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‘ Carefully follow the instructions contained in this handbook as they supply important
indications on the safety of the installation, use and maintenance.

Keep this handbook at hand for any further help. ,

UNPACKING _ , .

After the packaging has been removed, set all accessories in order so that they are not lost
and check the equipment integrity. In particular, check that the equipment is integral and
shows no visible damage. '

Before connecting to power supply to the equipment, be sure wires are connect correctly
with the power supply unit. '

The power supply cables must be set so that they cannot be trodded upon or squeezed by
objects.

On the equipment, there are some slots or opening for the ventilation; to ensure a reliable
operation and to protect the equipment from overheating, they must not be blocked or
covered. This equipment must be in such a position to enable a proper aeration.

Do never set the equipment on trolleys, supports, tripods, stirrups o unstable tables. The
equipment could fall causing damages to the collided persons or it can damage itself Any
installation of the equipment must follow the instructions of the manufacturer and must be
carried out using recommended accessories.

This equipment must be employed only for the use it has been conceived, i.e. as educational
equipment, and must be used under the direct survey of expert personnel. Any other use is
unproper and so dangerous. The manufacturer cannot be considered responsible for
eventual damages due to unproper, wrong or unreasonable uses.

PRECAUTIONS!

In order to safeguard the user’s safety and the equipment operation, #When using electrical
equipment some fundamental rules must be followed. In particular the following regulation
for use must be followed:

Ambient temperature: from 0 to 45°C.
Relative humidity: from 20 to 80 %.

Avoid any quick shift of temperature and humidity.
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INTRODUCTION

Modern equipment must preserve their high reliability even when

aperating in rather difficult conditions, that ¢, in cresence of

-

wuoricants, cils, /izrationg, atc.. This problem has been resolved
designing & new igpe o7 goaition irsnsducer {limit switch)
constructed without mechanical contact Celween actuator and
sensor. These devices are called “proximity sensors (or
trengducars)”. ithey can transduce & position (linear iype) and

there are also sensors of ON-OFF type, that i3, their switching

This alecirical snaiog informaticn given by the prosimity sensor
can prafitably Le used by a prograramable cantreller, 2 warning

Hight, a computer, stc.., only if the sensar 1& connected through

These interface asystems are normally  called  "sighal
conditioners”. _
Thnis handbook can help {o undersiand the cperaticn, the cheice
criteria and the main charactenstics of the prodimity sensers
and signal conditicners included in the module G2

The first chapter illustrates the operation principles of the
prokimity sensors mainiy used in the industry

The second chapter describes and examines the aquipment
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(proximity sensor + conditioners) of the auxilisry unit and of the
moadule. .

In detail, the characteristice of the sensor will exhaustively be
analysed, 2o it will be cleer how thesa parameters can condition
the choice of the sensor which must ap.erata -in certain
canditions giving partfcular oerifarmances. |
Ay last, the third chapter sescribes some..exercises: through
which it is possible o' check the characteristics of the

roximity sensors {end of the signal conditioners) and their

™

influence in the indusirial use.



1. HINTS ON THE PROXIMITY SENSORS

As already explained in the introduction, these proximity
sensars are the position transducars in cwhich there i3 no
mmechanical contact detween sensor and actustor

There ars Lwo miain wpes of proximity sensors, that is:

- inductive praximity sensors;

- capacitive proximity sensors.

‘arance consicts in the operstion principie of the sansor

pog
©
[
-
-,
o

But the inductive proximily sensors can be subdivided into:

- inductive  proximity sensors  with  iihear  output

(displacement sensors);

- non-amplified inductive proximity sensors with two-level

outpus,
- inductive oprozimity sensors with amplified output

(zeif-amplified sensaors).

[

The capacitive sensors can be subdivided intc Lwo subclasses:

airect-current csoacitivs prodimity sensors;



- alternating-current capacitive prosimity sensors.

There are also the magnetic proximity sensors which operate

thanks i & reed rslau.



1.1 Inductive progimity sensors

w)

The cperation principle of the inductive grodimity sensors i
Sased on (he damping o7 an electiromagnetic Vigld due ta the eddy
currents induced within conhducting meteriais placed near the
sensors.

an oscillating  circuit  generates a  high-frequancy
glectromagnetic vield which induces agoy currrents within the
near metallic sciuators.

These currants cause an energy icss in ihe osciliater, camping
whe signal amplitude. This damping is Gatected ang transmittaed

the gutput. The intarvention cistance depends an the tupe of

metai of the actuatar {fig. 1.1}

NOMINAL INTERVENTION 4
(%)
100
55
50
45 40
Fe37 Brass Al Cu -HATERIALS

FIG. 1.1
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ciilator

controlling a
2. Their use ie compuisory in installations

fety level (ambients with danger of

fire, expiosions, etc..;. These szensors are subdivided (with
2spect w5 the wype of ouiput) into sensors with two-iave]
JULDUL and sansors with linear osuiput;
- seif-ampiified sensers: ihers are iwo lypes: the
sireci-current sensors ang the sitarnating-current zansors
Fig. 1.2 shows the block Ziagram af an inductive crosimity
SEnsor
N /— METALLIC MATERIAL
/]
/
[
|
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/ m DETECTOR
] /4 OSCILLATOR OF EVENTUAL
N N /% ENERGY LOSS AMPLIFIER
A NEN
| N R //’
i‘ M//;’/
h
-

FIG. 1.2




1.1.1 Non-amplified inductive prozimity sensors with

two-level cutput.

nesg sensors deliv er two different cutput currant values,

accerding to the position of the metallic sctustor. Actual\g, theg

values depending an the distance of the metallic actuatar,

These sensors are particularly used to drive & separate amplifier

{in conformity with the standards CIN 18274 in force at
gsent;

They operate 3t very low slectric levels. Thanks 18 this

characieristic, ihey are necessarily used in installations and

sysiems which operate in ambients with danger 5T esplosion

{stangdards {HAMUR).
Fig. 1.7 shows the clagram of a proximity sensor of thig tupe

connecied o the amoliﬁer (signal conditioner;; generally the

amplifier weically placed far from the sensor
i the aymbel of the sensor thers are the marks oi sing wave

iNating circuit gensrating the magnetic

¢igld, and the mari of the step which indicates the two-level
sutput

ne amplifisr meainly consists of 3 voliage generstor connectad

inseries 1o & resisior Varying the current, also the voltage arep



METALLIC
ACTUATOR
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across the resisior variss,

(]

9 that an ON-OFF (voltage) sighai is

generated at the output. This signal .indicates whether the

distance of the aciuator iz shorter or longer than the switching

distancs.

dc

SENSOR SYMBOL

AMPLIFIER
(SIGNAL CONDITIONER)

220

1
e ® -
v
N
for d < dc I>I .
Hmin
for d »dc I1<I
Lmax

FIG. 1.3



1.1.2 Inductive proximity sensors with linear output

The inductive proximity sensors with linesr output can generate
& variable output voltage; this wvoltage variation is directly
arcporticnal (linear) lo the distance sctuator/sensor, within
his cheracteristic can te useful when carrying
gut very accurate positionings for detecting thicknesses,
flexuras, vibraticns: more generslly, it is used to convart
distance intc voliage, in electrscondusting materigls.

shows the characteristic curve of this typse of sensor.
he voliage-vs-distanca relation is linear only between the two
values d,, (mimmum distance) and dm (maximum distance).

The minimum distance d,, does fot coincide with wha null
position,

The output voltage s1gnal of the sensor {3 normally amplified and
shifted so that the cignal conditioner can generate a voltage

qroportional to the distance between actuator and sensor,



OUTPUT VOLTAGE

ACTUATOR
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SENSOR SYMBOL

444

X
__l'”
dm dm DISTANCE OF THE
METALLIC ACTUATOR
FIG. 1.4
+Vdc SIGNAL CONDITIONER
| o)
[
//’/ AMPL. —O0
B oy vV out
SHIFT.
I O I O
-Vde

FIG. 1.5

d



-931-

1.1.3 Seif-ampiified inductive progimiiy sensors
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the last parsgraph only for the fina

uctive prosimity sansors are aifferent

B

diagram of a ssli-ampiified inductive

THRESHOLD
AMPLIFIER WITH
HYSTERESIS FINAL AMPLIFIER

I

222

orob

FIG. 1.6



Even in these senscrs, the eddy currents induced within the
metallic sctuator provoke an energy loss in the osc ilator,
gamping the signal amplitude This damping of the oscillator
amplitude is detected txu reshold ampliTier with hysteresis
which guarantses 3 net trigger; this amplifier controls & final

amplitier vor Jriving

.l:.l
[41)
=3
Lo

clagsified into  dirsct-current inductive =zensors ang

aiternating-current incuctive sensars, a cccrdmu to the type of

wmodels can be ambedded into meial up to the suppart £0ge; when
assembling in battary, respect the distances indicated in the fig.

Fig. 1.8 shows how the parti ally shielded szenzors must be

when some aoplications veauire s side-by-side installation,



FIG. 1.7
TOTALLY SHIELDED SENSORS

» TWICE THE SWITCHING

DISTANCE I % /

FIG. 1.8
PARTIALLY SHIELDED SENSOR

3d d
d. | _d
)
1
‘ Z
Fe
FIG6. 1.9

PARTIALLY SHIELDED SENSORS
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senerally, the fingl amplivier gives the following outputs:

- poiariig: NPN - NP
- gutput funciions: normaliy ciosed, normaliy open, ampivaient

or aachange.

NPN N.O. or N.C. PNP N.O. or N.C.
e ——o

|

v

o—pf O. o J

FIG. 1.10
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NPN PNP

NC. . N.C.

FIG. 1.11

The self-ampiied a.c. inductive sensors use the same sperstion
srincipie of the 2.o. ones; consegueniiy, the parl concerning

wWhen griving an 2.c. load, the output actuator must be a ECR with

ite own driving circuit.

N.0. OUTPUT N.C. OUTPUT

443
<43

6
25 2SI Tl FY

FIG. 1.12



1.2 Capacitive proximity Sensors

Tha Jperaticn princile of the capacitive proximity sensors i3
-ased on the variation of stray capacitEnce generated Setween
<he SaN30r 3nC Lhe J0iect 1o be detactsd. At a certain distance ot
this object irom the sensitive surface of the sensor, a circuit
staris osciliating the begmmnc or stopping of this ascillation

an amplifier

(]

i3 percsived by 2 threshcld o Lo wnich contirol
for griving an external jcad.

-

Fig. 1.13 shows the block diagram of Wis gevice.

o
R,

e

"a"a"aY:
s

.“Q. .

222
=
V

atate®,

. AT N
A,

FIG. 1.13
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Then it is clear that a capacitive proximity sensor can be used to
detect metallic and non-metallic objects, as wood, liguids,
plastic materials, |

For instance, these sensors are typically used in the
piece-counters, in the level checks of vessels, etc...

Even, these sensors can be classified into:

- direct-current capacitive proximity sensors;

- alternating-current capacitive proximity sensors,

according to the type of final amplifier they include.
The former {d.c.) sensors give the following types of outputs:

- polarity: NPN and PNP
- output function: normally closed, normally open, ambivalent

or exchange.

In the ac. sensors, the output actuator is a SCR with the
relevant driving circuit.

The output can be N.C. (normally closed) or N.O. {normally open).



1.2 Magnetic prorimity sensors

& igpical magnelic lor Teed) Sroximiiy SENSCr CJhsisis o1
-antacts moLniag on low-rsluctance magnelic  veeds i

roeds are sensiiive 1o the intiuence ol maghetic 7igids.

These {ields can be genersied by permanent magneis or oy coils
crossea by current; the reeds have cpposite poiaritias, dus 16 Lhe
when the forca of attraciion overcomes the elaslic zirangth of

iha reeds, *hese are oent 1o sach cther and make the slectric
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The make he contacts depends on the sensitivity of the reeds
and on the magnet strangth in the puil-in phase; whersas,
ramoving the magnet, the contects are opensd again (drop-out).
Senersily, the contacting surfaces of he reeds are costed with
sracicus metsis (3old, rhedium, tungsten) which snable them to
conirsl circuits with low currents or high inductive loads.

They offer several advantages, with respect o the {raditicnal

mechanically operated contacts, that is:

- the airtight enclosure in noble gas protects ihe contacts
from dust, cuidaticn and corrosion;
the operation of the contacts Joes not reguire complex and
ahcumbering devices, becauss it depsnds on tha infiuence of
3 magnetic fiseld;
wigh operating rates, up to 00 Kz for some types,

- absence of maintenance and very small cvaerall dimensions.

Actually, the functions of the contacts are:

- “normally open™ function (NO.J. the meke contact is
aormally cpen when it is so far from the magnet that its
influence is null; the contact closes when it is biasad by the

approaching magnhet;



= -

normally closed” function (N.C.);the back contact has

heen already closed through a magnét in contact with the

[ ]

lass au_lb Véfithe raeds; when the driving magnet {with
soposite colerities) spprosches, it aullifiss this first
magnetic figid provoking the opening;

'exchahge‘ function; the N.0. and N.C. synctions are carried

gut in a single giass bulb.
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F16. 1.15
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Characteristice of the progimity sensors

g main charsciaristics of s proximity sensor ara:
Nominal intervention distance: ii is ¢ 2 geometrical

distance of the actuator from the detecisr, at the moment

when the quick switching of the icgic stats ocours.
Differential stroke: it is the distance between the ariving
=0int, as (he sctuator approaches, and the disconnsction
point, & the actustor goes away. its value is caiculated in g
37 the interventicn distanc

.xepeata.n]uq. s e altTarence of Lwe any values of th
inlarveniion distanca measured for 2 hours, at & tsmpersture
included Setween (S°C and I0°C and with 3 suppiy voltage
within 233 of the rated value.

Operating fraquency this parameter is measured with ths
dynamical mathod shown in the fig. 1.18 (according ta the

standard CENELET EM SCC:9), with the sensar in the

sosition {a) or {5); S is tha nominsl intarvention dJistance.
The iraguancy is calculated through the formula:

4
.

fo—
ty+ty

(refer 1o the fig. 1.17) when t, or 5 reach 30 pe.



Wi,
i
qul

FIG. 1.16

t t2 f = 1
ty+t2

FIG. 1.17




Residual ripple: it is the percent ratioc between the

residual a.c. (peak-to-peak) component {superimposad on the
d.c. supply voltage) and the sypply voltags.

Voltage drop: it s the voltage drop measurad across the

Residual current: it is the load current, with non-enabled
output.
cermanent current capacity: it i the maximum current

which the sensor can daliver in continuous operation.
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1.5 Signal conditioners for progimity sensors

The seif-amciiviad inductive sensors &ngd the capacitive sensors’
are supdiied with cuili-in signai concitioner. Relays or loads can
directly Da conneciad to these sensors. Take cars in choosing the
proper output configuration for the final amplifier.

' the non-amplified inductive sensors with {wo-level sutput,
the signal conditioner consists of a wvery sisble wvoitage

generator connecisd in saries io a rasistance of known value.

SENSOR
I [rsse
~ - I
~ |/
~ R
v
g T
—&
SIGNAL CONDITIONER

FIG. 1.18



I
V]
[41]

1

When designing ihe conditioner, it is important 10 choose &
proper value for ¥ and R so that the voltage across the sensor is
included within he a..owable range. This Joes hot depend on the
value of he Zurrent | crossing the zensor, out this currant
32pends on tie gisiance of the meigiiic actuater.

Tha voltage acrass R i3 sent to a comparator so that an ON-OFF
voltage signal is generated at its cutput.

i the inductive prowimity sensors witn lihear Jutout, the
voitage signal must 2 amplified and shivied to obtain an cutput

wvoltage) signal oroportional io the distancs cetwesn sansor ana

-~

AAAA
yyvy

22

§—
y—o

FIG. 1.19



)

[

o
1

The connection of the magnetic proximity sensors including reed
relays requires some protections.
Fig. 1.20 illustrates the protactions normally adopted in the

ingustriai circuiis.

a) d.c. R-C PROTECTION b) PROTECTION WITH DIODE IN d.c. ¢) PROTECTION WITH VARISTOR
IN d.c. and a.c.

+ +* +
val. = Val. = D::E%] Val. =
-0 c R -0 -— MOV
C = 0.47 to 1 yF 250 VL, D = 1IN 4006 HOV: it must be chosen according
versus the power absorbed to the supply voltage and to
by the load the power absorbed by the load
R = 68 Ohm 0.5 W, for Val = 24 V d.c.
R = 220 Ohm 0.5 W, for Val =110V d.c.
d) a.c. R.C. PROTECTION e) d.c. and a.c. R PROTECTION

p—-31--

+ J +*
I R
vVal.~ ¢ Val. =
C Fli %j ‘3%
o -

c SPF) 1 to 4 x holding current (A) C = cable capacitance
R (Oha) = R x Val; 0.5 W R = (Ohm) = 2 x Val

Leakage current = 0.1 to 0.15 x holding
current

Cond. operat. V= 2to 3 x Val

FIG, 1.20
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2. DESCRIPTION OF THE EQUIPMENT

This equipment is an educational system of proximity sensors: it
consists of two main parts, that is, the panel including the
signal conditioners and the davice generating the linear
displacement (TY 29), on which 3 proximity sensors of different
type are mounted.

The following paragraphs examine the single components of the
equipment.

CONNECTING CABLE

SIGNAL

CONDITIONER PROXIMITY SENSORS

REFERENCE LEVEL
OF THE SENSORS

ACTUATOR

PLEXIGLASS

KNOB FOR MOVING
THE ACTUATOR

FIG. 2.1



2.1 Praximity sensors

Nohis equipment there are thrae types of proximity sensors,

dirmdi ke aey . e
nnuhusovc‘ SSNEST WYL L hear uutuLﬂ.

= inguctive sensor with two-level sutout

-~

capecitive sensor swvith d.o. cutpul,



b
wreds

Induclive sensor with linear output

The {1on amplified) inductive pro’imity senscr with linear

sutput included in this sguipment is manufactured by the

Seamar DT g iy pymdn] e D_ANTR AN, 4o
SOMPany  Seaaoy GhHGEM W mogdel code  R-AZTMY arooils
slasrt o pieiios 2o feAiogt 5 "Hata ombkosts" cigmnlic o
cadrsclenszsiics s uunbust‘;d -:n .n 1] UULG Sheﬁté dep!b&d tl\.( wig

charscleristics  {supply wvoltage, output voltage,

repeataoility, sic..;, the displacemant-vs-ouiput voltage curve
b

The tabla @ summarizes all these data.



General characteristics mvi
threaded cyiinaricai shape e
metallic ¢
'mnar‘t

gl
g

(r.-—
lgm

3 o
i.'gmfl
L 3(1“

h acc rmnl
EC 62, 225 800}~~~
gt"w accoraing T
i=C 68.2.2

5
D

= e =

3

L
o
=
(=
o
¢ @
3 -

3 0 c3

+0 the sis
orotection: /
‘:mnermu'e range:

i
= -
!

:‘EJ
T

Purd 200 - N

fram -10°C {7 +50°C 1004~

+ protaction against
reversions of polarity
+ total shielding

Operating characteristics

typical sucaly voitage (V) 24
maximum residuaj rippie: 5,-%

W1
'*unmu voltage ranae (Y): 10 10 30 N

M12«1

wupical lcag resistance (kG 1 i ——

minimum lozd resistance (kg 1
0-10486 §380roion LmA, -_-;‘.'J l
gutput voitage at & . 11}

e — 900 to 1000

* ¢ 4 B e B

635

* output voitage at £ (')
{mv): "“’f 2000 to 9000
repeatabiiity (<) (mm: + 0.01
auera?e variation of the

pperating mstﬁnm range i

‘#ith lingar output

& (8., =8

max i r\f

10N

1+
-
-
sq

o o e~

- = .

“max  ~min

Mi8x1

\'3 8. @nd 5. represent th

63,5

mnimum and maximum wajues of
e BCluator-sensor cistance within
which the cutout is tinear {frantal
ariving)

(2) At cons temperatyre.




SHIELDING

INDUCTIVE SENSORS WITH LINEAR OUTPUT

TYPICAL
MODEL MAXIMUM SIZE| DISTANCE RAMP OF THE ouTPUT
CODE AND RANGE WITH QUTPUT SHIELDING VOLTAGE (mV) DRIVING
DIAMETER (LINEAR QUTPUT TORQUE
(mm) VOLTAGE min max MAX (Kq m)
R-ALTH/XP M12x1 1 to 2 0.7 Total 100 to 200 | 800 to 1300 1.0
R-A2TM/XP M18x1 1to b 7 Total 900 to 1000| 8000to 9000 3.0
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2.1.2 |Inductive sensor with two-level output.

The (non amplified) inductive proximity sensor with two-level
output included in -this equipment is manufactured by the
- company SAIET with the model code T-A2TM: its characteristics
are illustrated in the following data sheets.

These data include the general characteristics {(supply voltége,
electric response in the worst conditions, repeatability
accuracy, maximum switching frequency, etc..), the connections
and the types of shieldings.

The table @ includes all these data.



General characteristics

case: metailic, of cylindrical
threaded shape. or plastic, of
paralieiepiped shape

nartigiiy or 1otatly shieided
versions {limited oniy 15 the
culincrical ssnsors)

unlimited numoer of operations
impact st hace

Operating characteristics

tgiesrance gnh the {rontal

intervention distance (S} 103
diffarential stroke in 2 of 5: 2103

regeatrbiiity accurscy immj: =0.02
supply valtage ¢

- cylindrica! f10 17
- peralieiepiped 5.5 10!

gleciric response in the

fznrat conditions provided by
+he standards (mA)

- curvent with actuator <
- current without actuator =z
max. 2witohing freguency (Hz)

—y

.L.-
oy —--

{1t denends on the chosen modell: 100 ¢

e
-
=

(03]
]

PARTIALLY SHIELDED SENSOR

e S g
Gl

TOTALLY SHIELDED SENSOR



NON-AMPLIFIED INDUCTIVE SENSORS WITH TWO-LEVEL OUTPUT

Sensors in threaded metallic cylindrical case

MAXIMUM SIZE INTERVENTION MAX. SWITCHING SHIELD- 2%{%#;“'

AND DIAMETER DISTANCE FREQUENCY (Hz) | ING ACGUBACY (w
ns RCLY § —_
MODEL S o
CODE o ] o~ w o =
- % | %% olel|e Slsl Sil2 lE <
x | &N L K=) clo|lo|le|lo| o | = (=] o > o
@ - [l Bt o wn [~} (=] o o o (Y2} © (- -

x | = x|= | v @ — | - ™| o~ - lw]| m -— [- W V/ V/ g
T-AOTM ° o o | e 0.8
T-AOPN ® o > b 0.8
T-ALTM ¢ e L 1.0
T-A1PM ° ° ° ° ° 1.0
T-A2TM e . . ¢ e 3.0
T-A2PM e s > L . 3.0
T-A3TN . ' . . ® | 4.0
T-A3PM e = ol e ® | 40




2.1.3 LCapacitive sensor

The (self-amplified) d.c. capacitive proximity sensor used in this
gguipment is ;':*.anufacturad by the Company SAIET with the model

. P YT IR P S SRR R 4 & - ot
characteristics arg ingicated {n the

following dets sheals.

-

These specifications include the general! characterictics, the

(Y
operating charscteristics [supply wvoltage, maxzimum output
current, receatability, differential stroke, mauimum switching

Tregquancy), the type of output and the relevant connections.

The {abls inciudes all these dats.



Generai characteristics

+ threaded and non- Threaueu

smooth cylindrical {for th

tupe with the diameter nr

u- n%|J ohuBEa

""IP"-*'h" case

ad; us:anlp ariving ais stance

untimited numper of cnere tions

\MDact strengin according to

Lhe stqnuar” 1EC £§.2.27

+ vibration strangth 8CCarding
'3 the-stendard (EC 68.2.6

protection: iP 65

nneratwu Temperaturs range:
irom -20°C 0 +60°C

* orotectign against polarity
revBrsions

+ protection against the electrical
noises Jue to inducticn

* protection against the load
short gircuif

* disniay of the output ogic state

* m ne -

¢ & o @

ULH. U.. uunr':l.«-.:nq CuDI" -‘_r.” ' ||;

inner ieans with section of 0.15 sg.mm
(¥} in tnis case, the nominal 'ntnr‘wr_:rv"nn
3.313“...:. lC e ma'f“:ﬂ”m |“’er 2NTICN
distance at which ail the gperatirg
characteristics of the sensor are
cuaranteed.
Operating characteristics
+ olerance on the frantel

intervention digstance (Sn)  +15%

s ditverential stroke in 2 ¢of Sn: =
* max. output current (méa) 15
* ;fBDeata 1|| l.l lHrO A.u Dn

i3t 3 temp. o1 *S°C to IO0°CY: <10
¢ ..uf.l"”"'J...,...GEw. A LA Y
+ mayw. residual ropie 1037
« v0{.age Crop ai the meay.
aeiiverea current 1Y) =3
+ max. no-load absorption: 1S ma
+ max. switching frequency: 100 Hz

SW 36 5
N

LED
0
|
o
| 2
60
75
= 825
THREADED DIAMETER: 30 mm
(OVERALL DIMENSIONS)
LED
— |
o
|-
60
75
825
SMOOTH DIAMETER: 32 mm
(OVERALL DIMENSIONS)
.0. N.C.
NPN N.O. or N.C v (BROWN)
— & . SUPPLY
i
o
_— N.O. or N.C. (BLACK)
) BLUE
T2 “gyppLY ( )



MAXINOM | NTERY: | outeur | oureur [siTen] R
U R F
NDEL | SZE AND | DISTANCE | ouorron oL arery|FREG roRoue
DIAMETER | (mm) (Hz) |E%ow)
CODE =
2L sl e
-| = E" = 4
b X |© 4] (]
@ o |om [ (24 [ = Q. [~} (=]
- el . w [~} (4 (-] o~y Q. = o o
= I (V| @ - o~ O | == x| = Q. - o~ 3] -
- O | C ] Lihor]
C-A2THU/3AN| ® . o . ol
C-A2THU/3CN| © o . . o)
C-A2THU/34P| © . . . ol
C-A2THU/3CP| o o . . °|e
C-A3THU/3SK| [ @ o e . .
C-A3TMU/3SP| [ o . oo .
C-B3TMU/3SN| ol e ° °
C-B3THU/3SH ° ol e °




2.2 Signal conditioners

The configurstion of the signal conditioners of the proximity

gensars depends on the used sensor. Fig. 2.2 shows the interface

gircyits of the (hrae sensors e module G2G: these disgrams
are aiso printed on the sguipment.

rig. 2.7 shows the slactric diagrams. The aguipment cah spersts
when pawver- su lied with regulated voltages of 12 ¥, 5 V.
- < i-].-

The unit v 29 i3 connected i3 the panel through a cable

<

{terminal TY29).
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2.2.1 Conditioner for linear inductive sensor

This circuit, indicated as INDUCTIVE PROXIMITY SENSOR - LINEAR

QUTPUT on the panel, includes three operational amplifiers.
The first one (ICy) shifts the signal coming out from the sensor,
to zero, then it amplifies the shifted signal.

The second amplifier {IC,) carries out a voltage shift of the

amplified signal so that the proportional output voltage can

correspond to the actual distance transduced by the sensor.

The operational amplifier lC3 standardizes the voltage output

(0 to &¥) in correspondance with the linear transducing range of

the sensor{1:to 4 mm).
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222 Conditioner for inductive sensor with two-level

output.

The circuit, indicated as [MDUCTIVE PRCKIMITY SENSOR - TwO

LEVEL BUTPUT on the educational panel, consists of a comparator

when the voiiage on the terminal & is lower than that on the
terminal 7, the output {terminal S} is equal to !
it iz possible 1o connect the {T7L-compatible) +5 Y or the

L, )/

vCi105-compstiible) +12 W output.
zagtnining this circuit, remember that the current crossing the
sensor with the actusior, is very weak. In this case, there is the

mamnimum voilage on the terminal § and the sutput is equal to
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2,23 Connection to the self-amplified capacitive

sensor

The  capacitive  aensor  included  in the equipment is

nersigre, when using it, no {ntarface system is

The circuit {s indicated as CAPACITIVE PROXIMITY SENSOR - TWO
LEVEL OUTPUT n the sducational panel and explainz how to
connect & relay o the cutput of the self-ampiifiad sencor. The
output stage of the amplifier is indicated in the diagram.

Mote that the LED LDt is mounted on the same sensor: it turns off
with the actuator sut of range, it turns on with the actuator
within the rangs.

A screw on the reaar of the sensor allows an adjustment (of some
ram) of the intervention distance.

The common contact of the relay (terminal 9) can be connected

y {
WwHiZVorts +5 Y 30 that 3 CMOS or TTL compatible signal can

oe available at the terminals 12, i3,

’
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LINEAR TYPES wA741M, wATAIC
mislll%m GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
cu

BULLETIN NO. DL8 11363, NOVEMBER 1870-REVIBED OCTONER 1979

® Short-Circuit Protection

¢ No Frequancy Compensation Required
Offset-Voltage Null Capability * Low Power Consumption
© Largs Common-Mode and o No Letch-up
Differentiat Voltage Renges

description

The uA741 is s generel-purpose operational amplifier festuring offset-voitage null capebility.

Tha high common-moda Input voitags range end the absencs of latch-up make the amplifier idasl for voltags-follower
spplicstions. The devics is short-circuit protectsd snd the internel frequency compensation ensures stability without
cmm.nlmu.AMmmmhmmnoﬂlimnmmllmmoﬂm
voltage as shown in Figure 2.

The uA741M is cheractarized for operation over the full military tsmpersture renge of —55°C to 125°C; the uA741C iz
ch ized for operation from 0°C to 70°C.

schematic

ﬁ

e
L
¢

torminel essignments
JON N DUAL-IN-LINE OR 40 OR P DUALIN-LINE v
W FLAT PACKAGE PACKAGE FLAT PACKAGE
(ror view) (ToP viEw) (ror visw
ouT- AL [ b= rld
A COMF Voo, MUT - e [
[w] [w] [a] [w] [w] [o] [s] =

ﬁ ___‘
TULET | HUDET [ 90090
NC-No internel :':\Oubﬂ =
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LINEAR TYPES wA741M, wAT4IC
INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
clncul‘rs BULLETIN NO. DLS 11383, NOVEMBER 1970-AEVISED OCTORER 1979

®  Short-Circuit Protection ¢ No Frequency Compensation Required

©  Offset-Voitags Null Capability o Low Power Consumption

®  Large Common-Moda and _ © No Latch-up

Differential Voitage Ranges
description

The UA741 is s generai-purioss operationsl amplifier fasturing offset-voltage null capebility.

mhmmmuw“mnmummummhﬂuwum
Wiutim:.mmhﬁmmhmwhlmﬁmmmmwlmwmm

externsl components. A low-value potent may be b tha offsst null inputs to null out the offset
voltsge ss shown in Figurs 2,

The uA741M is ok ized for operati oé-runmummuynmnmmof-u‘uo1zs‘c;vnuAmc|-
ch lzed for opsration from 0°C to 70°C.

- od B

u
s ouTeuT
: 1]
Resiator vnluse shown sre nomine
torminel sssignments
JON M DUAL-S-LINE OR 4G OR P DUAL IN-LINE (V]
W FLAT PACKAGE PACKAGE FLAT PACKAGE
(ToP ViEW) (Toe view) Tor viaw
ouT. AL o b rid
= )
L]

BT o]l

oiotoiolotoln o e, 20 oS TE
S
0y OOI0 030

======y
L] L L] v
> 2 af{s[ el 17 m:“_:'" @@@@@
NOW  ver. Ito”-vlw—u.
I B =
[ AL T ey WAL ey
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wAT41M, sA741C

GENERAL-PURPOSE OPERATIONAL AﬂPliFliRS

sbsoluts maximum ratings over operating free-air tempersture rangs (uniess otherwise noted)

IA‘M!! wA741C | UMIT
mw—vﬂlnmn e AL v
M“vq_ (ma Nots 1) -2 -8 v
Dittorential Input voliege ( -Mll +30 130 v
|mu_u=mm-uu-|mm t16 218 v
Voitage between evther ofiest null terminal (N1/N3) srd Voo 0.5 0.8 v
wmmwg_m‘) i .
Continuous totsl povesr disioetion ot (or below) 26°C free-sir (sea Naw 6) ] 500 e
O g Iroe-aic g ~66w126| Orw70. | °C
Storage tempereture range ~8510 180 | -8510180| °C
Liad meenperature 1/18 inch (1,6 mm) from cass for 80 ssconds | J, JG, U, or W 300 300 °c
|_Loed tsmpersmure 1/18 Inch (1,6 mm) from cass for 10 ssconds |NorP 260 ‘c
NOTERS: 1. Anmwmmmm.mmmwmmmvm.“vm_.
2, toges Bre o1 the Ting Ingput ‘with respect 10 the inverting Inout werminal.
3 mwmdmmvmmnmuwnmlmdwnmﬁvﬂwuIlm,whhﬁmhu‘
4.

The sutput mey be sharmd to ground or slthar powesr suoply, For the UAT41M only, the unikmitsed duretion of the short-cireult
appiies ot (or bolew) 116°C case sempersture or 75°C fras-elr ssmosrature.

. For operstion sbove 26°C fres-ar reter to DI Curves, 2, In the J and JG peckages,uA 74 1M

ahips ure sey-meunnd; uA741C chips sre glass-mourred.

electrical characteristics et specified free-sir temperature, Vog+ = 16V, Voo~ = —15 V

wATAI M wA741C
PARAMETER TEBT CON| o't - UNY
L0 MIN VP MAX MiN L hid hAX L
m'c 1 ] 1 6
v Input oftest —— v
10 voium e T ) 78 |
AViOtadl)  Offest voitage ediust range 25°C 218 +18 mv
ZB'C 200 20 700
]
ho nput offest current o 500 00 nA
%C o0 500 80 500
[
i1 input biss current o 1500 200 nA
Common-mode
Vicr 2°C 212 213 212 £13 5
Input voitage rengs PFult mnee 12 212
Ry =10k | 28°C 24 m 24 28
» Measimum pesk-s0-peek Rs > 10 k0 | Full renge 24 24 v
oL output voitags swing R =2k0 | 25°C 0 28 20 26
AL 22k | Full range 20 20
A Large-mprns ditfarentiol AL >2kn, | BC 50 - 200 20 200 iy
vD “wiﬂeﬂl_? Vo =210V | Full ranse -] 18 il
n inout resistance %°C 0.3 2 03 2 mMn
X Voeo0V,
o o SeeNoma | = ot ™ °
Cy Input capesi tence 25°C 1.4 14 pF
2%5°C 70 L] 70 90
Commen-mods
CMRR rejection reio | Rg < 10 kA Foll rerem Y % d8
Supply voitage seneitivity 258°C 30 180 0 180
[ < — — uV,
svs (aVio/aVee) e T 150 T i
10a Short<irouit cutbut current 28°C 129 140 226 240 | mA
No loed, 28°C 1.7 28 1.7 2.8
‘ec bl No simnal | Full ranes 33 i ™
No loed, 26°C 50 88 50 B6
diasipation mN
Po sl poweer Nosensl | Full rense 100 100
Tan under oo Full rangs for uA741M |s —85°C to 125°C and for uA741C ke 0°C to 70°C.

NOTE 8: This wpb- value spaiiem only ot 'mlunnl- sbove a few hundred hertz becsuse of the ¢ffects of dritt end thermai fesdbech.
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wA741M, wA741C

GENERAL-PURPOSE OPERATIONMAL AMPLIFIERS

operating characteristics, VCC+ = 15 V, VoG~ = =18 V, T4 = 28°C

. wAT4IM wAMIC
PARAMETER TEST CONDITIONS uNIT
Hy MIN__ TYP BMAX | MM TYP MAX
ty Rise time Vi=20mVv, A =2k0, 03 03 -
Overshoot factor CL = 100 pF, See Figure | 5% L)
) . Vi=1av, AL =200,
SR Siow rate at unity gain ) = 100 oF, Seu F 3 0.5 08 Vim

PARAMETER MEASUREMENT INFORMATION

e V|

INPUT VOLTAGE
WAVEFORM

|unur$%?———--- +
—_— ey

_—?wwr

i

F
LT

Ci = 100 pF I :

TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

FIGUAE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT




TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
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.

TYPICAL CHARACTERISTICS
INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM ’EN‘-M‘M OUTPUT VOLTAGE
L. L]
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD NERISTAMCE
(8 = “ T
; V] e
-

Wi i

1 ¥
‘i \ .g \ N -.1
g T l cad N i
L) ) i ]
b i 1 N !
[} 2 :
1
E] < v ]
:--«-:u-.o-—mm ‘..-.--OI"C-'-"‘.
Ta-FrmAe Touparouse-"C Ta—Frnds Tonpween-'C
FIGURE 3 FIGUER ¢

OPEN-LOOP LARGE SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL

o VOLTAGE AMPLIFICATION
FREQUENCY

Al az e er v 2 ¢ 1w
Ler 1 ]

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
L

FREQUENCY

£

s

3

]

Ay -Ovirenml vatuga Ampidasres
3

L, ]
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3 o O T e e
A 1 S I -
4 CT T I o e
9 1] A AN MO ==
R O = ==
§ oo (L LI NTTTOR T IR ~=p
il IIIIIIIIIII'II.'I_!IIIIllII!II N i
P11 O A A *
30w o
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h.J
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: TYPES LM, LM3n1
DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO. DL-S 7611787, SEPTEMBER 1973-REVISED JULY 1976

LINEAR
INTEGRATED CIRCUITS

FORMERLY SN52111, SN72311
Fast Response Times e Maximum Input Bias Current. .. 300 nA

Strobe Capability °

Designed to be Interchangeable with National U
Semiconductor LM111 and LM311

Maximum Input Offset Current. .. 70 nA
Can Operate From Single 5-V Supply

description

The LM111 and LM311 are single high-speed voitage comparators. These devices are designed to operate from a wide
range of power supply voltage, including t15wvolt supplies for operational amplifiers and 5-voit supplies for logic
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. Al inputs and outputs cen be isolated
from system ground. The outputs can drive loads referenced to ground, Vg4, or Vee—. Offset balancing and strobe
capability are available and the outputs can be wire-OR connected. If the probe input is low, the output will be in the
off state regardless of the differential input. Although slower than the TL506 and TL514, these devices are not as
" sensitive to spurious oscillations.

The LM111 is characterized for aperation over the full military temperature range of —55°C to 125°C; the LM311 is
characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE

JG OR P DUAL-IN-LINE

L PLUG-IN PACKAGE

U FLAT PACKAGE

PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
- - - woE L3 3 [ %) vegs - - ]
wi ol jolin| el o] s oss L it wl o] o] [2] [a]
[} 7 L] 5
]
HIBIED Il
L B . i 0 1 3 e PIN 4 1S 1N ELECTRICAL s N Wi 55§ b
BESTNTT N T e vee e CONTACT WiTH THE CASE t =G

NC—No internal connection
schematic

Resistor values shown are nominal and in ohms.

8 Balance

8/s 8alance/Strobe

[+ Collector Qutput

E Emitter Qutput
"'—_‘(_ IN+ Noninverting Input

IN— inverting Input

NC No Internai Connection
s E Vee+ Positive Supply Voltage

Vee- Negative Suppiy Voltage




TYPES LM LM311
DIFFERENTIAL COMPARATORS WITH STROBE

absolute maximum ratings over operating free-air temperature range (unless otherwisa noted)

LM111 LMITT | UNIT
Supply voltage, Vcc+ (see Nate 1) 18 18 v
Supply voitage, Vo — (see Note 1) B -18 —-18 v
Ditferential input voltage (see Note 2) 30 30 v
Input voltage (either input, see Notes 1 and 3) 216 15 Vv
Voltege from emitter output to Voo — ) 30 30 v
Voltage from collector output to Veo— 50 40 \
Duration of output short-circuit {see Note 4) 10 10 s
C. total dissipation at (or below) 25°C free-air tempersture (see Note 5} 500 500 mw
Opersting free-air temperature range —55w 1256 | Oto 70 °C
Storage temperature range —6510 160 | 66t 160| °C
Lead tempersture 1/16 inch from case for 10 seconds J, JG, L, or U packags 300 300 °C
Lead temperature 1/16 inch from case for 60 seconds N or P package 260 260 °Cc
NOTES: 1. All voitage vaiues, unless otherwise noted, are with respect to the zero-eference levei (ground) of the supply voltages where the

zeroraference levei is at the midpoint batwsen Vecy and Vogo—. it the zero-refersnce level of the system is not the midpoint of

the supply voltages, all voitags valuss must be adjusted accordingly.
. Ditferentisl teges are at the i ting input terminal with respect to the inverting input terminal.

. The output may be shorted to ground or sither power supply.
. For operation sbove 26°C tres-air temperaturs, refer to Dissipation Derating Curves, Section 2.

(LI AN

. The magnitude of the input voltage must never axceed the megnitude ot the supply volitsge or £16 V, whichever is less,

electrical characteristics at specified free-air temperature, Vcc+ =+ 15V (unless otherwise noted)

LM111 LM311
PARAMETER TEST CONDITIONS? v
MIN TYPE MAX [MIN TYPI MAX sl
25°C 0.7 3 2 715
\ Input offset voltage Rg < 60 kN, See Note 6
10 R § © Full renge 4 10 my
25°C 4 10 6 50
| input offset t See Note 6
10 nput offset curren ote Foll range 20 2 nA
25°C 75 100 100 250
| [} t bi rrent Vg=1Vtoi14V
18 nput bias curren fo) o Full range 150 500 nA
jL{S) Low-evel strobe current Vistrobe) =03V, V|p<—-10mv| 25°C -3 -3 mA
Common-mode input
Vicr Full range 114 114 v
voltage range
Large-signal differantial
AUD Vo=5Vto35V, R =1kn 25°C 200 200 Vimv
voltage amplification
2%°C 0. 10
High-level (collector) Vip=5mvV, VOH =35V 2 =
10H Full range 0.5 uA
output current -
Vip = 10mV VoH =35V 25°C 0.2 50 | nA
Vip = — °
loL = 50 mA 10 =-~-5mVv ZSuC 075 1.5
Vip=-~10mv 25°C 0.75 15
Low-level (coliector-to-amitter) =
VoL vee+ =45V |y in=—6mv | Full range 023 04 ¥
output voltage vee- = ov,
loL =8 mA Vip = =10 mV | Full range 023 04
Supply current from V ,
locs PP CCx Vip=-10mV, No losd 5°C 5.1 6 51 75| maA
output low
Supply current from Voeo—,
o= S pe cc Vip=10mV,  Nolosd 25°C 41 -5 41 5| mA
output high
TUnless otherwise noted, all cheracteristice ere with the bal and bal strobe inals open snd the emirtter cutput grounded.

Full rangs for LM111 Is —66°C to 126°C and for LM311 Is 0°C to 70°C.
fan typical valuss sre 8t Ty = 25°C.
NOTE 68: Tha offset voltages and offsat currents given are the maximum values required to drive the collector output up to 14 V or down to
1V with a pull-up resistor of 7.6 k{l to Vggs. Thus thess psrameters actusily define an error band and wake into account the

worst-case effects of voitage gain and input impedance.




TYPES LMIN,LM3N
DIFFERENTIAL COMPARATORS WITH STROBE

switching characteristics, Vcc+ = 15V, Voc—=—-15V, Ta = 25°C

PARAMETER

TEST CONDITIONS

MIN TYP MAX

UNIT

Aesponse time, low-to-high-evel output

Responsa time, high-to-low-level output

Ac=5001t05V, C| =5pF, SeeNote?

115

ny

165

NOTE 7: The respones time specified is for a 100-mV input stép with 5-mV overdrive. The typical values are wecified for 8 nominal threshold
voltage of 1.4V,

1j0—1nput Offset Current—nA

Vg—Output Voltage—V

NOTE 8: Condition 1 is with the balance and balance/strobe terminais open. Condition 2 Is with the

8
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TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

N Vece =215V
18 Vo=1Violay
16| \__ \ .| SeeNote8

\LM:m
s LMIH‘ = ==
) SRR A W .
10 \\ : !
CONDITION 1 \ CONDITION 2
8 > N
|
6 | Vi . “--L__‘tQL\
= M3 N

4 o —
2 LM
o [ | | |

-60-40-20 0 20

40 60 80 100 120 140

Ta—Free-Air Temperature~"C
FIGURE 1

VOLTAGE TRANSFER CHAR (CTERISTICS

Vip-Differential

Vees = 215V I
Ta=25°C LM111
/ \ LM311
EMITTER OUTPUT
RL =600 | coLLECTOR_—|
ouTPUT
AL = 1k
0l =
= -05 0 05 1

Input Voltage—mV

FIGURE 3

connected to Vgeos.

INPUT BIAS CURRENT
v
FREE-AIR TEMPERATURE

I I Vcchzlﬁv
450 LM311 " T—Vp=1Vio 14V
See Note 8
400
' Ty
LMY

T 3s0 ~ N
c ¥ |
[
£ 300 e L\
a3 | CONDITION 2
= 250 |— _—h. A0 T3
E i
= 200 |—{- - f-4 L }
3 | —
< 150 CONDITION 1—
& LM311 " i
= 100 +— T ._L t

so [ —f . LM

0 [ |

~60-40-20 0 20 40 60 80 100 120 140
TA—Free-Air Temperature—"C

Vece=30V

FIGURE 2

VeSOV (LMITY)
@V LM

1kl
ouTPUT

TEST CIRCUIT FOR FIGURE 3

veer 230V

p—ourrur
L '—V‘&-_I— -- :;mxx

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR-FIGURE 3

and bal

strobe terminals




- 5% -

TYPES LM, LM3N
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL CHARACTERISTICS
OUTPUT RESPONSE FOR DUTPUT RESPOMSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDAIVES
1} T -
I I B2l ] fuwmy
58 i :Cﬂ?"‘“' 5; vees = 16V
el +—FRAr =600 06V £ - B
Ta*25°C ;i-l::lnsv
I N
3 s i P |
1
2! 4 s mv v 1 B ! !
33 Jl— 2mv q $a 20 mv
|
E ol 20m 22 5 mv: L
8 | Vec-=-18V g | =2 nluv
L | 3! I
> 0 1 >0 T I
0 50 100 150 00 250 300 30 0 50 100 150 MO |0 W0 WO
t—Time—m 1=-Time—m
FIGURE 4 TEST CIRCUIT FOR FIGURES 4 AND S FIGURE B
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
Y RN — {1
s VEcs = 116V g
£3 LY RE =240 10 ~16V s" ] o
TE T4 -2 dE :ccx;h:i:l' 5V
E* o - b
16 |—k 5 Ta=m'C
3 omv—l/ P > \ 2 mV |
P10 —f——f 7 B 10
5 sl _Smv= / {/ -g ) L—1% mV
>: 0 ,{ E [} \
H / A T my E \ \
g iy 9 -* N
L i A 6 i?m\l'—-' N
" 2 SCCLIINY
-6 . 1 -15 [
00204 0608 101214 1818 Veg- - -18V 0 0204 0008 10 12 14 1.6 12
=Time—ps 1-Time—sn
FIGURE & TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7
OUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Vees SUPPLY CURRENT FROM Ver -
L. » n
OUTPUT VOLTAGE SUPPLY VOLTAGE Vcge SUFPLY VOLTAGE Veg—
10 = L] [ v - . :
140 }——| 'Vgc.:‘olt!iv Ta=25C H Vip = 10mV or ~10mV
Vip = -10mv 00 B E, g | o tod — s _::;:c
| Ta=26"¢ | S .-l
gmm A \g&émg 3 Vip = -10mV_|— >3
E 100 cg" s0 £ E Y = — ¢ —
[ H 8
O o ![ > ] i g _E 4 /_/ {I'l/_‘:- i % " =
3 11
§ L] = ( 0 § 5] (/‘ S . ‘/
bw [ e 3 § 7 877
/ Ip (Leh Scaia) | 2 & ; 3
0 i | . 3 1 g -1
] ] o [}
° 5 [} 1" [ [ 10 6 [ -8 -10 -1%
Vo—Outan Voitays—v Vg +—Positive Supply Vonae—V Ve ——Nemtres Suppty Vol -V

FIGURE 8 FIGURE 8 FIQURE 10
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TYPES LM111,LM3N

DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Ve

LMy | SOUARE WAVE
i i — outeut
1700 9F | | (Fareut  rwe
H | Sarion 84 gown
1 ¢ o eawivalert)
| SN KN
0 u f 29 419

1l
"
ik
"
1l
w

FIGURE 11-100-kH2
FREE-RUNNING MULTIVIBRATOR

4
3 2 02

oUTPUT
ToTIL

FIGURE 16 —DETECTOR FOR MAGNETIC TRANSDUCER

Ll ]

FIGURE 19—-COMPARATOR AND SOLENOID DRIVER

FIGURE 12
OFFSET BALANCING

L
LTS

>
t Lo
| 2 k) &

T Resistor valuss shown are for a 0-t0-30-V logie swing and s
15-V threshold.

$May be sdded to control apeed and reduce susceptibility
to noise spikes,
FIGURE 15-TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vigss
¥ &0 2l

Z0——4

r=— Tt

rl-.l‘l
= R
e I :_,I/

\

o1 | Lo

FIGURE 17-100-kHz CAYSTAL OSCILLATOR

Typical Input current Is B0 pA with inputs strobed off.

FIGURE 19-STROBING BOTH INPUT AND
OUTPUT STAGES SIMULTANEOUSLY




TYPES LM LM31T

DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

ouTPuY

hY
PAD
=
%

FIGURE 20—-LOW-VOLTAGE
ADJUSTABLE REFERENCE SUPPLY

Vogs =8V
2980
1t
sam 1eour
( Fmon
oz m
P
22150
t Adjust to set clamp level.
FIGURE 22-—-PRECISION SQUARER
Vegs s 1BV
weru
i
1
! |
war gl
Veg- -8V

FIGURE 24— POSITIVE-PEAK DETECTOR

FIGURE 21—~ ZERO-CROSSING
DETECTOR DRIVING MOS LOGIC

<y

Veoe 28V
™ y
] = wof F==TEm— 3
e —

\ ouTruT

Faom "0 180

™ &

GATE = Eml ..' e o —

w T 9

FIGURE 23 -DIGITAL TRANSMISSION ISOLATOR

Veges BV

b —-< ::n -l |

i £ a1 T
slow |

Vee- -8V

FIGURE 26~ NEGATIVE-PEAK DETECTOR
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TYPES LM, LM3N
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Veee =8V

ouTPUT
TO ¥TL

TRt sets the comparision level. At comparision, the photo-
diode has less than § mV scroms it, decressing derk eurrent
by an order of magnitude.

FIGURE 26—-PRECISION PHOTODIODE COMPARATOR FIGURE 27-RELAY DRIVER WITH STROBE
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FIGURE 20—-SWITCHING POWER AMPLIFIER FIGURE 20—-SWITCHING POWER AMPLIFIERS




- 55-

2.3 Device for generating the actuator displacement

and measuring its distance from the sensor

Obviously, for an sexhaustive examination of the proximity
sensors, it is necessary to have a device for moving the actuator
and measuring its distance from the sensor.

This function is carried out by the unit Ty29.

This device allows to change (considerably) the distance of the

actuator from the sensor snd also to obtain its (standard)

measurs with a gage.

FIG. 2.4
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3. EXERCISES

The characteristics and the operation of the pro®vimity sensors

ana of the signal conditioners can betier be undersicod through
dote that the interventicn distance is measured with a 1720

the 7ollowing sxercises :can be carriad cut with ‘hess

- digital voitmeter (3 digits and t/2 - eg: aur digital

- regulated power supply: £12 Wd.c., +S Wd.c.

- gage (1/10or 1/20).
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iNDUCTIVE PROXIMITY SENSOR {LINEAR QUTPUT)

3.1 Lalibration of the signal conditoner

cxercise object

(g)
O
-3
-3
[ve]
(]
=)
(=)
3
(a8
(&)
-
(&)
[}
cL
(&)
P
&)
3
[
(10}
h
2

Necessary insirument.

- gigital voltmeter (7 digits and 1.2).
dperating mede:

reguiated sower supply.

- oonnect the panel to the unit tye9  through ihe pro

- Adjust RV until & vollage of © V can be read on the digit
Joitmeter, at the terminal
- Zheck that thereis £V also el the standars outout

- AGjust RVZ o odtain 1Y at the proportional sutput.

annect the erminals =12 Y, © WV, =5 W of ihe panel 4o a

per

= ]
[}
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3.2 “Distance-vs-voliage (sensor)” characteristic

Exercise object:

to determine the curve corresponding to the distance range

(actuator/sensor) versus the output voltage of the sensor

(terminal 1).

Necessary instrument:

digital voltmeter (3 digits and 1/2).

Operating mode:

Calibrate the conditioner as explained in the exercise 3.1
Insert the voltmeter between the terminal 1 and the ground.
Vary the distance of the actuator through the proper knob
(starting from a distance of 1 mm) by steps of 0.5 mm; then
measure the corresponding actual distance with the gage
reading the value of the output wvoltage on the digital
voltmeter.

write the resulting data on the table 3.1.
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N L [mm] Vout [mV]

TABLE 3.1

Fig. 2.0 shows the charactierstic curve of the sensor: ihe values
o the cistance (mm) are indicated on the axis of abscissas,

ihersas the values of ihe outout voltage (mV) of the sensor Si

are ingicated oh the axis of ¢créinates.

Vout [mV] ‘r

8000
5400 -

4500 |

3600 -

2700 _

1800

900 -

y

Pyl ==

5 L[mr:]

FIG. 3.1
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3.3 “Distance-vs-voltage (sensor +  conditioner)"

characteristic

Exercise object:
to determine the curve corresponding to the distance range
(actuator/sensor) versus the voltage measured at the

proportional output of the conditioner (terminal 3.

Necessary instruments:

- digital voltmeter (3 digits and 1/2)
- gage.

Operating mode:

- Carry out the same operations of the exercise 3.2 changing
the scale of the output voltage (from mv to V).
Using the resulting data, it is possible to plot the

characteristic curve of the sensor+conditioner.



2.4 Best fit siraight line of the sensor

txercise object:
WS plod Wi sest Vit straight tine of the sansor, that is, the ides]
e which Sest represents ihe actuator disglacement

versus the output veitage of the sansor.

Necessary instruments:
- digital volumeter (2 digits and 1/2)

agz

(4]

Operating mode:

- Celibrata the conditioner as explained in tha sxerciza 2.7,

l’.

- insert ihe gigital voitmeter Setween the ierminal ! ang
142 grouna.

- ove the actuator starting from a distance of 4 mm. , by steps
of 0.5 mm.; then measure the correspcnding actual distance
With ihe gJage reacing the output voltage on the gdigital

voltmeier

The rasuiting deta must be written on the table 3.2,



N L [mm] Vout [mV]

TABLE 3.2

Fig. 3.2 shows 3 graph obtained indicating the values of the
displacement (mm.} on the axis of abscissas and the values of
the wvoitage measured on the central tarminai of the

potentiometric Uransducer, an the axis of ordinates.

Vout [mV] |

8000 - 0
5400 - o

4500 -
3600 ~ o
2700 o
1800 | o

900 4 o

FIG. 3.2
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Joining the points a7 this graph (fig. 2.2) it is possible to plot
the best fit straight line of the sensor (fig. 2.2).

I
Vout [mV]

8000 -
54 00 -

4500
3600 -
2700 |
1800 -

900 -

-
N
[
on
re

L [m,n:]

FIG. 3.3



- g5~

3.5 Linearity ocf the sensor-conditioner

Cxercise object:
0 determine the - value 9f linesrity o7 the system

sanscr-condisioner.

Necessary instrument:

- cigital voltmeter (3 digits and 1/2).

Operating mode:

- (alibrate the conditioner as explained in the exercise 2.1

jm b
. l"u.

the best {it siraight line of the sensor as indicated in

the exercise 3.4 (fig. 3.4).

Vout [mV] }

8000 1
5400

4500 -
3600 -
2700 .|
1800 -

900

1 2 3 4 5 L [m m]:

FIG. 3.4
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Then plot two other lines, paralisl and equidistant to the best fit
straight line, so that they can includs all the measuring points
of the diagram. B |

Plot a line paralisl to the axis of ordinates and measure the
voltage values corresponding to the intersections with the two
lines including all the meesuring points (fig. 3.5). Then, it is
possible to determine the value of linearity referrad to the
tull-scals value:

| IV = Vo

t— ————— = lingarity;
2 F.S.0.

This value is normally expressed in percent valuas.

Vout [mV] {

1
8000

5400 -
V2

4500 -

N

J600 -

2700 .

1800 |
900 |

B— —— e

5 L [m_mj

FIG. 3.5
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F.S.0. is the abbreviation of "Full Scele Qutput™ it indicates the
variation of the output voltage corresponding to & variation of

the displacement squal to its whole range.



iNDUCTIVE PROXIMITY SENSCR (TWO-LEVEL QUTPUT)

3.6 Measurement of the current with and without

actuaisr

cxercise object:
1o check whether the values of the current crossin ng the sensor

with and without the sctuator, correspond to those of the data

]
[N
i}
-
co
<2
['a)
o
=
[11]
Fo-
—
[l
C.l.
'IJ
f-.'
ol
C|_|
t.l.
-t
-~
3]
—t

Uperating mode:

- insert the digital vollmeter between the terminals S and 6
measure the vcliage value across R1, with and without the
actuator.

- Rnowing that R1 13 aqual to 2200 2, calculate the values of
WiB w0 Currenis ang compere them with those of tha dats

sheets.



3.7 intarvention disiance

cxercise object:

%

13 determine the distance {mm) betwean he actuator and the
Jensor :m at which the output 5 swiiches vrom the nigh staie

£ - AR 4" *
‘=:CJ,.‘:' W8 o 'L E

(Ll

lad on).

Mecessary instruments:

- Aimida] T4 4 T A mid SN )
digitel voltmeter {2 digits and1/2)

- Thiec i i-.
Thiz exercise can Se carri

—n
l!)
4

-~
$
w

y + ) ~ EX] St 4 -
soitage of the conditianer ‘tarminal 2) or visualizing the led

Place the =ctuator 10 40 15 mm. far from the sensor Jled cut).

~DBITGECH L6 GISK Sid¥r iy LG the Sens0r 54 unitil the jed starts

- Messure the dictance hetween actustor and sensor with the

Jage, compara this datum with the velue indicated in the



3.8 Husteresis

Exercise object:

te check whether there is some hysterasis (1/10 mm) between
e intervention taresheld {whan the lad starts emitting light)

gnd ke releasing threshoid {whan tie ted is gutl.

Necessary instrument:

- Jdde.

Operating mode:
- Place the actuator 10 to 15 mm far from the sensor {led cut).

- ADproach the aciuator siowiy to the sensor S~ uhiil the iec

- Measure the Zislance between actuator and sensor with the

“Intervention threshold”

- Remove the actuator siowly from the sensor So until the led

- Meesura the distance between actuator =nd sensor with the
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"Releasing threshold”

The result of the Zifference between intervention and

L]

Ceieasing threshalds is the hysteresi:

(4]
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3.9 Repeatability accuracy

Exercise object:

to determine the intervention distance {(mm) with

n" different

iesis and to check how it differs from its nominal value.

Necessary instrument:

gage.

«©y

Operating mode:

Place the actuator 10 to 1S mm far from the sensor (led out).

ADDroach the actuator slowly to the sensor S» until the led

starts emitting light
Measure the distance bet'ween actuator and sensor with

4

e gage: write this value on the table 3.3,

N L [mm] oL [mm]

OL=L- LNOM.

TABLE 3.3



- Place the actuatsi again in the original position (10 to 15 mm

far from the sensor) and repeat the above-menticned

- AL s the resuit o the difference between the measured
vajue ang the nominat vatue.
The mawimum apsclute wslue of AL defines the repeatability
accuracy; compere this  walue with that of the

date sheets.

CAPACITIVE PROXIMITY SENSOR (TW VEL 0 )

The exercises described at the paragraphs 2.7, 2.5 and 2.9 can

2150 be carried out f2Mlowing the same operating modes, with

the actustor, it fs nossible to check that the only operating
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