechargs
Hme. And eince frequiency is the recioracal af the period, the following applies.

s Shlls 144 T
frequency, f e W 113

3. Freguency dlvider
Y adjusting the lenplh of the timing evels, the basic rircuit of Figure 1 can he made 1o operile us o froqueney divida Figure
& illnriratesq divide-hy-three cireui thet mokes use of the fact thot el gering cannnt occur during the timing cvcla.
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1o B

R 8.0 B =1k, C1=.iiuF, Vee=t¥

Figure B, Wavelorms of Fregeency Divider Dpermtion

- Pulse Width Modulztion

e Linier outpul wavelim mey be changed by modulating the control volege applied ta the timer's pin £ and changing the
sference of e timer's iterndd comparotoss, Figure 9 illusizates the pulse width modaietion emront.

Vhen the comfimzons tmgger pulse trall is apalied in the manvstsble meds, the dmer oupul widih = modulated sccording o
s syl anplicd w the eomtrel fermomal, Sinewave ps wéll as cther waveforms may be applicd as a signal o the conlro!
sminel. Fipure [0 showsthe evample ofpulze wridth mody latios salveioom,

+Vee

5
iz - ILF BT T
ix = -1 e
iy s =Ry 1 —"':’.i!:'uulr-u] = J|—T"|ﬂ!‘="
NRAFT Ve a i |
I ) 1L 2] |
_E, T | =] | =]
4 T TRNG | ! -
< AN LT |~
(— | B == i
THRES -4 S R "
Dutpur 1. QT'!H'JI | 2 -I)u!|||.l.l
G o s e E o & 1 7l i
(0 —H-t :
B 0IAE W =1L P10, Ve sy
Figura 9. Clroult for Pulse VWidth Moculation Figure 10. Weveforms of Pidse Width Moduistion

- Pulse Pasition Moadulation

I the modulating sigealis applicd 10 e centril werminal while lhe times 15 connecied for the astafle operation as in Flpare [ L,
e timer becomes & pulze position modulelor,
E the pulze position modulator, the reference of (he Limer's inlemal corvparators s modatuted wwhich m lum modeiates tha
mer auipet according to the modulwion sipnel applied wo the coniro! l2rminal,

gure |2 illusrates & sine wave for modulanon signal and the resulting autpar pulse positon modulation : however, any wave
Eape could b used.
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e = R
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niscEt
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(AL
- th Trlpm s

LA M
W =R, T = LWL T mkDE TR ITF, Vi
Flgure 11, Gircult for Pulse Position Modulation

E. Lingar Ramp

Figura 12. Wavefoms of pulse pesition modulation
When the pull-un resistor BA in'the monustahls civomr

seeriled lincar remp wavefrmes.

shawn in Figure 1 is mepleesd with constant el souree, e Vil
ticreascs linezrly, peneeaning 2 linsar ramp. Figure |3 shows the linsor ramp generating clreuil and Tagure 14 illusirares the

.-"""

) o T
i gl 2 6|
L2y .
Chrigizx T

17 i, 1w

B3
-
=§
&
]
o
in
n

THRES ?
J

.: un-

5 ] ==
,l -
T |

il L;L_L. [ 1.1
E =

! I
L
Flgurs 13. Clrmuit for Linear Ramp

ET-dTan, H"‘Il'lﬂlll'ﬂﬁ = "h.L h'.n-llLJ. LI uF, ¥ o2y

Figure 14. Waveforms of Linsar Ramp
In Figre 13, cwrren! sounce wemmated by PNP massistor €1 and resistor R0, B2, and RE

= - [12)
G RE
Harg, "rE e
R
J Z
Yg—=Mae

For example, if Vies |5V, RE=20kLL KI=5kW, RI- 10k and Vae=0.7V
VE=LTY =10 =107V
Ti={ 15- 100 7 20k={r2 1 S
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When the trigger sturts in a rimer configured as shown in Figure 13, the curren: Nowing Qrough capaciter C] bacomies
cunztant surront genzroled by PNP transistor and resstars,
Henww, the v is a linesr ramg fincticn 22 shiown in Figure 14 The pradient 3 ol the lmear romp funclion s defimad as
follows:
W
gk T;E P14

Here the Vpop is the peak-lo-puosk volage,
I e eleetric shares amounl seowmilared inthe capacilor i divided by the copaciiznce, the Vi comes ot as followe:

ViC (15)

The abave equation divided an both sides By T sives ts

Q7
c
and may be simplified inta te following couation.

i = r
= [18)

S=1C (17}

In cther wonls, the gradiznt of the lineas ramp function appearing gcross the cspacitor can ke abtained by using (he constant
eurreat flowiny throuah the capacitar,

If the: comstaul currenl Sow throuph e capucilor is .21 5mA and the capucitmes i3 0.02uF, the gradient of the runp imcton
. both ends of de capueitor is 8 = (0215000230 = 9,77V s,

10
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Mechanical Dimensions

Package
Dimensions In millimatars
8-DIP
B.40 =020 g
0352 =0.00% =& oz =
s = : g
1 é 8 3 g
—— . 0|
i"l[: j#g 1 ==l .Ei =
:: : ol =
[ [ |48 :
%15 ¥
2E | 88
i ] =8| =18 a
44 Jus J 1
5 =
ol
G200 A% 0.130 20012
782 £ K
0.300 340 120 0.33
- 0.1%4 10008 | ootz MM
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L 02551
' | Gooda
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Mechanical Dimensions

Package
Dimensions in millimeters

8-DIP

B4 ra70 |5
0.252 36,008 B
Ela |

1.524 +0.10

e
046810
0.018 +o.oma

_ D060 -o0os

]

85D
0.378
.20 +0 20

‘ ‘ .30 40,30

- |
L 0.130 10012
|

uﬁ% a4

T.62 |
0.300 340020 | 0.33
0.134 10006 || 0 ﬁmm

o a8
|

ot H T
0.010 _E.r_a;
482 e ———

11
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Mechanical Dimensions icortinuen

Package
Dimensions in millimetars
0.1-0.25
ey f""“ 0.004~0.001
D 081 +c 008 e
glg
o=
A =i
#1[] O T |
' 2| olE
[ ! | o
| ' EH |
M= o=
(1] | O M- =
.' Wia| Tl b :
#4 [T |:|:.#5 il =l &
T i
Sl2
Ll =
6.00 ss0 1,80 h'E |
0.236 =0.012 a7 MAX -|.:. !
o
= |8
= | e =l=
25 6% 3.25.0.20 o8
e __ D156-a00n _ 2|5
E|E

i ;
| 3/
I (1,225 -
0,50 40.20 oo =43
0.023 <098 [
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&ﬁ'ﬂfﬁﬂﬂﬁf Semiconduclitor

LM386
Low Voltage Audio Power Amplifier

General Description Features

=atary cosralion

Minimum external parls

‘Wida pupnby voltsge mange: 4V-124 or SW—1HV
Lewe guisscenl ourient drin: 4k

Yoltege gains hom 20 ba 200

Cyound rofererced Inpus

Seil-peniering oudpul gulsscant voliage

Low digtretion: 0.2% (A, = 30, WV, =BV H =B Py=
125mWY, | = 1kHz)

& Avgdable in B pir M30P pectage

Tha LM33E iz a powwr smplifie: desigred for dse in low woll-
aQ8 consumer agplications, The yain is il sel o 20 1
keap wxlernal par count low, oul the additon of an exemal
resislor and capacior between pirs-t and 8 will increase the
gaEin 1o any value from 20 to 200,

The irpists are groune refaranced whils the outpot aulomati-
cally bdazee = ane-Ralf the supply voRzage, The qulescent
pover drain iz oty 249 miliwatls whar oparalicg from s B vol

suppty. masing e LN385 ideal for batlery operation

Applications

B AM-FM racio ampliflare

® Pordabia tapa payer amplifiers
& |nlercoms

m TV sound Sysems

. Line grivers

u Llrasonis drivers

m Emgll serwo drivars

= [Power convarlurs

Jauuamv Jamod oipny abejjop moT 98EINT

Equivalent Schematic and Connection Diagrams

Small Cutline,
Malded Mini Small Cutline,
and Duszl-inLine Packages
| L= i

BTN — ol T T

(NPT — Y
1
HRFUT — —

D e T

Ersibegri.]

Top View
Order Number LM38EM-1,
LMIEBMM-1, LM3BSH-1,
LMIBEN-3 or LM356N-4
Bee M3 Package Mumber
MDEA. MUADES or NOBE

£ 00 Malinral Samicondwctar Corgoration | R wivew L LG




LM3E&

Absolute Maximum Ratings (i 2

Dunkin-Line Package

If Milifary/Azraspace specified devices are required, Soldering. (10 sec) +260°C
pleasa contact the National Bamicondurter Salae OFlcs! Bral Sutline Package
Distributars for avallability and specifications. (SO and MEOR)
Suzply Voltace Vapor Phass (60 e +H5C
(LMARGAN-T, 3, LN3REN-1) 15y Intrared (15 s20) +20°C
S ol M) BV IR RN I S et o oo et
Package D=sipation (Mote 3) surface mourt cevices,
(LIVIZ3BN) 1,25 Tharmal Rasistance
(LM3I8GM) 073w By (DIFY ST
[L R SBGAAR -1 0.595W B (DI 0T CAN
Inpus Yot {4V B . (50 Packags] 5T
Slorage Termperalure -E5'C 3 V150°C B, (50 Packaie) oA
Operaling Temperatire 0°C o A7 B (M32F) 210 Cw
Juretinn Temparatins +150°C B o (MSOR) S CAN
Soldaring Infermation
Electrical Characteristics o< 1, 2
Ty=25C
Pargmeber Candiflons Min Typ [ Max | Units
Dperating Supoly Vollege (V) |
LME8EM-1, -3, LM3364-1, LM 3B6MM 1 < - Y
Lh1a8aN-4 & ‘8 y
Guesconl Cumrent (1) Vg=BVY, Wy=0 4 f A
Cuitput Fower (Pay =)
LI EEEM. 1, LIME2SM. 1. LM I0EMM-1 Vg =8Y H =80 THR = 10% 1L 3Z5 vy
LM3BEN-3 Ve =¥ H =80 THR = 10% Bl 700 vy
LM386°-4 Ve = 18V, R, = 390 THD = 0% pag 1000 [ mw
Vollage Gein (A Vo =84 Fa 1 kHz :Jﬁ d=
10 yF rom Pin 1108 L6 dS
Banciwididy (B Vg = BV, Finz 1 an¢ & Doan 300 Hi
Tutal Harmenic Dislarizs THD) Vg =8V R =80, Py = 125 mwW 0z [
=1 kHz, Fins 1 and & Open
Powar Suoply Rejection Ralla (FSRR) Ve =BV f= 1 kHz, Coyvpaze = 10 0F 50 | os
Finm 1 and 8 Open, Rafarred 15 Ouspus |
Irput Resistance (R, . 50 l F
input Bigs Current (ls .. Vg = BV, Ping ¥ snd 3 Opan 250 | nA

Hobe 1: Al wolmges B8 messured wilh respect o o qiwere pn, urless othereiss sos-fisd.

bote 2: Abeciula Maaindn Ralags irclicrn Fmbis bayone whish damage i e devica may sciu Opoi ot Roeagn iedicse sonaldons for which the Sevis = Lo
figrval, it e ol gierantes Spese pedommance i by, Eleesicol Choricoonstcs slaie DC and AD alagitca: spaciiogr ans ik serbosder f=st corabions wh ich s
Ariag £imcc wsdormenee limits. This 8ssumes taat fie goecs 5 winin lhe Oossling Refings. Speciicatiars & nol Fuimaniooe: Ior parameiers whas no fimi s

ghvan, Posver, (e lypied valis a8 geod indicgscn of devics 0 fommE e

Notw 30 Fur opuerafion in omibled lemparsisras shove 000 (he divies fiest be dersled sesed on @ < 50°C mesiman Mresmn orperetune £nd 1) B thermal i
tmnce £F 107 0O rinoaan o pmbaenl for he duglb-ling Fackage o & a thenmal msEmAnee of TOOGWY far 9e smai cubing pa kg

W nalional.com




Typical Applications

GaENT

Amplifier with Gain = 20 Amplifier with Gain = 200
| Minimum Parts

CLpMa {
EFE21H =

Wotkmd = i‘"l
LS
(BT

CH0MaEs -7

Amplifier with Bass Boost

TORMEFTAE

I i rEtinnal =nm




Physical Dimensions inchas (milimeters! unizss sthsrwise noted
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Physical DII‘I‘IEI‘ISIL‘H‘IS irchas. (millimeters| unless: otfwrwise noied (Contineed)

LM386

B:11E40 0gd
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8-Lead [0.118" Wide) Molded Mini Smail Dutline Packega
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N3 Package Number MUADBA
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Physmal Dimensions irctes imillimealars) unlase othenwize roled (Corlinued) =
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Duakin-Line Package (N)

Ordar Kumber LM3BGN-1, LM336N-F or LMIGGN-4
N5 Package Number KOSE

LIFE SUPPORT POLICY

MATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMENTS N LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND SENMERAL
COUNSEL CF NATIONAL SEMICONDUCTOR CORPORATION. Ae used hersin

LHe suppor devices or sysems are devices or 2. A cilical componenl s sny comporent of 2 life
syslems which, (a) are intended for surgical impiant support dovise of sysien whose failure io perform
inm the body, or (b) support of sesiain Fe, ard =an be reasarably exocoles fo couss the failure of
whese failure lo parform when propady used n the life suppor device or systam, of to-afoct i
accordance with malructions for wee provided in The zafely or effectivensss,

labaling. <2n be reascnsbly espected to result In a
elznificant injury to the user.
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National
Semiconductor

LM741
Operational Amplifier

General Description

The LWT41 senss ame gansral purpoze opsralicnal amohh-
ere which laghure improved perormarce over incdugtre slen-
cards e e LMT0S, Thay arg direct. plug=ir replacemans
| for e 7000, LM331, MET235 and 748 in mosl dpplicaticrs,
Trg amplifiers offer many festuses which make thsir appli-
calion mearly foalproof. overdoad oroloction on e Input and

€2 .-r‘ln»e | _A.r."f:..-".-;,-:.lt‘ryp.'r‘

7
Auuet 2000

putout, mo lelch-up wihin The Lommaon mods
cepdad, as well 83 Trespom o osaliations,
The |LNT41G = Idemical o the LMTLULMTL A poept-that
Ihe L7410 has thedr peformance guaraniead overa 0 Cio
+70°C temperaiune range; instesd of -55°C T +1P5°C

FONQE IS O

Features

Connection Diagrams

Metsl Can Packapge

ArtiEm
Mlote 10 Lt H s aeailabia o JWAELSTDITGTM

| Crrdnr Numbar LM731H, LM741H/8E3 (Note 1),
LMT41AHBE] or LM741CH

See MNE Pecikcape Number HOBC

Ceramic Flatpak
mr=—re e
=r ST ML = I:m
SWPLTC——]  LMTHW v
B m— — 11510
L : _':I =HETFT W

bals )
Onder Numbear LM7T41W/ /883
See NE Package Number W10A

Typical Application

=

Dugl-ln-Line or 8.0, Package

T
AR WL —{ & b—hr
WTETHE INFLT=]7 =
WO~ IV = * B =TT
(L all]
e | B = OFFEET WULL

[L e
Order Number LM7431d, LM741J/3E3, LMT41CN
See N3 Package Number JOBA, M03A or NOSE

Oftest Mulling Circwil

AUITPET

T T

DEDDAALY

B 2004 Mellone! Samigoaducior Corporaticn

Wy nedenal.com

Jayiidwy [euonesadQ LEZN



Absolute Maximum Ratings e 2

i Military/Aerospace specified devices ars required,
plaase conlact the Mational Semiconduclor Salas OficeS

LmM7at

Distributors for avaliability and specifications.
(Mata 7}
Lm7a14 LMT4 LMTFaic

Supoly Wollage Eleraty =ao =1av
Power Lisspaficn (Mote 3) 500 mwW 500 mW 500 mW
Differsnial Input Volago E3OY 2300 =30V
Input Vollage (Note 4 E£T5Y +15V =15
Culpul Shor Gircult Duration Cantinuos Cartirues Carlirious
Cpemelng Termperature Bange =550 o +128'0 =55°C te +125°C MG in 700
Storage Temparatur Bangs =BS'C o 1800 =65"C 46 +150°C —B5'C w1 607G
Junclion Temparatuc 160G 16070 10G
Soldenng Infarmmation

M-Packags {19 scoonds) 260°C 2B0C 260°C

J= or HPackape (10 seeoncs) I00C 300°C a0o'c

M-Package

Vapa: Phase (B0 secomds) 215°C 215°C pIED
irilrared {15 sooonos) 235 2150 MME'C

See AN-50 "Surlace Mounling Metnods: and Thair Eflsst on Produst Redizbillly" for otbar methads o
saldatirg
suttece modal devicss.
ESD Tolerance {Mote &) 4000 400 40OV

Electrical Characteristics e s

Parametar | Conditions _ LM7a1A ' LITa LMrsic | Units

: Min | Typ | Max | Min [ Typ | Max | Min | Typ | Max
Inout Dffsel Yallags Ta=#50 | 5
Fe <10 hid 10 | sin 20 | B8O | mv
Fe £ 500 e 3.0 . mi
Tonth = Ta 5 Taanne
Ag = 00 40 my
Ass 18 ki an fa | omv
Mversge Input Ofiset 15 i e
Vabizge Ol
Input Olfsel Vaitage Ta=25C, V= 2P0V +10 =15 +18 v
Adjusiment Rangs
Input Offsat Gurrant Ta=230 ag 30 20 | 200 20 | 3| nA
Tt =T % Tt 70 BS | 339 300 | rA
Avorage Input Offsct 0.6 ndsc o .
Cunmonl Dt [
Inpul Bias Currant Ta=25C 30 | 80 80 | 500 B0 | 500 | nA
TR (s, e |20 15 aa | A
Input Aesistance Ta = 25°C, Vy w 220V 1.0 | 6o 03| 20 (o8| 20 | Ma !
Tonar = T = Tangnse. 0.5 I ML
Ve = 220V
Input Vellase Range T =25'C | 18 | =13 v
Tonaie = T & T e +12 | 213 _ v

Wl nalanalcom




2ctrical Characteristics (Mot 5 (Coninued

Parameter Conditlons L7 Linits
_ Max | Min | Typ | Max
Sigrial Wollage Gain  [T,=85C R, z2 41
Voo m 2200, N =215 Wiy
Ve m 18V, Va==10¥ &0 | 200 Vi
Tavairs 5 Ta 5 Tanine
Ry =2 i,
Vg =220V, Va= =15y Vimy
Vo= 215V, Ya= 210V o5 Wim
Mam 2B, Vo =2y Wil
3 feilage Swing Vo= 2200
AL & 10k v
A =2 ki v
Wiz m 2159
R =10 k2 +12 | +14 v
B2 ki +90° | +13 v
Ehl:l Cruit Tam23'C 35 25 Ml
,_'_ T.ﬁ.'l.!-‘i' = T.iu £ Tf.u.nx 40 il
on-hoda T s Ti s Tarsme
san Fabo Mz s 1040, Ve = 128 0 B0 g2
8 _ Fa = 505 Ve = 12Y [ 42
 Wollags Rejection Tawnn 5 T S Tisias
Vo= 220V o Ve = 25V
Fz =500 dB
4 Fes10 kil 77 | 68 dg
=l Masoonsa Ta=25'C, Unity Gein
Tume 0.8 0.3 3 s
rshool 20 5 Y
with (hofe 6) Ta=250C 0.43 MH2
ials | Ta =25'C. Uity Gain 03 05 Wi
- Current Ta 225G 17 28 mA
Cansumphon Ta=250
Wa =20V 160 mv
Wy =159 N | BS | miy
414 W = 20V '
Ta= Tihain 165 my
T.l- = T.uu\.".:-c 1496 Y
41 Ve =215V
Ta = Timam &80 | 108 i
Rl Ta = Tawan 45 | 78 mw

= “Absclute Muwmin Fatgs” mdicals Tmile seyend wich damige o tha ceese may poour, Cperalirg Netnoa iedicabd condBons or wi the dovicn iz
=l bt oo ral GUATETIER ERaCilig poricrranos: ks

wipnw.nEdenal. sem
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Electrical Characteristics (s 55 (Continued)

Parameter Congitions L7241 A i L7 LT | Unils
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
=rge Signal Voliegs Sain Te=25"C = 2 ki)
Vo= 220V, N = 188 a0 Wimi
Wa = 215, Vg = 210V 30 | 20D 20 | 200 Wimi
Toakinie =V T e
H, =2 &0,
Vo =200 Ny = 215 32 W
Vo=a16Y Vo= 210W 25 15 Wiml
Weoo= 20V W, = 22V 10 | M
- Dutpul Vollage-Swing ¥y =270V
Fy = 10k =16
By =2 k3 =15
(Vo= 215V = |
By = 10 kG 212 .24 £12 |14 W
B =2 kO 210 | =1 +10 | 213 i
Duiput Shorl Circull T, =250 10 | 25 | 35 75 | | 25 ma
Curmard Tapaie = T =T assnx 10 43 s
Coinmar-hode - .'-I:,.,M,,\,I =T, = ."I.',_“M i
Hajgchion Hatio Fup= 10 =0, Vi = 212V 70 20 70 | BD dB
B =000 Vi.y= 412V oo B5 dB
supply Wolags Fejacman Tt T T raacicm |
Halio Vi = 20V 4 = 25y
Ri; = h08 i BE 48
R = 10 k01 T Bf 77 | B8 4B
Frane|en Response "I_':='.';";|I'_ U-I'Ilhl' Gar I
Hiea Time £25 | 0B | B3 a3 JE
Crarshoot 6.0 20 ] 5 T
Bamdwidlt (Nots 5] | Ta=250 04| 15 = ' MHz
Sewarn To= 750 Uiy Gar | 03 [ 07 o5 | 86| [vae
Supply Currant Tam e C L7 | 28 Ly | 28 md
Power Consumplion Tam 250 d
Vo m =20V B0 150 Y
Vo m 1BV ol BG 53| B3 iy
LNT4 A Vo m 20V |
| Ta=m Tazain 185 iy
Ta = Taman 135 iV
LK Ngm 1BV B
Ta®mTanm B | 100 mivy
| T = Taaai &5 TS5 iy
Hote 2 “At=alte Masmim Hatings! indicass mits seyond which damags 1o (he devics may sccur Coarating Fatinge rdicats eondSans fo* stich the device la
functioral aut de ral guaranies specl; parcrmance limés,

= wewrw) rinliondd v




Electrical Characteristics mow 5 Gontinued]

Mo 3 o aevalion of eleualad ergeraiunes. hees Gt mest b goraled bades sa shars wnisdure, ond TI B fl48d urnar *Arssufy st
Fatmgs™. T, - T, + s Bl

LM7d41

Thermai Resistance | Cerdip (J) | DIP (N) | HO& (H) | 80-8 (W) |
iLa (dunetion ts - Ambient) oUW | 100°GAN | 170w | 1os'Tan
L 1JLNCton 1o Case) NA | NA oW | WA

Mot 41 Far suppty allsges less than £15% Mg Eououe meaimsm INpul oiane 13 equsl 80 e SuEply valiagn

Mobe B! Unleas cmeswss specilied, thess speoifications apgly for Wi = 215V, -80S 1, & <1250 ILMTSLMPA1AL For e LMPZIGILMTEIE, Mg
spacificationg s fimilcd i 60 £ Ty £ 47000

Nofe: §: Cadealeted uplus rom: B'W (M2 » B 38 s Thirsius)
fot P Sor millary cponllicaions see. AETS72%K ko M7t and RETSTATAYX e [WT4 1A
MNots § Hommory body mogal 1.5 k1 in seqcs with 400 oF

Schematic Diagram
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H {13
= 45K
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- | ST 15K 3=
3
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Physical Dimensiong inches (mikmees)
wnlecs oihamise noted

A Y

Mstal Can Package (H)
Grder Number LM731H, LMT41H/@ES, LM741AHAE3, LMT31 AH-MIL ar LM741CH
NE Package Number HOSC

] W TRIONELCDT




L7411

Physical Dimensions incres (miimeizs) unless athanyiss notad (Confinusg)

AT T T —
O
] 1 [ [5 )
N DI 030 WA
/ 0281 -:a.i:s
AC.0Z8 TOF 1 L L I
s
B e T
Ti 3.5::_'| _'| ::H !,rr?}::fm
bad ihe /
0,180 = I oinED
i nﬁu i T 080
4_" 1 oo
0ATE K

CA55 WAK —=
BOTH EMD5

S
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j cienp I

| gm0 TIE

—

Ceramic Dual-in-Ling Fackagas (J)

Order Number LAMTA1J/BB3

HWS Package Mumber JOGA

GOIRA0.CRI TR
4305 4,090 ™

w1 onae
-"‘E. e
om SRt
FE LRI
i gt L
T
[
e T S S
= ;E;Lﬂll Fr { 13543 2.6m)
r - -
i' R ! Tt& s
= 3
.,4 ﬂ . .
Lia-n o i
S i ey
B
(T
Ei Byl
AETEESE T 2 oo
=150
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Dualdn-Line Package (N)
Order Number LM741CN

NS Package Number NOBE
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] Physical Dimensions inches (milimeter) unisss atharwisa nated (Caninuad)
[ =2 o {1 2T AN
L ’— (R E N —-I |-— —f e 0UANE NN TYR
0055 o I Fre 4o
0.0%% o 2
TF

Jayidwy jeuonesad LyLINT

BiTe
bEED
T I :
2,270 WAk B.I6C
GLASS o338
| G842
- : r i ™ oo
L
__,.": 1 DETAIL &
DETAIL & lI 0,570 TSt
0,350
PIH &1 — |_ 4
ICENT T WO R 1)
o.008 _ |l :
e 0.018 _.]
~ : __ | 0045 MAX
Ham e (L

10-Lead Caramic Flatpek (W)
Crrder Number LAMT21TW/EBD, LMT4TWG-MPR or LM731WGE/E83
M5 Package Wumber W04

Mational doee nol assume amy respoasibiily for we of any cicuilyy descnbed, no cirgull patent licenses ate implicd and Matonal résenas
13 right at any time withodt Aatcs 1 changs sald deally a7d specications

For the maost CUrtent praducl InTarmetion wish us gl www.nakond pom

LIFE BUPPORT POLICY

MATIOMAL'S PRODUCTS AFRE HOT AUTHORIZED FOR USE 48 CRITICAL COMPONENTS [N LIFE ELIPPORT DEVICEE OR BYETEMS
WITHOUT THE CUPRESS WHITTEN APPHOVAL OF THE PRESIDENT ARD GENERAL COUNSEL DF NATIOMAL SEMIGONDUCTOR
SORPORATION. As used narain;

1. Lile Sappoil cfwo=t o Syslome pee dawvings ar Systeme 2. A critles’ eomponert 13 Bry comperer! of @ Ve suppord
fanisn, (b @ Ivanded for satgical Imgent ine e body, or cleviza nrmystem whasa fallurs o padomn can o reasonably
(O] Bupoat or SustEn ke, And whnoge (giues 1o periorm wher expagted 10 canse the fallure-af the Ife suppon deviee ar
nrapardy uvsed in secordance  with  Instraclions lor use syalam, ar to BFact s sataty of eflectvanase.

providad Inthe labeling, can be reasonatly expesed to resuli
in & =ignificart infury bo the Lest.

BANNED SUBSTANCE COMPLIANCE

Mptional Samcandusiac canifes that the procuste arc packing materals med he crovisions o the Customer Frodods Stawardshap
Soeciicaton [ESP-£-11102) and the Banred Substarces and Matariels of Interest Epecification (CEP-E-11152) and eonlzin no “Banred
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SN74LS85

4-Bit Magnitude
Comparator

The SN74LERS 14 4 4-Bit Magnihude Camparulor which conipares
twe 4-hit words (A, [), sach word haviep four Pallel Tnputs
{Ag—Ax, Hp—Bal: &=, By 'being the most speificant inpus. Opomtion
is ot restricted o Dinucy codes, the deviee will work with mmy
monotanic code. Thres Outpuls are provided: “A greater than B"

ON Semiconductor
Fermiery’ = D of Metomla
hitp:onseml com

[(Dasrk “A s than BY (Dl “A éguel o B (O4-p) Three LOwW
Lxpandar Inputs, Ly - g La o, La g sl o caseseling without e il POWER
gates, For proper compare aperation, the Nxpandear Inputs o the least SCHO
significant posimon must be connected-as follows: I cy= Tazg =1, TTKY
lp=p = H. For serinl (ripple) expansion, the Uasp, Gacsand Di=p = C—
Outpits are connested respeotively 1o the Is-p, la-p, and Ty=p
Inpuits of the rexd most symifieant comperidor, as shown o Figure-1.
Itafer tn Applications section of data sheet for hph specd methad of
comparinge laree words,
The Truth Teble oo the followisg page describes the operatinn of the
SNT4LSES under all possiblc logic conditions, The upper 11 lires 18
tlisscribe the normid aperation under o] conditiens that will occur in @
sinple device orin a seres expansion scheme, The Tiwer e lies 7
descrine fhe oparation vnder abnormal conditions oo the vescading F’-M";“:
inputs, ‘These conditions ocour when the parallel expansion lechnigue :faugsg
is used,
& Easity Expandzble
* Binary or BUD Comparison
&0 O and 05 g Outputs Available
1€
GUARANTEED OPERATING RANGES 1
Symbal Parameter Mn | Typ | Wax | Wnlt S0IC
= e e T S D BUFFIX
58 Loty Yolrage ; - + . CASE 7648
T= Dpereling Ambient 1] 25 k1)) =
Temperaure Hange
Tyt Dot Surrent — High =04 m
b Catnid Curran: — Low B0 i - = e
ORDERING INFORMATION
Device Packaga Shipping
SHTaLSEoN 1GRinCI® 2008 UnitsSond
SNTaLEEED 18 Fin EEZF].ITEG & Fesl
B ST COMELTIor Compena s Ingusmes, LLC, (653 =1} l;‘ubiImH:-.'. Cirddar Humhar

December, 1868 — Rev. B

BNTALERND




SNT74LS85

CONMNECTION DIAGRAM DIF (TOP VIEWY]

MoOBy Ay

AN EERED

NOTE:
) Thr Tlacpai varsion has e same
pinails i onection Lregram) 85
e Dl Lo P ccipe,
Lof [of [af [af [s] 6] Lo [&]
e s by lee Gen Tas Deq GNE
o
PIN NAMES HIGH LEw
fg=ApBp=By  Permiel Inputs TSl D8 UL,
by A= B Expandss Inges 15 0L Db UL
Igxg-laaa Aol N> B Banander ipits (KL 225 UL
Oy 45 #s Groptarihan B Chigen oL LA
O.p B =raatar thar & Dupat L EE
Oy -8 A Enual b B Gulul L SUL

NOTES: _
)7 TTL Ut Lo (LLL) - 46 wh HIGHI6 148 LOW,

LOGIC SYMBOL

H 32'13'15 AL A

=
‘_t:ac-hﬁzﬁaﬁl 310:3;

e L Crep— 1
Aot lag Ugpt—e

— &

“I-F_IN 16
LD = FIN &




SN74LS85

LOGIC DIAGRAM

1B}

ol Ik

Qssp
13}
Gl e ;
£ ] - ‘
P e = (81
A=H 3 'E.L = Ca=n

ciferd
ElE

il |
qéj
l—“h—

Dacg

ALy H s
Al {
HE 2__:.3—‘_:}7
TRUTH TABLE
CASCADING
COMPARING INPUTS INPUTS QUTRUTS
AyBy  AzBy  AuBy  AgBy | bsp  lasA laen | Oaen  Oasn  Dues
BBy X X X x . X H L L
Ba=By X M X % £ X L H L
Ba=By  AgeBs X X X x X H L E
Ag=by  Agchy » x X = x L H .
BamBy, MesB.  ASH X 4 X X H k ks
Ay=Hy  Aa=Ba  A4=B X X X x i, H 2,
i = | -"E=EE a-=B1 Ao R X X A H L L
A=ty A:=By A=B. Ag<Bp x X & L H L
By=8y  Ay=Ba  A=B: Ag=Br H L L H L L
Ayy  Ag AR, ASBg | L [ L L H L
hy=Ha As=Ba A=Hy  Ap=Bg x A A L L H H= HICH Lawal
lﬂ'q:Ej ﬁ\z‘—'ﬁz A'=B1 Aﬂ'ﬂﬂ. H H L L L. L L=LowW Jd'q'ﬂ
BamBy  AgmBy AEBy Mgy | L L L H H L ¥ = IMNATERIAL

- e

http:llensemi.com




SN74LS8S

fo By ety By B By ‘3‘;11:3;!;“:
P P T R L_hl,l_k"ﬂ..%_ i
I — k. B ] 1P h=H
L=—1&:a “SHRISE e o war SNTALGEE T hxf
H — k. iy = === Wei O e L1
«=LOWLEYEL
W ow WEH (EVEL
Figure 1. Comparing Two n-Bi Words
APPLICATIONS
Figure 2 shows a high speed method of companng two when comparing twa 24-bit words, The parallz] teshmque
2-br words with on by two lovels of device delay, With the can be expanded to any number af bitg, z2e Table 1
techniqua shownin Figues 1, s iavels or device delay resull
Table 1
WORD LENGTH NUMBER OF PHGS.
1-4 Bia 1
534 S -8 NOTE:

25120 Bie A=34 Towp BNTALSES Gan b usad % 8 5-Dil compaTator anly
when te oulpuls ara uead t difve tha Ag-Az a7d Be-By
moutE ol ansiher Bk S50 B s 0w m Fogunes 2 prs
tong #4323, and 4

LLEIE
" =T %
| =T
By Ry R hoody 5 By My Wy By Mg B By By Ry By
(STl W o il 1] 1, o T
By b B By Bo BB By [Rh Ry R B R By
e maz Tyem Ay — li.a g
L lpuz L] Oaai Brn—  liys fl s b—
e Oy .8 k=1 b (U . Y
INFLTH
L b
hy Py v g By By By By far A B By By By By By Fag Mg B Mg By b By g
A ) T e 0 IR B e L Y 0 B Y 0] |
My g & g By By Ag Ny By By Ty Ry Ex By | Sy By Ay iy T By 0ol
LT g m— | UaeE Pu=— h.p ! Qasm
% — ln g M 5'1'—| lge 2 n PP e —] Man Fi Usw
L= (" L= i Ui — HT I L Qo =

: HERIRANS
By By b by By By A B |
=% Ouo
[P | [0 HAOR ] TR
— bk Ta-nf—

MET = WS SINIFIANT B
150 - | ERST SIGNIACANT BIT
L=-LOW L FVEL

Ji=1GH LEVEL

I = MO COMNECTICN

Figure 2. GComparison of Two 24-BH Words

http:ilonsemi.com
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SNT4LSES

DG CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE [uness othanwise spet(isd)

Limits
Symbaol Paramater Min Typ Max Unit Test Condilione
I Guararhessd Ippat HIGH Veltoge for
Vi Irput HISH Vistans 20 Vo | Al tnpus
) a8 Gusrantesd Inout LOW Voltaps fer
WAy imput LOW Viortage R e isiaiten 0
Wik inpuit Clamp Dicde Wollage -5 | —15 W Wee = MM, Ly = =18 mA
27 | 35 Vo | Vg = MIN, 1oy = MAX, Vig =V
M= Diiput HIGH Yokspe ar Wy par T Tabile
ozs | 04 V| ig mtama | Voo=Noo MK,
Wt Uit LAY Voltsge ¥in B Vi B Vs
& 035 | 05 Vo | i stoma | per Truth Table
Inpit HIGH Current
A<E ArH 20 by Vi = MAX, Vi, =27V
{ O lapuits BU
A=3 A=R g
Ctner Inputs T B NS ki
irpud LOYW Curr=nt
I A<H AzB -4 mé Wion = MAK, Viy =04
Dther Inpuks =, )
05 Cumurt Snar Sreed Currant (Hote 1) | <20 00 mh | Moo= MAX
Iz Power Supoly Cursent 20 ma | Mep = MAX

Kobs 1 Ned mssa an one sutpoe should be shorted ata fime, ol for more ban 1eacand.

H'ﬂ EHMENHI:S ';'T_,"': 25"‘:, "-"E: =50 .'1"’

Limits
Symbal Ferometar Min Typ Max Undt Tew: Conditions
ST AmyAorBick«B AR 24 6 na
Pl 20 i
= Any b arBm AsE 7 45 nE
by s 45
L AzBorA=BinA=E & il ns Ve so.0Y
lop 1 17 0y =45 aF
tapy AzHlcA=B 13 0 s
THHL 13 28
tpy A-BorA=BtoA<d id ke nE
. 1 17
AC WAVEFORMS
Vs Taky 13V Vi 13y 13V
-—r1— TpiaL |-| - i ———'— LETSY L—-— e ]
Vewin k AT 5
S 13V < AN Peiir 1AW 3
Flgure 3. Flgure 4,

e . -

http:/lonseml.com
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FAIRCHILD

B IS O DT TOR

4N29, 4N30, 4N31, 4N32, 4N33
General Purpose 6-Pin Photodarlington Optocoupler

Features Description

B High sansilvily 1o fow inpul dive curent Tha AN23, 4H30, 4N31. 4N22 4N33 hawe a8 galium

W Mesls or excends all JEDEC Rogiswnred -gragnide infrared emitter optically coupled 1o 2 stlcon
sSpecificalions pianar photodarlingion.

m VDIE DBR4 approva 2valiabla as a test optien
= azd oplian 300 (e.g., 4N22.300)

Applications

W Low powsr legic crouits

B Talecom muUNCaticns aquipman:

B Formzle slectranics

B Solic state relays

m Interfacing coupling systems of difierent polentials

Jejdnosoido uojbutiepoioyd uld-o esodind [B18Uss EENF ‘TENY ‘LENY ‘0ENY "6ZNF

and impedances
Packages Schematic
White Package (-M Suffix)
ANDDE [1 (5| BasE
1 cATHODE [2] %\m L%:ﬁ COLLECTOR
NG E E EMITTER
Black Package (No -M Suffix)
L
] B
: i
&
HZ006 Feirchlid samc;mmmm;m-;m wewyws S riidsami com

Ar29, AM30, ANIT ANET NI Rew 101




&

Absolute Maximum Ratings (T = 25°C Unless otherwiss spacifiad ) g
Symbol | Parameter | Device |  Value Units £
TOTAL DEVICE w
Tava Slorage Temparatie T -55 Io £150 B =

| "] | A0le 5150 E

Tops Cpemiing Tempamiure = T -85 g —I_DI:I_ b -:
W =010 4100 =
| Tes.  |LeadSowerTemporine Al 260 for 10 sec G N
= Tolal Device Power Diesipation & T4 = 257G Al 257 W s
| Derate above 25°C i 3.8 | MWrFG et

Eﬂmﬁ o
Ik Cortinuous Forward Current Al [ s8¢ | mA -
T Revarse Volizge Al 3 v g
IHpk) Forward Current — Peak (30U, 2% Dut'f_' Cyzla) All & A = ;

Fn LED Power Dissisation & T, = 2595 AR 150 mA 5
Derals sbove 25°C 2.0 WG o

‘DeTECTOR 3
BYceg | Coliector-Emitter Breakdawn Vokage All an ¥ -
BVcao | Collactor Base Breakdown voliage Ali 30 V. :,3

. BVieg Emitnor-Collector Breakdown Voitage Afl g i ;
Po Detecior Power Dissipaton @ T, - 25°C All 150 miy o
Darate above 25°C 20 | mWreC a

i Continuous Collector Gurrant All 150 mA 2

8

o

=

)

:

5

g

K22 DO Fainchid Sumicongyets: Comosilicn v Talrzhiftisc ) comn
ENIE, SN0 SN, ANE2, ANEI Soy, 00, F




Electrical Characteristics (T, = 25°C Unlzss otharwisa spaciiad )
Individual Component Characteristics

Symbol [ Paramater Test Conditions | Min. | Typ. | Max. | Unit |
EMITTER
Ve incut Forward Veitage™ l= = 10mA T 15 v
Iy Reverse Leakage Curment” Yg=3.0¢ — | D.007 100 irs
c Capacltance” | Ve =0V, T=1.0MHz - 150 = pF
DETECTOR
BV | Collector-Emitter Bragkdown Voltage® | lz= 10mA lg=0 30 60 - v
8Vegn |Collastor-Bass Breakdewn Volteoe™ | lo= 1000A g =0 | 50 o | = W
8Vern | Emitier-Caollactor Braakdown Voltage* ||z = 100p4, I =0 50 | B - v
lcpo | Collectar-Emitter Dark Cumrent® Ve = 10V, Base Open - 1 163 nA
hee  |DC Gurrant Gain Vog = 5.0V, lc = 500pA | RO0D =
Transfer Characteristice

Symbol | Paramatar Test Conditions Min.  Typ. | Max. Unmit
OC CHARACTERISTICS

laerry | Collsetor Dutput Camenth # | = 10mA Vog = 10V I =0
4N3E, AN33 54 (500 — | mAes)
AnjG, AN30 1241000 - =
4Nae 5 (60) I =
Verwa Saturation Valtags™) g = Bmidy = 2.0mA -
4h29, N0, 4N32. 433 = s 1.0 '
ANIT = 2
AC CHARACTERISTICS '
[t Turn-on Time |z = 200mA, ;= S0mA, = = 5.0 iE
[ Voo = 10V
Ly | TumcATme [
AN3Z. AM3E3 I =200m#; | =60mM | = 5 e 3
4NZD, ANB0, N3 Voo s 1oV = a0 |
BW Bandwidth'® % : a0 — | 4Hz

Isolation Characieristics

19jdnos0do uoiBulepojoyd uld-9 asoding [esous £ENY 'ZENY 'LENY ‘0ENY '6ZNY

Symbol Characteristic Test Conditions Min. | Typ. Max. | Units
-f:,c Impu=Chulput Isclaion ‘Jﬂhagem'_
SMZ9, N30, 4NE1, 4NAZ, 4NI3 | |g= Tpd, Vrma, 1= Tmin, 5200 - - Vacims)
N3z VDG 2500 | - - v
ZN33* VOG 1500 -
Fisn | leslation Resietance™ V) = BODVDC = 10" = | %= |
Ty | levlation Cacacitance®™ Vig="10 %= 1MHz = | o3| = | pF |

Motes:

" Indcales JEDEC registared cata.

1. Tne curant transtar ratin(le/ie) 5 the ratio of e gatector coliector current o the LED input current with Yo @ 10V,
Fulze test: pulse width = 300us, duly cycle < 2.0%

Nz -adjusted 1o | = £.0mA and lg = 0.7 m#A me

. The fraguaney at which | i 3d8 down fram e 1kHzZ valus
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Black Package (No -M Suffix)
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Ordering Information
Black Package White Package |
(No Suffix) Example (-8 Suffix) Example Option
No Sutlix qnaER Mo Suffix 4N32M | Stancard Tnrough Hole Device
8 1N323 s AN3ZSM | Suracs Mouni Lead Band
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D2n Relay V231056 AXICORY

2 pola telerom refay, nonpolaneed,
Thraough Hole Tvpe (THT)

Relay types: norelatchmg with 1 coil
Featuras

— Standard DL relay

= Bircnsors F2a 108 11 mn, 2786« 0383 00433 inch
= Swioking and cantinows cwrent 3 A

- 2 changeaver contasts (2 ferm &/ DPOT)

- Single contacts

- Immersne alranakle

— Faur different ool serstivities
V150 200, 40C, 550 miW

Surge waitege ressgance meets FCT Part 88 requiremont
1.0k {10 ¢ 160 L sel] betereen ool and cantacts

Typical applicatinns

— Comdrications souiprment
- Office eguirant
—  Measuroment and qontral equiiprment

Entertainrmant slecionics

Medical Equiprnon

- Coneumear alectronics

“ Eurapsan Directive conformance:
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MDL LaserAcz® 300

2 Introduttion

P

71 merAes@ 300

The personal laser surveying system.

Laserfce 300 with bullt-In
inclinomater

Lasardca 300
with built-in
Inclinometer with
the optionsl
horizontal angle
encoder and
monopod

Lazarfice 300 with built-in
inclinometer and optional compass

Now s the time to throw away all your preconceptions of surveying
equipment. MDL's revolutionary new LaserAce® 300 is a hand-held laser
range finder providing you with a unique persenal surveying capability.
MDL's innovative personal survey system can be used as a hand-heid or
pole-mounted system, 1t enables the professional surveyor, enginzer or
layman to measure range, height, slope, missing distances and perimeter
calculations with ‘point and sheot’ simplicity.

The LaserAce® 300 incorporates a pulsed laser distance meter and an
inclinometer, & Horizontal Encoder and a Digital Fluxgate Compass are
each avallable as options. A visible red dot scope zllows the operator to

legua 14 7
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MDL Laserica® 300

aim and measure range, bearing and vertical angles to passive targets up
to 300 meters away with decimetre accuracy, Using retro-reflectors the
operator can measure to targets up te 5 kilometres away.

The palm-sized LaserAce® 300 |s Class 1 eye sate and weighs only 600g.
Measurements and calculations are displayed on 2 custom back-lit LCD
panel. The RS232 data port can be configured to Interface the LaserAce®
300 to a range of global positioning systems (GPS), data loggers, palm
and pen computers.

In addition to the surveying and measurement functions, the LaserAce®
300 has built-in test and calibration routines, including compass
calibration as standard, As well as impressive functionality, the
LaserAce® 300 Is extremely ecopomical on power and will operate
continuously for approximately 5 hours on just 2 AA cells.

lssue 14 B




MDL LaserAce® 300

SR Reyksatuls w0 Lol R T B

g o b e

The LaserAce® 300 incorporates the following features:

Eye safe semiconductor 'pulse’ laser.

Polycarbonate construction (800g)

Range up to 300m reflectorless, up to 5,000m with retroreflectors.
Accuracy 10em, resolution 1em

Simple red-dot aiming sight.

Built-in inclinometer for height measurement of objects ana for
horizantal path length calculation.

Optional ‘plug In* digital fluxgate compass or horizontal angle
encoder.

Display of the measured data on the backlit LCD panel.

Built-in buzzer,

Long operation timea from built-in standard "AA”" siza batterias.
R5232 data interface.

Fire Button

Receiver Lens

Eye Piece

Transmitter Lens
R5232 Data Socket

/ Compass Module

Sighting Optics

Figure 1 - LaserAce® 300 Features with optional Compass

issug 14 g8




MDL LaserAce® 300

The Laser Instrument LaserAce® 300 is
classified as a class 1 eye safe laser product
in compliance with the European aya safety
regulation CEMELEC ENGO825-1 (1997) and
American eye satety regulation FDA Class 1.

Nevertheless, we recommend that the instrumant ¢ not directly
pointad at people's eyes, (especially If they are using binoculars).
Aligning the LaserAce® 300 with the lenses of CCD-cameras or infrared
night visien devices can result in damage to them and is therefore not
permitted.

CAUTION! Use cof controls or adjustments, or performance of
procedures specified herein, may result in hazardous radiation exposure.
Never open the instrument’'s housing! Do not operate evidently
damaged instruments! [f the instrument is handled incompetently, the
manufacturers absolve themselves from hanouring any guarantee or
insurance whatsoever.

DO NOT UNNECESSARILY LOOK INTO THE TRANSMITTER LENS OF THE
LASERACE® 300!

Dispose of used batteries sensibly. Under no circumstances must the
batteries {or instrument) be dispesed of by burning. EXPLOSION MAY
OCCUR!

il rHLR b P et | s Ly i S T e e il 1Y R U = e _:—":_:_S-'-:"-i_s.‘.::"_l:_:&'::"
i TR R T RN L T P Ry e Tl it B AR S
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MDL LaserAce® 300

33 Electromagnetic Compatibllity and Emissions . |

LaserAce® 300 meets or exceeds the reguirements cof the following
European Standards:

EN 50081-1 (Aug 1993) EN 5D0B1-2 (Aug 1283) European Community
Regulirements

Electromagnetic Compatibility

Ganeric Emission Standard

Part 1: Residential, Commercial and Light Industry

Part 2: Industrial Envircnment

The tests are carried out in compliance with:

EN 55011 (March 1931) Limits and Methods of Measurement of Radio
Disturbance Characteristics of Industrial, Scentific and Medical (ISM)
Radio frequency Equipment

EN 55022 (March 7988) Limits and Methods of Measuremant of Radio
Intarferance Characteristics of Information Technology Equipment
LaserAces ’if _thg_ref_l:_:[e CE ap pr_gz_::ved. IS

by
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MDL LaserAce® 200

4 Wandiing and Storage ..~

Avoid machanijcal shock, Operate within the envircnmental temperature
limits of —10°C to 45°C (storage -25°C to 70°C).

Avoid directing the LaserAce® toward the Sun or other high power,
infrared light source.

Do not use paint solvents to clean the instrument. Use mild detergent
applied using a cloth,

If the instrument remains unused for several weeks, at least one of the
hatteries should be removed,

If the instrument rema'ns unused for an even longer period of time, tis
advisable to remove both the batteries in arder to prevent damage to
the battery compartment which could occur as a result of leaking
batteries.

Issue 14 13
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MDL LaserAce® 300

The instrument can anly be ooerated from the intarnal power supply.
The batteries that operate the instrument are 2 x AA alkaline battery
cells (do not use cheaper zinc carbon batteries as they do rct give
enough ampearage to fire the laser).

Battery
Compartment

Battery
Compartment
Cover

Figure 3 - The Battery Compartment
'nsert the batteries as follows:

+ Insert a small coin into the groove on the battery cover and give a
guarter turn anti-clockwise to release the battery compartment
cover. Remove the cover of the battery compartment.

* When inserting the batteries, care should be taken ta ensure that the
colarity of the batteries is observed. This is clearly marked on the
nside of the battery compartment. The battery nearest the TOP of
the compartment should have the positive terminal (+) visible and
tha battery nearest the BOTTOM cf the compartment shou'd have
the negative terminal {-) visible.

« The battery compartment has a reverse battery protection device
that mears incorrect insartion of the batteries cannot result in faulty
operation offor damage to the instrument.

* Replace the battery compartment cover.

The LaserAce® 300 is normally supplied with 1/2m data cable. The cable
pushes into the R5232 Data Socket on the Laserfice® 300 and is placed

pEE g e
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MDL LaserAce® 300

. Operation =~ . 1 1

6.1 .. Overview of Applications =

The operator can guickly measure the relative location of any

oblact or point for:

Agriculture Management
Asset Mapping

Buildirg Surveys

Czble Height Measurement
Cadastral Surveys

Farestry Management

GIS Data Acquisition

GIS surveys

GPS offsets

Gradient Measurements
Ground Modeliing
Hydrographic Surveys
In-vehicle Surveying

Lard Reclamation
Measurement of Py ans
Quarry Face Surveying
Remaotle reconnaissanca
Rock Face Prefiling
Stockpi'e Surveys

e Stockpile Volume measurements
s Tree height measurement
= Tree width measurements

Some of these measurements will

require optional equipment
detailed later in this manual.

— |
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List of Symbols

h=6.63x10 " ].s: Planck's constant.

v: Frequency of radiation.

M1 . Fesel mass,

E : Toral energy.

mv’ [ 2: Kinetic energy.

me’ | reset mass energy.

n: Photon number.

E_: Irradiance (power/ area).

F :Foree

4t :Mass per length

m : Masg

v : Wave speed

R :Radius

B: magnetic flux

d : Distance between source and mirror

t : Time of travel

n,: Medium index

A, : Light wavelength in of incident ray
A; ! Light wavelength of refracted ray

i : Incidence angle

r: Refracted angle

¥, : Incident ray speed

v, : refracted ray speed

F : Focal length

(; Observer

1 : Ilmage

N, : Synchronous speed m rpm.

[+ Frequency of applied power in Hz.

£ : Total number of poles per phase, multiple of 2
AN : Speed rate.

N, : Synchronous speed.

N : Rotor speed.

1 : Stator power line frequency.

5 : Slip.

P : Mechanical power developed by the motor
E, : induced voltage in the armature (cemf).
! : Total current supplied to the armature
T : Torque

Z : Number of conductors on the armature
¢ : Effective flux per pole

! : Armature current
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