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NEMA symbols 

Programmable tnermostat 
NOconlact NC contact 

IEC symbols 

NOoontact NC contacl 

Figure 6-14 Temperature switch. 
t:;o1rrt:P.. Pl~n;.o COlll'lesy Hooeywel! www.honevwell.com 

Temperature switches open or close when a tlesigni,ted 
temperature i~ reached. lndusu·ial appl ication~ for these 
devices include maintaining tile desired Iempernture 
range of air, gases. liquids. or solid$. 

PressLu·e swi tch~. such as that showo io Figure 6- 15. 
are used to control the pres,ure or liquicl~ and gases. 
A lthough many different 1ypes are available. they are 
all basi.::ally cle,ig-ned 10 actuaLe (open or close) their 
contacts wilco a specified pressure is reached. PJ'cs­
,ure swi tches can be pneumatically (air) nr hydrauli­
cally (liquid) operated switche~. Generally. bellows or 
a diaphragm presses up agaillst a small microswitch and 
cau~es it lo open or clo.~e. 

f.e,·el .nri1ches are used 10 sense l iquid levels in ve~sels 
and provide autommic control for rnolOrs that transrer liq­
uids from sump~ or intl) tanb. They arc also used to open 

NEMA symbols for 
pressure switch oontacts 

NO 
contact 

NC 
contact 

IEC symbols Jo, 
press11re svJitch contacts 

~--1 
[El- ---r :~tacl 

NO 
contact 

Figure 6-15 Pressure switch. 
Source: Phor.o courtesv Hlrle"!/V.<el www.ho11eywen.c.om, 

Symbols 

6NOcontac1 

~ NC con\act 

Figure 6-16 FloaL Lype level switch. 
Source Coi.lftP.sy Dwyer lnst,·uments 

or close piping solenoid valves Lo cumrul nui<l,. Tht, float 
switch shown in Figure 6-16 is n type of level switch. This 
swi tch is weighted so that as the liquid rises the swi tch float 
and turns upside down, aduaLing its intero~I conti,ct,. 

6.6 Sensors 
S1'11sors an~ used for detecting. and often measuring. the 
magnitude of ,omething. They convert mechanical, mag­
netic. 1he1mal. optical. and chemical variations into elec-
11ic voltages and currents. Sensors are usual ly cmego1ized 
by what Lhey measure, and they play an important role in 
modern manufacturing process control. 

Proximity Sensor 
Proximity sensors or switches. such as that shown i n Fig­
ure 6-17, are pi l()t device, Lhat detect the presence of an 
object (usually called rhe target) ll'itho11t physical comacJ. 
These $Olid-~tate electronic devices are complerely en­
capsulated ro protect against excessive vibration. liquid~. 
chemical~. and corros ive agents found u1 the i11clustrial 
environment. Pcoximity sensors are used when: 

• The olJjecL being detected is too small, lightweight. 
or so ft to operate a mechanical switch. 

• Rapid response and high switching rates are re{juiretl . 
as in counting nr eje.ction control applications. 

• An obje.:·t has to be sensed through nonmetal lic bllr­
riers such as glass, plastic. and paper cartons. 

• Hosti le enviro1m1ents demand improved scal ing 
properties. preverning proper operation of 111&:hani­
c.1 I switches. 

Normolly open (NO) 
sensor symbols 

IEC 

Figure 6-17 Proximity sensor 
Source Phom courtesy Turck Ire. Mllw.turck.com 

NEMA 
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Metal 
ObJOCt 
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G --------:1-
L1 
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Detector 

Output 

OFF 
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ON 

Figure 6 -18 lnouct1ve proxIrn,ty sensor. 

L2 

Long li fr and reliable service are required. 

• A fast electronic control system requires a boum;e­
frec i npm sign a I. 

Proximity sensors operate on differen1 principles. l)e­
pending 0 11 Lite type of mauer being detectetl. \Vhen an 
appl ication calls for noncontact metall ic target se-using, 
an inductil·e-rvpe proximiry sensor is used. Inductive 
proxjmity sensors arc used m <letect both t'errou~ metals 
tconiaining iron) and nonfenous metals c~uch as copper. 
aluminum, a11d bra~s). 

Inductive proximity sensors opcrarc under the clcn ri­
cal p1inciple of inductarn:e. where a fluctuating current 
induces an electromotive forct' (emf) in a wrge.t object. 
The block diagram fur an ioductive proximity sensor is 
shown i11 Figure 6-18 and it~ operation can be summa• 
ri zed a; follows: 

The osci llator ci rcui1 generates a high.frequency 
electromagnecic licld that rad iates from the encl of 
the. sensor. 

• When a metal objetL enters the field. eddy currcms 
are induced in the surrace of the object. 

• The eddy currenti; on the object ab~orb ,omti of 
the radiated energy from 1he sensor. resulting in 
a loss of energy and rhange of s1i-engtb of the 
oscillawr. 

• The ~cosor's detection circuit monitors the oscilla• 
tor·, strength and triggers a solid-statt output at a 
spel'i fie level. 

• Once the metal object leaves the se11sing area. the 
oscil lator returns 10 i1s initial value. 

Mos1 sensor applications operate either at 24V DC 
or at I20V AC. The method of <.:oanecting a pro,ximity 

Figure 6-19 Typical chree-wtre DC sensor connection. 

sen,or varies with the Iype of sensor and its appl ica­
tion. Figure 6-19 ~hows a cypical three-wire DC sensor 
connection. The lhree-wirc JJC proximity sensor has the 
posi1ive and negative line le.id~ connec1ed djrcctly to it. 
When the sensor is actuated. the ci rcuit will connect the 
signal wire to the po.-.i 1ive side u f the !foe if operating 
nornwlly open. Tf operating normally closed. lhe circui t 
will discocmcct cbe signal wire from 1he positive side of 
the li11c. 

Figure 6-20 shows a Lypital tw1)-wi re proximity sen­
sor connecti<>n intended to be conncctec.J in series with the 
load. Thev arc m.mufactured for either AC or DC sup­
ply voltages. Jn the off state. enough currea1 mu~t A.ow 
throuoh 1he circu it LO keep lhe seni,or acrive. This off Stllle "' 
current i$ cal led leakage current and l)'pIcally may range 
from 1 ro 2 mA. When the switch is actuated. ft will con­
duct the normal load circuit current. 

Figure 6-2 1 shows lhe proximity sen~or sensing range. 
Hystertsis is che distance between the operating point 
when the target approaches the proxi111ity ,ensor face and 
the release poin1 when the target js moving away l'r(>m the 
,eo»or face .. The ohject must be closer to curn the ,ensnr 
on rather than co turn it off. If' 1he target is moving wward 
1he ~ensor. i t will bave to move tn a closer point. Once the 

- L1 

Load 
0-L2 

Figure 6·20 Typical two-wire proximity sensor connection. 
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/ Cube sensor 
1 with slalus LED 

Hysteresis 
zone 

I 

Figure 6-21 Proxirnicy sensor sensing range 
Sowce Rloto oouroosy Eatl)(l Corporation, wvnv.eaton.com 

~ensor lurn, on, it will remain on until the target move, to 
the release pvinL Hysteresis is needed to keep proximity 
sensors from cha11ering when subjccccd to shock and vi­
bration, slow-moving targ01,. or minl>r tlisturbances such 
as ele.ctrical m,i,e ~nd tempcrnrun.' drift Most proximity 
~cnsor, come equipped with an LED ,wtus inrlicalor lo 
veciEy the output swicching action. 

A, ,t resull of ,olid-slate bWilch.ing of tl1e outpul. a 
small leakage curren t tlows Lhroug:h the sensor even 
when the output i> turned off. Similarly, when the sensor 
b on, a small vo ltage drop is Jost across i ts output lermi­
nµh. To operate pr1)perly, a proximity sensor should be 
powered con tinuot1sly. Figure 6-22 illustrates the use or 
a bleeder re$istor connected lo al low enouglt current for 
the sensor to operate huL 1101enougl110 tum on 1he input 
or the PLC. 

L1 

Input 
module 

Bleeder 
resistor 

L2 

Figure 6-22 Bleeder resistor connP.cted to contmuously 
power a proximity sensor 

Sensor 
electrodes 

Eloctros1a1lc 'j, I 
field Ht = 

Metallic or 
nonmetallic 

targe1 

Oscillator waveform 

.JW~., 
absenl Target absent 

present 

Figure 6-23 Capacitive prox1rnitv sensor 

Capaci1i1'e pm.rimify ~en~()rs are similar co inducLivc 
proximity sensors. The main difference, between the 
two types arc lhat capaci li ve proximity ,ensors produce 
m, elecu·o,iatic field i1151ead of an electromagnetic field 
t111d are acruated by both condm:tive anti nuncontlucLi ve 
materials. 

Figure 6-23 i I luslrates lhe operation of a capaci Ii l'C 
sensor. A capacitive sensor co111ains a high-fretiuency 
01,c illator along with a ~1:msing , urface formed by two 
metal electrodes. When the target nears the sensiHg sur­
face, it emers the clectrosuuie field of Lhe eleetrocles and 
ckrnge~ lhe capaci tunce of the oscillator. As a result, the 
osci llator ci rcui t begins oscillaling and changes lhc out­
put Slate of the sen,or when it reaches certain amplitude. 
As Lhe target moves away from the scn,or. the oscllla­
tor's 0111pliu1de decrease~. switching lhe sen,<Jr back m 
i ts original statr. 

Capacitive proximi ty sem,or~ wi ll sense metal obj ects 
as well as nonmetallic material:, such as paper, gluss, liq­
uids. and clolh. They 1ypil'al ly have a short sensing rm1gc 
of about I jnch. regardless of lhe rype of ma1eri al being 
sensed. The I arger the dielccu·ic const,ull of a target. 1 be 
ea,ier it is for Lhe cap~citive sen~or to de1ect. This make~ 
possible lhe detection of materials inside nonmetallic 
comainers as illuscrated in Figure 6-24. In tllis example, 
the liquid has a much higher dielectric con~tan1 lhan the 
cardboard cmllainer. which gives Lhe ,0t1sor the abil ity to 

Figure 6-24 Capacitive prox11r11ty sensor liquid detectim. 
Source· Phnr.o caur"..eS\' Omron lndustr,a Automation, www.iil.omron.com 
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Reed switch sensor 

Figure 6-25 Magnetic reed switch. 
Sotf'ce· CourtesJ of Reed &\vr,ch Oeve!oprrumt~ Corr,. ur.ed wd1 perr,.i:;sion . 

see through the container and detect the liquid. In chc pro­
ce~, shown. dc!tecle<l ,:,mpty comaincrs arc auco111arical ly 
divencd via tl1e push rod. 

lmluctive proximi ty ,.,_vi tche, may be actuated only by 
a metal and arc insensitive to humidity. dust. din . and the 
like. Capaci ti ve proximity switches. however. can be ac­
tuated by any dirt in their cm ironmcnt. For general appli­
cation~. the capaci l ive pwximi ty ~wit..:he, ar,:, 1101 real I)' 
an alternative but a ~upplemrnt to the inducti ve proximiiy 
switches. They ru-e ~ supplement when there b no meuil 
;1vaifable for the actuation (e.g .. for woodworking ma­
chines and for determining the exact level of l iquids or 
powder~). 

Magnetic Reed Switch 
A 1/lllgnetit reed Sll'il,h i, composed of {WO flat rontacl 
labs tbat are hennetically scaled (airtight) in a glas~ tube 
fil led wi th protective gas, as illttstrate<l in Figure 6-25. 
When a magne1ic force is ge11erutecl paral lel lo the recd 
,wi tch. the reed, become flux carriers in the magnetic cir­
cuit. TJ1e overlapping e11ds of the reeds become opposi te 

Ughl produces voltage 

DCV 

(al Photovollaic solar cell 

magnetic poles. which auracl each other. If che magnetic 
force bel ween the poles i.~ s!J'ong enough co overcomr 
Lhe restQring force of the reeds. the reeds wil l be drawn 
tocether co ac1ua te tile switch. Becm~e the con tacts ,\re 
,e;1led. they are unaffected by du,1. humidity. and fumes: 
thus, their life expectoncy is quite high. 

Light Sensors 
The phoLovoltaic cell ancl the photoconductivc cell. 
illustrated in Figure 6-'.!6, arc two example~ of i lght 
sensors. The phorm·oltaic or so/or cell reacts to light 
by c<>nverling the light euergy directly into electric en­
ergy. The phorocom/11c1il·e cell (alw> called a pholore­
sisrive cell) react, to ligh1 hy change in tile resistance 
of the cell. 

A phowe/ecn'ir sensor is an optical con trol device 
that opemtes hy detecting a vis ible or invis ible beam of 
I ight and responding to a ~h,uige io the received light in­
ten,icy. Pilotoclectric sensors are composed of two basic 
components: :1 tr~nsmiicer (light source) and a receiver 
(sensor), a, ~ho\\ n in Figure 6-'27. These two comp<>· 
nems may or may not be housed in separate uni ts. The 

Modulated 
ligh1 

beam 
_#.,.. -­... -:__ -.~~ 

Object to 
be sensed 

R•~e 

'/·~ 

rransmitter 

Figure 6-27 PhoLOelectric sensor. 
Source: Photo court~sy SICK. l11c , www.rick.com 

Ughl changes reslstar>ee 

Ohms 

(o) Photoconduclive cell 

Figure 6-26 Photovoltaic end photo-conductive light cells. 
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basi.: operation of a pl1otoelectric sensor can be sum­
matized as follows: 

• The Iransmi tter contains a light source, usually an 
LED along with an oscillator. 

• The oscillator modul:ues or turn, the LED un and 
off at a high rate of spce<l. 

• The transmitter send, this modulated l ight heam to 
the re.:eiver. 

• The receiver decodes the light beam and ,witches 
the omput device. which i11tc11'ace~ with tl1e load. 

• Th.: receiver is !lined lo iIs emitter's modulation 
freqLLency and will only amplify the light signal that 
pulses at the , pccitic frequency. 

• Most sensors allow adju~tment of how much light 
wi l I cause die output of the sen~or 1() change state. 

• Response time is rnlated LO the frequency or the 
light pul~es. Response times may become impor­
tant when an applicalion calls for Hie detection of 
very small objec-cs, object:, moving at a high rate of 
speed. or both. 

The scan technique refer,, to the method used by pho­
toelectric sensors to detect an object. The rhrough-beum 

scan technique (aJ~o called direct sciln) places the trans­
mitter and receiver in direct l ine with each other. a, il­
lustrated in Figure 6-28. Because the light beam traYds 
in only one direction. through-beam scirnning provides 
long-range sensing. Quite often. a garage door opener has 
a through-beam photoelectric sensor mounted near the 
floor. across 1h~ width of the door. ror this application 
1he ,ensor sen,es dun nothing is in the putl1 of tl1e door 
when it is closing. 

In a re,ror<'.flccti\>e ~ca11. the transmitter anti rece iver 
are hou.~ed in ll1c same enclosure. This arraugcm,~nt re­
quire~ the use of a separute rd l ic,c1or or refiec(ive tape 
mounted acros, from the sensor to return light b,,ck to 

the receiver. The retrorcflective scan i, designe<l IC) re­
spond ti) objects Lhat inrerrnpL the beam n0rmally main­
tained between rile transminerand receiver, as illustrated 

Transmitter 

Figure 6-28 Through-beam scan. 
Snurce P1,~:.o court~sy SICK, Inc, www.sick.con1 

Transmi1ter 

0 . _ Relloctor ---
Receiver 

Figure 6-29 Retroreflect1ve scari. 
Source· Fhoto oourtesv lfm efector. www.itm.com1'1s, 

in FigLLr<' 6-29. Tn eontr.ist to a through-be.am applica­
tion, retroreflective sensors arc used for mediu111-raage 
applications. 

Fiher optics is not a scan teclu.tique. but another method 
for transmitting light. Fi/1er optic se11sors use a flexible 
cable cumaining Liny fibers that channel light fr,>m emiller 
to receiver. as i llustrated in Figure 6-30. Fiber optic sensor 
systems arc .:ompletely immune to ::tll fonns of electrical 
interferen~e. The fact th:Jt an npt.ical fiber does n(ll contain 
any moving pruts and carric, only light means that there is 
n<J [)O~sibility of a ~parl . Thi~ rnc:an~ that it can be safely 
used even in tl1c most huzardous sensing envtronmenL~ 
such as a refinery for producing gases, 1;rain bins. mjning. 
pharmac<.'utical monufacruring. pnd chemical processing. 

D 
: - Through•bea,m 

From transmitter T6 rece,ver 

D 
To receiver 

ITT Retro,etlectivo 

Figure 6-30 Fiber ~ptic sensors 
Source Photo courlt!&/ Omron lndustr1cl .!\uLomatio1~ www.ia.omron.com 
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·-

~ ~ -· .... 

Figure 6-31 PLC ba1' code application 
Source Courtesv Ke1-ence Cinwa. Inc. 

Bar rode techn()logy i, widely i mplementccl in in­
cl us try Lo en ter data quickly and accurately. Har code 
~rri.nners are the .iyes of the data coll.ection ~yste111. A 
lighi source within the scanner i lluminates the bar code 
symbol: those bars ab~orb light, and spaces reflect light. 
A photodetector collects this light in 1he form or a n 
ele<: tronic-sig11al pattern repre,enting the printed sym­
bol. The decoder n:ccivcs the signal from the scanner 
and converts these dala into the character Jata repre,en­
t.uion of tht' ~ymbol', code. Figure 6-3 J jJlustratcs a typ­
ical PLC application which involves a bar code module 
readin!! the bar code on boxes a, L1 1ev 1mlVe along a con-- . ~ 

veyor l ine. TI1e PLC is then used to divert the boxes to 
the approprinte product line~ according le) 1he darn read 
from the bar code. 

Ultrasonic Sensors 

An u/1mso11ic sensor operates by sending high-frequency 
sound wuve, toward the target and measuring the Lime i, 
rakes for the pulses to bounce back. The time taken for 
thi, ..:cho to return to the sensc,r is directly proportional LO 
the di~tance or height of the object because sound has a 
constant veloci ty. 

Figure 6-32 illustrates a prnctic,1I application in which 
Lhe returning echo sigoal is electronic~lly converted to a 
-1-- 10 20-mA vutput. which supplies a monit,)recl now rate 
to external control device,. The operation of this procesi:; 
can he s11111maiized as follow~: 

• The 4-20 mA represents the se11,1•r'$ nwasuremcnr 
span. 

• Tl1e 4-m.'\ set point i s 1ypic11lly placed near tbe bot­
tom or the empty tauk, or the greatest measuren1ent 
di stance rroaJ the sensor. 

• The 2()-mA ,et point ls typically placed near the top 
or 1he full tank. or the shortest measurement dis­
tance from ll:ie sensor. 

Programmable 
controller 

Detecting the level 
ot chocolate 

Detecting transparent botlles 

Inches 
30 

4 20 20 

Output 25 
(mA) 30 

Level detection 

Figure 6-32 Ultrasonic sensor. 
Souroe: Courtesy Keyence Canada. Inc. 

I 
• The ~ensor will proport ionately generate a 4-mA 

signal when tbc tank is empty and a 20-mA signal 
when the Lank is foll. 

• Ultrasonic sensors can detect sol ids. fluids, granular 
objects. and tex1iles. Jn addition, they enable the de­
tection of different objects irrespective of color and 
transparency and therefore arc ideal for monilOrinu 

"' transparent objects. 

Strain/ Weight Sensors 

A ;rrain gauge conve1ts a 111e(:ha11 ical strni n into an elec­
u·ic signal. Su-ain gauges are based on the principle that 
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Programmable conlrolter 

[ 560 lbs. 

PLC sensor • 

ON/OFF 

co01rol 

mput .• :•. • 

L _s 
Load cell 

Figure 6-33 Strain gauge load cell . 
Sou·ce: CourLesy RDP Group 

Hopper 

tlte resistance! of a conduccor varies will, length and cross­
sectional area. TI1e force applied 10 the gauge cau~es th.: 
gaµge to bend. This bending at.:tion also distotis the physical 
size of the gauge, which in rum changes its resistance. This 
resimu1ce change is fed to a hridge circu it that detects small 
chaoges in the gnuge's resistance. Strain gauge load cells 
are usually mad.! with steel and seositive smun gauges. As 
the load call is loaded. the metal elongates or compresses 
ve1y ~lightly. Tbc strain gauge de1ects this movement and 
trnnslates it to a varying voltage signal. Many sizes and 
~hapes or load cel ls ,u·e 3vailable, and they range io scn.~itiv­
iry from grams to millions of pounds. Strajn gauge-based 
load celJs ;ire u~ed extensively for industrial weighing ap­
plications similar 1.0 the one i llustrated io Figure 6-33. 

Temperature Sensors 

Tbe thermocouple is the most widely useJ Lernpenuure 
sensor. Thermocouples operate on the principle 1hat when 
two dissimiJar metals are joined, n predictable DC volt­
age will be generated that relates to the differenc~ in l~m­
perature between the hot j unction and the cold ,1unclton 
(Fi!!ure 6-34). TI1e hot j uac1io11 (measuring junction) is 
th/joined end of a thennocouple that is expo_sed t~ 1hc 
process where 1he temperature measuremcm 1s de~!l'ed. 
The cold j unction (referenccjunct ion) i!> the end of a ther­
mocouple that is kept at a constant tempcrawre to provide 
a reference poirtt. For example, a K -rype thermocouple. 
when healed 10 a temperature of 300°C al the hot junc­
tion, will produce 12.2 mV at the cold j unction. Because 
of their ruggedness and w ide temperature range, thermo­
couples are used in industry to monitor aud control oven 
and furnace temperatures. 

Chrome! 
(nicket-ohromium) 

□ Metal A 

Leads: > ~ EAT -

Melal 8 Hot 
Cold Junction 

300'C G m~ 

juncbon Alumel (n1ckel•alum1num) 
type K thermocouple 

Figure 6-34 Thermocouple temperaLu0e sensor 
Source· Pl~-000 COlrt ~sy Omror lnduscnal AuCOJl'nrior., www.ia.omron.c;om 

Flow Measurement 

Many indu, 1riaJ prvcesse, uepend on accurate measure­
ment of nuid flow. Ahhough there are several ways to 

measure fluid !low, tl1e u,ual approach is tn tonvert the 
k inetic energy Lhat the nuid has into some other measur­
able f(>n11. 

T11rbi11e-type flowmeter, are a popular means of mea­
surement and c,lntrol of I iquid products i.11 fodustrial, 
chemicaJ. and petroleum operation,. Turbine 11owme­
ters. like windmills. u1ilb.e thei r angular velocity (rota­
tion speed) to indicate 1hc fiow vcloc i1y. The opcra1ion 
o( a turbine flowme.ter i~ illu~tra(ed in Figure 6-35. Its 
basic construction consists of 11 bladed turb ine ro1or in­
stalled in a flow tube. The bl aded rotor roulle$ on its axi, 
ill proponion 10 the rate of the liquid flow rhrough Lhe 
tube. A magnetic pickup sensor is positioned as close 
10 the ro1or as practical. Fluid passing through the !low 
tube cause, the. rotor to rntalc. which g<'nerates pulses 
in the pickup coil. The frequency or the poise$ is then 
rransmiued 10 readout elecu-01lics and displayed as gal­
loos per mimlle. 

Read~ut _.,_ Gilllonstminute 
electronics 

Magnetic pic~up Generated pulses 
17..I1.Jl.Il. 

Flow + 
;._.-..7-,:...t ~--u 
Rotahng 
turbine 

Figure 6-35 Turbine type flowmeter 
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Sepa,ate 
tachometer 
genera10, 

[ 1450 ~]1-.... 
CONTROLLER 

Figure 6-36 Tachometer genera,or feedback. 
Source Courtesy ATC Oig,te~ 

Velocity and Position Sensors 
Tac/111111e1er ge11era/Ors provide ii conl'eniem mean, ot' 
converting rotational speed into an analog voltage sig­
nal that can be used for motor ,peed indic:ition ond con­
lrol oppUc;,tions. A wchome1er g:eneralor i, a ,mall AC 
or DC generator that develops an output voltage (pro­
portional LO ii, rpm) whose phase or polari ty depentb 
on the rotor', di rection of rotation. Tlic DC tachometer 
generator usual ly has permanenr magnetic field excita­
tion. The AC tachometer generator Jield is exci1ed hy 
a consWnt AC ~upply. ln either case, the rotor of the 
tachometer is mechanically connected, directly or indi­
rect ly, to the lo.id. 

rigurc 6-36 i llustrate, motor ,peed comrol appl icacions 
in which a 1;1chometer generator is usetl 10 provide a reed­
back volLagc to the mot.or controller that h propon ional to 
motor speed. The control motor and 1achome1er generator 
may be comained in the ~aine or ,epm·ate hou,ings. 

Opllcal 
sensor 

l ight ..... 
source 

...,_ Op1ic3:· :: 

encoder 

Figure 6-37 Optical encode,~ 
SoJrce Photo COJl"l~~Y A·.ir.r-on www.avtnm.con1 

I 

An encoder is used to conv.:11 linear or rotary motion 
into a binary digimJ signal. Encoders arc used in appli­
cations where positions have to be precisely determi11ed. 
The optical encoder iJlu,trated in Figure 6-37 uses a ljghl 
source shining on an optical disk with lines or ,lots that 
interrupt tJ1e beam or light h> an optical sensor. An elec­
tronic circu it counts rhe interruptions of the beam and 
generate~ the encoder's digital ootplll pulse,. 

6. 7 Output Control Devices 
A variety of output con trol devices can be vpcratcd 
hy the PLC output 10 control u·adi tional indus1riaJ 
processes. These devices include pilot lights. control 
relays. nl()Lor starccrs. alanns, heater~. ~olenoids, sole­
n() id valve,, small motors. anti horn~. Similar electri­
cal symbols arc used 10 represen t these devices both on 
relay schematit:~ an<l PLC output connection diagrams. 
Figure\ 6-38 ~how~ common electrical syml,,ob u,ed 

o~--l~f----<O Pilot hghl 

0 § 0 

CRl-1 CR1-2 
o-J 1--o--¾f--o Relay 

NO NC 

0 

O>----,@>--- o Motel star1er coil 

OL 
O>----J.,.(----<O Motor overload refay contact 

~ Alarrn 

~ Heater 

SOL 
o- -4-----<> Soleno,o 

Solenoid valve 

o---8--o Motor 

0 - ---1D>----<O Horn 

Figure 6-38 Symbols for output control devices 
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