; LMe3eC@x(d6.T,2r 3 0 DE C 2002 1 5 10 15 20 25 30 35 A CURRENT LOOP OF
THE 4 mA - 20 mMA TYPE OR OF THE 0 20 nmA TYRE AND | NCLUDI NG A PARALLEL TEST
CIRCU T The invention relates to a current loop of the 4 mA - 3200bA08) of
the O - 20 mA type, connecting an anal og sgnsor to an acquisition system
respectively carrying a senor current and an acquisition current. Such
current |oops are in w despread use. The 4 mA - 20 mA type | oop, e.g. nade

of "2uls" technaqlo enabl es t ensor. to aoperat i e er gy

suppl i ed by a®4 Hﬁgégﬁs O@UH‘FQW [I)'}hémad'v dYes a&gu&seﬁl op are
wel | known: fposty Ttvire powme IdIpING ¢r HARAISEHISCIESS CERCUED by the sane
W res as the signa t her eby .reduci-ng the cost_ of cabljng co red, w i h

ot her types of sighgle At T rreel(fgllerse%éjdcﬁ ﬁ“b%%?r?tvm ir% i?lg?l?a}'éec%\tl)\ﬁnﬁé, and
secondly the sigfamAl ericsh wtsed t0 20 vy gl [caxtentihy aheznabdEgnetic

di ati th bl I, 4t [
P ough Sr{ GRAT oGe R mg KT ATE T BT ot et 1y | RO krtviie HERRar. ®or aper

operation of SkacacqursiaitoREy AeMIB o 10t el pyeRreans of test devices

desi gned to sinul aleg theQpeIAt b dhe Sensiesphabalion ishpesfpamed
by connecting the test device so that it takes the place of the anal og
sensor. Never th@l%e&® SRS & QR & dbdtade i9F di YebRneteF et Ay sehehte

there is a righeofsdrisdieigty sty ULaNNed eshefgy. stiypl eversing it A
pol arity, or even that reconnect,i on |1, be forgotten or perhaps_that the
connect i ¢fs WESRSHF (o | o ee.a‘gf?dé AR P LoRdF T BRRE haPRt 8hSnce of

the acqui siti orldysdremwrt urfisroulty tthéep@oemt @upp DPuEdrvehe Assnson kaown
manner, the f%%&%‘i'&% ¥ dide M%éee.{sé)é tHe %ﬁﬁ&gedtﬁ¥r85§c998883h§9
oop. n the sé ed

the current I sfsdone, Tn particular, e Seénsor IS reno
fromits inst&Neatdant sf ecabhinhgompareedl wbth dbslennerpeésncf sshgnan t hout

its drawbacks:iiag fAENErAqite adder AGMH SI 1108 SHSted LAbeeprgha the
open | oop as being anomal ous and. generates an_alarm It is therefore

necessar {2t o tSHEOTEELY o o8 {FRRvENtS theS HvoPed ytBefngery smadlpegtengoo2 2
treated as sudy Wl ectibhadhet i Corddasidhe Qegueésit eAALSYSEENt to be

conveyed over long distances or through surroundings
having high radiation density.
In known manner, proper operation of the acquisition
20 system is monitored by means of test devices designed to
simulate the operation of the sensor. Simulaticn is
performed by connecting the test device so that it takes
the place of the analog sensor. Nevertheless, there are
drawbacks in disconnecting the sensor: there is a risk of
25 it being wrongly reconnected, e.g. by reversing its
polarity, or even that reconnection will be forgotten, or
perhaps that the connections will be left too loose.
Under such conditions, maintenance of the acquisition
system turns out to be counterproductive.
30 Also in known manner, the operation of the analog
sensor is monitored by disconnecting the current loop.
This is done, in particular, when the sensor is removed
from its installation site. In that case also,
disconnection is not without its drawbacks: as a general
35 rule, the acquisition system interprets the open loop as
being anomalous and generates an alarm. It is therefore

necessary to take action to prevent the anomaly being
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The object of the invention is to renedy the problemof nonitoring the
operation of an acquisition systemor 5 of a sensor by disconnecg}oa End
reconnection.in a current loop of the 4 mA - 20 nmA type or of th ®UEC 2092
type. The invention is based on the idea of inspecting the current |oop

W thout opening it. 10 To this end) the i rent i on provi des a current |oop
of the 4 mA - 20 mA type or of the 0 - 20 mA type, connecting an anal og
sensor to an acquisition systemrespectively carrying a sensor current and
an acqui siti ohreatrents sHEh bypabeidd CH@taCCatTAFE ithe rEdel $ektons
circuit is cogpeekgd in parallel with the current loop to inject a
superposition Current into said | oop, which current i s superposed on.the
sensor current or UHE RBJEF&I ClfofhCurmeRnt il iSuf& Jodiedont tarPepplen

i njected intoothacadtbeihg2@nkoepdnatitg EstartiddHilsisisnpeyposadosn the
current carrie% by the sensor .to sinmulate its operation relative to the
acqui si tion sPst EmSeHEt BYs HFFanRsSHd Bh Ak PEHC PR vy £hrough t he
acqui si tion sysfre®nto 1siopulodt & het 2 oper-atd mA elygid ver tof t tige anal-ogoseASsoOr .
25 The test circuit connected in parallel with the current | oop thus serves
to inject a sﬁﬁ@reposi tion current w thout opening the current | oop
connecting the acqUihsi tinoengyisrerhs daded amal dip sedsarof Thispeenddgeshehe

drawbacks nentci%}%qltaq%\é% Jiitrkﬁatdt)’_éﬂ&ifﬂrﬁki@f the 30 sensor being

reconnected with reverse polarity is elinnated, and secondly no open | oop
anomal y 19 det ect eFDbyhitfe eadquitdia i BHSH 10 tPROBHIE D2 SEWEBENESs L BEPNg

tested. Accor Mg Hed A ofd stz adartage oF dhecndventi on, mhheygse, test
circuit conprises a vari abl er\égll(tage enerator connected,in parallel with

the acqui siti SIPTREIEMT &1 Frectod e rRO3E i FFTCLF AP LYY SHEMg it to
the 3 0 |l Edspiiiveld acgihsird an seigentcuthenebyngakhngchtiipassohl e
to monitor a | Qw curtre%t r};eshogé:liﬁ)f éhrl]aer ac ui fi é%ognﬁ%@t gma ggs%
preferred embSatfent &5 AT SRR 5 antanmeter *confect ed in
seri es wiltsth t eln@ritable Onattedjel geperat bel toldet eheai aerrketmgopt tde of
the super posi ti r anot her .preierr Qdjizne t he ikest
circuit incIudggﬂggaf%gghggﬁﬁécte&g?ncseries gﬁ%ﬁn$he va?%gble 10 vol t age
generat or to prOTRRAL the WURTRASTIPWHRR SReSQAr FabrentoPra§dei s zero. In

anot her preferyg eodimenirrdde. test circuit includes a diode connected

in series with the acquisition temto preserve operating. independence of
a plurality fhg superposfgfon current ?nyectgg ?ntogthe current

20 loop by the test circuit is superposed on the current
carried by the sensor to simulate its operation relative
to the acquisition system, or it is sguperposed on the
current passing through the acquisition system to
simulate its operation relative to the analog sensor.

25 The test circuit connected in parallel with the
current loop thus serves to inject a superposition
current without opening the current loop connecting the
acquisition system to the analog sensor. This remedies
the drawbacks mentioned above: firstly the risk of the

30 sensor being reconnected with reverse polarity is
eliminated, and secondly no open loop anomaly is detected
by the acquisition while the analog sensor is being
tested.

According to a first advantage of the invention, the

35 test circuit comprises a variable voltage generator
connected in parallel with the acquisition system to

inject the superposition current by adding it to the



15 of c¢urrent |oops connecting a plurality of sensors to a common

acqui sition system According to a second advantage of the inventi ﬂa
test circuit includes a variable current regul ator connected in p ?F
with the anal og sensor to inject 20 the Superp05|t|on current by belng
added 'to the sensor current, thereby making it possible to nonitor a
hlghcurrent t hreshol d of the acquisition system According to a third
advant age of the invention, the test current .includes a variable current
regul at or ZBC@@nﬁ&ﬁ%9P|Q?ﬁﬁﬁQﬂdeﬂh%ﬁ?wytm%khﬁﬁlbb Bef8dPLEo Pnj ect the

super posi t i @rgdrent Ry -addifghd trivedihel §eps0EneuaEgOE sithensuper posi tion
current being servo-controlled to said sensor current, thereby nmaking it

possi bl e to#&t™i n the acquisition current in the current loop. 30 In a
preferred enbodi manta giefdmséd cémioodimene) udes aesametenicoinedtidedsi n

series wth _the varlable currgn% regueg{or totgeéﬁrnla% tggeng ni t ude of
t he si at i°6h TG EH . COPRET - ChatAcTeF 1571 %8 Sdvanta the 35
i nventi on wvdl tagpearermrateadi ng déeefroihewthg degoriiptieowfothenbodi nent s
asiIIustrats(a_‘crb‘ﬂ;i__i%JL dr?.V\é ¢. 3 0DEC2002 4 Figure 1 is an

cu

el ectrical ci iagram o a current | oop with an anal og sensor and an
acqui si tion systein amgfehderpypfaracdestbedrvant  céhretrsd icdrsarnal lel to

test the |owurniend 1 heshol dophetPBaSiACANESEL! QA 8y $HheMyaFiigye 2 is an
electrical circuit diagramof a current |loop with an anal og_sensor and an

acqui silt9 on QAtaER E%EEE¥EQrMF9hP§9F%§F EF?CEPFrEEHné@P§dWhﬁnpapﬁ lel to
test the hi ghrelapeatvéhtegaoid eérbhe 10 acquisition system Flgure 3is

an electrical circuit dia 0 cyrre an anal a sor and
an acquisition syé? ?%%Etﬁﬁ?gﬁfF P§8918|BEU|% onfect &d %' aral | e
to keep an ammﬂudésom duodentonnastadt1m55eegadeE$ﬁ aheaaaﬂumalummnent

A4 m - Ldhe: & 89&rb8°§88§§§ﬁg§“1h8e %%%éEl %ff”%n éﬁan é"\qo @nal og

sensor 1 an an acqul s I oOn SysS exa g ‘sensor
is a pri&ssuref sapseentolaced @ﬁnﬂﬁétéugsada @fcatlnéyCavsfu RGOS 2P 1 gh

vol tage el ecidhhéh APRALALHSoRUGHsRE8mA Circuit breaker. Nevertheless, it is
clear that the invention is not |n1tgd to such a pre sure sensor, and it

applies to other AREPHYIEEnEGr & SEEPAREI AGVARTAIS CT2FHMA VD FHx 20 mA

current |oopchBytaey efirexanplieclsdebd aeraeiabl® icudnede teymeratiair e
sensors, flowrate, s

nsors 1 nag nd |nQeed VISCOSIt sensars. The
pressure sen%%?nicﬁﬁg é%@%%%? S’?Irre t POV r?& SR hrk % 1h ISahi ch
current20s detersupedpbpithenpcussens pyebenmg mﬁdﬁdtﬁua&hﬂnsqpiﬁra
circuit brea&@frent, thereby making it possible to monitor a high-
current threshold of the acquisition system.
According to a third advantage of the invention, the
test current includes a variable current regulator

25 connected in parallel with the analog sensor to inject
the superposition current by adding it to the sensor
current, the superposition current being servo-controlled
to said sensor current, thereby making it possible to
maintain the acquisition current in the current loop.

30 In a preferred embodiment, the test circuit includes
an ammeter connected in series with the wvariable current
regulator to determine the magnitude of the simulation
current.

Other characteristics and advantages of the

35 invention will appear on reading the following

description of embodiments as illustrated by the

drawings.



30 that is filled with an arc-distinguishing dielectric gas. The

acqui sition system 3 conprises a DC voltage source 5, e.g. at 2% vwﬁﬁgmz
(V1). The voltage source delivers acquisition current la into a 4% e
resistor Rl, e.g. having a resistance of 100 ohnms (S2). An ameter 35 Al is
tenporarily connected in parallel with a di ode D1 in series with the

acqui sition system3 to deternine the nagnitude of the acquisition current

| a. 3 0 DEC 2002 5 According to the invention, a test circuit is
connected in paral Feguset b tHe aduerertriess 6 HhidctdipEigerdlosi tion
current into sakdehPoRoohivGRNCUNN 8Rk1bY SURRIFI0SAME Ah thenSaNSOiogur I ent
or on the acquisition 5 current. |In a first enbodi nent of the invention, as

shown in Fi guP¥stemy hsogeshed Matit ac &Rt SedF R IBC YIS T generating a

vol tage V4 thghrganehec¥akicgd @rer lidwe cuaneeitO dioredhdl ansk thad i s
connected_in garal,l el with the 10 acquisition system 3. The generator 7

delivers a supefpoStFiLoR SYSTEM: 1s into a series resistor R4 of resistance
equal to 100 S2, fetigexaml d.s Hie edwoenpesll icnrouit eddadsam sof npected via

t he vol tage generator .7 upst.reamfr t he pressur ensor 1 15 relative to
the 11 ow di roBLEGRTST LPRE Hedt St PO o FoNt T 6 ot (- B4t SHed t her et o,
with the sum Egstems beigedhequalitto a kessermsiorcwil resnndctednimmet er A2 is

connected i n SeLies A L e Al uald A0S BRNSKAT 8of LR deter i ne

the magni tude of the 20 superpositiom current Is. I's way, the variable
vol t age V8 | serAREEase@ISOHESi vely so as to increase the superposition

current I's and so asdi@dlecrieash thrAcau Sl td OR-GLUE r8Nigram SEVEN that,
while the test is takKing ph&c& t he sensor 25 current |Ic as |nposed by the

constant presSYETsilGOR Ah@na 4%k Fe i #R9 cHRsESAE LS Thi STt hus
causes the acgyistiei, o cyaytery Wit e eedtoveiesii® eohnectddeshol d so as to

verify that the_acqui,sitiqn systemis operatin roperl |t hout opening
the current | (%ﬁaﬁg(?lﬂ%ég t ees%alcallr% cut Ulasglecs %r\l/mglhﬁr |§u?ée{n%\4:%?gf erably
conpri sedba direde i essnnettecémsserdwsrant h t he vari abl e vol t age

generator to prevent { _of 6\9_85% ! u t,La i.ng:diverted into
the test circuit V\/r?er?pt e va?rcls;hg?e 0 féa%%%\}}lgiiséggm?%.sgghgr é{\:/li.si,or] s
al so made to FOEHEE la TRERIE $9F | 3 KD \WFeRSPRel DERGoRRagETRdELEECH of

the acquisiti @ gtst e 3 B WSy LOf dedmpid N Ee | ARABBG§EskAsERI dsval tage 3
0O DE C 2002 6 V1, since the current.la nmust not beco ative. In_this
way, the possiERIITH OrSFLEN P ot drdt il eo?ub?éggugg EE%SSF@lPﬁ gt a
pluralityomf dugtentolnops dYemtheasappdXasosr sechsagaantarnadtand it
continues to 5 Si i in, the,l qQuUi. St rent ;

t hreshol d of gﬁceuarﬂroeen't Iq%%f)érvo\}ﬂ?%io%gdils% ulr%i(ggeggeghglc_’) %ﬁ%erﬁﬂgreglgéﬁrnels
sensors in ot M@t cumiggrd | wepsuch a pressure sensor, and it applies to

other analog sensors operating in a 0 — 20 mA or a 4 mA —
20 mA current loop. By way of example, such sensors

25 include temperature sensors, flow rate sensors, pH
sensors, and indeed viscosity sensors.

The pressure sensor 1 has a sensor current Ic
flowing therethrough, which current is determined by the
pressure present inside the casing of a circuit breaker

30 that is filled with an arc-distinguishing dielectric gas.

The acquisition system 3 comprises a DC voltage
source 5, e.g. at 24 volts (V1l). The voltage source
delivers acquisition current Ia into a series resistor
R1, e.g. having a resistance of 100 ohms (). An ammeter

35 Al is temporarily connected in parallel with a diode D1
in series with the acquisition system 3 to determinre the

magnitude of the acquisition current Ia.



In a.second enbodi nent, as shown in Figure 2, the test circuit conprises a
variable DC current regulator 9 10 connected in parallel with the Io%
sensor 1. The superposition current Is is injected via the variabﬁﬁqgé 2
regul ator 9 downstreamfromthe pressure_sensor 1 relative to the direction
of the acquisition current la so as to be added to the sensor current | c,
15 with the sumlc + Is being equal to the acquisition current la. An
ameter A2 is connected in series with the variable DC regulator 9 to

det erni ne the madRFEEEETSF YohePUPerFasi #9bn & UrdehtC15Cuth tfis way, the
super posi ti eBneektedt S gag-aldrd 1edvidth Hgresstaet Y1 86pasot onkaerease the
acquisition current |la given that the senspr. current Ic as iInposed by the
const ant pr E¥BGFEFASIA tQﬁ?qﬁﬂﬁrﬁf%qw§ﬁkﬁkﬁﬁoﬁhew b7t FORTBRCL A8 t est
remai ns constigetrpoblids tautes ddrs@cquistdntoneust ethe | &cfroisnetease to a
hi gh thgeshohd to. 25 verify proper operation of the acquisition system 3

w t hout opeﬁlﬁ e current | oop. It should be observed, advantageously,
that while testidg the€ilmu awbddigecuraenthe hiwedot desnof ashehawquiisi ti on
system the r .current ca .30 1 he o] ni,t udes of

t he acquisigﬁgﬁiguﬁﬂeﬁgg$éx%ﬁﬁ égkéﬁ%§?§ﬁ%§é%%€%$i%nﬁéugéé%?agggaz

det er mi ned BgnEFa tameeteers agmdVAt bvthnezt doe i varhedt everckheuirBngAs a

result, theopressur& ofnd ha 4 ei@%cﬁzjn_?ecg@é? C%gt}?iﬁﬁsmgm {hencasing is

noni tored throughout, the entire duration o e test being applied to
the t ht8shoPFSUES HtHEOMHALET i dn sYRE IR BST Hedhs’ oflCA1VEEE @ircuit

connect ed i BupRirddsalt Wi heddeegtirtenint ©op. séri eakrebideekeqairice 3 0 0 E
C 2002 gas _fraom.the casin w@ulg %i e rise to a.drop in the sensor current
%é%p Pt he

lc and cons&§Fatid 9% & es$u68Fp8§F‘f”P&ﬁ'current I's which can
easily be deter mTied dypetmoanmetercPrent | hsaishindeenbddivient-hef t he

i nvention, I i , t=CLLCLH [.ses rigble
current reg%&?%%?%%%%%dﬁ#%?% effé\n&t Eh{ahgggrgégggr éc’%?\eé%go?' lto
i nj ect 1& sup&lgdsivia dgre cure ehtovsdbyeplipy afidedet acaMésdsnconr coumea® | c,

the superpogid i) LIrd®Nbe 10adsqbehoge 86T V1 EANERE! LaR §Q Lhe sagruis tion
current la. The magnitude of the acquisition current la as acquired by the

acqui si ti on &P ehAttRHSHRIPANTHEEBREL he- t eBR PEMGERENPES 18 reference to
the vari abl eddnaeagd aiwrsddiby aiskryhecoatiablesysterroldagennected to 15

the ammeter Al connected_in rallel with the.series_diode D1 of the
acquisitionQSﬂﬁégk?f ?h?%u%%gﬁfm%ﬁ% gh?a??%ﬂlngthftg , any variation in
t he selddor EWwperpod it gbwesurirenttdsa variation in the acquisition current
la which is imediatglys C\Q%_’?,ent?ﬁéeeagQﬁBZetbglﬁg gr Rasily QR SR 1S

injected by the regulator to keep the acquisition current |la constant.
1 f the sens@*AFFETVELY dFOp3S FRelBEHBREBSERRPOFUCEHKPORE tiOT FRHERES to

Iéeep it gonS%saancll|ébé£|%5téﬂ/a&ect:8§séeﬁfﬁ@_ra@tg‘_ﬁﬁ%&ﬁ:ib%l ic%r_&’feﬁﬁ:r essively 25 »

ecreased and. re ce the erposition _curren S W _t hout opening sal

current Iooﬁp“ﬁﬂgHEW%tis%9é$8,g#ﬁeggﬁgséﬁrEagéﬁgopafcéhn di ect ed

from t ¥ curcentedtoopct asi hspestdi bywbhkecansicdintg parys sopren ircapandmeal y

bei ng_det ect e, fyg e, 8EqM1 SLELORCUEREDLACNO BhalMs, S0, Jener ahed by the
e Th a four enbodiment of f She test

acqui sition sys \ Th €1 nvention,
circuit is iFsTelsedion qupsenable &adbeehovebled box avdicvh thaeslunkhdct i on

termnals fCEoCQQn@Gt%QPiE?_EﬁﬁE Eﬁhnhéqﬁg%qﬁﬁ%ﬁtE&éﬂ@ﬂufﬁjdﬁbféﬁﬁ rrent
| oop. 35 One of the connection termnals 13 is connected downstreamTrom

the di ode DIPEIRPELY etiFROSEr PRENHNEH thfe CHEEFENSI tiAO® syst em at a poi nt
comon 39 th the aphet eesAlcircuit as shown in Figure 1 preferably

comprises a diode D2 connected in series with the
variable voltage generator to prevent part of the
acquisition current Ia being diverted into the test
circuit when the variable voltage V4 is small.

35 Provision is also made to connect a diode D3 in
series with the DC voltage source 5 of the acquisition

system 3 so as to deal with an increase in said voltage



3 0 DE C 2002 s that neasures the magni tude of the acquisition current Ia.
The other connection termnal 15 is connected domstreamfromt&iteaﬁisure
sensor 1. The ameter Al is preferably integrated in the test kch in
this case 5 has a third termnal 17 conne%:ted upstreamfromthe diode D1 in
a connection that is common with the ame 3 p DEC 2002 9 CLAIMS 1/ A
current loop, in particular of the 4 mA - 20 mA type or of the 0 - 20 mMA
type connecti ng an anal og sensorntCLFZarto an acqui sition system (3)

respectivel y Vear BYRG & ST IRIT PRFARE ReR ST TFon EBrrent
(la), the loepikeway, cftaf@c‘;xc%smltrytckmtfeédpz@gmélpmr@lgwcaft for
testing proper operation that is connected in aral th the curr

| oop Lo bnabPEea Seiper A bri but A1 &5 (9 BECTFFBEL LaoPROrEPH CaRi ch

current is leasep@esadan imenaemrnwrar&mntﬁlcanotn@@sthe laequi si tion

current ¢l a)l,p -and |s | ncrnclaaaisetgapl{ th{eefé-v%’eié/ :‘%ltl -{:sztrgﬁ operation of
0 n [

the acquisitron sys oW cur e d-and gh-current
t hreshol d, r@@g@tﬂhd@l yaf 165 Qirveriurkeop Wbtdpoatc@xdtugbingcfaem o in

which the tesh el tidsdial L@&?s@ré’a{ﬂa:?é}%i’ Lipdengensepbor (7) connected

in parallel acqui sition stem es it p055| bl e,
whil e the superposﬁl”tla)rﬁwmérﬁ jreemiei S | plepwRséd, Fignrehe, the

super posi ti O e&# rceirltcxflts)cérﬁpnbﬁsééll £cF&£61 bl & enﬁeéewgneoeégamatbbe gsum of
the acquisition current us t he su erp05|t| on current, “which sum

cor r espdiids F(?W’r’r"é:ts?&s’d? E"iﬁ? Ehel (YE5D SRe a3nedogePER§OFhe - acqui siti on

system down to a Imw csmgs@moaﬁtidsme&hﬁf@lnt3isAlgumgat:téaomaceﬁédl ng to
claim2, in vvhlclhtheb[} st CI U|t nIudegad E)%\ connected in
series with tHhg V% E%ﬁptl e henet AV Y - 75m BOW/ cBFFERtFoop

accordi ng tosdHreian 2 ralahicé tdzetltlesdl:cectuon ofActbdesacqudsddeofnD3)
connected i n SAOIEF ML NsdNesacgubsi L5883 SYStEAL sensor current Ic,

15 with the sum Ic + Is being equal to the acquisition
current Ia. An ammeter A2 is connected in series with
the variable DC regulator 9 to determine the magnitude of
the superposition current Is.

In this way, the superposition current Is is varied

20 progressively so as to increase the acquisition current
Ia given that the sensor current Ic as imposed by the
constant pressure inside the casing throughout the
duration of the test remains constant. This causes the
acquisition current Ia to increase to a high threshold to

25 verify proper operation of the acquisition system 3
without opening the current loop.

It should be observed, advantageously, that while
testing the low and high-current thresholds of the
acquisition system, the sensor current Ic can be

30 determined from the magnitudes of the acquisition current
Ia and of the superposition current Is as determined by
the ammeters Al and A2 connected in the test circuit. As
a result, the pressure of the dielectric gas contained in
the casing is monitored throughout the entire duration of

35 the test being applied to the thresholds of the
acquisition system by means of a test circuit connected

in parallel with the current loop. A leak of dielectric



35 5/ A current loop according to claim2, in which the test circuit

i ncl udes an ammeter (A2) connected in series with the variable voltage
generator (7). 30 DE C 2002 10 6/ A current |oop accordi ng 3®DED 200 1,
in which the test circuit includes a variable current regulator (9) which
is connected In parallel with the anal og sensor (1) and 5 which nakes it
possi bl e while the superposition current is being increased, for the

superposition current (Is) to be injected while keeping_constant the sum of
the sensor cuPPENETOM)EHS FRSINY NPErD&EIYS ontStrfent €6ABt ARt EhEhi ch sum

corresponds t@ehkeracit:Srid ot GHd efdnsspuasc 1P €6 xedrby Lhecpperation of
the acquisition systemup to a hi higgrrent t hreshol d 7é A _current l.oop
%P@ test? |

I
according to SHEEHRESLH SthiTh RAGR (F 30 | B LuésPandghfElerefa2)
connected in ®erités wininetlkh: tAw. vari able current regulator (9). 8/ A
current | op according tq claim.6. . .in ich the current regulator (9) is
sgrvo- conftgrgl | ed tgﬂri % tg‘qu{fflseir?l?%#%?ﬁv\z’?; 1? ’ilil%)}Hgﬁngfoﬁ’ggﬁrgﬁpwﬁoéﬁl
accordi ng to anguaee Jpf tHaitsstl ¢iord@ it ncavwprhseébheaanmakrdgbiensorriesta

re re sen r N i casi rical
Pressur e Sensqr Al SENSI NG e &S Gl P 18] CastROLAL BRCELEGH |

appar at us. removabl e box conprising a test circui r festing a
current | oop &SEHAN rig 1D HEeOhed GFURSEPPBLULED QurrfBthéR Phclbedingg
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15 the ammeter Al connected in parallel with the series
diode D1 of the acquisition system 3.

Throughout the duration of the test, any wvariation
in the sensor current Ic gives rise to a variation in the
acquisition current Ia which is immediately compensated

20 by the superposition current Is injected by the regulator
11 to keep the acquisition current Ia constant. If the
sensor current Ic drops, the superposition current Is
increases to keep it constant.

In this way, the sensor current Ic is progressively

25 decreased and replaced by the superposition current Is
without opening said current loop. When Ic is zero, the
pressure sensor 1 can be disconnected from the current
loop to inspect it while avoiding any open loop anomaly
being detected by the acquisition current. No alarm is

30 generated by the acquisition system.

In a fourth embodiment of the invention, the test
circuit is installed in a portable and removable box
which has connection terminals for connection to test
points permanently mounted on the current loop.

35 One of the connection terminals 13 is connected
downstream from the diode D1 connected in series with the

acquisition system at a point common with the ammeter Al



...,----yl 11114151111} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] cal ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 1133>3?33333K4L4447#
7%7] 777t 888888888E9F9e9f 91 : m } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] 8 &8E€Q)Ra]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caEJ calcalca]calcalcaljcalm::0;3;m
<<<<LT7===X>>>>?? @ @ AA9B: B=B@BBC} xsn} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJ cal ca] ca]ca]calca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cacEsl0
%& ()- 109 ()- s10%& ()-3s10%& () - 109 ()- 6S109%& ()-!$' J[iK* "9
109&' () - @9 é%%&m?%@ﬁo%e( na ?é(“y&g(e) S 1%3/@ (a)c-q)mfd*(a‘fﬁ'c(r) TR () - *
I}) L/G‘&IBGB 1@(3(}/&15();/&'239@%@gﬁ%%pgg&%()@%@g@h- t§;§91i11@%&'1(5) 1@ cbrtheldd ()-@ 9

- . = 0 ,
#1094 &1 & ( Q‘Q{}?b]‘eiw&r??- F%%‘/%%@«%LEF- SERSBot g (% A2 hutS
/s*WU3] "B | Gp#408@®ah) v- LAteg#iBeR (h- BUeltett0%Waxd' Wil i 1Uks (Jas398 !~ #
10%& () -3% + _#10%+~& () = 3% 47! .
1004 & (3 - 10@21%&8(????:%16%&%%)1- 3y TOPREETES BE H6 b PR gv: 5248
xVA4rS4° 11+ fRI0UR &) cphhef#109 L&at) 4y common with the ammeter.
TFR109RE () -y/ ! T F#10%4& () -y/ ! T f#10%@R () -y/ ! f#10%4| 4] & () -y/ 3bwl3rS47 ! f
#10%44& ()-y/ " T f#10%) U & ()-y/ ! " f#109B| Bl & ()-y/! f#1098| 8| & ()-y/!'& f#
10 WWe' ()-y/! f#10%\ \& ()-y/
uv4a I L#10%z& () -3 L#109& () - 3! L#10%99& () -3t 109 () - Y% 109&' ()- 1044
1044



1044}[9uVﬂ‘!!!5‘L#10%&f()-3!‘L#10%&f()-3!‘L#10%pp&f()-3‘L#10%&f()-3!‘L#10%&
"()-3 L#10% ()-3OP QR W [MA 1115 L#10% 10 10
10! G5 LAL109&' ()-3!'9" "L#10%&' ()-3! L#LOY ()-3!'  L#LOWZ& ()-3R a#@0§97m2
Bl ""T#zX6MA' 1! °, @10%& ()-,!!", @L09%?& ()-,!, @L0%& ()-,!! 10%&°()"S!
y109%&' () - @109 () - 9 \
THS. $WB & ' zX6MA 111 C, @10%@&' ()-,!!'+ , @10%& ()-,! , @&LO0%& ()-,! , @RL10%&
()-, , @L09%A.& ()-,! ", @LO%mME& ()-,"'"'"" "' (C))uSll "#10% v:v& ()-3! #10% ()-3
I #109&' () -3t 10%AINS $10% & ()- 10@@ 10@@ 0 4100 v (13" #10%
10@@ *y+, - -. PII" #1094 & () -3L #109 & ()-310 #10% *:*& () -3! ()
F: F& ()-3!0‘%@2&'%?%@“% ‘%’é" LB CLE NS N S ER o
& ()-3.vIiw x/y/dr =001t 0 " #1006 hB typ8! t4ANKBY SME' bh- 388 1eUR'sEN<BIOUR) () -
10jj 10jj e . . .
10j ] ! 0+ #10% | &Q)33 G DL G 2BWIREETT (31058 8PEFEAVELY1GOET YIRS P #100%&
()-3!" " #109%' ()sNPr Hh@eRer(y - 810) ~ #10%p&aCyu3Sk61dR7£UYFeRL! (THA)Q%tde! YZ1
0%H& () - &10%4& £ )5 : ; ; : ; ; :
10! +5° " #10% () -%%p %’0‘% 7525808581 828t BBeLBR 51 Cs PT0RE £F 5281 69& V) "e 10%
& ()- 10NHNH 10DNHNEE SONMNHPROPSDURPIRIFRE L pn! £ha0os Bl HenApc2eR: idy 3; m
<z[9r SI!\ (10990 8-{11e¥X with the current loop to enable a superposition
10%&'()-10%&'(f?!‘,s'10%&'()-Z!A‘,$'lO%&fé)-%!‘,s'10%&[(%—22?: E;:'>>>~_:/1
10! +37S) 109%& ()SFg Tkl ¥9). B2098 t}IecEedos@erpin, which current is
T(10% & (D6 !\ isdé¥fosed Jor>BbRE?EASSE current (Ic) or on the
acquisition current (Ia), and is increased progressively
to verify the operation of the acquisition system to a
low-current threshold and to a high-current threshold,
respectively.
15 ,
2/ A current loop according to claim 1, in which the test
circuit includes a variable voltage generator (7)
connected in parallel with the acquisition system (3) and
which makes it possible, while the superposition current
20 is being increased, for the superposition current (Is) to
be injected while keeping constant the sum of the
acquisition current (Ia) plus the superposition current,
which sum corresponds to the sensor current (Ic), so as
to verify the acquisition system down to a low-current
25 threshold.

3/ A current loop according to claim 2, in which the test
circuit includes a diode (D2) connected in series with
the variable voltage generator (7).

30
4/ A current loop according to claim 2, in which the test
circuit includes a diode (D3) connected in series with

the acquisition system.

35 S/ A current loop according to claim 2, in which the test
circuit includes an ammeter (A2) connected in series with

the variable voltage generatcr (7).
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circuit includes a variable current regulator (S) which
is connected in parallel with the analog sensor (1) and

5 which makes it possible while the superposition current
is being increased, for the superposition current (Is) to
be injected while keeping constant the sum of the sensor
current (Ic) plus the superposition current constant,
which sum corresponds to the acquisition current, so as

10 to verify the operation of the acquisition system up to a
high-current threshold.

7/ A current loop according to claim 6, in which the test
circuit includes an ammeter (A2) connected in series with

15 the variable current regulator (9).

8/ A current loop according to claim 6, in which the
current regulator (9) is servo-controlled to the

acquisition current (Ia).

20
9/ A current loop according to any one of claims 1 to 8,
in which the analog sensor is a pressure sensor for
sensing the pressure in the casing of an electrical
apparatus.

25

10/ A removable box comprising a test circuit for testing

a current loop according to any one of claims 1 to 9, the

box including connection terminals (13, 15, 17) designed

to be connected to test points permanently mounted in the
30 current loop.



