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Industrial Sensors

1. Introduction

: SI units
) Conversion to other units
The six basic forms of energy
Measurand
Transduction measurement
Transducer design characteristics
Transducer performance characteristics

2. Light

Nature of light
Spectrum
Lens systems
Light sources
- spectral output
LED's
- forward volt drop vs. colour
- wavelengths
- angle of radiation
OPTO coupler
LDR device
Photodiode
o Phototransistor
et - darlington type
Photo SCR's (LAS CR)
- circuit series and parallel connections

3. Proximity Detectors

Light activated
emitter / receiver - direct scan or through beam
emitter / reflector / receiver - retroreflective
emitter / object / receiver - diffused beam
- convergent beam
(fixed distance)
emitter / mirror [ receiver - specular scan
Proximity operation
light ON / dark ON
switching options
connections
Inductive
p position and pulse (rotational speed)
Ultrasonic
pnmmnal and distance
Capacltwe

position and level
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4. Instrumentation Amplifier

S.

circuit descoption
Wheatstone brid o c inpul
temperafurc measurement

ight intensity meter - ¢
gghﬁ, and thgmal conductivify measuremci

_.alogue weight scale
differential input and ovtput

Strain Gauges

construction and materials
Gange Factor
i Smbﬂd measurement

istance bridge :
rthcnnﬂlm effects and "Dummy Gaunge

idge balancing techniques .

g:::l%;le pange use for increased sensivity
practical circoit
Load Cell construction

Piezoelectric

shapes and types

enerator and motor moch‘:s .
Eigh impedance signal noise generation
temperature, curie point and oscillation
acceleromeler - seismlic mass

Thermocouples

f operation :
tﬂiﬁ?ﬂzﬂﬂﬂﬂ, hot junction and compensation leads

‘ice point’ and electronic equivalent

types and femperatore ranges

colour coding

hon&ingm

!I?ggle use, interpolation and c}mnged reference temperature
practical T/C cirenit (chopper action)

commercial ‘Cold Junction’ compensation amps
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8.

10.

11.

RTD

theory
Positive temperature coefficient of metals
formula
tables
construction
measurement methods
2 wire uncompensated
2 wire compensated
3 wire industry standard
4 wire
temperature range
response time
self heat effect

commercial two wire linearized RTD transmitter

Thermisters

construction, beads / disk / rod- probes
semiconductor material construction
NTC / PTC (negative and positive temperature coefficients)
non-linearity

curve variations and operating range
limited temperature range

measuring range

sensitivity

self heat

linearization

applications

Semiconductor Temperature Measurement

Analogue Devices
- AD 590
- AD 580
-AD 521

Pyrometery

IR radiation

black body radiation

IR detectors and wavelengths
emittance
reflection
transmittance

atmospheric transmission
humidity effect-
CO2 effects
optical pyrometer and its use
colour pyrometry
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12. Pressure, Flow and Level

easurement

bellows
diaphragm : .
LTD (linear dif! . cential transformer)

Pressure
vortex shedding

rbine
magnefic
differential

Flow
bellows
floats
differential pressure

. Encoding
Linear and rotary

resistive potentiometers
linear and rotary
resolvers
optical
guadrature + zero
multiple track ie. number of digital bits
Gray Scale
Gray to Binary code converter
tachometers
DC
AC
optical
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& SUMMARY

0O Elcctljcal iﬂpu[ transducers and sensors are classified according to the physical vanables
1o which they are sensitive. The four main categories are thermal, optical, magnetic, and
electromechanical. The following tables give a brief summary of the operating character-

Istics of the transducers and sensors discussed in this chapter.

Thermal Tran5&uccrs

Operation Adyantages Disadvaniages
Thermistor Device resistance Large nominal R Nonlinear
changes inversely Large R vanation Narrow temperature
with vanations in Inexpensive range
temperature. Fast Requires power
Self-heats
RID Device resistance Lipear R variation Expensive

changes directly
with vanations in
[emperature.
Thermocouple Device produces
voltage or current
proportional to
temperature.

Most stable
Most accurate

Nearly linear output

Wide temperature
range

Used at high tem-
peratures

Self-powered

Small R vanation
Requires power

Low output
Least sensitive
Requires reference
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Temperature Sensors

Operation Advantages Disadvantages

IC Device produces Linear output Low temperature
Temperature voltage or current Small packages range
Sensor numencally equiv- Inexpensive Low output

alent to absolute Fast

lemperature.
Temperature Device acceplts Linear oulput Accepts only ther-
Transmitter thermocouple or Facilitates remote mocouples or

RTD input, Out-
pul current iIs
proportional to

lemperature.
Optical Focuses infrared
Pyrometer enerpy on 1€
tempcrature sen-
sOr in probe.

Output current 1s
propartional o
lemperature.

Sensing

Linear output

Used at high tem-
peratures

Noncontact

RTDs as inputs

Expensive
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Optical Transducers

Operation

A dugﬂfﬂgfﬁ'

Disadvaniages

Photocanduchive
Cell

Device resistance
changes 1n-
versely with
vaniations 1in
EMR intensity.

Large R vanation

Self-powered

Slow response
Requires power

. Temperature sensi-

Lve

[arge surface area

¢ ' Converts EMR .

:?f:};ﬁﬁf into electncal Linear output [nefficient
current. Current current Slow response
is proportional to Nonlinear output
EMR intensity. voltage

Phorodiode Converts EMR Small Low output
into electrical Fast Requires external
current, Current power supply
Is proportional 1o
EMR intensity.

Phiololransistor Converts EMR Sensitive Requires external
into current, High output power supply
which 1s injected Fast
into the base.

Device then
responds as
typical transis-
tor.
SUMMARY 231
Optical Sensing Methods
Operation Advaniages Disadvaniages
Opposed EMR beam is di- Long sensing range Transmitter and
Sensing rected from trans- receiver must be
mitier Lo re- precisely aligned.
ceiver. Object 1s Separate receiver
detected when and transmitter
beam iIs inter- required
rupted.
Retroreflective EMR beam is di- Transmitter and Sensing range lim-
Sensing rected from trans- receiver may be ited to about 30 ft
mitter to a reflec- housed in the Requires remote
tor and back 1o same unit, reflector
receiver. Object
1S detected when
beam is inter-
ripted.
Diffuse EMR beam is dj- Transmitter and Sensing range lim-
Sensing rected at sensed ited to less than

object, which
acls as reflector.
Object is sensed
when beam is
reflected back to
receiver.

receiver may be
foused in the
same unit.

No reflector re-
quired

10 [t
Sensed object must
be reflective,

232
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Electromechanical Transducers

Operation Advantages Disadvantages
Limir I |
.S‘w;‘;c , Elect_pca! contact is Usually requires no Must contact the
maintained or-- . external power sensed object
broken according supply J
Lo position of Available in a vari-
. actuator, ety of styles
Potentiometer Resistance (or volt- Durable Requires external
e
ind St ey
e Requires some sort
nal changes of gean
- as shaft is turned. Iinlfa e
ire Device resistance Durable =

Strain Gaouge

Semiconductor
Strain Gauge

changes as gauge
IS compressed or
elongated.
Device resistance
changes as gauge
IS compressed or

High gauge factor

Requires external
power supply
Low gauge factor

Requires external
power supply

elongated.
Magnetic Transducers
Operation Advantages Disadvantages
Inductive Relative motj ]
otion of Requires no power D I
* etect
magnetic field and supply i ha
cod induces volit-
- dge in coil.
eluctive Proximity of a low- Requi
( QUIres no power Detect ]
reluctance object supply i e
alters magnetic
field surrounding
device and induces
voltage in coil.
Hall-Effect Presence of a mag-

netic field pro-
duces voltage
Proportional 1o
strength of field.

enses stationary
helds

[nexpensive

Requires external
power supply
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Flow Sensors (continued)

Operation

Advantages

Disadvantages

Ultrasonic Acoustic energy 1§

transmitted up-
stream into fiuid, at
a given frequency.

Frequency of re-

fiected energy is
proportional to fiuid
velocity.

No moving parts

Flow may be sensed
through pipe walls.

Does not impede fluid
flow

Most expensive

Fluid must be electn-

Magneric  Voltage is induced in No moving parts
fluid as it passes Relatively inexpen- cally conductive.
through magnetic SIVE
field. Does not impede fAuid
Electrodes sense flow
voltage, which is
proportional to
flow.
Level Sensors
Operation Advantages Disadvantages
Floar When rising liquid Inexpensive Senses liquids only
level reaches float,
float rises and
actuates either a
magnelc or a
mechanical switch.
Conductive When nsing liquid No moving parts Senses liquids only
FProbe level contacts the Inexpensive Liquid must be elec-
probes, current trically conduc-
flows and is avail- tive.
able at output,
Ultrasonic Acoustic energy is No moving parts Expensive
Contact directed across a Senses any liquid
gap loward re-
ceiver. Liquid
within gap com-
pletes transmission
path.
i::lrrasanic Acoustic energy is No moving parts Most expensive
oncontact ransmitted toward Surface contact not

surface Lo be
sensed. Reflection
Uume determines
surface distance.

required
Measures absolute

height

%)

TRANSDUCERS AND SENSORS

Level Sensors (continued)

Operation

Advantages

Disadvantages

Proximiry

Frequency change 1n
oscillator indicates

object proximity.

Output 1s activated

when oscillator
changes fre-
quency.

No moving parts

Sensing range limited
to about 10 em

Flow Sensors

Operation

Advantages

Disadvaniages

Turbine

Vortex

Thermal

Fluid flowing past
turbine causes
blades to spin.

Rotation is detected
by magnetic sensor.

As fluid flows past a
vortex shedder,
vortices are pro-
duced downstream.
Resultant vibrations
are sensed
plezoelectrically.

Probe 15 heated to
constanl tempera-
ture.

Thermal transducer
measures rate of
cooling, which is
proportonal to fow
rate.

Relauvely inexpen-
sive

Minimal moving parts
Accurale

No moving parts
Relatively inexpen-
SIVE

Impedes fiuid flow

Expensive
[Impedes fiuid flow

Slow response

Impedes fluid fiow

Fluid must be ther-
mally conductive.
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xiv FUNDAMENTALS OF ELEOTRICAL ENGINEEERING -~
ABBEREVIATIONS FOR MULTIPLES AND SUB-MULTIPLES
A mega Or meg 10:
k kilo 10 .
¢ cant] 10"
m . milli 10'.
H » micro : 10‘1:
pp or p . micromicroorpico 10—
GREEK LETTERS USED AS SYMBOLS IN THIS BOOK
Letter Capital Small
— @ (angle, temperature co-
S efficient of resistance)
Delta . 4 (increment, mesh | & (small increment)
connection) ey
Epsilon — ¢ (permittivity)
Eta . — (efficiency)
Theta — g{ﬂ.a,.;le temperature)
Lambdsa — A (wavelength)
Mu . — g (micro, permeability, am-
plification factor) -
Pi . - 7 (circumference/diameter) - o
Rho . . - p (resistivity)
Sigma . | 2 (sum of) o (conductivity)
Phi . . | @ (magnstic flux) ¢ (angle, phase difference)
Psi !F (electric flux) —
Omega. {1 (ohm) w (solid angle, angular velo-
city, angular frequency)
MISCELLANEOTUS
Term Symbol Term Symbol
Approximately aqua.] to o~ Base of natural log-
Proportional to oC arithms g .
finity . . i 00 Common luganthm of z log z
Sum of : & Natural logarithm of = ln z
Increment or finite Complex operator
difference operator 4, v—=1 . : j
Greater than . > Temperature : d
IHB thﬂ-'ﬂ . g %}_ﬂ?q constant . : 7
Fmﬂ ciency ; :
Much than : L < Per unit . a . pj?u.
-

Nefalticn aran

A transducer is a device that recejves epergy from one sowrce

often in a different form., to another system.

lotroduction to Tresdurers forinstre— iy
Ganld

TRANSDUCER TYPES commonly used

Iransducer

Input /

L

anretrmmmts it

Opto-coupler

LDR
light dependant resistor

LED
Light emitting diode

Photo-transistor
Torch battery
Thermistor

Thermocouple
Seebeck effect

Peltier effect device

RTD
Resistance Temperature detector

Piezo electric device

Light/ Electric

Speaker -

Magnetic Pick-up
Microphone
Hall Effect Devices

Strain gauge
Load cell

Speed Detector




UNIT

UNIT
ABBREVIATION

LLEM
AASS

TIME

VELOCITY
ACCELERATION
LENGTH
DISPLACEMENT

TEMPERATURE
(ebsohzz)
TEMPERATURE
(common scale)
FORCE

SOUND
LIGHT INTENSITY
LEMINOUS FLUX
ELUMINATION

MAGNETIC FLUX

DENSITY

PRESSURE

KILOGRAM

ke

y )

¢

1]
I
]

%

TABLE 1.1
Base Units of the International Sysiem

Quantity T T T Name of unit Unit symboi
length meter m
mass kilogram kg
time second s
electric current ampere A
iemperalure kelvin K
luminous intensity candela cd
emount of substance mole miol

The most commor poysical measurands and relevant Units. given m thic 51

sysiem are listed on the following pages.

Linegr and Angular Position, Motion, Length, and Thickness- Linear displace-
ment is measured in meters (m) or in multiples and submultiples of the meter which
are the kilometer (km), centimeter (cm), millimeter (mm), and micrometer {um,
called also micron). An angular displacement is measured in racians (rad) or degress
(%). One radian is equal to 57.3 degrees. The minute of an arc. or are-minule, s
equal to 1/60 of 1°. The second of an aIC, Of arc-second, 1s equal to 173600 of 1°.

Linear and Angular Velocity: Linear velocity is measured in meters per second
(m/s) or in multiples an2 submultipies: km/s 252 -m/s, A commonly used spoo
kilometers per hour (km/h). Angular speed is measured in radians per sacond
(rad/s). Submultiples are the milliradian per second (mrad/s) and microradian per
sécond (urad/s). Non-SI but frequently used unirs are the degres per second (°/s)
and revolutions per minute (r/min.}. One revolution is equal to 21 radians or 1o
360°.

Acceleration and Jerk: Linear acceleration is measured in meters per second
squared (m/s%). Angular acceleration is measured in radians per second sguared
(rad/s?). Quite commonly, linear acceleration is expressed in g’s, where z is a symbol
of acceleration caused by the force of the earth's gravity. 1z = 9.80665 m/ss. The
symbol g shiould not be confused with the similar symbol used for the gram (italic
script is utilized for denoting acceleration).

Allifude and Attitude Rate:  Artitude is the POsition or orientation in motion or at
rest of an aircraft, spacecraft, or other body. Attitude is determinsd by the rela-
tionship betwesn axes of the body and some reference line. piane, fixed system, or
reference axes.

Atutude is expressed in rzdians (r2d) and in degress (°), or in their stbmul-
tiples: milliradians (mrad), minures ( i seconds (*).

The attitude rate is measured ns per second (rad/s) or in submultiples:
milliradians per second (mad/s) -

Attitude-sensing instruments provide measurements with respect 1o a predetar-
mined reference system. One typical system is three mutually orthogonal axes.

Stress and Strain: T ‘ormation of solids is evaluated by measuring stress. Sev-
eral mechanical pa: 215 can be calculated using the values found for stress,
Among these parameters are shear stress, Poisson’s ratio, modulus of elasticity
(Young's modulus), elastic limit, torsional deflection, and other parameters.

St - measured as a dimensionless ratio of the same length unit {(m/m)
which ietumes called strain. It is also expressed in submultiples of stramn, for
instz dcrostramns (pe), lie = | X 107°m/m. The unit for the modulus of elas-

tcity and stress is newions per square meter (N/m~).




Force and Mass for weight): Weight is the force of attraction of the body tr.u:ra-rrl
the carth. The mass of a body can be calculated by dividing wc:gh.t hz.-. lh.e .h-::..-
eration due to gravitv. The unit of force 1s the nt'j-vmrz iNI}_ In terms of basic S| units,
N is equivalent to kg - m/s”’. The unit of mass is the kilogram (kg).

i - 1
Torgue:  Torque is measured in newton-meters (N - m).

Pressure:  Pressure 15 measured in units of force per unit of area, i.e.. N/m?*. This
unit 1s calied the pascal (Pa). The pascal is a very small unit and the use or_df:Cam:tl
multiples of the Pais typical for practical measurements. Among these multiples are
the hectapascal (hPa, 1hPa = 100Pa), the kilopascal (kPa, 1kPa = 1000Pa), and
the megapascal (MPa, IMPa = | x 10°Pa),

Acoustic Pressure:  Sound is measured interms of the pressure (Pa) or power (W)
which it develops. However, the most commonly used unit in practice for evaluat-
ing the sound pressure level is the decibel, which is 20 times the logarithm to the base
10 of the ratio of the effective values of the measuring and reference sound pres-
sure levels. Unless a different reference pressure is specilied, a pressure of 20uPa
(2 % 107" ubar) is usually taken as the reference. Another unit used in acoustic
engineening is the acoustic ohm, whizh is the ratio of the acoustic pressure 1o the flow
rate (N - s/m”).

Flow Rate: Flow rale can be expressed in terms of mass flow rate (kg/s) or volu-
metric flow rate (m?/s),

Level of Liguid: The level of a liquid or other substance is measured ac the fheight
of 1ts surface above a reference point. Quite often the measured height is used for
calculating the volume or mass of a liguid if the dimensions of the tank and the
density of the liquid are known. The direct unit for the measurement of level i5 the
meter (m).

Humidity, Moisture, and Dew Puint: Humidity is a nicasure of the water content
in'a gas, Moisture is a general term relating to water content in gases, liquids, and
solids.

Relative humidity is measured in percent (%RH). Absolute humidity 15 ex-
pressed in units of mass per unit volume (kg/m’ and also g/m"). Moisture is given
in percent by volume or by weight.

Vacuum: Tt is assumed in practical engineering thar a vacuum is a space in which
the pressure is far below the normal atmosphéric pressure, Lypically lower than 7k Pa

Traditionally, a vacuum is measured in torrs (1torr = ImmHg = 133.32Pa). The
range of measurement is extended fram 7A01arr (low vacuum) to 1 % 10~ % rorr
(ultra-high vacuum),

Density and Specific Gravity of a Subsiance: Density and specific gravity are the
mass and weight of a given substance perunit volume, respectively, The correspond-
INg units are kg/m® and N/m?.

Viscosity of Fluid: Viscosity is a fluid’s resistance o flow. Absolute (dvnamic)
Viscosity is expressed in N . s/m® Kinematic viscosity is the absolute ViSCOSIiTy
divided by the fluid’s density. The units for kinemaric viscosity are m°/s. Rela.
five viscosity is the ratio of absolute VISCOSity to the viscosity of a liquid, which is

taken as a reference (quite commonly the liauid: i waler). Relative viscositv e
dimensionless.

Temperature: The S1 unit of temperature is the kelvin (K), Absolute zero 15 0K. On
the kelvip scale, the ice and steam points are 273.15K and 173 ISK, respectively, On
the Celsius scale, the ice and steam points are defined ay D°C and 100°C.
respectively, The Celsius scale1s widely used in measurements, Note that 1°C = |K.

V)

The following relationship can be used for the conversion of Fahrenheir (°F) and
Celsius (°C) scales: °F = (9/5) x °C + 32

Hear Radiation Intensity and Heat Fiwe: Radiation INtensity is measured in uniis
of power per unit of area, W/m? or W/em?.

A heated object radiates electromagnetic waves in the ultraviolet, visible. and
infrared regions of the electromagnetic specirum. The energy radiated by the objea
IS proportional 1o its temperature. Typically, the outputs of the instruments are given
In units of I€mperature: degrees Celsius (°C), degrees Fahrenheit (°F), or kelvin (K}
The length of radiated waves is expressed in micrometers.

Heat fux is expressed in watts (W) or in waits per square meter (W/m"). Quira
often, measurements of heat flux are associated with the quantitative evaluztion of
the heat energy received from the sun. The measure of this energy is the solar
constant which is the power per square meter received from the sun. Orne solar
constant is equal to 1353W/m=>

Light Intensity: Light Intensity is measured for the lengths of waves between 10nm
and Imm. The lengths of waves in the light spectrum lie between 10nm and Imm
The rage for visible light is from 380 (o 780nm, for ultraviolet (UV) radiation from
10.to 380nm, and for infrared (IR) radiation from 780 to | x 10°nm (the portion be-
tween 780nm and 3um is called near IR, and the portion berwesn 3um and {000um
1s called far IR).

Several units are used most often in optical measurements. Luminous intensity
15 measured in candelas (cd). The candela is on=of the basic SI units. Luminons Soy
Is expressed in lumens (Im). The unit of illuminance is the lux (Ix). One lux is equal
to one lumen per square meter. Brightness or luminance is expressed in candelas par
square meter of light-emitting area (cd/m?). Wavelengths of UV and visible light are
usually given in nanometers (nm) and, for IR light, in micrometears (um). Non-visual
magnitudes are radiant flux (watts, W), radiant ntensity (Watts per steradian, Witsr,
OF Walls per square meter, W/m?), and radiance [Watts per square meter per stera.
dian, W/(m* - 51)).

Valtage, Electrostatic Charge, Curreni, Elecirical Power, Elapsed Time. and Fre-
guency. The units corresponding to these quantities are the volt (V) for voltage, the
coulomb (C) for electrostatic charge, the ampere (A) for current, the watt (W) tor
electrical power, the second (s) for elapsed time, and the hertz (Hz) for frequency.

Magnetic Field Intensity and Flux Density: The S units for field intensity and flux
density are the ampere per meter (A/m) and the tesla (T), respectively.

Radioactivity: The SI unit for radioactivity is the becquerel (Bg). It is the activiry
of a radionuclide decaving when its rate is one SpOniancous transition per sscond.

Another quantity that is frequently used for measunng radiation is exposure doss
It is expressed in coulombs per Kilogram (C/kg) and represents the exposure when nu-

clear radiation produces in air one co ' b or electrical charge per kilogram of dry air
Chemical Properties and Chen: mposition: Almost all physical quantities are
intermediate agents for chemic: --asurands; the relevant units are quite diversified.




TABLE 1.2
Princuntes of Transduction

s The change in the

s caused by the change in the , .

1 2

3

=

1 Reziciance of 8
resislive nent

ma

Sell-inductance or
mutual inductance
ol anangductive
2lemen!

3 Capacitance ol a
capacitive element

4 Elsgirical charges

L] ]

Vollage or current
devieloped by &
self-gengrating
glement

b Voltage or curren!
developed in an
alemen! fed from
an ancillary source
ol energy

7 Optical proparties of a
transparen! material

8 Emission of light

= Siz€e or position of a
body

o ol Q0D ow

-

0o W

or @

Position of a wiper in a linear or angular potentiometer.
Resistivity and dimensions of & strain-gage material _1hm undergoes sirain,
Geometry of an elastic pipe camying :ﬂndumnye liquid : :
Resistivity ol a temperature-sensiive melallic or semiconductor malerial

that experiences heating or cooling
Pasition of plates in & vacuum tube (change in transconductance)
Voltage across or current in @ varislor (an element having nanlinear valt-

ampera: charaoteristics). :
Resistivity o! a metallic or semiconduclor material sensitive to the strength

of the magnelic field.
Resistivity of a semiconductor material as a response 10 the inciden! light

intensity.
Concentralion ol chemicals in & solution,

Length of the magnetic path.

Cross-sectional area of the magnelic path

Permeability of the ferromagnetic matenal in the magnelic path due 1o the
stress developed in the material; changes in its chemical composition or
temperalure,

Inductive coupling between two or mare coils, which Is caused by the vari-
ation of the dislance between the caolls, thewr mutual orentation, induce-
ment of eddy currents, and maanelic properties of the magnetic path under

siressing or heating

Distance belween Iwo electrodes, which constitule a capacitor,

Congruous area between two electrodes, which constilule aicapacitor
Dielectnc constan! due to the displacemen! of a8 high-dieleciric-constant.
malenal spacer belween the capacilor’'s electrodes; stress or hea! appliec
o a siress- or temperalure-sensitive spacer. variation ol the chemical
properties of 8 substance between the elecirodes,

Frocess ol ionization of gases exposed o radiation from radioactive sources

a. Relative position of a canductor and the lines of a magnetic field wnen thay
have a relalive speed and the conductor crosses the lines -

b. Temperalure of two junctions when each of them conmlains two contacting
conductors of different melals (Seebeck Effect in thermocouples). - :

c. Elecinc charges developed in a crystal that undergoes heating (Pyroelectnc
Eftect),

d. Electric charges induced in a erystalline or ceramic malerial experiencing
stress (Piezoelectric Effect), h

€. Radiant energy of light incident upon the p-n junction in a semicanductor

(Fhotovollaic Effect).
Production of electrical energy during chemical action

‘,I-F!‘-u

TABLE 1.3
Transducer Design Characteristics
Measurand Electrical Mechanical
Range Excitation Configuration
Overrange Isolation Dimensions
Recovery time Grounding Mountings
Source impedance Connections

Load impedance
Input iImpedance
Output impedance
Insulation resistance
Breakdown voltage rating
Gain instability
Output

End points

Ripple

Harmonic content
Noise

Loading error

Case malerial
Matenals in contact
with measured fluids
Case sealing
Identification

Environmental

3

Operating envircnmental effects

. Developmeni of an opposite electrical charge in Iwo dissimilar uncharged,
contacting metals (Contaci-Potential Effect).

h. Motion of a liquid passing through & stalionary capillary tube or porous

oody when ihe eleciric potential aradient is developed along the lube or

pore (Electrokinetic Effect),

a. Transverse electric potential gradient in a curreni-carrying meltal or semicon-
ductor when a magnetic field is applied al nght angles to the direction of
current (Hall Effect).

b, E]ect;ic potential gradient along a strip ol metal carrying heat flow when the
SInp is exposed o a magnetic field perpendicular to its plane (Nernst Effect)

€. Resistance and capacitance in a conductor, due lo the tield produced by an
adjacent conductor (Proximity Effect),

d Velug::ry ol discharged eleclrons liberaled from a surlace subjeciec 10 ligh!
pru:mdmg_ d photoemissive curren! through the electrades in a vacuum tups
when a high vollage is applied between the electrodes (Photoemissive Eftect)

Double refraction when the material Is supjecied 1o stress (Photoelastic Elise).

d. Healing of cenain substances \€.9., diamond) below the red-hol lemperalure
b. Chemical action.
c. Excitation by fast electron bombardment. .
g. Excilation by strong electric field, v J'-"
€ Excitalion of phosphors by electromagnelic radialion of waves having
various spectrums of lengths.
I, Excitalion of phosphors by radiogclive particles
a. Exlension or contraction of 1 =
B Eores o Lok he body as a funclion of lemperalure
E'.' z::;::: ::;Leareu or cg?!ed gas conlined in a sealed container
; INg u
Bt nr:% nt?ﬁn 8 diaphragm, bellows, Bourdon tube, or other pressure:
€. Angular momentum (in & gyroscope)

TABLE 1.4
Transducer Performance Characleristics
Static Dynamic
1

Resolution Frequency response
Threshold Transient response:
Creep respanse time
Hysteresis rnse time
Friction error time consian!
Repeatability Natural frequency
Linearity Damping

(+ reference ling) Damping ratio
Sensitivity Qvarshool

Zero-measured output
Sensitivity shift
Zero shift
Conformance
(+ relerence curve)
Y[ —
Static error band
( + reference line or curve)
Helerence lines:
theoretical slope
terminal line
and-point line
best straight ling
least-squares line
Heference curves.:
theoratical curve
mean-outpul curve

Ringing frequency

-

pperating temperalure range
thermal zero shift
thermal sensitivity shift

—or—
temperature error

—Or—
temperature error band
temperalure gradient error
acceleralion error

—_——
acceleralion a2rror band
alttitude error
vibralion errar

—_r—
vibration error band
ambiant-pressure arror

—Qr—
ambient-pressure error band
mounting error

Nonoperating environmental stfects
Type-limited enviranmental effects

conduction error

slrain ermor

transversa sensitivity
referance-pressure efror
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The spectral output of a tungsten lamp is broad band, and
Fig. 3-5 shows the output of a tungsten lamp operated at sev-

eral color temperatures.
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Fig. 3-7. Spectral output of a neon lamp.

GLOW-DISCHARGE LAMPS

Tht‘_e glow lamp shown in Fig. 3-6 consists of a glass envelope
conta}mn:g t*:vo or more electrodes and filled with a gas capable
of being ionized. The most common glow lamps contain neon

v-red range of wavelengths

or argon. Neon produces a y
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Figure 20.30 Charactenstics of a Clairex CdS phototonducuve cell (Cour

tesy Clairex Electronics.)
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SYMBOL

CONSTRUCTION LIGHT

\#4/ LENS

/
BASE EMITTER

JUNCTION

/'_ S '\
BASE \

PHOTO
TRANSISTOR

COLLECTOR

OPERATION

LIGHT ENERGY FALLING ON THE BASE | EMITTER
JUNCTION CAUSES CURRENT TO FLOW FROM
BASE TO EMITTER SWITCHING ON THE TRANSISTOR.

: ;_:'-QITQLJic_'. 7-:_:_l?tiqtgnl_'rii_usi‘iwr.' (conT)

RESPONSE TIME
IS ABOUT 1uS

LENSES ARE USED TO FOCUS AND THEREFORE INCREASE

THE LIGHT FALLING ON THE BASE / EMITTER TUNCTION.

PEAK SPECTRAL RESPONSE IS TO INFRARED =900nm

IF THE LIGHT LEVELS TO BE DETECTED ARE VERY LOW
A PHOTO DARLINGTON MAY BE USED.
HOWEVER RESPONSE TIME IS REDUCED.

RESPONSE TIME OF PHOTO DARLINGTON
IS ABOUT 75uS

PHOTO DARLINGTON SYMBOL

~
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~ Classification by Product Types

|‘-F. T
- ype Control system 7 Feal —
ures
— | ® Subminatire sensg |
fe. ... oo e | ) e nead s
- ® Small mount
amplifier type > : * Ramota m;ﬂﬂ
@ (7= ﬁ ) Sensiny possible
L.._i,s'-"'f Powenr m-_ml .
— ®*Operaleson DC |
Sanmor oc power SUDply |— l
Bullt-In ——— = | EE_;:E :Emn&e Spead
ampllfier type > (foad™ ] '
Tﬁ X ) Power source ! |
ISm! — | *OperalesonaAC |
Controder power
Built-in power D*—l ® E3sy to handle
supply type ﬂ [toss ]
/
lf Fower soree
——— = ® Space-saving
Uptcal ————Joc ™ chial’
e Amplifier Cowner Supoiy | [Comoie ] ® Senses very tiniy
Optical fiber .’ objects
type = ([
i ==

@ Classification by Sensing Methods

Method Definition =l
Separate type Lght source [.—_ ! ) Racervar
Light sourcey Secang distance
Retrorefiective type Lol [_
Lgnt source/ 1— Sorming distince  —
Diftuse reflective type receror |
] l Oopect senses
Light sowrce
recenver
Definlte reflective type <
(focusable reflective type) - ' Otyoct seraed
- S
(&
Grooved head type i) Lo .
o Sesng dsiance
| | Beceree
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Specifications

Definitlon TR
rm : . loelectiic swilch Sense 1
s 1ance t the range within which Ihe pAojoe CEe o h the pholoelectric
™ “sensing * genarally reters 10 - imum distance within whic n
Sensing distance | The 18 m?am umgmtwegmfa fypes, [t genofes m‘:_ rruxu as 'f?ﬁmm.gg. tha maximum distance wilhin

el mtasg L Wi
switch ¢an ba 3 Y S8 _ a el
whic ioalectric swilch can stably operals with 8.

mﬁj;hna'ghe:&m distance” undor “Spacfhicabons” INCCales

afinite reflective .
th the diffuse and d ndard object

the respective value for each lype

Ditfersntial travel

|

Aesaing deance |

Ohpuer NG !
CrtAncD D Ooyect sensed
IR, ¢

ON {—) OFF
Dstoronsal Favel

Lighd soursarponver L

(e}

- ol Moy away'.
The i anéctﬁgrﬁﬁﬁw ::nﬁer: l'hsﬂpﬂhe?almsﬁnmmﬂes the value(s) for a standard object and is expressed as
Ham Cr . .

a parcamage of tha sensing dsiancs

Standard object

[ i ! of the size which
“standard object” refers 10 & sensing objec!
er'ﬁ’ the limil of an object size thal can be sensed.
of the size which salisfes the ratled sensing

the term
With the separate and retroraflective Types, R f
:a:-: mmpdaﬁ;y screen the kens opbcal system. |t does nol rel

With the diffuse reflective type, the term refers 1o a sensing objecl
distance.

i Control output |I

i " a 1o )
The lerm “control output™ denoles the oulpul required T
c::mf!rlu! a load connected (o a photoelectnc swilch. The ot }.k. AY
control outpul 15 dividad into tha relay outpul, transistor Ralsy e e —SER TR

output. and SCR output

Alsrm outpur

| The alarm output operates when the control outpdt is in an unstable OFF or ON state for more than 100 ms. An

Unstable stale oocurs when the amount of ight incident upon the receqving element is within 20% of the amount of

' peded 1o change trol output state.
11?'5“?: :arm uu!;.?o-m f&m;hi.; gd:-lﬂgrﬁd io indicale gradual changes in sensor/refiector position, amnsipherlié o
lemparaturs, or ambiant kght which can result in an unstable control oulpul. A change occurmng in less
: ime will igger tha alarm output. :
ngrﬁ [i;n;l?a:tl; x:ntﬁlg the alarm outpul circuit and prevents false tnggenng of the alarm gulpul as Ihe leading

and traiiing edges ol the object o be sensed 2re detacled.

e

| p
Power Indicator The POWER indicator lights up when the und raceives ne proper supply voitage.
Operation indicator | Tha OPERATION ingicator Tights up when the main output load circuil is enargized. |
' ' d exceeds lhe
i HT incicator lighls when tha light from the light source is incident on the racaiver an *
it Fﬂf,:ﬁ; lg-:rr;?ramgg'l a:;puinfrcﬂ tha semmg. For the separale and retrorefiective types, the LIGHT indicator lights
| up whenaver the object is absenl For diffuse reflective types, the LIGHT indicalor lights up when the objecl 15
| 1
present
A slable slale oCcurs
TABILITY indicator lights up when the control gulput isin a stable OFF or ON stale. A s .
Sty Srdticatx 3.2,? the Ir;hl receiving E{Emgm ol the sensor Is recening less than BO% (OFF stale) or more than 120% (ON
2) of incident light needed 10 operale the sensor. |
?ﬁiﬂ-ﬁtmi oulpul;QSThEIUTf indicator goes off every tme the amount of kght'incident on the recenving efement is
n20% of the amount of light neadad to change the control oulput state.
?‘::'urfsﬂliuig controd outpul m%umun can ococur when the sensor encounlers the leading and frailing edges of an
object. The condition can also octour when (he change in sensadrefiector posiion, atmasphere (dust
contarminalion), temperature, or ambient baht causes the ligh! incident on the recenving element o be near the
opergling level of tha sensor.
| Response time
Condrol output
Opotaio Ume (Te) — — — ~—— Raset e (Tol
The temm “response tme” relers (o the delay time between when Lhe lightis internupled or incident and when the
control output circuil operates of resets. Operale time (T, and reset time (T.) are indicaled individually. Howeaver,
for pholoeiecine swilches, these tmes are usually the same.
Operation mode Separaie and retroreflective | Difuse refiective type
types
With obet 1o b sensed Winout ooject 10 be gansed
Operates when light 15 .
intermupled (DARK-ON) (] —f o TEmDe (Ew——
Crparates Oaraies
. Withold corect 10 b gorised Wl ol ct 10 B Safsa
Operales when light is ALY i
incident (LIGHT-ON) (e ([~ (-] !
Operales Overates |
The "DARK-ON" type phaloelectsic swilch operales when the hght flux incident into the recelver is Inlerrupted or
gemped, whereas the "LIGHT-ON" type photoelectne swilch oparates when the light flux incident inlo the receiver
15 InCreased.
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@

Engineering Data

Undar the tille

flle "Engineerirg Data” in tha data sheet of a pholoe
pholoelectnic switches, Of thosa chars, the following threg are

lectne swilch, varous
tha mas! important and commaon.

charls are preseni=d (o show (he characteristics of tha

Receiver output vs. sel distance
characleristics

Operating area characteristics

Sensing distance vs. size of object

S of vtwect 4 jom)

Sample: E35-5 saparate type Siample: E35-DS30 Sample: E35-DS
= - - - ﬁ[
3 T 1 .I] E 3 = = j—nﬂ :
L TAY I \-——-'15-“ !
A% I ‘[ i / ", ST e
ey \"‘E_nsz_a'n_u : | u-sa:j | o f
e = N [ ; T« = b
SE N £ 2 : =
3 ﬁﬁ}i;]nl = = L} Bl s / Woen mat Cace |
| e | Do | A el
5 0 et k] \ I y | ! S50 1084y
: 4 ! . | *1
T 1 * ! E e -
Ee . : i /T' :
[ |6 I i T ‘ B o | :
g ‘ B i3 6 W I T : |
o) o X fom) g 5 10 [T

This chan indicales changes in the cutpul
produced by tha receiver of a photoelectic
Swilch al vanous distances by which the
recemver 1s separaled Irom the light scurce
or the sensing head from the object. This
Curve gives a guideline for detlermining the
distance between the light source and
raceiver, or between the sensing head and
the object.

The above example shows the
charactenistic curve of the Modal E35-5
separale pholoelectric swilch. Sinca the
sensing distance of E3S-5is raled at 5 m,
the photoelectric switch can. in th .
operale if its raled operating level of about
80 mV is obtained when the light source
and receiver are separated 5 m. Actually,
however, the receiver output stands al
about 700 mV, as the above chart shows,
which 1s about 10 times the rated oparaling
level. Basically, all OMRON pholoalectric
swilches are designed 1o produce output
about three limes’ highar than the rated
operaling level so thal they can operate

stably even in adverse environments.

This chan shows the distances between a
diffusa reflectiva pholcelectric swilch and 8
jan lo ba sansed. The
sensitivity ol the switch is adjusted 1o the
maumum level and the object moves
across tha optical axs of the swilch. The
chart basically indicates the maximum
aistance betwesn the
object at which the =

standard o

<2 cm.

sensing head and the
witch stll operates. In
Ihe above example, this dislance is about

cnangss in the sensing distance

the size of an object The =an
of a photoelectnc switch, es

object’s size. Thal is, the larger
the longss the sensing disiance.

a5 he obect

This chant shows the relation between

ofa

diffuss reflective pholoeleciric swilch ang

dislance

: ally a
diffuse reflactive type. varies depending on
the reflection factar of the surface of an
object, which is mainly determined by the

the objecL
This ¢han,

therefore, indicales the maomum SENsing
dislance ol a swilch when the swileh is
delecting objects of vanous size, For
measurament. a white mal fapser s ussed

HINTS ON INSTALLATION

Connection

A pholoelectric swilch is usually
loliowing figures illustrate

Separate ty
(E3S, E3S-

with solid-state output

used in connscbon with a conlr

E3N, E3H, E3F, E3L, E3HF, E3HS, E3HT, E3HC, E3XR)

: ol unit such as a Moded S3D Sensor Controller or a S35 Control Unil. The
how each type ol photoelectric switch should be connectad to & conlioller unit

Qutput relay operates when light Is interrupted” Input to S3D is ON when light is incident
Light source Recerver Red <12V Light source Rocewer  Red +12V
Back V=t = Black OV - ] E - < Black 0V
Rag == == JUs (- Rt =
'lm‘e'. Whae tr‘ﬂ" Vitite ﬂm
A
Ve ’b—t"
1 .
oI [TTITTTITITs
o= i )
* This connection apples when s I:.'GL:L&‘#;}':
na selactor switch of the S35 530
15 32l 1© ha HON poston.
With the swich is al the LON _ —
POSRION, the Operation is B | HRED
Tevirsad, Lo he oulpul relry . _
of the sensor conlrolier L " The opranng moce can be (eversed by
perales when bohl & naden 100 280 VAC = pressng the L ey 00 e S35 e e
. on e recetyor of e ' mhuwm::mﬂi
i o8 connect e while iead e whee seas | -
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2-wire AC (Allernale current)
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r— P | - 1
—————————— JJ{{_ '.“ — _--.— —= ..'I'J’.,_ E }';:im _-—. IWCNTA Y ODen =10 _'_"'_"'-""-.-." e frrr 3l Cusiar e - ‘.--'-”‘- AT i
- \ 4 - - = = e g Sl afi
— e il o r— L e | v Imaly chhsen CIH Connauralion N '-".-‘-:, Cises .‘Jn'vlilfri-"‘ """';l:.-l':*—"
—— / = AL TN a2 I

MO ¥
Timing Chart P T R ——

It g NN

S NTplel N ’:’:_II I — — — A [y
ol = Prinelpal eircuit diagram qb-A [4

on [T — [ — | . ]
HOND a5 , L ,ﬁ,_;_'_'j : | "l

Jrom— =

|
(pl{) !
LIGHTLorr.o 2 | = ‘ -
ON 1 GIFl o — T~ [
war )| leso@ | 1 ] AR The -
. L - 3 - F 1- ‘ .,I_ -~ L—]-th:, % .-’"i

fLinC bor 4 g 1 .
(=T} Cn e
! ONIOFF D [ ! ] [ C - |
QFf - ' [ Ai When sensors are senes connectad  Wrien sensors areparaliel connecled hew
ifage drops of the Ingvidual sensor gakags currants agd, Trus can resull in

Hc.ru.a"“"*f I | b s tual sernse 5
= - must be added. This reduces the usable simuialion of fiigh level on FLC-npuls

OFF - §- . -
| 4 | T = s
OND :I':‘f : D J I voifage altheicad Il should b2 noted thal passmg e rolding cumenl of minisiure
dE = =8 I T | e vollage arcp does nal résull i 5 relays and ihus oreventing droc-out of
~OIN ' g = .
5l - I [ valtage gl he lgad iower Inan. thes min Ine relay conlac -
I [(3A FIr ]} “;pll . . 43 — = _1 =i 1 ke & SF WIS, Al UVE a e = dmty L =
- - v o p— 5 = - Bl = o
. A ON | = i F ': UM aamissipie supply voltage (prease
1 : -
| ¥ 1% 0 “tEirigr [ne ya3tN ooy yeh ksl )
0% Lol g ! - == 5 . - C IGEr INe Maifl SUgpY fuiua 5
E 3 | b Y =7~ |

! il

{ ; L - |

I B ONOFFD 4 : i L — ] _ _‘}: ¢ Series connecllion of mechanical Paraliel cannection of mechanical
: |' . swilches with AC-sensors swifches with AC-sensors

: I. l| 1 I <= b ' - _" 1 re

il [——l <
LIGHT-ON OFF < — g 1 ]
| | | 15 N P
CIN G COF§ \'1‘ — J o e
| =
mech, . 'l | o

il I |
(=19 1 F=Ti= Tan —Tir= switch \__&

ON r—-—
JIARKCIN OF I-j. J i .]_ e — F'I.'L rli:?-,
N I — M

j
it
¥
=
¥
(=
—t.4

I2

. T-'.'." ! T‘_. - . ~ . ) . . .
_r 1 'r'*.' |'TI."*_.""“ L:.:_,-”j[.-r /TI'.::'"IJ:IC_' '.hf ;-.'J:‘:F"i ;-__‘__:. [:_;-_:-:-,_.:r L:_""f.: :._‘I---.._i 'F‘E .:"I'.-‘!':;:'I- 5.:_'_]1-
_I_ SR [ = | vitage ol the sensor Il The sensor is lage oOf lhe s2nsor Altér openwig Ing
ONE SHOT -_.’_'.i-“’",’r.'né'd and the mecharical contact  conilachine $ensar 1S operational alter the
closes a short ime delay will pecuwr. The nme delgy balora availaoilily (IS 80 ms)
Note e belore avaitabilily (I S B0 ms)aline
SENSCr Qravents immeadiale switching

1 T, T, and T denolé sal Ume (vanable within 0.1 16 58) L
Recommendalion Bessior inSenes with

2 T, and T, are indopendently vanable
4 Fholoaiggine switches without tmaer lunction have the samie Recommendation: A rasisiar, paralisi o the confacl £0sureEs [hal e mnimm
luncuoan as those with multh tmear function 1in NORM modao the mechanical canlacl supphes the  supply valtage Is avalistie (orf (he Sansar
sensor during open conlaci siale, spthal, thus, the bme oelay belore avadaDibiy Siter
the prablam of Ime befare avalibihly does:  opening af [he mecnamcal Conael s

4. Ta LEADING EDGE TRIGGER, cor 220 VAD ed
ngl ooeur Fov 220 VA0 he valug ol the Svonae
5. Tﬂ- TRAILING EDGE TRIGGER, resistance 1s approximalah 82 k1 / 1 A Formula 1o caloulats

Cafculanon ol resistance vajue g\
é 3 E-

me resislance valve

WYy
——

21 psr Valr R=— b i




2-wire DC (Direclt current)

Principal circuit diagram
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* Ccoding: ...-APg (ponp)
® coang: ...-AN6 (npn)

* Supply voltage: 10. 30 vVOC
* normally open (NE)
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d-wire OC (Direct current)
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Industrial Sensors,
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| Infrared LED
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Connection to Power Source

#3;‘_‘ Ic the iml gmadl Hemeenls of tha cwnlsh

Serles connection and parallél conpection
Seriex connaction

l[-::;:'ad-els TL-NOMYD, TL-F20MYDD, TL-LY50, TL-YS

M2EMYD, E2M-NYD, E2XC25MYD :

These models ol praximity swilches cannol normaly

10 connect swilches in senss or parallel iNrough a ret

Model TL-XY(B)O

Vhen using o senes cannectad proxmity swilches in

oroun, pay allenbon 16 he *clil::-mng poanits

(@) Whan the supply VOIiEQE 15
Dleager ressior of 30 &1 (1
the proximidy switches

¥.min) in parallel with

ression

(B} When e
requred.

i
- -I.;" T ——
v ==y —
0

=Upply vollage & 200 VAC, no Deeder res

I€) Al etther 100 VAC or 200 VAC supply
apobed (o the load with the Proximity
mustbe V| = V, ~ 20,(v)

If vollage V, is lower thzn the

Switch in the ON

Ba ture 10 commadd he PONETITY SWAlch &S [Me power f‘:"“_"‘_ﬁ
through a load. Direct connection of the switch may cause

B, TL-

O connasied

in senas. Il such an arrangement s nacessary, it is recommended

ay

an AKD

100 VAC, be sura 1o connect a

elher ol

AND oparauon canngt be DEfoTmed wihou! this blesdar

SLOV 15

voilage, Ine voilage V,

slalo

: Gperaling voltags ol (he Iad,
the loagd wi¥ not Cperale. s the

the 10ad voltage belorehand.

Be sute not 1o connect more than thyes P aimit
senes

Mode| TL-Xavyo
When

UsSng sefies-connected Proxmity swilchas in
No mose than tivee swilches can be

relore NeCessary 10 confirm

¥ swilthes in

an AND gircun,

used. (Pay antention 1o
value of V, in the Icligwing miagram ) i/ e

Laed)
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., rallel connection , . -
Ii-;]n}l;:ﬂr‘-‘ w0 of more parallei-connecled proximily swilches

cannol be Used in an OR areuil

—

- = N
- P T
L = L]

= |

|

Proximity swilches A and B in the above example can ba i:IEE'il. in
a8 paraliel connection only when they are nol rw.m:rel:: o operale
simullaneausly and the ioad is nal required to be held. In this
case, howeaver, nole thal the leakage curren! increasas in
proporion (o the number ol proximity swilches connecled
Froxmity swilches A and B cannol be used in a paraligl :
connechon when they are regured lo operate Simultanesusly 1o
noid the load. Namety. when holding the ioad by operaling
swilches A and B smultanecusly, upon luming on 5u.ﬂch'A, the
voilage al bolh ends af the swilch A (8) drops 10 about 10V a
the load current flows Lhrough the swiich A, When the largel
accesses (o swilch B, since the vollage al both ends ol the swilch
Bis 10 V. the swilching: elemen! of swilch B may fail to operale
oue lo insuthcaent vollage. Upon lurning off swilch A, since the
vollage al both ends of the swilch A (B) nses to the supply
voilage, swilch B tums on al this moment. Al inis time, there is 2
moment when bath swilches A and B turn off {approximately 10
ms) and the load is resel momentanily, For this reason, Ltha
proxamity switches are required lo be used through retays 1o hold
ihe load connected

P
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Effect of Cable Length

Thie operaling characlenstics of Ine proximity swilches da nol vary
wnen a longer cable s used However, use a cable ng longer than
200 m 1aking inta account the voltage drop,

Loads with high current

Loads with high current such €5 lamps, molors, elc., cause
delenoration of, or damage (o, the swilching element of a
proximity switch. When making or breaking such a lgad which
BXCepds the capaacty ol the swiiches bsled below. be sure 1o use
the proximity switch Ihrough a relzy

TL-XOY0-50, EEP'N:SY:%' 42 A

TL-YS10, E2M-NY- 25 A
TL-XOY, TL-MY: 2 A

TL-XY, E2K, TL-NY, TL-FY' 1 A
TL-LY50: 1 A

Surge protection
The Proximity swilch is provided "
However, if any large surge gener
welding maching) exisls in tha WiC
fecommended (0 insen such 25U
the suge generaung cource.

1h @ surge suppresszas circuit
aling scurce (e 8.. malor,

ity ol lhe Proximity swilch, it is
fge supprésser as 3 vanslor, inlo

Use of a melalilc eonduit

Ifa fiigh voilage or power lng runs near the
cable, be sure 1o wire the swilch canle ihra
Lo prevent the swilch from mal

Poximity switch

ugh & melallic conduit
lunctioning or damage

—

Symbol Mearring
1 f.‘l:gga 2 £2 Prodmity switch
2 Series Em'?“
c Cylndrical (untapped) |
: Horseshos (Rat lor E2K-F onty) |
G Grooved head 1
H =] Through-hole 1
2 L Cylindrical, stasionary
8 seh:Ew; fhead i Microswitch-shaped '.
N Square pillar
0] Square pillas (smal) :
T SEm B
W Fla
X Cylindrical (1zpped)
) 1 mm o
10 10 mm I
. ey | No indication Sh&ldﬂd _i
M Non-shigldag i
8 CC, three-wire, PNP, open-colacior !
C OC. treewire, NPN, cpen-colecior ]
D UC, wo-wire {
Pewer source [E OC, thvea-wire. NPN. buil-in collecior kaad B
ﬂﬁﬁﬁ?ﬂm F OC, three-wire, PNP. builtan Colletior boad 1
H DG, three-wire, PNP and NP
K AC, ralay output
Y AC. two-wire
i : ) Normally open (NO)
cpemtion: Jif Normally close (NG |
3 | NOINC selaciabie ]




