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LECTURE 1. INTRODUCTION TO AUTOMATION

1. AUTOMATION

After the first transistor was invented, then integrated circuits as well as digital
computers were developed in the period (1950-1960). In the manufacturing field, the
first numerically controlled milling machines were introduced. In 1967, computer
numerically controlled (CNC) machines were developed and put into use. Integration
of computer and machines greatly improved the flexibility associated with the
machines and manufacturing systems. Fixed automation started to evolve into flexible
automation. The fast development of computer and information technologies led to
information revolution in many fields including manufacturing. In the early 1970s,
computer-integrated manufacturing (CIM) was coined to provide a new concept and
direction to grow manufacturing enterprises. The CIM concept has changed over time
from computerized workcell, flexible manufacturing systems, large seale automation,
computer aided design and manufacturing (CAD/CAM), interfacing and
communications concepts to the current state: an information system that controls data

flow among all the function units in a manufacturing enterprise.

1.1 Automation definition:

Automation is the use of control systems and information technologies to reduce
the need for human work in the production of goods and services. In the scope of
industrialization, automation is a step beyond mechanization, Whereas mechanization
provided human operators with machinery to assist them with the muscular
requirements of work, automation greatly decreases the need for human sensory and
requirements as well. Automation plays an increasingly important role in the world
economy and in daily experience.

Some other simple definitions:

e The automatic operation or control of equipment, a process, or a system.
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e The technigues and equipment used to achieve automatic operation or
control.

o The use of computers to control a particular process in order to increase
reliability and efficiency, often through the replacement of employees. For a

manufacturer, this could entail using robotic assembly lines to manufacture a product.
1.2 Automation Types:

There are two basic types of automation are available to today's automation
engineer.

I. Hard Automation

The classical type of automation, typical of the 1940s and 1950s. is fixed (hard)
equipment, usually custom-made and designed to facilitate the manufacture of a
specific product. Hard automation can achieve very high-speed production, but it is
usually quite expensive. This expense can become very painful when a product model
or design change is introduced. Fixed or hard automation, as the name 1mplies, is not
very adjustable or adaptable to product or process change. Therefore, at the very least,
a certain amount of product and market stability is prerequisite to a decision to install
hard automation equipment, and at the most, hard automation requires huge volumes
to justify such a deeision.

For example, the production of electric light bulbs. General Electric alone
produces approximately two billion light bulbs per year. With this kind of volume, it is
gasy to justify specialized. high-speed, fixed automation equipment. In addition to
their huge volumes, electic light bulbs have achieved a great deal of product stability.
It appears unlikely that the incandescent light bulb will become obsolete for several
decades, When it does so, millions of dollars of fixed, hard automation equipment will
become obsolete with it.

2 Flexible Automation

Contrasted with fixed or hard automation is the newer type of automation avail-

able to today’s automation engineer: [lexible automation. We hesitate to call this type
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of automation "soft" because it consists of both hardware and sofiware (computer
programs and programmed operating systems). However, flexible automation is
certainly soft compared to hard or fixed automation.

The salient and identifying feature of flexible automation equipment is that it is
programmable, and therefore reprogrammable, Today, this usually means that the
equipment has a digital computer as one of its components, but this was not always so.
Early numerical control machines could be considered flexible automation, but they
were not computer-based. The reprogrammability of flexible automation equipment
gives it a key advantage over hard automation. Huge volumes are not necessary to
Justity flexible automation, because after the production run is complete the flexible
automation equipment can be used again to produce something else. The equipment
can be either reprogrammed or preprogrammed for a variety of tasks, calling upon its
various learned routines by retrieving programmed software from a suitable storage

medium such as magnetic tape or disk.
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3. BUILDING BLOCKS OF AUTOMATION

The automation components can be classified into four basic categories,

depending upon how they are used:

I.

ta

Sensors.

Analyzers.

3. Actuators.
4.

Drives.

The approximate relationship of these four categories is shown in (Figure 1.3).

The operator here is a human, not a robot. The industrial robot is a part of the

automated system (upper half of the figure). The industrial robot is actually an

integrated system made up of all four of the basic automation component categories:

sensors, analyzers, actuators, and drives.

Drives

Operator Process
rnactine

Figure (1.3). Approximate interrelationships of the four basic categories of automation
components.
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1. SENSORS

Sensors are the first link between the typical automated system and the conven-
tional process (the real world). Sensors convey information from the manufacturing

process equipment, the piece part bemng manufactured, and from the human operator.

1.1 MANUAL SWITCHES

The automation system is linked to the operator by the manual Switches. The
operator may desire to turn the system on or off or make adjustments to the automated
cycle.

The manual switch can be CLOSED (ON) or OPEN (OFF). Maost switches have two
stable states: on and off. However, many switches have only a single stable state. Such
switches have a spring action that returns them to normal state whenever they are
released from an outside force. That normal state can either be in the open position or
the closed position, which leads to the terms NORMALLY OPEN (NO) and
NORMALLY CLOSED (NC) used to describe switches.

Manual switches can be divided into:

e smgle-pole, single-throw (SPST) (Figure (2.1a)).

e single-pole, double-throw (SPDT) (Figure (2.1b)).

e double-pole, single-throw (DPST) (Figure (2.1c)).

* double-pole, double-throw (DPDT) (Figure (2.1d)).

o multiple throws (rotary switch) (Figure (2.2)).

o momentary switch (pushbutton) (Figure (2.3)).
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Figure (2.1). Example electric switch configuration, (a) Simple switch: single-pole;
single-throw (SPS7): (b) Single-pole, double-throw switch (§PDTY); ( ¢ ) Double-pole,
single-throw switch (DPST): (d) Double-pole, double-throw switch (DPDT)
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Figure (2.2). Rotary switch

(a) (k)

Figure (23). Momentary (spring-refurn) pushbutton: (a ) Normally open; (b) Normally clesed
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1.2 LIMIT SWITCHES

Limit switches are actuated mechanically from the manufacturing process, the
material, or the automated system itself, without intervention by the operator, so any
limit switch considered as an automatic input.

» There are thousands of styles and models of limit switches (Figure (2.4)) (more than
manual switches).

Because the limit switches must be designed to be exactly cotrect in size, lever
travel, force of actuation, and ruggedness for the specific automation application. Also
manual switches are designed for human operators who have relatively similar
physical characteristics. While limit switches are used in very difficult industrial and
manufacturing situations.

# Robot systems employ limit switches both in the construction of the robot itself and
in the peripheral equipment. Limit switches can be used to limit the travel of a robot arm on
any of its axes of motion.

» When the limit 1s reached, a circuit is opened (or closed) that removes power from

that axis of motion either directly or via the robot controller.
1.3 Proximity Switches

#»  Proximity switches do not require physical contact or light radiation 1o sense an
object because they can sense the presence of a nearby object without touching it. Proximity
switches can be used on robots to give the robot certain advantages over human operators.
There are three physical bases for proximity switches that can respond to any object-metal or
nonmetal (Figure (2.5)).

[

»  One type uses an electromagnetic (radio frequency) antenna specially designed and
placed to fit the application. The antenna receives a signal transmitted by another strategically
placed antenna, but the reception of the signal is disturbed by the intrusion of any object into

the field. Unfortunately the sensitivity of the antenna is related to the electrical properties
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of the material of the object being detected. The size of the object to be detected also

plays a role.

»  Another type of proximity switch that works for nonmetallic objects is the sonar
type. Sonar systems transmit and receive reflections of pressure waves 1o detect object
presence. These pressure waves are commonly called sound waves when their frequencies are
within the audible range. Most sonar systems, however, use ultrasonic radiation, which has

frequencies higher than audible pressure waves.

#» A sophisticated proximity switch system employs the Hall Effect, in which a small
voltage is generated across a conductor carrying current in an external magnetic field. The
amount of Hall voltage is proportional to the flux density of the magnetic field, which is
perpendicular to the flow of current. This proportionality enables Hall effect proximity
switches to detect not only presence but also relative distance to a sensed object.
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Figure (2.4). Examples of popular models and some of the more unusual styles of limit switches:
(1) Standard side rotary limit switch; (b) Standard top plunger limit switch: (¢) Miniature limit
switch; (d) Aircraft-type limit switch
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Figure (2.5). Two types of proximity switches: (@) Proximity switch acts only upon presentation
of a ferrous metal object within its sensing range; (b)) Proximity switch is capable of sensing both
Jferrous and nonferrous metal objects

1.4 Photoelectric Sensors

Two basic approaches for employing photoelectrics are in use. The first
approach uses a photocell to detect the presence of light radiating naturally from some
object in the process. The second approach to photoelectrics employs a beam of light

emitted by an artificial light source. The principal purpose of the second approach is to
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detect the presence or absence of objects in the path of the beam. The beam emitter
can be a separate unit or can be incorporated into the sensor. The combination variety
requires some type of natural or artificial reflector to direct the light beam back to the
emitter/sensor.

Reflective surfaces for photoelectric systems are of three types: diffise, specular
reflective and retroreflective (Figure (2.6)). The diffuse reflective surface is the lowest in cost
and describes most reflective surfaces. Even an ordinary white object acts as a diffuse
reflective surface in that it reflects light but not images. Diffuse reflectors seatter so nuch light
that only a small fraction makes its way back 1o the photoelectric sensor,

Specular reflective surfaces are most often associated with the word reflective and
include mirrors and very shiny surfaces. Specular reflective surfaces obey the physical law that
the angle of incidence equals the angle of reflection. It is obvious that the source and sensor
must be more closely aimed for specular reflective surfaces than for diffuse surfaces. For
systems in which the emitter and sensor are mounted in the same unit, the plane of the specular
reflective surface must be perpendicular to the direction of the incident beam or the reflected
beam will be lost. this can be either a disadvantage or an advantage.

Retroreflective surfaces are the most complex and expensive of the three types.
Retroreflectors are capable of reflecting back to the source a large percentage of the light beam
regardless of the angle of incidence. Basically, the retroreflective surface violates the physical
principle that angle of incidence equals angle of reflection, except when the plane of the
surface is perpendicular to the incident beam.
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Figure (2.6).  Three types of reflective surfaces for photoelectric systems
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BUILDING BLOCKS OF AUTOMATION

Example of Optoelectronic Sensor (Sharp GPZDI120)

The GP20DT 21 s a distance measuring sensorwith imtegrated signal processmg and

anulog voltage outpul,
[
| R 1
@90
— CEET p
Features FIM | SIGHAL NAME
@ Vs
+ analog output: @] om
« effective ringe: 4 1o 30 cm; =l Vem

* typical response time: 39 ms;

* typical startup delay: 44 ms

« avernge Corrent Consumpiion: 33 mA

If & prominent boundary line exists in the surface being measured, it should be
aligned vertically to avoid measurement error,

When measuring the distance to objedts in motion, align the sensor so that the

miotion 18 in the horzontal direction instead of vertical (Figure (3.1))

e — D
el —~0E]L

Figure (3.1}, Praper alignment (o surface being medsured and proper alignment to moving
surfuces
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1.5. INFRARED SENSORS

1t is useful 1o deteot radiation outside the visible range. Infrared sensors respond o
radiation in the range of waveleneths just beyond the visible spectrum at the red end.

v Infrared sensors are very useful when used with artificial beams 1o detect the
presence or absence of objects, even more so than are photoelectric systems. Since
infrared radintion is invisible.

v There are some advantages of using infrured beams and receivers instead of
ordinary photoelectrics. Also, infrured sensors are vinually unaffected by stray ambiem
light with obvious advintnges,

v A strutegy that 1s gaming popularity 1s the use of o modulated infrured beam,
in which the: source & pulsed 1o provide much greater imtensity and the sensor 1s

mioddulated to recieive ot the same frequency,

1.6. FIBER OPTICS

o Fiber oprics is flexible pipes ol glass or plastic that can be used 10 bend light
beams around corners. When bundles of fibers are used together, whole images can be
transmitted, However, the typical automation application 1s to use one fiber to tramsmit
a light beam that 15 sensed by the system as cither present or ubsent.

= An advanage of fiber optics 1s ther surprising efficiency. Fiber optics are so
efficient that it becomes worthwhile for the telephone indusiry to convert come-
munications circuits from electrical signals to modulated light signuls for transmission

via fiber aptics and subsequent reconversion at the receiving end.

1.7. LASERS

*  |asers are concentrated, amplified beams of collimated light.

* In sutomated systems, the laser s useful i providing very long, narrow,
precise light beams.

*  The pregision of these beams makes them excellent for detecting tiny objects
that sre-capable of breaking the bedm at large and varyving distances. The presence aor
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absenve of a continuous beam then cio be used as o logie input (o an aotomated control

system, Such precision alse mukes the loser 3 good tool for dimensional measurement.
(Figure (3.3)).
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tigure 3.3} Comparison of usable range of conventional light sourees versus
taser Hght sources for the purpase of locuting objects at a distance

2. ANALYZERS

After the mformation 1s sensed by an automated system, it must be regstered and
analyzed for content, and then a decision must be made by the system as to what action
should be taken.

2.1. COMPUTERS

¥ Computers are 80 importmi as analyzers.
v Digital computers are the primary means of analyvzing sitomalion sysiem
inpuls. Computers are extremely versatile i that the ways they cin be programimed o

manipulate data are limitless.
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v Increasing in the number of feasible applicitions of monufacturing
automation and rapid growth of mdustnal robots due to the continuing minoturization

of computer circuits along with decreasing costs.

2.2. COUNTERS

Iy I Avtomation, s frequently useful lo determine how memy of vanous ilems a
present or piss through an sutomated system. This fimetion can be handled esther mtemally by
a compter or progrmnmxible controller or extemnally by a separate device called a conmter.

2. The counter can be mechamical, but most sutomanc systems employ. solid-stake
electronic counters. [ the counter is a separmte unil, it will usually have a display to report eurrent
statiis of the count in progress.

X The guantity counted is usunlly @ serics of valmee pulses thit have been penetiited by
i sensor detecting some physical quantity to the automated system

4, Exumple, gles bottles coming down a comveyor line, The curved gliss would be
somewhiat specalar; and at a precise position the mngle would be exacthy nght to reflect a pulse
of light fromea positioned source upon a photoelectne sensor, as shown in Figure (3.4}, The
sersor would corvert the light pulse to o voltage pulse. which would be transnutted 1o the
coLnter.

Noste i Figure (3.4) that the spacing of the voltage pulses is not uniform. It is also possible
fior the pesiks therrselves to be o varying width (ome) and amplitude (voltage). This is entirely
satisfactory within limits, of course becmee most industrial counters ure capable of detecting
peaks and peak miervals of less than 100 s dumtion, There s also some tolerance n the voltage
reguired 1o generaie the count.

In Figure (34) the counter shown has two display registess: The top register s un
electronic display ‘and represents the current cownt i progress. The boltom register is
mechanical and represents n preset tumber thal dcts a5 4 tnget W rgger an output signal when
the cument count register renches the tamget value, This feature enables the counter to Gilse
surtrething o happen in the manufactudng process,
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Figure (3.4 Automatic counting system using photoelectrics to count bottles
coming down a convevor lne

2.3. TIMERS

= Il precise clock pulses sre gvailable, o counter that counts these pulses
becomes o fimer.

*  An industrial timer is more similar to an alarm clock than an ordinary ¢lock.
When elapsed time becomes equal 1o a preset value, an output signal is genermted.

*  Like counters. industrial timers can be bidirectional that is, time up and time
down.

*  Timersare very useful devices in mdusteml logic control systems.

= Timers often hisve the additional feature of being mterruptible tha 15, they can
be cumulative in summing the vatious periods of voltage up time intetrupled by various
periods of voltage down time.

= The applications of industrial timers to robots and manufagturing sutomation
is even greater than that of the industrial counters.

*  Industrinl timers avalable as extemal sepamte units or can be internal to

programiable controllers and on-line process control computers.
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2.4, BAR CODE READERS

= Bar code reader is an analyvzing system that incorporates liser scanner along
with timers and counters,

*  Successive bars of varying width, as seen in Figure 3.5, are scanned and
counted. The scan is orthogonal to the bars, and thus voliage pulses from the
photoelectric sedsor can be compared to determine individual bar widths. The sequence
and width ‘of bars is then analyzed 1o decode the bars and translate them to an
alphanumeric data string for processing by the nutomated system, as shown in Figure

3,6,
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Figure {1.5), Examples of standard bar code and optical charncter recognition formats

Altermatives to bar code Teaders can be easter for humans o read but present more
problems i manufcnng autemation systems. Figure (3.3) shows two optical chamcter
recognition formats that are used i some autonted systems.

Unfortunately, the automatic recognition of these charmcters is @ much more accurate
operaticon thun is needed for bar codes, Alignment is important, and some of the charactens have
tiny differences. Consider the problem in designing a scan procedure to distinguish between the
letters £ and F, € and @, or £ and £, Multiple scans are essentinl, and defective type or smodges
on the lubels con casly result moo pusresd. Scanning progroms contun: checks  for
inconsistencies thas can prompl a rescan i necessary 1o assure @ valid read. Afler repeated
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atterpts with i sucvess, the sciammer can be programmed o repont "INFEALID READT, Somie
lnbel deficiencics, however, can irick the scanner o an erroncon read. o problem that is

usteally worse than an invelid read.

Frgure 3.6, Laser bar gode reader scans a label and processes the code to produce
a numeric siring for use by an sutomated data system

Bar code scanners usually employ losers beeause the concentrmted coherent laser light can
retain its focus over a larger depth of field which explains why the bar code label does not have
10 be predisaly positioned at o fixed distance from the scanner,
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BUILDING BLOCKS OF AUTOMATION
2.5. OPTICAL ENCODERS

v Optcal encoder wseful for putomatically detecting shaft rotation. The shafi
rotation information can be fed back into a computer or control mechamsm for
controlling velocity or position of the shaft. Such a device has application for robots
and numencal L"L:m'lml machine tools:

v Optical encoders can be either meremental or absolute,

v An encoder is a simple device that can output a digital signal for each small
portion of & movement. The encoder wheel or strp iy divided into small sections,
(Figure {3.1)). Each section is either opaque or ¢lear, (Also it can be either reflective
or npnreflective. ) A light source, such as an LED, on one side provides a beam-of light
o the other side of the encoder wheel or strip, wheee it is seen by another light-
wemsitive sensor, such as o phototransistor. I the wheel's angular position (or in the
case of a strip, the linear position} 5 such that the light can 2o through, the sensor on
the opposite side will be tumed on and will hiave a high signal. IF the angular position
of the wheel is such that the light is stopped, the sensor will be off, and i1s output will
be low (thus, a digital output), As the wheel rotates, it can continuously send signals,
If the signals are conmed, the approximate total angular displacement of the wheel can

be measared ut any time;

j’ vt e pipor

Lught ssupee

Lt wavisi g
(w) i

Flgure (3.1 o) A simple rotary incremental encoder wheel, This encoder measures angular
rotations; by A linear incremental encoder, which can messure linear movemenis
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v The meremental tvpes transmit 4 series of voltage pulses proporticnal to the

anglée ol romtion of the shafl. The control computer must know the previous position
of the shaft in order o caleulute the new position.

v Absolute encoders transmit & pattern of voltuges that deseribes the position
of the shaft ot any given time, The innermost ring switches from durk to light every
1807, the next ring every 907, the pext 45°, and so on, dependent upon the mumber of
rings on the disk., The resulting bit pattern output by the encoder reveals the exaet

argulur posttion of the shafi.

Frmire (3.2 Absolate optical encoder for momtoring shafll rotation on robots or other
automation devices and the Sample portion of optical encoder disk

Example
An absolute optical encoder disk has eight rings and eight LED sensors, and in
wm provides ¥-bn outputs. Suppese the output pattern is 10010110, What 1 the

angular position of the shaii?



T

=

| Acnles. st iy, FRUAS ARDULIALZAC, RAHEER) CONTEDL AND SYSTERMS KNS, || 3
i CLASS | EOhIOL Eeg ELTCRAA TR (3] _!,'
S 8
Solution
Encoder Angular Value Observed Computed Value
Ring (degrees) Pattern (degrees)
(st ) | 10 ! 180
. ) 0
i 45 1]
4 225 I 205
> 1125 0
6 5625 I 5625
T 2.B12S8 1 2R]12I5
(bt § i | S62S ()
Total 210,94

A =’Zm['ﬂ|.
=1

where { = ning number;

my = 01 i is white (clear);

m; = 1 il is black {opague);
A; = angular value for ring {;

= totsl pumber of rings.

3. ACTUATORS

After a real-world condition is sensed and analyzed, and then the actuation may
be o direet physical action upon the process, such as a sweep bar that sweeps items off
a eonvever belt at the command of n computer or other analyzer. In other cases, an
achuntor 15 simply o physical making of an electrical circuit, which in turn has o direct
effect upon the process. An example would be an actuator (relay) that tums on power
to an electric furnace heating cirouit.

In Robotics, nctuntors are the muscles of robots. I vou imagine that the links and
the joints are the skeleton (Mechanical Structure) of the robot, the actuators ot as
miuseles, which move or totate the links to chunge the configuration of mbots. The
actuntor must hove enough power to accelerate and decelerate the finks and to carry

the loads. yet be light, cconomical, rocurate, responsive, reliable, and easy to maimam.
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3.1. CYLINDERS

In an sutomation application the Cylinder s usually wsed when o linear
movement is requited. The most popular are the pneumatic types because of the
convenience of piping compressed air throughout a8 manufacturing plant. Shop air is
senerally repulated to the range 80 o 100 psi (pound-force per square inch thyin®),
which 15 adequate for most grippers, movers, positioners, and tool-stroking devices,
Figure (3.3) shows the: use of pneumatic cylmders m an aotomatic work station. The
control of air cylinders is accomplishied by valves that may be driven by electrical
impulses or by air logic devices.

When the manufacturing process requires forees w0 be applied automatically in
excess of 200 pounds, the more powerful hydraulic eylinder is usually selected over
the preumatic cylinder. Hydraulic pressures in excess of 2000 psi are readily
available; compare these pressures with the 80 to 100 psi commonly used in
pneumatic systems. Given the mechamical advantage of o large: enough evlinder.
prcumalics can deliver as lorge o [oree as the hvdraolics, bot spoace and convenience
temd to fivor hydinulies for the large forces, The mast powerful indusindl robots dre
driven by hydraulic actuators,

Besides being powerful, hydraulic eylinders have the advantage of being well
controlled throughout the stroke. In addition, they are quiet, although the pump and
reservoir (to store hydraulic) ean be quite noisy. Disadvantages are high initinl cost,
maintenance, and problems from leaking cylinders.

Inn the design of either preumatic or hydraulic actuitors both pressure pnd voluine
requireinents must be met. A system may have sufficient pressure to actunte eylinders
or other actuators, but may not be able to maintain that pressure during high-speed
operations. This mistake has been observed especially in partially sutomated factories
in which pneumatic systems nre used o power mechanized serewdrivers, staplers, and

handling equipment. System design that anticipates the demands which wall be placed
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upon the pnewmatic or hvdraulic equipment and actuators during peak periods will
avond this drawbock,

Figure (1.3} Use of preamatic eylinders to achieve robotic motions in
an putvmetie work station

3.2. SOLENOIDS

An eclectrical solenoid is needed. when o small, light, quick linear motion is
desited in an sutomasted systeny In basic physics, we leamed that the principle of the
solenoid operation is the creation of a magnetic feld set up by passing an electrical
current through o coil. Thus, the core of the solenoid can be selectively drawn mto the
coil in response to an electrical current. In the absence of the coil current, the core can
be automatically returned by spning action. The stroke motion of a solenoid s not very
controlled m comparison, for example, with a hydraulic eylinder, but many
automation applications require only a short, guick. discrete action, not & smooth,
controlled stroke.
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3.3. RELAYS

v Basically a Relay is used to switch an electrical circuit. Switching-type
cireuits usually operate st lower voltages and especially ut lower ampernge than power
circuits. The output of the switching logic network: then can be used 1o tnp one or
mare Telays 1o close or open 3 power cirewit. There are many ways in which reloys can
be combined in switching networks form the basis for the classical approach 1o
automating manufacturing systems.

v Figure (3.4) shows the use of relays w close electrical circuits under the
mutomstic control of process sensors. Compare the logic of the two cireulis shown. In
Figure (3.4 a}, velays from both sensors must be energized 10 make the power circuit.
In the arrangement in Figure (3.4 b), the action of either relay 4 or & is sufficient to

make the eircuit.
110 e Nentrad
o P
oy & Feay B e =
- A
S A ﬁ
Saman 17 V
{nl
¥,
Nty o "
F
: Jf ey 01
Q
= il "
-

Figure (3,40 Using relays to antomatically switch power clrenits. In cirenit fa), both sensors A
and B must supply voltage to thelr respective relays to close the power clrewit, In ¢lrewit (5), a
voltage at efther sensor is sufficient to close the power circuit
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v A relav can be described as enther "atehme™ or "nonlaching” lﬁmﬂm,ﬂ- A
lmching relay needs only an electrical imyriedee to puill mnd hold the power Greuit closed.
Another impulse is needed on a different switching circuil 1o melease the lntch. Nonlaching
relays hold only while the switching relay is energized and thus require & contimions electrical
strtial, The discontinuation of that stenal permits the reluy to relesse the switeh irmediaely.

Hexing

Powid oy {tlesed ratiinn} Load
I = )
[ o beoutral
A
i
Sbring
Fomw -
hered e ﬁ
ri { Nwtrml
A j
f'
S
B
il

Flgure 13.5), Comparison of ardinary versus Intching reloyve (o) Ordinary, nonlatching relay is
closed valy when current is applied to the ¢ofl via control input A, (5) Latching relny stays
closed by o mechanicul latch after an impulse at Apulls it In. An impulse at B releases the lateh,

v When the energization of a relay coil makes a cireuit closed, the relay is designated
"normally open” Conversely, the relay that breaks o cireuit when enersized is designated
"narmally closed” It follows; then, that the normal state of an electric relay 15 the deencrgized
state. Flgare (3.6) compares o normally open relny with a normally closed reley in a single
power circuit. In Figure (3,6 g, the sensor must provide an energizel control inpiit in drder to
ke the power circuit, In Fizure (3.0 5), the contml input must be de-enerzizend 1o make the
power Cireui.
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v Thie typacal reloy and solenonds in gepeml opere on low-volinge dmim Bit
the convenience and aviailability of 110-voll altemating current (sc) hove given rise lo the i
relay and s solenoid. Another sdvantage o the higher volinge ac solenoids 1 their relative
immumity o inducerd voltages from power conductorns in the manufacturing environment.

¥ Small motors, handling devices, and autonmted 1ool actuators usually are served by
power circuits of less than 10 A, and the relays that trip them are indead called "relan”,
However, as the amperage ranges upward between 10 and 30 A, the power relay may be
called n confactor: SUll the basic principle of the simple reloy is bemy emploved, and the
mtometion engineet should not be confised by these terms.

v A special need for oorelay 18 the tripping of power circuits for electric motors. The
automation engimeer will hear reference 10 "mator starfers”™; these devices are either contactors
or relays thit i addition provide everfoad protection 1 open the motor circuit i a heavy
mechanical load begins to canse the motor to camy too much cament.

110V MNewutrs

ey

5
<
H

Frgure | 3.6 Normally open relay (a) versus normally closed relay ().
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BUILDING BLOCKS OF AUTOMATION
3.4. HYDRAULIC ACTUATORS

The hydraulic sctuators receive pressurized hydraolic oll with  controlled
direction and pressure through a system known as “power packs™. The speed and
valume flow mtes are also controlled by the elements of the power pack. To produce
linear motion the hydmulic cylinders are used and hydrsulic motors are used to

produce rotational movernents,

« Eements of Power pack and functions

=2 Elemenis Functions

Stores and supply hydrmlic oil to the system, in a closed
circuit.

Recerves oil from the reservoir and pressurizes the oil in

necordance with its copacity.

Receives electric carrent from mains and provides

ratational movement. to the pump.

Contral the direction of flow, regulaie the pressure and

provide safety to the system.

Provide connection between the vamious elements

transporting the gh pressure oil,

I, | Reservoir or tank

2 | Hydroubic pump

3| Electric motor

4. | Valves

5. | Hoses and pipes

e Hydraulic System

The hyvdraubic circait shown in Figures (4.1(a) and 4.1(b)) shows symbolically
the hydroulic system of linear actustor in a simplest arrangement. On the forward
stroke Of the piston of the evlinder the high pressure relief valve is effective amd in the
return stroke the low pressuie reliel valve acts 1o regulate theé svstem pressure, The
load handling capacity is determined by the system pressure in the forwand stroke. The
directional control valve controls the direction of motion of the piston in case of the

linear actuators,
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Frgure (4. 11a)). Typlcal hydranlic cirouit
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Frgere (4 1(h)1, Hydraulie system for Robuot
s  Hydraulic Motors

These are o type of power utilizing elements which convert hydrulic energy into

mechameal rotational work useful i driving the Tmks with revolue joims, i this

context. One of the types of hvdroulic motors; the vane motor 5 most commonly used

type. The motor consists of o circular otor mounted eccentrically inside a cireular

stator ring. Thee rotor has got suitable slots for accommodating radially moving vanes,

The rotational output of the motor depends on the eceentricity “e” of the rotor with
respect to the stator.

The power output:

_Dpce -V -p

where Dy — outermost diameter of the vane, m;

@ — eceentricity, m;

Vi — lincar speed of rotation, m/sec,

__ 2uNR
T oab
where N = revolution per minute;
B,
H = =Py |
£

P — pressure of the ofl supplied 1o the mator.
And the wrque developed:

60,000 P
=

N RN m.
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The actuntors that provide linear reciprocating motion to the prismatic jonts; by

utilizmg hydrauhie power are known as lmear actustors or cylinders, the constructional

detiils are as shown m Figuwe (4.2),

Flet b0y fin 0 s orval

il

iy

v

Falan
Ficd etid port

P’-mr}-iq:l par

= [Efi2] Eiiriini

Tuse

Figure (4.2}, Construction of Cylinder
A cylinder essentially consists of o piston located in the tubular housing and n
piston rod passing through one of the end covers: The ponts provided in the end covers

permit entry and return of the hyvdraulic oil. If the hvidradlic oll is supplied 1o the

cylinder is at a pressure p (N/m?) with & volume flow rate of G (m¥/see). thie power

delivered is given by
_pQ
P= Tooo W
The force developed in the rod is given by
T .ot
F=p: 7y Dy

where Dy, — dinmeter of the piston in meter.
The speed of motion:
Q 49
o= 3=
This i the speed i extension of the rod.
The speed of retraction:
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o [ealures of Hydraulic Acluators

¥ Provide high power in small light components.

v Have fat load-spead or torgue speed characteristics.

v Can operate safiely and contindously under stall conditions,

v Provide stepless vanation in speed.

v Have longey life and reliability due 1o the lubneating properties of the ail.
v Can be easily built using readily available standard clements.

¥ Have comtaminant sénmtive elements,

v The operation is noisy.

v Higher mertin ¢n ihe rabot joints,

v Power loss and unclean work area due to possibility of leak.

¥ Less deflection due o low complianee of the ¢lements.

»  Appications of Hydraulic Actuators

v Lised 1o drive the spray cosling robots.

v Used in heavy part loading robots,

¢ Useful in material handling robot system.

¥ Used to drive the joints of assembly (heavy) robots

v Useful in producing translatory motion in cartesian robot

v Liseful in robots operating in hazardous, sparking environments.
v Useful in gripper mechanisms.

3.5. PNEUMATIC ACTUATORS

The principles of pneumutic actustors mateh with that of hydrmaulic actuator. The
working fluid in case of this is the-compressed air. The pressure of air used in this
varies from 6-10 MPa. Becanse of low air pressure the compenents are light and the
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force/torgue rransmitted 15 also less, Poeumatic eylinders wre used to actunte the hnear
joints and pneumatic motors are used to drive the revolate joints. The mam problem
with the pnetrmatic devices is that the workmg Duied (wr) s compressible; hence the
actuator drilis undir loads.
The pneumatic actustors are characterized by the lollowing features;
lowest power 1o weight ratio;
* hghly compliant system:
« deift under lead constintly;
* low, inscourate response due 1o low stiffness:
less leakage of sirand not susceptible to sparks;
* wses low pressure compressed wir, hence less actuation toree or torgue;
* pseful in on-ofT applications like pick and place robot;
* dimple and low cost components;
« relisble and easily available components;
* the exact positions of the sctuators can be controlled by servo control

valves differential movemenis.
4. DRIVES

Like actuators, drives take some action upon the process at the command of
computer or other analyzer. For purposes of classification, the distinetion being made
here between actuntors and dnves is that octuators are used to effect a short, complete,
dhscrete motion usually linear and drives execute more continuweus movements typified
by, but not limited 1o, rotation. Actustors may twm drves on and off, and doves may
provide the eénergy [or the movemient of sc¢tuators. Some automation devices, such as

genevas and walking beams, seem 1o belong 1o both categories,

4.1. ELECTRIC DRIVES
Principle
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A totationel movement 15 prodoced m o rotor when an clectne current flows
through the windings of the armature setting up a magnetc feld opposing the feld set
up by the magnets.

The Main Components
Rotor, stator, brush and commutator assembly. The rmotor hus got windings of
wrrmture and the stator bus got the magnet, The brush and the commutator assemblies
switch the current to the armature maintaining an opposed field in the magnets,
Performance
The torque on the rotor of the electiie motor is given s
WL 2 iy e
where K,,, —molor torgue constant;
| — armature current,
el
R

2]
where Vi, — input voltage to the motor;

ey — back-em.f;
R, — urinature resistance,

but ey Is back e.m £, the opposing voltage produed in the winding due to the rotation
of the rotor ey, s given as
By = H.E:I L i1 |

where Ky —voltage constant, @ is the angular velogity.

Selection

The selection of the-eléctric drive 15 based on the torque ratmg and the current
rating of the mator. The torque mating of an electric motor s derived from the power
mting of the motor, IF Py, is the power rating the torgue rating:

60P,,

=N,
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where Ny, —speed specification of the motor,

Types

The most commionly used electric drives m roboties are:

I, DC Servo Motor,
2 AC Servo Motor.

3. Stepper Motor.
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Features
BC Servo Motor AC Serva Motpr Stepper Motors

*  Rotor is a permanent

magned and stator iy o Moves in known angle of

= Higher power o weighi

rarto, = 1.
' hansing the winding.. PeEnon
R . I‘I = .
o High accelerution. s No ;;r;mumhu ail Positfan feed back is not

o Switch is due o AC butnor | W amnibom. gl kivw Ahurp
ritusion of the magnetic

o [lniform rorque
By commmtarinm,
field.

o oo respanse for better o Newdy micraprocessor

s Fived nominal speeid.

el circuil te Stirt

/Ry o Favouruble Reat dlusipution) » Used in table top robot.
powerfil,

o Prodisces sparks {n -
operation, wd sitafle for | ® More powerful. * 2:::“_”“ NA o AN
certain envirsmmenis .

s  Reversibility af rotition o Extensive iese {5 rohotic
privssible. devices.
Servo Motors

The: desired position (§.) is compared with the wetieal poxition (&) Teedback
from, the encoder (E), This gives the desired speed (N,), which i compared with the
avtial speed (N) obtained as feedback from the tacho-genermtor (T). This gives the
desired current (L) which is adjusted by the nner loop giving a feedback of sctual
current (1,). A comtrol signal (V) 15 generated which along with supply valtagaef V)
from & 3-phase system is given to the motoras input. In-a servo-moter the position and
speed of motor is controlled by the feedback control. The block diagram of servo
motor is shown below (Figure (4.3)).
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=
PC - positlon controfler N, - wctunl speed
SC— speed controller @, —actual position
CC - eurrent controfler 1, —actual curvent
SA - servo amplifier L. Ly, Ly — 3-phase supply
M~ DC/AC motar . Ny 1, ~ desired position, speed sod current
T - tacho-generafor V, —control valtage
E~ encoder
Froure (4 .31 Serva motar
Stepper Motors

The stepper motors are unigue type of motars that produce totmbonal movemient
in the form of finite angular steps. The imtermittent eléctrical pulses make the stepper
motor shall o rotate in steps,

The schematic arrangement of the principle stepper motor s shown in
Figure (4.4(a)), The stmor in this case 5 mude up of four-electromagnetic poles, The
rotor s & permanent magoet with two poles N and 5. When the excitation of pole 2
(P2} s changed w P3 pole the magnetie north rotmes by 907 clockwise. By continuous
change i excitation in the order P2-P3-P4-P1-P2 the clockwise rotation s produced in
the shali of the rotor, which results in contimuous movement.

The multiple pole stepper Motor shown in Figure (4.4(b)). The stator has a
winding made of concentraled coils on distinet pales. The rotor is permanént magnet
cylinder. Single-phuse stepper motor with two poles is shown in Figure (4.4(c)). By
reversil of the eurrent in the coil the polanty changes continuonsly by change in flow

of flux in the poles. The rotor which s the-permanent magnet makes rotntion.
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Frgure 14 4{ch. Single phase stepper motor
¢ [Resolution of Stepper Motor
Resolution is deternuned by the number of stutor pales in the stepper motor.

Step shgle,
3607
Ay = —
where n, 18 number of poles
or
3607
=
. T . .
The resolution is given by the myerse of the number of steps or the poles,
A
R: = 3600
Puls:
Smgle pules of electrical signal is necessary for the robot o rotate by one step.
For one rotation number of pulse,
360
n, =n,= ry
The pulse count for Ny revolutions of the rotor:
n=Np - 1y
3607
= N
g ( Ay .
or
n= Na
=T,
s
Ag
Rs = T60°

Hence the pulse count is the ration of pumber of revelutions and the resolution of
the stepper motor.

If the rotor 1 rotating with o speed of N, revolutions peér eamute, The pulse rate,



e ——r

-
e

[ Sy
Rasiiat. rad, Ly FIRAS ARDULIAZESE AHEEM contEni anp e ks, | LECTURE 4
BLTTMATIIN

4% CLASS | CONITOL Suig " {13) p.
. (13]

- Ny number of revolution/min
T = - -

R, resolution
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BUILDING BLOCKS OF AUTOMATION

Stepper motors operation (continued)

Stepper motors are either hipolur, requiring two power sources or a switchoble
polanty power source, or umpolar. requinng only one power source. They are
powered by DC sources omd reguire digitid]l circuitty o produce coll enermzing
sequences for rofation of the motor. Feedback is not always required Tor control, but
the use of an encoder or other position sensor can ensure accuracy when exact position
eomtral iy eritical, The advantage of operating without feedback (in open-loop mode) is
that a closed-loop control system is not required, Generally, stepper motors produce
less thun 1 bp (746 W) and are therefore used only 0 low-power position control
applications,

A comimeteisl stepper motor has 4 larpe number of poles thit define o latpe
numbier of equilibrium positions of the rotor. In the cise of a permanenl magnel
stepper motor, the stator consists of wound poles, and the rotor poles are permanent
magnets. Exciting different stator winding combinations moves and holds the mtor i
different positions. The permanent magnet stepper motar has the advantage of a small
residunl holding torque, called the detent torgue, even when the stator 15 not energized,

To understand how the: rotor moves man mcremental fashion, consider a simple
design consisting of four stitor poles und a permtanient magnet rotor ag shown in
Figure (5.1).In gtep 0, the rotor is in equilibrium, bechuse opposite poles on the stator
and rotor are adjacent to and attract each other, Unléss the magnet polaritics of the
stator poles are changed, the roter remains in this position and can withstand an
opposing torque up to a value called the holding torque. When the stator polarities are
changed ns shown (step O to step 1), » torgue 15 applied to the rotor, causing it to move
90° in the elockwise direction to a new equilibrium position shown as step 1. When
the stator polorities are again changed as shown (step | to step 2).The rotor
experiences o torque driving it to step 2. By successively changing the stator polanties

in this manner, the rotor ean move to suecessive equilibrum positions in the clockwise
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direction. The sequencing of the pole excitations is the mizins by which the direction

sequence in the opposite direction. The mostor torgue 8 directly related 1o the magnetic

field strength of the poles and the rotor,

Wors %NIII’FI
& K
PErmARC magne rotop H.,rf;%dy Nor 5
shatnt with mevemibles (ki iy polesy
Nnﬁ ‘Sf N 5
. N7\, ([
=5 s %’%5 5%%9}'- 3

sip | st 2

Figze 5.1 Stepper motor step sequence

The dymuwmie response of the rotor and attached lead must be carefully considered
in applications thal involve starting or stopping quickly, changing or mmping speeds
quickly, or driving large or changing loads. Due 1o the inertia of the rotor and attsched
load, rotation can exceed the desired number of steps. Also, as illustrated in
Figure (5.2} & stepper motor drving a typical mechanical system through one step
will exhibit an underdamped response. If damping is mereased in the system, for
example. with mechameasl. fricoonal, or viscous damping. the response can be
modified o réduce vscillation, as shown in the Figure (52). Note, however, that even
with an ideil choice for damping. the mator requires titme to totally settie into a given
position, and this settling time varies with the step size and the amount of damping. It
is also importin o note that the tormue required from the motor increases with added
damping.

Figure (5.3) shows o unipolar stepper motor field coil schematic with external
power transistors that must be switehed on and off to produce the controlled sequence

of stator polarities 1 cause rotation, This Figure shows X wires connected 1o the
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moter. Because the second and ffth wires are usually connected E!{llm'mﬂ}’ s shuun.

manufacturers sometimes connect them inside the motar, in which case the motor only
has five external wires. The wires are usunlly color coded by the manufacturers to help
the user make a correspondence to the schematic. Figure (53) includes a common
color scheme used for a six-wire pmipolur stepper motor: yellow (eoil 1), red
(12 common), crange (coil 2), black (coil 3), green (3/4 commen), brown (cpdl 4.
Another common six-wire color scheme 15 green (coil 1), white (1/2 commaon), blae
(eorl 23, red (cotl 3), white (34 common), black (coil 4), A common color scheme for
o five-wire unipolar stepper is red (col 1), green ' (eoil 2), black (common), hrown
(cail 3), white (coil 4),

ratntjon Fistatinm

! 1
wepl |

e

with silded darrping

Frgure {5 21 Dynnmic response of o single step

WEL] oy v

o,
17171

Figure (5.3 ) Standard unipolar stepper motor field

"B
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Figure (5.4) shows the construction of und stepping seguence for o t‘nuraphnﬂ:

unipolar stepper motor. It consists ol o two-pole permanent magnet rotor and a four-
pole stator, with cach pole wound by two complementary windings (41, §: wound in
opposite directions on the top left pole), Table (5.1) lists the phase sequence réquired
to step the motor in full steps, where two of the four phuses are energized (ON) and
each stator pole is polarized. Table (52) lists the phase sequence for half-stepping,
where between each full step only one phase is energized (ON) and only two stator
poles wre polarized. Another technique for mereasing the number of steps 1% ealled
micro stepping, where the phase currents are controlled by fractional amourits, rather
than just ON apd OFF, resulting in more magnetic equilibrium: positions between the
poles. In effect, discretized sine waves are applied 1o the phases instead of squarne
waves., The most common commercially available stepper motors have 200 sieps/rey
in full-step mode and are sometimes referred to as |L8° (3607200) steppers. In migro-

stepping mode, [0.000 or more steps perrevolution can be:achieved.

gtalar poles/ %
windinge ) siep |

(&), 43 1 ON)

f@ -

Figure (5,43 Example of unipolar stepper mlor
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Table 5.1 Unipolar full-step phase sequence
Hiep i iz i L2
cw 1 (N (FF ON GFF
l 2 0N OFF OFF N
CCwW 3 OFF ON OFF ON
1 4 OFF aN ON CFF
Table 3.2 Unipolar half-step phase sequence
Step ¥ b [0 s
| ON OFF ON OFF
1.5 ON OFF OFF OFF
1 2 0N OFF OFF ON
W 25 OFF (OFF OFF ON
) i QOFF ON OFF ON
cCw 15 OFF aN OFF OFF
4 OFF ON ON OFF
4.5 OFF OFF ON OFF
Stepper Motor Drive Circuits

A drive circunt for properly phasing the signals applied 1o the poles of the
unipolar stepper motor for rotation 0 full-step mode s easily and economically
produced using the compoenents shown in Figure (5.5). The discrete circuit includes
7414 Schmitt trigger buffers, a 74191 up-down counter, and 7486 Exclusive OR gutes.
The Schimint triggers produce well-defined control signals with sharp rise and il
times in the presence of noise or Nuetustions. The hysteresis of the Schmift trigpers
provides shurp square-wave signuls for the direction (CW/ CCW), iitinlization
(RESET), and single step (STEP) inputs. The up-down counter and the NOR gates in
tum create four propecly phased motor dove signals, These four digital signals (¢,
z.s, ) are coupled (o the bases of power trunsistors that sequentinlly energize the
respective motor coils conneécted to the DC motor supply, resulting in shafi rotation.
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Each stpuare-wirve pulse received at the STEP input causes the motor to rotute o full
step in the diredtion determined by the CW/COCUW injudt.

=% 4
!! R T
T—-b‘. Ll oy D'—‘H
STEF
0
o L
""""'“:‘!"!""D 2 ENAT 1 _ -
- 8= : "
T [] .
RESET | I
JLT L 14 — &
Fa iV
4 = 3
s = e

Figiire | 5. 5L Unipolar stepper motor full step drive circudl

The timing dingmm for the two least significant output bits B, and By, of the
counter nnd the phase control signals is shown in Figure (5.6), Compare the signals to
the sequence e Table (5.1). They are in agreement. Boolean expresswoms that produce
the four desired phosed outputs from the two counter bits can be represented 1o both
AND-OR-NOT and XOR forms:

L= By B1
4’::{311 ' Ex}‘j“ [ﬁn' H1}= B, @ B,
‘ti: = B,
de= By= B @1

Figire (5 6) Thming diagram of full step unipolar stepper motor
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Pulse Width Modufation (PWM)

Most mteresting problems require some sort of automatic control, where the
voltnge 15 automatcally vared to produce o desired motion. This s called closed-loop
or feedback control. and it requires an output speed and'or torque sensor o feedback
outpul values to continuously compire the actual output t o desired value, called the
4et point. The controlier then actively changes the motor output to move closer to the
set point. Electronic speed controllers are of two types: lioear amplifiers and pulse
width modulators. Pulse width modulation controllers have the advantage that they
either drive hipolar power transistors mpidly between cutoft and saturmation or they
tum FETs on-and off. In either case; power dissipation is small. Because of the lower
power requirements, ease of design, smaller size, and lower cost, we foeus on the
pulse-width modulation (PWM) amplifiers.

The principle of o PWM amplifier is shown in Figure (5.7). A DC power supply
voliage 5 rapidly switched at a fixed frequency / between two values (ON and OFF).
This frequency is often in excess of 1 kHz. The high value is held during a variable
pulse width ¢ within the fixed period T where

1

V=

The resulting asymmetric waveform has 8 duty eyele defined as the ratio between

the ON time and the period of the waveform, usually specified us o percentage:

4
Duty cycle = 7 100%

As the duty evele is changed (by the controller), the avemge current through the
mitor changes, causing changes in speed and torque at the output, 1t is prmarily the
duty eyele; and not the value of the power supply voltage, that is used (o contrel the

spead of the moor.
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Figure ( 5.7 ) Pulse width moduolation of @ DU mator

The block dingram of a PWM speed teedback control system for a DC motor is
shown in Figure (3.8). A voltage ehometer produces an cutput linearly related to the
moter speed. This is compared 1o the desired speed set point (another voltage that can
be manually set or computer controlled ), The error and the motor current are sensed by
o pulse width modulation regulator that protuces d width modulated sguare wave @s an
output, T signal is amplified o a level appropriate to drive the motor.

ermor signal =
st point — povver
s it meaiired spesd o - ” “
- (A I I
(desired) X re il ™~
speed z slectronics | <

ticasured speed

Flgure S 3 PWM velocity feedback control
Ina PWM motor comroller. the armamre volmge switches mpidlv. and the
current through the motor is affected by the motor inductance and resistatce. Since the
switching speéd is high, the resulting current throught the matar has o smiill Auctuation
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arcund an overage value, ax shown in Figure 5.9, As the duty evele grows Tarper, the

avernge current grows larger and the motor speed increnses,

Ty
T

high duty ¢xele low difly eyele
Figure 39 PWM voltage and motor current

4.2. SELECTING A MOTOR

When selecting a motor for n specific mechatronics applicution, the designer
mist consider many factors and specifications, including speed mnge, torque-speed
vanptons, reversibility. operating duty evele. starting  torgque, and power required.
These and other factors are deseribed here in a list of questions that a designer must
comsider when sefecting and sizing o motor m consultotion with o motor manufcturer,
The torque-spead curve provides Important information, helping o answer many
questions about a motor's performance, Recall that the torque-speed curve displays the
torgues the motor can deliver at different speeds at rated volinge, Figure (5. 10)shows
un example of a torque=speed curve for » stepper motor, and Figure (5.1 1 jshows an
example of o worgue-speed curve for o servomotor, These Agures are examples from

moter mamifactirer specificaton sheets.



