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grletultf 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 particulaç check that the equipment ii integral and
shows no visible damage.

B:Ft9 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, stimrps o unstable tabtes. The
equipment could fall causing damageJ to thè collided personr or ìt can damage itself Any
installation of the equipment must follow the instructions of the manufactureiand must bê
carried out using reiommended 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 reiponsible for
eventual damages due to unproper, wrong or unreasonable uses.

PRECAUTIONS!
'In order to safeguard the user's safety and the equipment operation, then using electrical
equipment some fundamentalrules must be followed. In particular the following-regulation
for use must be followed:

Ambient temperature
Relative humidity:

from 0 to 45"C.
from 20 to 80 %.

Avoid any quick shift of temperature and humidity
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IT{TRODUCT ¡OI{

ilodern equipment must prÊsÊrue their high reliabilitg even when

'rperatinq in rether üif ílcuit ssndit,icns, i.hat ig, in pi-esence of
'luJricßnis, crlg, ,,ill'Êî.isns, ¿tr... ihis prcblem iias been regoived

üesigning ó nÊ',# :.Ipe ¡i pcsii.icn trsngduce¡' íjirni'i ;ivitch)

construc'ied TVith¡iut ¡'nechanicel ccntsct beiiyeen actuator enc

sensor. These ,jevi ses .3re cei led "prc:iirnit g sensors (or

transdusersi", :.heg can ti'ansduce a position ilinear î,gpe) and

there ore alss sensû¡'e r:f 0N-CIFF tripe, thai:s, their;'*itching

indic0tea ¡ part,icui¡i' pssitton.

This ¿ie¿tlicel ;nalcç'infoi'n;ratÍcn çiven bU ihe p¡'oltirn'l'ig sensor

con Êr¡íi'.ab'!g ie u,ied bg a Arcgrernrnsb'le ccn'.!'cl1er, s wern'ing

'iight, a crrnErut¿r, È'ir..., cnlq ií'rhe åenÊûr:g cg¡lnecteo i.hrcuqh

a'!ectricei lnterisce sgetems.

These ; nterf ece ;gorerne lre rrrirmö1'!¡j c¡iled "eignai

condi ti cners".

Th'is hendb¡ok ¿sn heip ts understar¡c the cser¡ticn, Lhe chcice

cilleria ðrìd T.he iïåln ;h¡rgct.eri;tl¿s st '.he Þiü:ítmttr¡ gensorg

enC sigr;al conditicners included in the mûdule Ë29.

ïhe í'ii-et;hepl,eltliustrates the aperot'lon Êrinciples ¡f the

prcliimitu sensors r¡sinig used in the industru.

The s¿ccnd ¿nepter rjescr;3es ¡¡'rd Ëxamlnee i.he ¿quipment
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{pr-oximitu sËnsür + conrJitinners} rrr the ouxiliurg unit snd of the

msdule.

in detsii, the chsracterisiics sf the sensor will exhoustivelg'be

analgeed,.ss it wili be.cleer how these parorneters con condition

i,he ,:hsics sf ihe ¡;ËnBBr which must operate in sertsin

csnditisns giving particuler performsnËes.

Åi last, i.he lhir¡l chapter iesc¡'ibsÐ süms exercises througlr

r',/hich it is posaible -icr' check ihe charecteristics c¡f the

F¡'uxinnitg :;ensrr:; {end ¡:f ihe rignal ¡:sn¡J'iiisnersi sr¡d thei¡-

iirfluence in ihe incusî.¡.ial use.



t. HTHTS 0l{ THE PR0XlnlTr SEi\ls0RS

As alreadg explrined in the'iiltrrlduution, these proxirnitg

iensiJrs 3re the ¡,rsition irsns,Juc¿rs i¡i Trhich i.here is il[r

:nechenicsl utr¡t,i:ct þet iveen .lÈrrsùr- anrl er:'iu¿tor.

ihere ,üÌ'a ¡.'ii,û n¡in'.gpes rrf pruximitg serrsors, thet is:

inductive proximitg sensors;

capuci t,i ve proxirnit¡¡ ssnsors.

îlre riif ïerÈnüe consists in the upei'tticit nrinuipìe si ',.he ssnsrli

Bu'r the inr1uci,;ve pi'cximitç Ëensûrs cen ba subrJivi,ied into:

inr¡ucti'¡e prollimi tg sensoÌ's rvi'.ll ì inesr output

(,ii spì scement senso¡'s) ;

rìür'r-üffiplif ie,j ;nduci.jve pruximitg sensors 'with two-levei

outpu'r,

r nductive p¡'o:*i r¡i trj âensors wiih ,:mp'l'i f iec cutpur

{sei f -¡nnp'i i f r eo sensi¡rs),

The copscitiue eÊnsors can be subdivided rnts t',,'¡o suhc'iasses:

,li re c t - iurl'eni ;a giic ; 1,'r'; ; Fr-o ;r'l mi tg ienscre :
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¡ìteril¡lting-current cepsc'iLive pru:iimitg sensors.

There e!'e slso the ÌìsgrrËt'ir p¡-uximitg :ensors which operate

{ir,=r,i.'¡ t¡' ¡ l-s¡''l t-¿'! ¡lrttlultl\g lu q l99u I þrgg.



l.l lnductive plg¡¡IUlU sensors

The operaticn li'rnciple crf the lnducl,iue .ai'oirimitg sansors is

beses on ille dar,rorng o1 ¡n. electrgmaçnet:c l'ield due tc the eddg

cui-;-enis ¡nduces within ccn¡ucr.'iilç nneteriaie pieced ilear i.he

5ens0rs.

¿¡i ,:scrllotinq ri¡-cuit ¡enerates o high-frequencu

aiectrcrnagnetie ireid whiclt inrJuces ecüg cui'i'rents'rvithin i,lle

ngar rnelai I r c ecll¡ators.

These üurrÊnis iìrirsÊ ün Ênergu lsss ¡lr :,i'¡e csc:lielcr, drmoinç

'.he stgnnl smFli'.i.ir:e. This Camp¡ng is ¡iÈtectBü snü ircnsmitte,J

i.s the curnui. îlle iäieruent'ion;;s'Lance uepenrJs ¡n the Lgpe of

mBrüi ¡f the actuar.or {f iq, ;. i),

I{OIII fIAL I I{TERV E1{ TI O1{

DISTA]ICE
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The iilauctiue prcrxirnit-g senr.rli'e can he ¡liuineo inr.n i.'+n claÊsee

nrn-srnplified sensors: iheg consiti. sf the onig oeciilatar

öÌ'rrr;ii'e r.;;ei i¡ ¡btaii'i l¡','¡-'leuel eignals io¡" controlling r:

;esarsi-e irnplill,:r. iheir L¡sÉ ir rompuisorg in installations

¡-eouiring ;3 verg high aafet¡1 level (ambients with danger si

îire, ezúinsicns. ¿i.c...i. îhese ssnsürË Ëre eucüìuiCerj (with

iagueci- is î.i1Ë iupe ;f out¡ut) iniû sensors wirh iws-iavei
lrrintti ¡nri ¡¡nonr¡ '..'.¡iih ìinaqr arri¡rr{Lrul¡J!ai i-¡liu ûgllÐul .l ii t Lal I trltit¡l ÐusFruL..

sel f -smgi i f ieri sensors: ;hËrs ,srÊ Ì.'#c ;gnes: ihe

:: i r-e ü Ì. - * u l-¡-e n t s e n s 0 i's ¡l n 6 t nÊ ¿: i'r e rn a t i n g - jl u ¡'¡'e n I :; a n s o rs.

¡ : !. i .i :jlìr"#s :he b jack ;iagrenn ,:i i:n ; nüuct i ue ;rcxirni t¡;

åêÌ1$Ci-

IIETALLIC IIITERIAL

OSCI LLATOR

DETECT()R

OF

EÍ{ERGY LOSS

EVEl{TUAL

AIIPLIFI ER

FIG.1.2
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l.l.l Hon-amplif ied inductive pfoximflg sensors Trith

two-l evel outrul.

îliese sensürs ¡Jeliuer t\t,0,JiÍferent oUtÊu'r current'JElueS,

scCcrding t¡ '.lle positi¡n cï the nretallic sc'iuetO¡'. A¡:t'ugllg, '.heu

tgn ba tOf¡s:derst ;u:-lerr'r i¿Uul¡turg ivith ïivO pOssibie ,rutpui

velues depenOing rn the Uistsnce of the rnet¡llic ac'tustor.

îhese sensors sre psrt'iuularlg used tu drius e sepsrete emplifier

{in c,unïoi'mitu ','iìi.l'¡ t}'¿Ë s'(sndsrds 3it'i i9.^34 in f ¡¡-se ¿t

present).

îheii rparata åÌ.'/Êrij ìow eiecti-ic ieueis. Thot'rþ,s i.c i'his

,:haraci.eristic,;heg are neceseorilg used in instsllations and

a,)i;iltftt .¡hiCh üperAte'i¡l ¡ml¡ignig';'¡'itlt tAnge¡' ;î explOsiOti

{si¡ndarde llÅHUR).

Fiq, 1.1 shc*s ihe ilieq¡'¡m of a prcrlirnitg sensor oî t.his t'gpe

ccnnec'ied io the smplifier (signol ,:onditloner;; generalìg the

¡mc¡'lif ier is phrls:colìu p'lsced le r f ¡-crr ilte sensor.

;i'r î.he;grnbcl ,:f ihe 6ens0r i.liere ¡ra the iïiêrl(s cf sina"rvôVe

'i'ihlCh :¡'id;;el.e î,he igcìliatinq circuit ¡enereting'ihe megnetic

flAld, ¡nd Ll'¡e rna¡-l< uî i.he S'rep"r'/hiCh inClCetes the t','tc-leve'l

slrår,lr{9u ¡5P{¡ L,

Ti'¡s ct'¡lBl'il;¿r lisirrlu ûcnsists sí ¿ ucllage Ceneratc¡' ,lcnnected

'in seriÊs ii ¿ reslstor,'larging the currÊni, algcr the voll.age drcp



Êcrgss ihe resistrllariss, ;r: thst ¡:n rll',1=üFF (voitogei signoi ia

generai,ed at i,he output. ihis signal inrjicstes whether the

¡Jistance of Lhe Ëüi,uotoi'Ís sh¡lrter cr icnser than ^rhe s',¡/itching-l 'J

disi,ence.

sEÎ{S0R SYIBoL
AIPTIFIER

(srernl cotorrronsR)

for d<dc I>I
Hnin

for d >dc I <I
Lrax

FIG. I.3

I
IIETALTIC

ACTlTTOR

!
I

¡

)v(_r
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l.l-2 lnductive pg¡Jûtlg sensors with linesr outpg!

The inriuctive proliimitg sensors with ìirresr output can generete

ú usriabìe r:utput i'olttoe; this '''ult,age vsriutiún ls úirectlU

p¡'c¡urt,'ii:n¡:l {ìinear) i.s the úistsnce ectustsr'/sensor, within

;el't¡'i¡t ì:nlits. îilis cilsrscteristis len þe useful when cerrging

sut ','Èr'l¡ ¡ccurate positioningo fcr detecting thicl<nesses.

ïìexures, uibrgti¡ns: i¡tct'B generellg, it is use,l tü convert

,Jistsnce intu voliege. ;r¡ electÌ-ccc¡'¡suüt.ing mstet'iuls.

iig. l..i sh,J',,.¡s the chsracteristiu tufve af this tUPe ¿t'sells¡lr.

The ','oìi¡g*-vs-riistsn¿a relstion Ìs ìinesr unlg between Lhe two

,¡aiues ti* iniintrnum distance) and d*' {maximum distonce).

ihe miäìmutit ¡ist,rr¡ce ¡J,-,jces iiot;oincide iviili tha riuìl

posi ?.iùn.

rhe 0L¡tpUÎ. \¡0ltÊge slgnål cÎ 1.he eens0r'ls norrnallU arnFllfiBd Ênd

ghifr.ed grl thg+, the rignal Ê0nd'l1.l0ner 0Ên gener,:te Ê T0!1.agp

trnportisnal 1.ç '.Ie d1âtÊnrlg bel.ween ËÊ1.uât0r and gens0r,
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OUIPUI VOLTIGE

sEf{soR sY}lB0L

dt'tdm

ACTUAIOR

FIG.1.4

+Vdc

-Vdc

DISTAilCE OF THE

IIETALTIC ACTUATOR

SIGI{AL COÎIDITIOIIER

V0U1: d

AIIPL

SHI FT.

trG. r.5
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EDDY

CURREI¡TS

1.i.3 Self-am@prsst¡"flflg sens$rs

îhe :;eìi-¡m.ûilî'l*C induciìue proilimi;g âênsgrs ;3rB üiiiËreni

f¡'nm insse ;ilpinineu ln ihe iast pareuraUh nnig fnr the f inri

;ui'l i-i li emoi i îì ei'.

Fiû. i.ñ enows the brlsci{ disorem ¡f a seli-amoiified inductiue

prcximitr; eÐnstr.

ACTUAT()R
THRESHOLD

AIIPLIFIER IITH

HYSTERESISOSCILTATOR FIIIAL AIIPLIFIER

FIG.1.6

n-
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Euer¡ 'in these sËïlsürs. tha erJrJg *urrents induced iryithin the

metgllic sstur3i.¡lr- pr-r:vrrice.lr1 energu i¡lss in the üsciilatür,

dgmping the signal amplitude. This dsmping of the oscillato¡-

srnpiitude is cetauted bg e threshrlld arnpl'ifier ït'it!'¡ hgsteresis

i',¡h:rh qusr-en'lues ¡ *et i,r'lgrer; '.liis ;rnpl:f:er ü3¡.¡t:-ù.ir; a fi¡.¡aì

amplil'ier ic¡- ,jri,;inu .jn e¡rte¡-n¡:i lüsü. ThesË sgnsürù ;ilr¡ be

ul sssif ied int¡: di ¡'*ct-uurrent inducti ue senso¡-s ung

siternstinq-üurreni induct'iue sensürs. iccsr'iinç ta the tuFe uf

i; r¡si a¡'nirl'i f i eri.neu i ncl ude.

The î'cffiier {d.c.} $enËrÌ-Ë cen i¡e suntÌied in part;sliii siiielüea

¡nd isiellç *iiieiried uersisns.

ihe tsi,aìlg shielried senssrs guarantee irigher rtabiìii.¡¡. îhese

illsdelg re¡'¡ Le ¿rnlredde'l inlc meiaì up io i,he suppsr-t ;cge; wher¡

r3ssemtrlin¡j in batteru. :-es¡erl the ii+tences indicete¡j iri iiie f.ig.

¡.f.

Fig. i.ö sl'¡01,ve h¡tlrv the portiollg shielded Ëë¡lscrrs ¡:iust be

l;lgU¡'ii.ed.

\rher¡ somË ¡sriiiar.ions leuuire ¡ sioe-bu-si'le l¡'¡gî,¡llsticrn,

i'egErect ihe inCiu¡t;r:¡ls clìs',,,rn in il'¡e ii¡. i.!.
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) TIrCE THE SIITCHil|G

DISTAf{CE

FIG. I.7
TOÏALIY SHIELDED SEilSORS

3d

FIG. I.8
PARTIALLY SHIETDED SEÍ{SOR

FIG.1.9

PARTIALLY SHIELDED SEI{SORS
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r3enerollg, the finel smpiiíier giues the follùwing oui,puls:

prliari'ig: i'JFl'¡ - FNF

cutpul, funciinns: ncrmaiig cioseo, ilorrnslig open, ûmniualÊnÌ.

0r ÐBcnange.

llPl{ 11.0. or 1{. C. PllP f|.0. on 11.C.

FIG.1.10
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NPN PNP

r¡.0.

il. 0.

FIG. 1. ll

The selï-¡mpjied s.c. inCuctiue ËËnsors use i.he efli"ns r:peretion

pl-inc'iu:e,;i'.ne i.t. ÐnÉ3; ts:1seüueni:u, ihe pË1 ccncerning

csciiial,cr Ênú tn.qgsr is ihe sürne.

when r:nving Ën i:.i:. ìoet. :hs ¡ll.Jlûuî. Ëci,i,iõî.Ðr inusi he e ËtR \'t'iih

its s',¡i'n ririvinç circuii.

I{.0. OUTPUT lt.c.ouTPuT

+

-r *t J *[

FrG. 1.12
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1.2 Ëepggt$g,Pf3ä¡$ilg ssnsors

llle ¡Oerattiln Pr'¡nclnìe oî the i3p0c:i'iVs pr¡l{imttg senggrs i5'

¡ssed ¡:n the ';er:arlün ui' aii'sU cagsc'it'anCe generare0 þet"'¡¡sen

ìhs ãËns0i: ãnû ille ¡o;eci iÛ 3s detaut'ed. åt,1 cert'Êin distance ft

this objeci, ÌrOm ihe seneltive surt'ace of the s8nsor, a circuit

sterts oscijlatlnç: i.he beginninç Ð¡'stcpping of ihis osci'llat'ion

is ¡ercgi,,,tt Dij ;3 Lni.ggntld rielect,ci' i"¡¡iicn coäl,i'clg an empliíie¡"

f or t¡'iving an ¿xternal 'lsaü.

iig, l.'13 shcwc the blocr ciaçrem uf Lnis oevice'

r-

FIG.1.13
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Then it is clearthst a capacitive proximitg sensorcõn be used t0

detect metallic snd non-metallic obiects, 8s wood, liquids,

plastic materials.

For instance, these sensgrs f,re tgpicallg used in the

piece-counters, in the level checks of uessels, etc

Even, these sensors can be classified int0:

- direct-current capacitive proximitg sensors;

- ' alternating-current capacitive proximitg sensors,

according to the tgpe of final amplifier theg include.

The former (d.c.) sensors give the following tgpes of outputs:

polaritg: ltlPÍ-l and PNP

output function: normallg closed, normallg open, ambivalent

or exchange.

ln t-he f,.c. sÊnsors, t-he ¡utput actuator is a SCR with the

relevant driving circuit.

The sutput can he N.Ê. (normallg closed) or N.0. (normallg open).
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t-3 Ìlagnetic Pfßxtmflg sensorg

å:.;-.ip;cei meçnel.i; {,lr;'eeg} il'clrimi-.g Ëenscir isnglsts if

;cnLÊcl,s .lïÐr.ilî.Êt rin 'lcrw-reluctance rnagnet:¡l ieeús iui

îer¡'a¡lit,<eji a¡lcl::eec ìn a ;:;rs ;';i; ;;il ¡f ;nei-L ;i:s: 
"hese

Ì-eeüs a¡.e se¡git;v¡: :.0 'ille iniiuenc.s r:i iîlgijneti¡: îi¿irjs'

- ais 0l' ;l-J ':CiiSThese f ieids *en .ìe genersi-ec bg permaneni ìîsünl

r¡.cgSe0 bg CUt'i'eni;:-lte reeúS ¡1üVg ¡lÛDteite Ersiai'ii';es, úue io i'he

msgnetic lnduct':rrr.

wlten l.he ls¡'ca ¡lî ¡ttrac'.lon ouerüÐmes :'ne e'iast'ic -Êi¡'Êngth ¡lf

i.he reete. i.hgse ere cent to egch rliher ano make:he elecîric

;snÌ.Êci if iç. i. i4i.

s

I
\
I
I DISTAI{CE I

I

¿' I
/l

$
f

--- N

sN

FrG. 1. 14
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The ¡'nexe uf i,lle ¿cntacts depends in i,he s¿nsiti'''itg cf '.he reeris

and 0n i,he rnagnet strength in the puìl-in Êrhsse;';vhereEs,

femsving the rnaqnet, the contects srs üpÊlìsd again (d¡-op-out).

Ëenereilg, Lhe ¿rntscting surfeces of lhe ;-eeds are costerl witll

prscicus ïrei¿ìs iE,:tC. r-hcdium. i,un¡lsteni which errËble ihem til

scn'.rsl circuiis 'rvith lsw rur¡'ents or h'lgh inductlue lssds.

Theg olfer severol trJusntoges, with respect io the trsditicnel

mechanicsllg operote¡i c¡ntects, i,het is:

tlre airtight enclcsure in nsble gss protects i,lie c¡ntects

from dust, exilstì¿n srrd corrosion;

'rhe ogeratiutt of the coniscts ¡oes nu| ¡-equi¡'e üui'nplex enrJ

gncurnberino rieViuas, þgcguge it, deF¡etlds ¿n the inf iuence ¡lf

a msunetis field;

;l;qh operet:ng iåtes, up t¡; 3Û0 !'i¡ ior some i,gpus;

ebsence r;f muintenËnts and verg small averall 'Jimensions.

åcl,uaìlU, ihe íuncti¡lns ot tlie üünt,]ci.s tre

-normallg 0pen' function iN.ü.i: i.he meke contact, is

lo¡-mslÌç;len when ii, is so isr frum the mtqnet, 
"hat 

its

ìr¡îluer¡ce is i¡uìi; the cgnlsüt ilcsas'rt'hÉr¡ ii is biased b¡¡'.he

¡ppro¡ching ntugnet;



- 20-

Ed.funct'ionil'l.r].):.thebackccntgctnas'normallg clos-

beenolrenogcioseciihroughamognetincontactwiththe

¡1ess luib ¡i' :.ne reede; when Î.he rtriving nnagnet {'rvith

¡Fpcsit'e;'3igl.iiies)¡pFrgachBs,il'nulìifies:..hisíirst

inagnetic f ield prluot<ing the openini:- 
..exchange.function:t,hef'l.t'anoN.t].ïunctiongËrecarried

r:ut in o single gioes bulb:

I-\ì-*-

_-.- ------

I
+

/

I
I

I
I

I I

I \
I\s-- 

---¿t2

Ns

FIG. 1.15
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¡.4 Characteristics of tt¡e p¡ggûLlg sensors

îhe ¡nein clleres..eristics ot' r ;i.c:liinitu senscr ,3re:

llominsl intervention distance: :t :s the geornetrir:al

¡iist,:nce sf lhe e!,tugtur î'¡.¡:m the üetec.i,:r, iit the ¡noment

ivhen the r¡uick s''vituhing oí 'ihe icgil state ücüurs.

Differential st¡'ake: it is the distence iretween the dr:uing

Ë$int. ås lhe ¿cr,ustor epproeches. .rnrj i,he ,Jisconnect,ion

D0ìni,. ¡s i,iie.ictuetor g0Ès ôwEri. its uslue is caiculaterJ in $

;: the inisrvention ¡Jistance.

Repeetabiliti¡::t :s i,he .j:ií¿¡'e¡lce;l i,..,irl enu usiues c.'i,he

i¡l'.ar'¡at'¿ticiì iist¡n0Ð ¡'ne¡sured Íü¡' B hcurs, ¡t e 'iempergtu¡-g

;llclu¡ieu 3et,¡reen iSoS ¡nd JC.C snt wiill ü suppìg ,,oltsge

rvithin t5;E ûf the reteü uelue.

Ðperoting írequsrcg: this psremeter is :.neesured with the

¡unemic¡i nrethod sn0wn in '.he fig. i.iü {accsrdinq t¡ the

stendür$ CEi'lELi[ ii,¡ sCC:ü), ,vii,h i,he sÈnsür :n the

¡usiticn i.:) cr ii); 5 is tha ncrninsl inre¡'r'ention iistence.

The íraquencu is us'!culated throuqh the formuls:

f=-
tt * tz

{ref er to î.he f tg. t.'tT) whsn t 1 cr r.Z reech SC j.ls



(a)

PVC

37

v

FIG.1.16

f =-l-t1+t2

th tz

FIG. 1. l7
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Residusl ripÞle: ii, is ths percent ratio between the

residual e.c. (peak-to-peuk) ¡lcrnFron8nt {superinnposed orr the

r1.c. supplg uultege) and the sqppiU voltagu.

Vultage drop: it :s ihs uc,ìt¿qe irr:p rnessureú across 'rhe

;elìs{¡r,'rvl iil e¡isb'l erJ eutpui.

Resid¡¡sl cur¡'ent: it is tlte ì¡ec cur¡-ent, 'rriih non-enable0

output.

Pgrmanent current .espacitg: it, l,i Lhe rnaximum currÊnt

which the cengorcôn deli'Jer in ccnii¡lucus operation.
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l-S Signal ccnditisners fsr sroxi¡nitU sensors

ïhe seìt'-¡rnFiil'i*o incuctiue sengûrs ¡in[ the cepocitile sensorË

ere suonlied witli tui'li-in signai csnc:i,i¡ner. Relogs sr'lcsds csn

direcilg be cgriilecieu to rhese sensorg. Teke cere in cncoeing tne

Broper lutput icnfigurotion fcr Lhe finei arnplifier.

in the ncn-emslii'ied inductive seneorÊ with rwo-levei output,

ihe signui iilnoiti¡lner tonsists tl ,3 uErU steble ioii,age

generaicr csnnectes in saries io s resisiance iif known vsiue.

sEt{s0R

I

R

Vï
SIGÎIAI COÎIDITIOIIER

FIG. 1.18
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When iesigning ihe csnditioner, :t is important to choose e

proper velue for V snd R, so that the voltage across the sensor is

inciuoed within'.he ,:;iowable rongÊ. îhis ¡oes not riepenci on the

v¡lue ¡l' i,he ;ïrrent t irossing :.lle åengor, ;ui i,his curreni

;eDÊnüs ¡n rhe ¡lìstünce cl '.ne ïteiitìiic ¡ciu,rtur.

the vultÊge aü'sss R is sent ir: a campsrator so 'ihat en Ûl\,¡-0FF

voltage signai ;s aenerateri e'i iis cutoui

in i.lle :il¡iuc::uç nrn:<iniitg senstÌ-s vril.h'linear,lutDut. i.he

vci'iage signol musì. ne arnpliíieu ¡nr shifte0 ts r:bi,ain sn riuiFut

ivolt':çe) ;ignai ¡roocruonai tr the disiÊncË ìeiwean sanscr ,3n0

¡¡i r r¿i nr
\j{¡ l{ilJ Ll,r .

+V&

L

FIG. 1.19
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The conneciion ¡:i ine rnagnetic .troximirg Ëensgrs incluoing reei¿

relags requires some protections.

Fig. i.2c illusri'sres ihe protecrions normellg aoopted in .ihe

indusi¡'iei circuiis.

Val. = Va[ =

C - 0.47 to l¡f 250 tll, D - lil 4006

versus the porer absorbed

by the load

R - 68 0hrn 0.5 ll, for Val - 24 l/ d.c.
R - 220 Ohm 0.5 I, for Val - ttO V d.c.

d) a.c. R.C. PR0TECTI0f{

Val. -

a) d.c. R-c PRoTEcTIot b) PR0TECTI0I{ trTH Dr0DE r1{ d.c.

c {¡r) c I to 4 x holding current (A)

R (oh¡) 3 R x val; o.s H

Leakagè current e 0.1 to 0.lS x holding
c urrent

Cond. operat. V= 2to 3 x Val

c) pRolrcnol tITH vARrsToß
If{ d.c. and a.c.

Val. 
=

ll0V: it ¡ust be chosen according
to the supply voltage and to
the porer absorbed by the load

e) d.c. and a.c. R PR0TECTI0I¡

Val. 
=

C - cable capacitance

R-(ohn)!2xval

D

R

FIc.1.20
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2. DESCRtpTtoil 0F Tl{E E0UtptlEt¡T

This Equipment is an educational sgstem of proximitg sensors: it
consists of two main parts, that is, the panel including the

signal condltioners and the device generating the linear

displacement (rY 29), on which 3 proximitg sensors of different

tgpe are mounted.

The following porographs Examine the single componentE of the

Equlpment.

CONNECTING CABLE

SIGN
CONDI ONER

AL
TI PROXÏMTTY SENSORS

REFERENCE LEVEL
OF THE SENSORS

ACTUATOR

PLEXTGLASS

KNOB FOR MOVING
THE ACTUATOR

FIG. 2. I
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2.1 PrsximitU sensûrs

ln Lllis equiprnent i.here ure ih¡'ee tgpes uf proxinnìtu s¿nsors,
ilre{ ì¡

i'1..{¡,-3 j.:.:. : -.r,. -.-,.,.,i ¡1.. 1 i *,-.+ç.-.,.1,,,¡rrlelrvr. vt7 ågliú9r iì i !¡r ¡iiÞ¡1f vU¡üür

incuci;'¡Ê ':en'ilr,+it h i,'r,lo-ìevei ûut,lut

tapeciii , ê åêneúr '*iil"¡ d.c. ¿ui Fut.
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Ê.:. I lnductiye sensor vith !inesr outgl

The incn ernpÌifiec] inductiue proximitg sei"¡s¡jr with'iinesr
¡ut¡ul rnciuded ir¡ ihis equipnnent is nanufactu¡-erl bg lhe

i¡ln1p.:ilij Ëå:Eî i:l'¡rje¡- ihe lllsijel ¿r:¡Je R-AlTll,¡líF: its
iili¡-iirt¿risiìui ¡¡-+ ;;i¡i;iried 'ir'¡ r-hu "teta slieet:" supp'lie¡J !u ili*
r-i1 Ê l1 r t..' ,a ,-, ¿ r ! r-,-. 

'-¡ i lfll itl i ifs rrii Ëi -

Thesu grrecificetisne include the çenerel *l¡ereui.erisï,icg. iiie

r:lerr:ti t':g ;liii¡'tl'iei-: g'iicg isut'Frlu ,,.oltaçe, ,:utpui voli.ege,

i-epeel,iliìi'rg, *ir.. .'; , :-'i,g rji spiãtËmgni.-.+s-uutpui ,¿ültgûe rili-ue.

i-he e;i'rnect'!r:ns er¡Í i-l'¡s macheni i¿l,j:mens: tns.

The table @ rummari¡es ¡ll these rlata.
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MV
Ëeneral characi,er!st i cs

r threaoec cgiinoricai shope
' ineteliic cãse. lnnnçt, si-renntn accoroinn

-¡ iira ,:râhrie-Fã ¡=t- ËÈ ,a .F

. vibrailcn sl-Ì'encr.n accoi-clnCI
irl lhe sisncËrç-¡Ef EË.:.i6 -r 0r0iec:lgn: lP È?. i.gmBËr,3Ì.Uiä i:inüB:
f rnm _ !ûof tr *¡j.r)"ü

ø12 é18

| üt-0'iecï.ion a
i'eversions ,1

' i-otsi shielci

t'¡rllÕL
naìori*r'
¡JU lr.,¡l I !-U

I IL¡

e
t
I

1234smm

{lperni ing characrerist i cs

* :ugpiU t¡oìi.aEe rengP {V}: 1f,r ts Jç. tgpicãi ;ux'iç uuiãge ii/i: j¡
I rnÊxtmum restguoi ripoie: 5.Ë

' ;.gpice i 'lcas ¡-esislen'c'e ik'il): 'lC
+ mlnimurn !ean reslçtance tllil); 'l

* ;ìt-it,r6 ir;gol'i:.icn inn*i: 
= 

ll)r gutÊul. r.roÌiaoe Bt E_-._ ií j
innU): - !'rn 

900 to 1000. çutsui. vniteoe er E_... il ií,nV): i¡ì'x ' 
:3000 to g000I reoeËi.ah'iiitg ltr] {mm}: r r_r.ûi. averogP I'anarisn sf the

0BerÊ1.1 n0 0tstEnÊe rEnoe
'¡,¡ith line:,3r nut.cui -'.;-

! i,-

- \":ïåx rïin/

- 

i(.!fJ : 1tl8
-aåx "l:in

il ) 5*'n rno 5*r* t-epresent tite
ïtntrnum and rliexlmum rlaiues of
;lle eclueî.sr-sensùr tisì.anca within
,,yni Ên ihe cutDut i.î ii nBÊr lf î-irnt Ê l
;ri vi ng)

i2) gt ;cnsî,ant .,emoerature.
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SHI ELDII¡G

'%

IÍ{DI'CTIVE SEÍ{SORS TITH LIÎIEAR OUIPUT

IIODEL

CODE

ilAXIilUil SIZE

AND

OI AIITTER

DISTAf{CE

RAI¡GE IITH

JI¡EAR OI'IPUÏ
(nrn)

TYPICAL

RAIIP OF THE

OUÏPUT

VOLTAGE

S HI ELOI f{G

OUlPUT

V0LTAGE (rV) DRI VI l{G

TOROUE

llAX (Ko n)
S [1n stax

R-A l IiI/XP lll2x I Ito2 0.7 Total 100 to 200 800 to 1300 1.0

R-A2TII/XP

o
ill8x 1 Ito4 7 Total 900 to 1000 8000to 9000 3.0
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2-l-2 lnductive sçnsor with tïo-level outruL

The (non amplified) inductive proximitg sensor with two-level

nutput included in this equipment is manufactured bg the

tompðnu SAIET with the model code T-A2Tl"l: its characteristics

ore illustrated in the following data sheets.

These data include the genersl charecteristics (supplg voltage,

electric response in the worst conditions, repeatabilitg

Ëccur8cg, maximum switching frequencg, etc...), the connections

anrJ the tgpes of shieldings.

The tsble includes all these data.



Generai characi.eri sti cs

r [ESê: metäìlic. nf culin0rica]
'rhreatleg shane. ,Jr nlastir. oi
oaraiìelepinee sheE'e

¡ rr€.Fiisiìrr nr r¡is'¡iil ehioì¡ia¡- ¡-l ll¡Jllü 9r a-¡-giì..i u¡llþ¡geu

r.ror.,:inne iìir-rriari nnilr in rhai'!t .J¡Lr:.j':.¡ ::¡tr'-L! ¿llttJ t-tJ t-it'¿

nr r! i nr-.r-_,i -¡ i e=nanrc ì
!gi i:tf¡ ,t¿t¿t .¿trt i.J?¡ --,.t

r i.¡nlim]lef, nrimBÊr û1 f,FsrÊl.irns
. irnna¡+ etrcnnih c¡r'.nrr{inn in' .r¡lPs95 Js¡ 9¡¡qs¡¡ sv99¡ s¡¡l{i Lv

.---.liñ F.l .>h.-.ãFñ !Ll - ri'rl ,J r.r /i

- ,,at.F^aiaa a+F^vt viBrai.iÐn Ei.i-efiüth aCCafCtng

r.rl the si-Ët'trlårrj IEC Ëõ.?.Ë

' nrctetr!'Jn: iPñî {c-uì'in0ricrii;
I PÞ= {psrai I eieniFerji

r ?gmngrntrrrâ ì-ânnÊ. -15Ðl- in +?ñoi-r.rrrrÞu¡

$persti ng rhsrücteri sti cs

. icìgrgnce 3n trhe li'gn*rg:

;nteruentign cist,ance i:li i 1(jX
. difíereniial stroke in S of 5: ¡'lüH
¡ iFôllôâirhiìiiil sr+ñilFsrArl r'rnrvr-i. --'i'¡ ri"l'' :-.9¡rgríÞl l l!L¡ U¡rvsr .JUL¡ 1_irllll/, i!j.v!

. ËxFFlU unltaie (,r)

-.ltlinrrri:-,q! g, t¡ i?s\il ¡¡tgt ¡9Si '- :-? I !

- råral'ieìepiFed i.5 i.¡ ?.5
r ':l on+ ri ¡ rocnnnco i n { l'r¡
' ea99!l .v a 9JÞ9¡¡Jç ¡¡r g.¡ú

ì."/0r:3i r0nditiüns Frûviüed þi¿
¿ [rq,.t an¡.iar¡i¡ lm L ìt
!¡ ili å ({¡l lrJ¡J¡ ljc, \i I lH.,

.*,,-ç.¡e..i ,,,.i I l^ .-.^¡.,^¡ --- -- ,i ¡
- r¡ul t tslll YY I trl trLrL¡ûtUt : !. I

- turrgnl wtth0ut flcl-,JaÎtr gt.t
* -irrJ Lt',,di I í^rii n¡ f rpnllon¡r r il-lz ì,'..Ë ., .JLt.j¡..|¡.-.5 \l ¡bJ

iil. ¡t=*nd:j rln the rhosen mcCel]: 'iCû'.s lûC0

PARTIALLY SHIELDED SEI{SOR

TOTÂLLY SHIELDED SEIISOR

tllHli iltltililil

I
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I¡OÍ{-AI,IPLIFIED II{DUCTIVE SEI{SORS rITH T}IO-LEVEL OUTPUT

Sensors in threaded retallic cylindrical case

@

IIODEL

CODE

'4AXIIIUII 
SIZE

AI{D DIAIETER

II{TERVEIITIOI{

DISÏAIICE
(n¡)

iIâX. SIITCHI]IG

FREQUEilCY ( nz )

SHI ELtL

I IIG

REPEATA-
8I LI TY

lcçlJBrcY
I ¡n I EA

ãrl- Þr

-5-Hx>G
H-Éô

x
æ-

x

-
x

co

-

r¡')

xo
aÞ- .+ rt) cO

o rt)
ooo(Ð

ooo
ñJ

ooo oo
ro

oo
aÞ

o
rt)

õ

L
(t

Â.

ñ
o

F

(\¡o
o
ut

r¡lo
d
ul

T-AOTiI a a I o a 0.8

T-AOPII o o a a a 0.8

ï- A 111{
a a o a a 1.0

T-AlPII a o o a o 1.0

T-42 T I,I
a o a a a 3.0

T-A2PiI a a a o a 3.0

T- A3 Ttl a a a o a 4.0
ï-A3Pil a a a a o 4.0
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2. i.3 Ëggggi$.ïe sensgt

The (self-smplified) d.c. cspucit,iue prr¡ximitg serrsor used in thie

equipmen'i is ¡risriuieütursd 3g ihe [;r;punq 5åiET ,irrii,l'i the nncdei

;cde f,-*!Ti'lu,ri ål,i: :ts cherecteristics ¡:i-e '¡;lüics'r¿d ln i,iie

t'¡rl lowi nq rjats snee'.s.

These specificalisns include the generol charecteristics, ihe

operating ;harscte!''istics (supplU iolteçe, me;rimurn ¡utpuì,

currsnt, ¡'eoeatebiiitg, Cifferential stroke, rnaxl¡'num s'witching

;r'equ*nc¡;1, ihe t¡pe oi output ,3nd the relevant ccnnectiong,

ihe iabl¿ ;nciudes alì 'rhese tate
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THREADED DIAIIETER: 30 r¡r
(ov¡Rau Drtrn{sror{s)

LED

Sl'l00TH DIAIIETER: 32 ¡rr
(ov¡Rnll DrlElsror{s)

NPl{ 1{.0. or il.C.

D

fieneral characterisiics
r i.hreEoBo Ënd norì-l-hreuoen

smooth culinoricsl (for- the
tg¡le rvith"t-he oi¡meter ni
.j¿ nnmJ SnÊ0e5.| ..'neleiiic lase

.,:rl:usi¡3gle r:t'iuing ÍisisnÊeI unitm:i.e[ nllmDerîi tcerËl.ions
' ;mlgl;. Sî,iÊniî,;¡ ÊtC¡ii¡:inq i0

lne sl.ÊnoÊrt lEû Í:frjÌ.27 'r !'ibrotion strên0th frcctrtinq
is the srcnooni-iEC 68.2.Êr pl'ctÊrlt,ion: rP 55r îFerÊîinE 1.?rnBBrEture rÊnEe:
;i';nn -iO-of to +t,Cof,I sroteciÌcn agnrnsr poloritS
ier/PrÊt 0nsI Di-0tec-1-ion eaelngl l.nB elecl-!-icei
iiùises lue lií ;nouctistl-. croter:t l on aoeinst r.he logd
,-ir¡pi ai¡-¡,,i*-sarlUl L etieüiL

' disn!n!! oi the outnut looic si.nte. ,lutgui;;nnec'i'.;nil ¡lsslH; : m l¡nc;
inner ieecs wlr.n .Ëec:.isn oi fJ.1;q -s¡t.mnn

il i .il^i1i ?^c¿Êf^e. j. n B n c m i n a I'i n r e ru e n r- : n n
¿ i¡,..f,ii¡-u ¡ 5 i¡'iË iliili{: lìîum inlgruanl-:;n
iìst-ence Êt rrynicn aii i.ne cneretin¡
*ìflrscter!si,ics si ihe sÊnsor Ere
!usrani.eeo.

üperai,i ng characteri sti cs

r :.olÊi'Ênce un ihe ii-ilniel
inr.err¡eni.i0n distÊnDe {in) t'15.-En rli; f erent ie l stroite ¡ n ¡T sf Sn: g I Er nÊ¡i. output curi-eni {m*i 150r i-å08âiÊ¡iii:.,¡ ill:T;í 5n
iat e temn. l,f 'Iol tc ir).f i: 

= 
t.îr :;,jDüiuuoi:.e_cel'+'i í.1 ;-gil',¡

û,TE¡{.reslduei ;-:ggie t1fr. u0!;aqe cr0D aÌ. ine ÌT¿)i.
ceiiueren cui'i-enr tVJ 

=J. mCI)i. no-l¡;ad a¡sorptÍon: iS m*I m8x. switcning lreouencu: !rlû i-12

v ( enorl )
SUPPLY

il.0. or ir.c. (BLAcK)

IF

l.l !

ô¡('

60

v
SUPPLY

( ¡lue)
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@

IIODEL

CODE

ilAXIHUil

slzt Af{o

DIAIIETER

i¡oilIt{AL
IltTrRV.'
DISÏAI{CE
(¡r)

.OUTPUT

FUf{CTIOI{

OUTPUT

P(¡LARIÏT

llAx.
STI TCH

I1{G
FREQ.
(uz)

DRIV-
II{G

f0Ê0uE
¡frs.)

x
co

-

r¡l

xo
(r:t-

.c c'ì
+)
OiolIG
'/r.dË CO

rtl o
Àr

o
-
q,êo

(¡, ,

tt a¿c),¡.::

{,
CN
Ê
art

xu')É
-ÉL-

ô--ô-
o
<)

oo
N (v) .+

:-A2til'/3AN a O ! O a o

r-A2TilU/3Cr¡ a a o a o a

l-A2TilU/3AP o a o o a a

r-A2TilU/3CP a o o a O o

:-A3ilrU/3Sil o a o a o o

:-A3TilU/3SP a a a o a o

c-B3T'tU/3Si a o O a a a

c-B3TilU/3Sr a o a a a a
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2-2 Signal conditionilrs

ihe csnfigurution r:f i,he signur cÐnditioners oÍ the proximitg

sËnsr¡'s fepencs ,¡n i,he used sensnr. Fig. !.! shnï'¡s the interfsce

s'¡¡-tu:'is ¡f tlie ï.11iÐe sans$rs i¡i the nrodule Ë!Ç: these riiegrams

are eisu pl-ilrtec ;¡¡ '.i'¡e ¿rluiFrnent.

Fig. i.3 shsws '.iis *ìac'L¡''!c üiagrams. The equipmerrt cen r:perut*

¡rhen pü!?Ër-suFplied widh i.egulete,l vrtltages of t.!2 ',J, 8 U.

The u¡'¡it Ív 29 :+ c¡nne¡:ted',¡ ilre piinêi ihruuçii ¡ ;.3!rla

i'rerminsl tvä9).
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2-2-l Ëonditioner for linear inductive sensor

This circuit, indicsted ss INDUCT¡VE PRÛ){IHIT1/ SENs0R - L¡Í{EAR

IUTPUT on the panel. incìudes three gperôtignal emplifìers.

The first one {lC1} shifts the signal comìng out lrom the sensor'

to zero, then it amplif ies the shif ted signal.

The second amplif ier lCù cËrries out a voltage shift of the

¡mplifled signal s0 thÊt the proportignsl gutput voltage 0Ên

cCIrrespond to the Êctusl dlstance transduced bu the sensor'

The operationãl amplifier lÊg standardizes the voltage output

(0 r.o ü',/) ln cgrrespondance wlth the llnear trÊnsducing rÊnge 0f

the sensor ( I'to 4 mm).
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rl rt rt¿-¿_¿ Cnnditionnr for inductive sensor wi th two-level

sutUL

The r'¡¡'cuit. indicai,ed as lI',IDUCTITE PRûl{¡lllTit 5Et{g[tR - îi'i0
i-t"iEi- ûUTPUT rln the educeiional ponel. csnsisis cf e compareior
.f I lV| :i r { I,
ti-iiwrrj,

i,iherr i.he vuiiege ,:n ihs te¡-mingl 6 is lower than that sn the

ferminel 7. the cutBut (ierminsl 9) is equal to 'f 
.

:t is poseib'le is ccrnnect the iTTl-compotible) +g r,r or the

ilï1tË-c¡rffipÊilD]e] + I 2',J output.

i;remiäinç tiiis ;'*'siiit, ¡-srner¡ber thst ihe current crnçsing the

âensrr wii,h the eciusi,sr. ;e verg wesk. In this cÊse, there Ís the

lnax'imurn '''rlitËüs ¡in i.he terminel Ë gnd the lutput:s equal to

It f|-r

a
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2.2.3 ûonnection to the self-amplitjg!-__æægtlige

sen80r

ihe ;apacii.iue åEí¡si¡í included in the equipment is

,ielf -Þrnpliíi¿ú. l':,¿raiare, l',ihen using it, no ¡nterface sgstem is

rìeceggÊru.

The circuit is insicsted as CAPAË¡TIVE PRCI}(llllTT SEN5OR - TWO

LE'/EL 0UTPUT :n the educstÍonal panel and explaine how to

;snnect i re'!ag i,o ihe;utput sf the self-ampiified sensor. The

sutput etage of the ornplifier is indiceted in the diagrom.

l,lote thgt ihe LED Lû i is rnounted on the same señscr: it turns of f

with the actuator sut of rônge, it turns on v+ith the actuator

'rvithin 'ihe range.

A çcre'u on ihe i-ear of the sensor,tllows on adjustment (of sorne

r,r¡'ni cf the intervention distance.

The csmmon csntact sf the relag (terminal 9) can be connected

tc +i2\,1 ttrtc *5 V so'rhat ¡ Cl10g orTTL csmpai,ible signai can

be ovailable ¡i the termi¡"¡als 1,2, i3.
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TYPES rAllln, ú?fiC
SEttnAttÜnpo$ optiA,notAt trpff tERt

o 9rorrCirfll¡tPronro{oo
r (If¡¡r.Voltr¡¡ f{úI C.gó¡l¡rv
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Difl¡urtl¡l Vol¡l. RÍçi
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oc10¡Êi rtra
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Th. h¡û Garürd}mú hn¡t rdÐ rrrt rìd ü¡¡ bn o¿ l¡drrp 
'ld(. 

üt Ípllfi.r ¡.¡rl forroat|'}lollmr
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.r¡nr¡l onearlrú. A lil{d¡l Fûîtiorri.r r¡¡v bcan¡d b¡Er t ¡ oíbt n¡ll ||F¡tr to ñ¡ll ort tñ. olf¡r
úolt¡¡r ¡ lioÍn in Fþn 2.
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a(,ttalttr ¡o. oLa r ttr0-ravtaco
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WPES úrfin, ¡AttlG
GEIERAT+IINPO¡E OPENAÎþIAL ATPTiRENS

blr¡¡ nqt¡r¡n 
'ft¡ltr 

o¡r c¡rd¡l fn ar r¡nFñtrt nl tqb cú¡trb- ¡pdl
tt r¡IalC IttÌ

¡a.ll t2 tt v
-2 -tt v
rI tI v

..ú ll ! itl v
t0.l rO.¡ v

Drntidr¡ülJñ*ål- lûat ut.¡nirqt uñalitaË
E Ð ¡r*

-ta. t26 Ob tO. "c
ttcrrnrra¡rrrl -{¡lo rlþ "c

tqrì-lc?¡¡ErÖ I J,J6,U.aw¡¡n o 'c
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flOlat¡ l.
e.
3.
a.
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Olttiìr¡a Éari¡ ñ n lra.i¡irrdl| t t ¡r ñ¡raa rhñ Gt È lr. lñlñ, ¡Ot hùld.
flr riintù¡- at t ¡n rxa¡a. õn æ rd ür. ñ!ñlúr¡ ct rà. ¡¡rtl' aa¡|. ú lü €a!. ,hbft* b re
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oab n |rt-l tlt'C crr¡mrn r tdc tÈt. ræEñrn
tc fardt r -{ ¡dC flq¡r nææ, !t- ¡ Ol¡þ.d..r Oñtrìa C{!¡| tcúa. ¿. tñ úr. J d JO F.ii-,úA7atI
óÞa n dLt-ira.ia¿; tAtalc drþ. a al-ûend.

¡lcaicrl dr¡ri¡tio¡ ¡t pdfd h¡.rir tnprrrn, Vqg+ . t6 V, VCC- . -15 V

lltt arældr æ t-ñaa úrir¡. FúÇ ÇatlG tull rüa. tq v^tatM h ..adc þ r2fc ód td c^taf C h dC E to'c.
t{OÎ¡ t: lhh tTrad rds ttal¡ ¡lv d Itq¡cb ôü.lr h6r'r.d hñ b-o¡ ct ô. .tt-t ot drrr ..ì.t rñm.a t G-r.
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TTPES rAtlll. ¡AtllG
GEXERAI+IIRPOSE OPEiINOIAT IIruR¡r¡

o|l?.tit¡ ôrt?irüc¡, Vggç . 16 V, Vçg-. -l! V. T¡ r fg

PARAilETER MEAS',REÍ¡IEÍ{T If{FORMATIOil

Vl

IT'?UI VOLIAGE
t AvEFOil¡

mtt l

CL-lorf

t:31Cttc¡,ll
flqri¡ r-irta rn. oyat¡tút aþ ll.¡ir talt

ß1., ln

tatânllr r¡¡rqq¡a ¡^talI rltalc trlI¡ I'I n Ð IN
I, lii t¡na Vl.¡OnV. it.¡rO.

Cr.t@¡f. !-tlml
OJ o3 -Oüüærtão. l¡ a¡

sn gñ o¡ rt uô¡tv -ñ
vt.loY. iL.¡rO.
Gr . t@of, t .i¡ú I 0.t ot \ils

+

TYPICAL AP?ttCAlIOi¡ OATA

lo vcc _

;rout¡ r-tr|'ul 0;¡3¡T vorlact ¡uLL ct¡c-t,l1

N2
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WPES ú47¿llÌl, üAtltG
GETERAI.PURPOSE OPERATIOTAT ATPTIFITRS

rfirul 0FF!¡1 cuii€¡1
f,

FiCC.AIi ICSIiAlUIC

TYPICAL CHARACTERISÎICS
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0 r F r E R E rrrA r c 0 r po rorJIST liltSttJit#
SULLÊftN NO. OL.S t61t707, SEpt€MBÊF r973_ñCvts€o JULY r 976

11, SN72311o Maximum lnput Bia Current. . . 300 nA
o Maximum ln¡rt Offset Curr¡nt. . . 70 nA
r Can Opente From Single $V Supply

dercription

The LMl11 ¡nd LMSll are single high.¡p6d voltago compa¡stors. Thr.o dsv¡c.! lro d.rignrd to opor¡tcf¡om rwkJcranç of powcr erpply voltag€, including tls'volt suppl¡es tor opcr¡tional rmpliflon !rÉ 6.volt srpplira for logicsy'tems' The output levels are compat¡blo with most DTL, TTL, and MoS circuiis. Th¡¡o comprraton arc capebte ofdriving lamps or relays and switching voltag€3 up to 50 volts at 50 milliamperæ. All inpuß rnd qrtput¡ cr| be i¡olatedfrom system ground' The outputs can d¡ive lo¡ds referenced to ground, ücc*, o, vcc-: ilr;i.d-*n.J1""0"
capebil¡tv are availsble and the outputs c¿n be wire€R connected. tt ttre pro¡c ¡nput ¡r low, tho output w¡ll b€ ¡n the
off state regardless of the differant¡al input. Ahhough slomr than th¿ TL5o6 ¡nd TlSl4,thss dcvicr¡ erc nota¡' sen¡itive to spurious oscillations. .

Thc LM I 1 I is cheracterizêd for operstion ovrr the full military tomp.rutura rrnç of -5soc to l25oc; th6 LM3l I i¡
charact?rizgd for opcration from ooC to 70oC.

terminal asignments

¡ Fast Rerpon$ Time¡

. Strobe Gapability

a Dcign d to bs lntrdr¡ngeablo with National
Scmico¡rduæor LMIII and LM3ll

J OR N OUAL.IN.LIfI¡Ê JG OR P OUAL.III.LINE
PACXAGE ITOP VIEIìII

L PLI'G.II{ PACKAGE

tr¡ a r3 r¡ alcctatca!
cof,tacr wttH fHC cast

I

NC-No lñtarñ¡l coñnætion

¡chematic

U FLAT PACTAGC
(TOP VtEtvl

8a¡rñca
8.llño/Sùob.
CollGtor Output
Em¡ttr. Outpll
Ndlîfriñ¡ lñ9ut
lnvtt¡ng lnpur
¡¡o lñtrñal CoMlon
Po.ttlv. Surþly Voli.g
N.lrþ. SuFptv Votu¡.

o
g/s
c
E
lN+
tN-
NC
vcc+
vcc-

1

a1

t¡

-

Fla¡iior vrluat alowñ ara ñomiñal and in ohm!.
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TYPES tttll tt3ll
DITTEREIITIAT COiIPARATORS WITH STROBE

ab|olutê max¡mtm rat¡ngs ovor oporrting fr*oir Omper'alur€ rsngp (unle¡¡ otlrerwi¡a noud)
Ltltt LtStt uttl

SuÞoly Yolt!g!, Vcc+ {¡æ NoÚ I I t8 18

SuÐly volt¡gr, Vcç- ln Notc ll -18 -18 v
O¡ff!Éntid r30 rE)

lnilt vdtã (G¡thor inÞut, ac Notar'l .ñd 3l rl6 It5
Volúc from amitltr ølPUt to VCC- a) 30

Volt 0, lrorn collætor or¡tput to Vcc- 50 ¡t{¡

Duñr¡d ol dtDut droftircu¡t (s Note 4l to t0 3

cont¡nuôu¡ tolrl di$¡ortion rt lor bclow) 25'C lr¡r¡-oir tmoor¡turc (¡re Noro 5l 5(þ 5ql mW

Ooæt¡no fftc{¡a tcmo6ltuô rlnF -65 to 125 0to70
Slc¡c tcmoc¡¡tun ¡¿no¿ -65to lm -.65ro t5{)

L.âd trmparatur. I /16 inch lÍm crs for I 0 tacond3 J, JG, L, or U pærã! 3æ 3æ 'c
Le¡d tÊmðnturo 1 / 16 inch fronr crro lor 60 t6ñd3 N or P pæklgr 250 2ü 'c

NOTESI f . All volùea vtluñ, unl6 othdhr ñotrd, ..a w¡tll .aaæt to tha ato{alrñ€ ldl (etound) ot lña tuptlv volt{3 h'ht tà.
r.ro{.fr.ño ld.l i! rt th. mldÞoinr b.ffi VCC+ rnd Vç6-. ll rh. rrml.rc ltl ot Ú[ rylm ir rct Úramldpo¡nl ol
tàa spÞly volt 16, .ll vohair v.lu¡ mu.t br adiuttd æcordlr¡ly.

2. Dlffaranti.l volta¡5 .ro rt tlra ñoñ¡nvadiñe inDut tamiñ.| with ?a*Gt ro úir ¡M7t¡ñg Inout tm¡n.|.
3. Thamaenllud.otth.inpútvolt¡añurtrG.¡c..dth.ña¡ñitud.olür.applyvolt{rott16V,wh¡ehñ¡.L¡
ó. Th. ouþut ñ¡y ba ûortad 10 ¡round or.¡tltt Þdd ÈÞplv.
5, Fo. opant¡on rbor 26oC l.-..¡r mpat.turr, .alÍ to O¡r¡fttt¡on OtÍlñe Curu6,sætlon 2.

olêctr¡cal characürr¡¡tie 8t sp€caf¡sd fneair ümp€rah¡r€, VCCI - t 15 V (unlæ oürervis ltot¡dl

lunb¡ othw¡¡ ñoLd, ail chrætüiûlq..a mB.ad w¡ùr tt!. balrnd ¡nd balrno/rtoba m¡nrla ogao rd úra ñlc ouÞut ¡t@ndad.
Full.se.lor LMtll ll-65oc ro l26oc md lor LM3tl ¡rooc to 7o"c.

fAlt typicrt vrtur rr. ¡r 1A - 25oC.
NOTE 6: Th. oflet vottaCð rñd of'rt curmù g¡[ñ ara tht mt¡iñum v.lur raqul?rd to d?iF üra @lLctq weut 9p þ la V o. dowñ þ

I V w¡ttt ¡ ÞuÍ{p rð¡ltor ol 7.6 lO to Vçgq. Thu. tltd Þ.rrntõ Gtu.llv dallña ü rro. b.nd .nd r¡a iñlo E4^1 lñ.
wo.r{a .ftcú ot voha¡a i[ln rnd lnÞut lñp.dmÉ.

PANAMÊÌEF 1E81 oototltofúSl
LMI tt l-Ettt ullltillN TYP* MAX TIN lYPt MAX

VIO lnpul ofltn Yolt ¡r Fg < 6O kO, S.r Not! 6
2É"C 0.7 3 2 7.5

mV
Full r.nga 1 10

llO lnpur ofl:d currcnt Sé Not.6
25'C 4r0 650

ñA
Full ?rna 20 70

llB lnput bir¡ cumnt vo'lvto14v 25'C 75 r(xt rm 250
nA

Full nnc 150 3{X)

ltLtSl Low-lav.l rtroba cuÍ.ñl Vl¡trobrl - 0.3 V, VIO < -10 mV 25'C -3 -3 mA

Vlcñ
Commn-rmda ¡nput

Fltrlr nngt
Full nnga r 1¡f rla

Avo
Lå¡gr.¡gnll dif lcr.nt¡.1

rcltrg. .mplif ¡clr¡on
vO-5vto35v, RL'I to 25"C 2æ æ V/mV

H¡gh-lml (collcctor)

output currmt
lox

V¡9-5mV, vOX-35V 25"C 0.2 10 nA

Full r.ngr o.5 ¡¡A
-35V 25"C o.2 50 nA

vol Lil-laEl {collrclor-to4millar}
outpul voltlga

loL ' 50 mA
Vrn - -5 mv 25"C o.75 r.5
Vro - -to mv 25"C 0.75 r.5

vCC+ '4.5 v,
vçç- - 0 v,
16¡'8 mA

Vto - -6 mv Full r¡og: o.23 0.4

Vto'-to mv Full nngr 0.23 0.¡t

lcc+ Supply currcnt lrom Vggl,
output low

Vt0'-lo mv, No lod 26'C 5.1 6 ô. r 7.5 mA

lcc- Supply cufrunt from VCC-,
outDut h¡oh

V¡6.10 mV, No lord 25'C -4.1 -5 1.1 -5 mA
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TYPES lmffi,lt3tl
DITTEßEIITIAI COTPARATORS WITH STROBE

rwiæhing charæod*ics, VCC+ = 15 V, Vçç- = -15 V, TA = 25"C
PARATÊTEß TEST CO{rtotTtoils ttilf{ rYP tAx uf{tT

RaTonr tim, lo*to.hidr-lõd output
8C- SOOO to5 V, CL - spF, S.oNor!T

It5 nt
F¡Ton¡ t¡m., h¡gh.to.low.lryal dJtput r65 na

NOTE 7: lh. rrfou ttma tpæifi.d ¡t lo? I t (XlmV iñÞut túp
volt¡¡. ol t.a V.

w¡úr s.mv ordrlv.. Th. wp¡c.t vduð ra Þæ¡ltad tø I nmiñ.| tñrr¡ìotd

ÏYPICAL CHARACTERISTICS

20
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VCC! = t15 V
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WPES lilllll,til3ll
OITFERETTIAL COTIPARATOßS WITH STROBE
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TYPES ltÎfl,lt3fl
DITFERETTIAI. COTPARATORS WITII STROBE
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TYPES ltlll,[tl3l1
OIIFERETTIAT COTIPARATOBS WITH STßOBE
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TYPES [tm,[u3fl
OITTEREIITIAI COMPARATORS WITII STßOBE
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2-S Deyice for generating the actuator displacement

and measuring its distance from the sensor

0buiouslg, for Ðn sxhaustive examination of the proximitg

sensors, it is necessarg to hsve a device for moving the açtustor

snd messuring its distance from the sensor.

This function is can'ied out bg the unit TY2e.

This device allows to change (consideroblg) the distsnce of the

actustor lrom the sensor end olso to oÞtsin its (stsndard)

meüsurË with a gsge.

FIC. 2.4
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3. EXERCtSES

iile cneracterisiics ang t.he aperstisn of the proxirnitg sensors

and cf tne ergnei ;sno;tÍoners csn be'iter De unúersicoa thi-ouçh

game exercisee.

Í{ote ;nsl, i.he inter'¡entisn distance is ineasured wii,h s l,/20

.qÊge.

The ia'li owinç exercises ;En be cerriad üur ivÍrh i.nese

;¡'¡sti-umenis:

- Jigiiai uoitinerer (S iigiis ano itz - Ê.F.: ;r.:¡- digitai

nnuii,imsi,er -i;

- regui0teü 00wer sunnlg: t Ì? rId.c., +.3 i¡d.c.

- .ãege i.l/ 1ü cr 'i,r2il].
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¡HDUCT¡?E PROXITlIT? SEilSOR {LI!{EÅR OUTFUT).

3-l f,slibrstion of the signsl conditoner

Exercise object:

'.; ialiS¡',:te lhe;:;¡";ei ;cnCit;;ner uni'l'l ,:r¡ ¡uiiut r;oltgge gf I'i
;grrÊgÉcnCg l,tJ ¿,jia'..:1"¡ce,:i I ¡nrn gnd grr uuicui voltgoe cf +5rl

¡t0¡'!'esp0ndg 
"0 

a cigi¡nce of 4;'nm.

!{ecessarg instrument:

- iiqii¿l ',,cli.rneter 3 ttgüs ond i¡:)

Cperating mcde:

- f,¡nnect ;he ierminals =1,2 
\,t, t ',, , -i ir ¡f i.lle pgnei '.c a

requleted c[Jwer suppl U.

- l;;'¡necl. î.he p¡neÌ i,: i,he uni'i Ty29 lh¡';;¡li ihe Èroper

- -Lt -i,.iU ¡ U.

nî--- ¡r'- --i '::.-.r 1 "^-., .''- ii-.1ll,l tl¡g ;g¡"¡g¡1. ii, ,ïeõSU¡e- '- ;¡lug t' ib .fL qviü sUi I i¡ ir i i ¡ {li

t he errscl úist ence rv'it h t he Eags.

- Ådji,¡si R"i i ;r¡tij ¡;,¡l'raoe ot ii V c¡n be read on the digita'i

uoii,met,er, ¿t the terminal 2.

- Illecil ti¡at :.liei-e'lu f; i'a'l:itr i3i ille;'l.,rndarC cutgut.

- Adjust RV3 '.r ûûtsjn I ',r at ihe trcportional ;ut¡u.r.
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Fl¡ua tlie ¡cr,u¡t;r 4 n:m lar ii-im ',.he sensor si, iïeüsurs

llle s:tsci. distancs 'ryiili the çsgu.

ådiust RVi untii u vulteqe ¡f -J v sen be cbteined at ihe

ier¡'ni¡i¡l i.
il;¿c;< ilii:i illere is e v¿ii¡e ¡ri +8';'ot -.Ic s'.enrl¡i-d uutDut.:r¡c

=4'r' ;i, ',i¡e ;¡-;;;;-',.;nAi ;;i;;:.
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3.2 -Distance-vs-voltage (sensorl' chürscteristic

Exercise object:

to determine the curve corresponding to the distance range

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

(terminal l).

Hscessarg instrument:

- digital voltmeter (3 cligits and ttzJ

0perating mode:

- [alibrate the conditioner as explained in the exercise 3.1

- lnsert the voltmeter between the terminal I and the ground.

- Varg the distance of the actuator through the proper knob

(starting from a distance of 1 mm) bg steps of 0.5 mm; then

measurÊ the corresponding actual distance with the gÊgs

reading the value rtf the output voltage 0n the digital

voltmeter.

- Write the resulting data on the tabla 3.1.
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N L [mm] Vout [rv]

TAELE 3.1

F:9.3.'l ;¡lolvs the cnsraciensl,ic cui've sf the Ëensor: ;,he vaiues

0i :.þs ;istance (mm) are inoicetes in ths axis of toscissos,
'*hei-ess ine uaiues ci ihe nui¡ui vnltage {mv} of ihe sensor Eï

,3re ìn0ìDsr8d ün l,lie axis sÍ s¡-d:nsi.es.

lbut þvl
8000
54 00

4500

¡600

2m

1800

900

2 3 4 s L[mm]

FIG. 3.1
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3.3 'Disttnce-vs-voltage__(sensor + conditioner)'

characteristic

Exercise object:

t0 determine the curvs corrÊsponding t0 the distrnce rËnge

(actuator/sensor) versus the voltage measured at the

proportional output of the condTtioner (tErmtnal 3).

ilecessarg i nstrumsnts:

- digit6l voltmeter (3 digits and r¡e)

- gage.

0perating mode:

- Êarrg out the sams operations of the exercise I.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 Bensor+conditioner.
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3.4 Best {it streight line cf the sensor

Exercise object:

l; ¡lsi, ilie Sagi î'it rt;"tiglll'l:ne tf the sÐnsr¡-.'r_hsî, i:;, -,he tCesi

s^¡,reicirt line i,'¡hist'i ;est :'epreeeäts ihe sctu¡iiur ü:ssiecement

iÊ¡'guå ',,i'¡e tutru'. uaìiege üf the ,aåtrsi¡i.

llecessarg i nstruments:

- ,iigital .,'¡ii¡'netei- {3 C;ç:'.g ¡tnd i,'l}
- toga

Ðperating mode:

- ceiibrate ihe conditisn Er itr; explsined in i.lla ;ltercise i.'1.

- ingerî. ihs ,iigitaì .¡sïtmeter 3ei'ïveeri tlis ierrr'iirsl 'i snc
¡l',a ¡r-.,rr:1J¡a t9 Lf l vut tLa.

- iicva i,he actuator stariing froi.n s disianca rt,i 4;nm., bg stepe

¡f *.5 mffi.; then rreasure lhe csrreegcncins actusl riistence

içii,h'rhe !ÊgË reacinç i,he ¡¡uïput',,clt;qe r¡ì ihe Cigiiai

vslt!'neier.

Th¿ ¡'esuit:ng deta mi;ri'i be written ¡n the tebïe l.i.
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N L [mm] vout þvl

TABTE 3.2

Fig. 3.2 ehow'l ri grenh ¡:ota'ineo inuicoting the uaiues st' 'ihe

dispiacement (mrn.i r:n the axis of ¡3oscìssas Ênr tne usiues of

ihe uoitage meesure¡j ün the lantra'l i.ermi nai uf ihe

Ðstentiamerr:c Li'snsúucer, en the sxis uf orain¡tee.

ttut [mvJ
o

80 00
54 00

4500

3@

2m

1800

900

o

o

o

o

o

o

123¿t5

FIG.3.2

u [mm]
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J0ining the points;î i,hiE graph (fig. i.2) it is possibìe to plot

the best flt straight line of the .eens0r (fig. J.3).

lbut [mv]

8000
54 00

4500

3€æ

2m

1g¡0

900

123¡l 5 L [mm]

FIG. 3.3
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3-S Linear,itU of the sensor-ccnditioner

Exercise objeci,:

:.0 cetermine '.ne .','slue aî iinesritg ¡f the slJst,em

ãanÊrr-r:0ngÍ i'laner

Í{ecsssarg i nstrument:

- ;igitai unitmeter (3 ciglis snci r,,e).

0perating mode:

- Csiibrate the csngitioner as explaineo in the exerc;se 3.1.

- F'lsi, the besi fii, siraicht iine of i,he sensor as inoicsred in

tne exercise 3.4.{îig. i.a).

\but [mvJ
8000
54 00

4500

36æ

27U

1800

900

23¿t5

FIG.3.4

L E"nü
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Then plot two other lines, parallel and eguidistant to the best fit
strûight line, so that theg con lncludE oll the meosurtng polnts

of ths dtogrum.

Plot o llns FsrlllEl to the axis of 0rdinütBs ûnd mersu¡'E thE

uoltoge values correspondtng to the intersecilons with the two

lines lncluding all the mecEuring points irtg. r.s). Then, it is
possible to determine the value of linearltg r:efer¡"ed to the

full-scsle valuE:

, lV t 'VZl
¡;2 F.s.t.

This volue is normailg expressed in pErcent values.

vout [mvJ
Vr

8000
54

4500

36æ

?7t

1æ0

900

123 45

FIG. 3.5

L [mm]
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F.g.g. is i,he ebbrevisti¡:n of "Full Scele Cut,put": it indicstss the

vsristis¡'¡ of the output vcrltage ¡lür¡'espcnding to s vsristion üf

the displacement egusl to its v,¿hole rsnEe.
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3-Ë lressurement of the current with and without
sctuai,sr

Exercise object:

t.¡l lheck whether the'dslueg ¡rf the cur¡-ent crceaing ^ihe senggr,

'¡'ri'rh gnd wii,hgut the,rttu¡iT.gr, ggrrespond'ro lhgse uf ..he ¡Jetg

;haet s.

f{ecessarg instrument:

- iigitoi vrlitmeter {J ,iigitt an,l l¡:}.

Bpersting mode:

- inse¡'t i,he iligiiel u¡limeter !et"r'ï'een 'rhe iermir¡als E snd É,

measure the I'citaEe value Ëcrgss Rl, with ;ünd withoui the

actust¡i¡'.

- Knsv'/ing i,hat R] ;s eguej trr i2c0 ,t. ialculaie ihe ualues sf

ihe ivs;ul-¡'eäig;rt'iÉ tüinËere them'*ith thrrse iJf ih¿ Cets

gheeis.



! nterventi on disi,ance:r-
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Exercise object:

i.¡ oeterrnine {he distsncB innmi Lret',,ceen ;lle actuetci" and '.he

iensor 5n. al whi¿h ihe ¡,.¡tc,ut i srvi;.cire; írr:nr'riie hi¡h stai¿

!1'zi r.¡l'l\ ¡r llio i,rr,rr cis{e l1¡d nn1
r.þt Þrb, re 5.av .r l¡ raúLV r.Èr b,¡/,

llecessarg i nsti'uments:

- ..{ir¡lr.! 1o'! l.--loler l" .l,i ¡.i le cr,.l r r,,r\r.t¡s3a ¡sasr¡¡9\!r tv 9.5.:9 9..9 aJ-i

- aâñË
:-Ilt'

tperating mode:

- Thi.-. OuOr¡,í rC nân ho r.àrv4.2¡, r:.,1 -iâzc:!r;-' r- ¿hc ¡rf{n¡l¡.¡lJ þrlbt erJ9 994. U9 þ9.4 ¡ú! vei ¡¿.rbr-¡ ,r,5 ibLlrVl

rri'|.3qe oí ',1'¡e cs:rCi¡.irnÊr {tarminal B) 0i^ ïisua:i:ing '.he 
'led

.r^-.*^aiÂ..{ ¡A +t^,. ^'.1F.'.¿ ^f lr+l
--.;.¡;¡ELiÉU :- L¿iË Ur.¿i./iii, i.j¡ .v ¡.

- trls¡o ilrc ¡¡i,lel¡r- !:1 ln lÇ nnryr f¡r frnrn lh¡ con+er r-ìad nrriì¡ .9e9 L¡¡y ge5{-ru¡ .'J le . J r¡¡¡¡a. ¡ s. . ¡ 9a¡¡ i¡19 Jv..J9a \¡99 Ugrir

- nüi¡lüÊtlì iiiË ursk ;ìú''v¡u tr¡ the sËnrior 5n uûtil t.he ìed stôrts:
ornittin¡ li¡hli:li¡ L. l¡{¿ r5¡11..

- f"leasurg the dìstÊnce 5e1.",ôieçn tc+.uÊ1.cr Ênl îenscr ,l/i'!.h the

:lôgÉ, csiïpÊrs:n'rs lê1.urn,tri1.h !.he q/Êlue lndicgted'in the

':ÊtË 5neet9.
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3-û Hgsteresis

Exercise object:

i.c ühsck r+hether there is some l'rr¡steresis {r/lû mm} !ret,,i,ieen

;.ne ;nteruent;¡rr¡ i.h¡'eçhc.!c i"¿rhen the ies ;i.sr-ts ar,ritting i.ight)

ent ihe i-eieesing 'rlr;'esh¡lir: {,rrhen itie ieC 'is ,juti.

l{ecesssrg i nstrument:

- gBgÈ.

üpereting mode:

- Fìace the act.ustsr l0 ts i5 inm fsrfrcrm'ilie senso¡-{ied rrut}.

- Acrnrûach the aciuator sicrtviu i¡ i,he sËtisor -ì.¡ i.{tiiiî tn¿ ieg

star-ts em:tting liçlrt. 
i

- !"'leesu¡'e '.hg distsnce bgtt",¡een i:ctuator ,ånt sens¡r ,,,uith the
Fâññ
Huiitr.

'tnterYenti on thresholC-

Êernoue the sciuatur- sTcwiu frc¡m the senssr So until i.he led

stüps enn'tt ling It.lht.

i"leegur: the dit+.êntg between ¡ci.uaior end sensar '.,v'ith the

üåge.
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'Releasing threshold'

The reguìt af î.he;iil'erence between intervention end

l-eìe.rsiñq't lt¡'esholrjs is tile liusteÌ-esis.
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3.9 Reosatabiiitg sccurûcg

Exerciss object:

to determine the ;ntervention cistsnce (mmi with "n" different

i.ests eng to checx hsw ii differs from its nsminai value.

llecessarg i nstrument:

- Esge.

0perating mode:

- Flsce the actustsr l0 ro l5 mq farfrsm the sensor{ied out}.

- Aooroach the actuator slowlg 'ro the sensor s2 rrntil the led

stsrts emitting light.

- i"lgesure the di stence betï/een ectruator and sensor with

the gage: rrrite thig veiue on the teble J.3.

N L ûnrl aL [mm]

TAEIE 3.3

ôL= L- LHOtt.
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Pisce the sutuatr:i- sgain;il ihe original pcsiiion i'i0 to 15 mm

fsr f¡-om i.he sengsr) snd repeot the ðlrûue-ffienti,¡ned

upur-r:tisns 5-Ë times.

¿rL is i,he resuìt oi the oifference between i,he measureci

rrËiue ün0 the nomlnüì vaiue.

The nnext?'nrtrn snsclutg uglue û1 ÂL delines the repe8tabil'ir.g

ÊccurstU; ûornpËr* t,hi s t¡lue wi th t het 3f the

'Jsts sheets.

'âPA[IT!VE 
PRIIXITlITT sEI{sOR (T1{O LEVEL OUTPUT}.

rhe euercises described of the FÊrÊgrsphs 3.7,3.ff and 3.9 can

rlsn be eerr:pl out ltllcw'ing Î,he same 0persr,ing modes, wlth

1.h js sensni'.

Etre,tting 1.le plexiglÊse plÊf.e ruppliec y/ith l.he unit rY2e,, ?n

1.he actuÊtct" 1.r. is F0ss'tble ls checi( thÊt r.he cnlu 0peral.lng

9PnS0r l9 ths cepacil.'lve cne.




