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DIGITAL ISOLATION MONITOR FOR AN ELEC'l'RICAL POWER ~STEM 

The invention relates to an isolation monitor comprising : 

- a circuit for input of a reference AC signal between the power 

system and earth, 

- an electronic detection circuit supplying a meas\lrement signal 

which is the image of the power system isolation, said isolation 

corresponding to an impedance Zd formed by a leakage resistance 

Rf electrically connected in parallel with a stray capacitor Cf,· 

the capacitance · of .·;which depe}lds on the characteristics. of the 

power system, 

- means for discrimin~ting ·the resistive arid ·capacitive 

·components of the measurement signal, 

· - and · means for computing and indicating the modules of said 

components to display the values of the · leakage resistance Rf 

and of the stray capacitor Cf on display and alarm means. 

The document. FR-A 2, 616, 228 descr.ibes an isolation monitor 

containing a generator which applies a low-frequency reference 

AC voltage to the power· systel'(l~ and a synchronous analog· 

detector having a pair of solid-state inverters processing the 

resistive and capacitive components of the measurement signal 

proporti9nal to the isolation impedance. A c9nverter is 

connected to the generator to deliver two controi signals in 

·l...t quadr~ture to.control the inverters, one of the control signals 

being in phase with the reference AC signal applied to the power 

system by: a generator. The precision of the monitor: c;lepends on 

. the phase:· stability of ··;the measurement channel. The use of a· ·.~·:; 

generator ~th a synchronous analog detector is liabl.,e to.make . . ... . .... 
the phas~ distortion factor vary accordin~ to the. 

characteristics. of the electro11ic components, which qi ves rise 

-to measurement errors. 

The· -object of the invention consists in impro-vin_q the 

· · · ~-a~uz:ement precision of an isolation monitor • 

..:.-
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The isolation monitor according to the invention is 

characterized in that it comprises : 

a signal processor Pl with digital processing designed to 

synthesize in real time a sine wave by table stored in a memory, 

and to send the digital values of this sine wave to a digital~ 

to-analog converter CNA of an input channel to generate the 

reference AC. signal, 

- an .acquisition, channel paving· a low-pass· analog fil~er 

connected by means of a sample-an4.:--hold.circuit to an analog-to-

~- digital converter CAN delivering. a filtered digital measurement ,~. 

signal which · is processed by synchronous demodulation in said 

(_) 

processor Pl, then trapsmittedto a microcontroller P2, 

- a dual measuring circuit of said acquisition channel 

comprising a -first measuring circuit delivering a first signal 

Sl representing the voltage input to the power. system, and a 

second mea~uring circuit supplying a second signal S2 

.representative of the leak.age current flowing in the impedance 

Zd, 

- and a· ... switching means controlled by the· processo.F Pl to input 

the first or the second signal to the acquisition channel. 

The frequency of the reference AC signal input ~o the power 

system by the input channel is a sub-multiple o~ the power 

system frequency. The processor Pl synthesizes the.sine wave by ·>~ · 

points tis\pg the formula : '·'il'i 
. ; ·,·<.: 

sin (A+. b) =·sin (A) ~?s (b} +sin (b) cos (A) 

in which the first parameter A is scaled from O to 90 degrees in 

·predetermined steps ml equal ·to 90/n,-···and· the···second parameter b 

·. :·.:~·, ·. i~ ,:.§,9~.~~~frc:mi 0 t() .ml. degrees in. prede:t;.e~~n~c;t-~.l?~eps. -~ --~qual 

•• '.! 
···.:· 
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to ml/n. 

Digital generation by the· processor of the reference AC signal 

enables a very low, stable phase distortion factor to be 

obtained. The measurement channel then introduces a minimum 

phase error in the processor f.or processing by synchronous · 

demodulation. This phase stability enhances the precision of the 

.monitor. 

The -acquisition channel cooperates with a dual measurement 

circuit. delivering a first ··signal Sl ~d a second signal 52 

~ respectively representi"ng the voltage input to the. power system, "'.4: 

and the leakage cUrrent flowing in the impedance Zd, and is 

provided .with a :;witching . unit formed by an analog multiplexer 

designed to accept alternately the first signal Sl from the 

\..._,,· resistance bridge Rl-R2 of the first measurement circuit 

connected to the power system, and the second signal S2 taken at 

the terminals of a measurement resistor R3 of the earthed second 

measurement circuit, switching of ~he switching unit being 

controlled by the signal processor Pl. 

( 

\,_.-· 

After digital filtering and processing by ·synchronous 

demod'u,.lation; the processor tr~nsmits the da-ta to a_ micro­

controller ·which computes the values of the leakage resistance, 

~he stray capacitor, and the earth resistance in deferred time. 

The microcontroller P2.is associated with: 

- a keytfoard with control ~eys to enter.the data ahd scroll the. 

display,~~ 

- · a ·first alphanumeric read-out to display the values of the 

leakage resistance Rf,··· the stray capac~ tor Cf, and the earth 

·· · · ·····resistance Rt, · ·---

. ·-- ... ·- -- - .... ····- ... - - -·· .... ·- .. --·-···· ... -·· .. .. .. . 

·---·---··-.. ---------------- ____ .... -.. --.---.............. , ... ,,..,,. ........ ·· ............ . 

~· 
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- a second bar graph .read-out to give permanent indication of 

the isolation level with respect to alarm and pre-alarm 

thresholds, 

- an alarm device with signalling relays supplied in the event 

of said thresholds b~ing exceeded, 

- and a communication interface with a bus to transmit or 

receive data from an .~xternal transceiver device. 

Digital sealing with a secr~t code is programmed inside the 

microcontroller P2, ,,and modification of the parameters via the;­

keyboard is only authorized if the code entered complies. 

Other advantages and features will become more clearly apparent 

from the following de~cription of ai1 illustrative embodiment of 

the invention, given as a non-restrictive example only and 

represented in the accompanying drawings, in which : 

- Figure l is a. block <iiagram of the digital isolation monitor 

according to the i_nvention; 

- Figure 2 is a partial view.of figure 1, z;epresenting the 

equival~nt diagr~m of the input filter and of the dual 

\,_.·· measurement circuit •.. 

In figure l_, a digital isolation monitor 10. is formed by 
:· ... 

association of three· functional units 12, 14,:' 16 arranged te· 

form. ~ input circuit of a low-frequency AC r~erence signal 

betwe~p the power . system and earth, and a :4etection and·· 

processing circuit supply.!ng a power system isolation image 

signal. The monit~r is provided with two connection terminals 

18, 20, one 18 of which .. is connected to the power system 22, and 

: -· tl:le other of which is at earth ·potential. 

--·-·-·---...,..,-Dl..,l:Slm...,it...,.,..,.aci=-:=os"'""'~-""' ..................... ·.····· • .·.· 

;: 



!._;· 

5 

The power system 22 represented in figure 1 is a three-phase AC 

power system with isolated neutral {IT. neutral system), but it 

is clear that the power system configuration can be different 

(TN or TT neutral system). In the case of the IT system in 

f igtire 1, the input terminal 18 is connected either to the 

neutral of the medium...;vol tage/low-vol tage polN'er trans£ ormer 24, 
or directly to one of the phase· conductors (dashed line 

connection) • The power system 22 supplies at · least one load R 

connected opposite from the power tr.ansformer. The frequency of 

th~ AC system is 50 Hz, .~60 Hz or 400 Hz· according. to t~ nature 

of the electrical installatitin.or the country •. 

Tne first f\lnctional unit 12· (see figUres 1 and 2) comprises an 
input filter 26 having a trap circuit 28 tuned to the p.o~r 

system frequency. A capacitor 30 connected between the trap 

circuit 28 and the terminal 18 .is designed to interrupt the DC 

component of the AC power system · 22, or to interrupt the DC · 

current in.the case of use on a DC power system. The trap 

circuit 28 is constituted by parallel .connecti<:>n ·of a capacitor 

32, an inductarice coil 34 and a resistor 36, the function of the 

latter being to prevent the ferroreson.ance phenomenon. 

To .. palculate .the isolation level of the power .. system, the value 

of the voltage input and the current flowing in the fa~lt 

_ ~mpedance Zd between the power system and earth have to be 

kn6wn. 

The· .input filter 26 ·has connected to it in parallel on the pC>Wer 

system side a ·first voltage measurement circuit~~38 comprising a 

resis\tance bridge (Rl-R2) to measure the voltage:tinput. A .series 
.· . . ·;' 

·capacitor 4.0 enables the ,pc component of the power system 22 to. 

be interrupted,. and a capacitor 42 connected in parallel to the 

resist.or . R2 attenuates the power system AC component. The 

· ·'"resistor R2 is ·connected to· ground,· ~and the image of the voltage 

.. · ·-~~:-._: .·.· :.:i.np~t, _;i.~ taken at the :inter~onnect.l;Qn.:po.i1'-t.·qf :the J:'.esist.c:>rs 9f 

.s 
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the resistance bri~ge Rl-R2. 

A measurement resistor R3 of a second voltage measurement 

circuit 44 is connected between the terminal 20 and ground, so 

·as to be in series with the fault impedance Zd of the power 

system. The voltaqe V taken at the terminals.of the resistor R3 

is proportional to the leakage current Id flowing in ·the fault 

impedance Z_d. 

"The isolation level ca>mputation principle· stem8 from\ the. dual .. ~ 
_.; 

measurement of the .. output ';,,signals· Sl and S2 .of the first and· 

\,,..,-· second voltage me~surement circuits 38, 44 .·of· the first unit~.jl2: 

If the voltage U measured at the terminals.of the·resistor.R2· is 

the image of the. voltage input, the actual voltage Ul input to· 

this system is given approximately by the relationship : 

(1) . Ul = U (Rl + R2)/R2 

the impedances of the capacitors ·40, 42 not be1ng taken into 

acco\lnt. 

Fµrthermore, -if V is the voltage measured .~t the terminals of 

the resistor R3,.the current Id flowing in the fault is given by' 

the relationship : 

(2) Id= V/R3. 
~ '· 

The:·.0voltage ·U2 at the terminals of the fault: impedance Zd· has 

the}'y-alue U2 = 01;.;.v. The fault impedance Zd is represented by 

the :t'~fationship : . 

: " ...... (3) .. -·--- . Zd :: 02/ID ... 

...... _ .. _ ......... ·--:-··-~·~:~~.::.~::~~~-:::.=: .: .. _ .. = '(U:J.-V) /Id 

:~:-~==~-::-~:;:y:. -:~:~~i~~:~h:j'.~~-:::=.::··::.:::=. (Ul-V) ~R3/V ··· ·· · .. 
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(4) Zd = R3/V [U (Rl+R2)/R2 - V] 

It can be noted that the fault impedance Zd depends on the 

values of the resistors Rl, R2, R3 of· the two measurement 

circuits 38, 44, and.on the values of the voltages U and V which 

are respectively proportional to the voltage input to the power 

system and to the leakage· current Id flowing in the fault 

impeCWice Zd. 

All. these,. values being known by construction and by :JBeasurementt 

the fault impedance Zd CCUl be dete:r;mined, ·without taking account· ~ 

\..,.,.i. of the cha~a~eristics of the input filter 26·. The.r dual 

measurement.process of the voltages U and V to compute the 

impedance Zd , then enables the manufacturing tolerances of . the 

. components, notably the inductance coil 34 and the capacitors 

30, 32 of the input filter 26, to be by-passed. 

The second functional unit 14 (figure ll comprises a f;liqnal 

processor Pl associated with : 

- an input channel 48 connected·to the trap circuit 28: 

~,. - an acquisition channel 50 of the outpu1r.:, signals Sl and 52 of 

the first ·and second measurement circuits 38, 44 respe.ctively 

.~epresenting the values of the voltage input to the power system 

and of the fa~lt current in the impedance Zd: 

--~ a conununicat,ion link 53 with a microcontrpller P2. "' ~ 

Tpe signal processor Pl is a specific ·,\;lltr~-fast digital 

microprocessor enabl~Jl9 multiplications and divisions of 16-bit~. 

number.s to be performed in a single instruction. 

The acquisition channel SO comprises a switching unit·:s2 ·f0rmed · ·· · · ···--·-"·---­

_by ·a CMOS analog multiplexer ·designed to alternately·::accept·_·the.···:.::.--·--:~·::·:::;~::.~~-
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first signal Sl. and the second signal S2 from the unit· 12. The 

, switching order is generate~ by the processor Pl and sent to the 

switching Wii t 52 via a link conductor 54. The output of the 

switching unit 52 ls ·connected to a first variable gain 

amplifier· Al,· which amplifies the signal Sl or the· signal S2 •. 

The signal obtained then passes through a low-pass analoq filter 

56 ~signed to prevent spectrum aliasing on digitalization. The 

filtered siqnal is sent to a sample-and-hold circuit 58,. and is 

then converted. by _means of an analog-to-digital converter-CAN. 

The sample-and-holdl circuit. 58 is controlled by clock signail.s 

generated by the processor Pl~ and conveyed by a.link conductor 

60. The digitralized ·data is sent to the· signal processor Pl 

which performs synchronous demodulation, and adjus~s the gain of 

the amplifier Al. 

The input channel 48 comprises a digital-to~analog converter CNA 

connected to the signal processor Pl, and a ~econd amplifier A2 

connected between the converter CNA and the trap circuit 28. The 

input channe_l 48 of the s·econd unit 14 uses a part of the 

resources of the signal processor Pl to digitally synthesize in 

real time the sinusoidal signal input at low frequency •. 

The processor Pl generates the sinusoid~! signal input on 1024 

· points. ·Givan that a digital component is involved, generation 

.. c:>f the ··sine wave is accomplished by computation using the 

following formula: : 

sin (A'·+ b) = sin (A) cos (b) + siri (b) cos (A) ,., · 

To do this, .A. is used as the "rough" pai~eter.: A is scaled 

from 0 to 90 d.eqreee.t in steps of 90/16 = s.62s degrees. ~,. 
b is:·W;ed ·as ·the· "fine" parameter : ··b is ·scaled from 0 to 5.625 

degrees in.steps of s.625/16 = 0.351 ·degrees • 
... . -- .. ·-.. .. .. . . . ... . ... . ·-· ·:- -· ~- ···:····:.·. ·:-· ....... . .. ... . . . . ··- ··- "· .. -········ .. -·- ···- . ·-- ---- ·; .... 
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processor Pl : 

- a sine (A) table 

- a cosine (A) table 

- a sine (b) table 

- a cosine (b) table 

To generate a s·ine wave, we first take A = 0 and b is scaled 

from o·to 5.625, then A= 5.625 and bis scaled from 0 to 5.625, 

G th(!n A:= 11.25 and b is scaled from· O ~~ 5.625 etc. Generation 

of O to 90 degrees of 'the sine wave is therefore made up· of 256 "" 

"points. 

Above 90 degrees, the tables merely have to be run ,through in 

the reverse order to obt_ain the sine ~ave decrease. Above 180 

(_.) degrees, the sign of the result. mereiy has to be inverted 

following the same method (with a· change in the reading 

direction of the table at 270 degrees).· 

I 
~ •• l 

It can be noted that only a quarter of a sine wave is stored in 

memory. This results in , a savin,g in memory space in the 

processor Pl. 

· Proce·ssing by synchronous demodulation in the processor Pl also 

.. requires the cosine of the input signal to be known. The same 

principle is used knowing tl)at : 

.·.'~ 

cos (A + b) = cos (A) cos (b) - sin (b) sin (A) ''~7 ·' 

., The same tables are used. 

·The ·digital values of the sine wave thus obtained are sent to 

the digital~to-analog donverter CNA which transforms them into 
.. . ... 

-··· ·a11··-analog voltage •. The sine function is used. as it begins at 0 

· ::~~:.:~::-:·~:-;:::::-~a~·=t-:-::'::-· :o. ···The· . amplifier . A2 sui>Plies the necessary current, . for · 

. - --·-·-·-··· --- . -- ··-------····-·· 
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input· to the powe.r system, after passing through the input 

filter 28. The frequency of the AC input signal is a sub­

multiple of the·power system frequency, as described in detail 

further on. 

After the low-pass filter 56 has eliminated the HF-interference 

signals and the noise notably of frequencies higher than 100 Hz, 

which could pe · brought into the useful input frequency band 

after-sampling, the signal processor Pl performs a first.digital 

filtering consisting. in cutting tru!- spectrum at .;264 Hz and•.then 
•'::·· 

decimates the samples taking one sample out of ·eight. This~ 

v amounts .. to~~ samp.ling at a frequency eight times lower. The 

processor Pl then performs a digital filtering, ·eliminating the 

.50 . Hz frequency on the di:gitized signals images of the input 

v6ltage and of ihe leakage current. The digital filtering 

G process consists in cutting the · spectrum at 12 Hz, qi ving a 

rejection of 60 dB at least at 50 Hz. The structure of the 

digital filters is for example of the recursive Chebyshev type. 

The signal processor Pl then performs synchronous demodulation, 

the process of which consists in multiplying the filtered 

digital signal by the phase shift sirie, and then integrating it 

to obtain the real part of the output signal Sl or S2. The 

imaginar~ i;>az:t of this signal Sl or S2 is.obtained in a similar 

.way by ·multiplying the filtered digital signal by the .cosine, 

and then integrating. 

Synchronous···'demodulation has the particularity of rejecting all 

:~ the harmonic frequencies of the input signal. frequency. For this 

.:.: reason, · the input frequency will be a. ::Sub"!"'mul tiple of SO Hz, 

notably 10 ,. 5, -~--2. 5 or 1 Hz. · To improve the measure11,1~ent 

pr~cl:siori, ·it is necessary to work at a low···frequency. ·Depending 

. ori .the case, the processor Pl will work at 10 Hertz (low 
. . 

· ······capacitive ·power systems), s Hertz· (capacitive poWer systems)" ·oz:·· 
.:::· .. ~.·-·-::::.-:.::::·, .. "2~·5. and even ··1 ·Hertz for very capacitive power systems~ ·· - ·:·.:·---~·~:···: .. 
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Digital generation of the input signal by the input channel 48 

gives rise to a very low and very stable phase distortion 

factor •. This ~eat"Ure is advantageously profitable to the 

synchronous demodulation principle implemented in the processor 

Pl and which requires a minimum of phase error in the 

acquisition channel so. 

It can moreover·be noted that the earth resistor Rt (shown by a 

dashed line in f iqure 1) , . electrically inserted between the 

v fault impedande Zd_,, and the. terminal 20 of the, isolation monitor 

10, affects the aacuracy· of the isolation :-measurement, as "the 

~ earth .. resistor Rt is connecte_d in series with '!the leakage 

resistor Rf. Intermittent operation of the signal proce_ssor Pl 

at two different frequencies; for example 10 Hz and 5 Hz, will 

· enable the value of the earth resistance Rt in the micro­

controller P2 to be calculated. 

The gain control of the amplifier Al of the acquisition channel 

50 operates as follows.: 

The signal processor Pl computes the square of the module of the 

filtered digital signal Sl or S2 corresponding to the voltage 

input and the isolation current. If this module exceeds Vmax/2 

(Vmax being for example equal to 10 volts), there is a risk of 

. ~aturation at· the level of the amplifier Al. The· processor Pl 

then adjusts . the gain of the amplifier Al to the immediately 

lower ga~Jl· If this module is lower than Vmax/4, tpe processor 

adjusts ~the gain of the amplifier Al to the immedi·ately higher 

J~ gain. This results in the signal rec·eived by the processor Pl 

always having maximum dynamics. _.,_; 

At ·the end of ·each measurement sequence corresponding to an 

amplitude adjustment, a"c:U.qital filter stabilization. time, and a 

· ... :·measurement time, .. the t>r0cessor· Pl .. sends the microcontroller P2 .. 

-~· .· :~ :: ::.. ·.·four types ··of .. measurement : for · :each ·:·working .. frequency lOHz :and 

------------·----·-·-----···· .................. _._ .... ______ . __ ......... , ........ . 
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5 Hz : 

- real part of the current signal and the associated gain, 

- imaginary part of the current signal, 

- real part of the voltage signal and the associated gain, 

- imaginary part of the voltage signal. 

In the third functional unit 16, the microcontroller P2 uses the 

data ·transmitted by the signal processor Pl to·· compute the 

values of the isol,ation resistance Rf, the capacitance Gf of .. the 

system _and· the e~th resistance Rt. It manages a keyboard'~61, 
the l;'.ead.l-outs· 6"2,· 64, the controls of _an alarin device 66 and a 

commUriication interface 68 with a data transmission bus 69. The 

· microoontroller P2, by means of a backed-up . powe-r supply. to the 

memory zone 70, enables faults, in particular of a fleeting 

\._,,, nature, and the configuration of the equipment to be stored in 

memory in the event of a power supply outage. The micro­

controller P2 uses the relationship { 4°> above to compute the 

values Rf, Cf and Rt. The microcontroller P2 works· with a slight 

time lag and is not as fast as the si~al processor Pl which 

works in real time on each supply of samples. The displays 

l . v 

managed by the microcontroller P2 comprise : 

- an·alpbailumeric read-out 62, 

. "."' a bar·· graph ·type read-out 64. 

The alpll.anumeric read-out gives the values of t;he isolation 

resista:fice Rf, the system capacitance Cf, and the earth 

resistance ~Rt in .. plain language. The read-out 62 displays a 

"menu" .. proposing parameter read, parameter progrcitmming, test 

mode run or·a~arm acknowledgement. The data can be displ!;iyed on 

the :read~out 62 in different languages by means of predetermined 
··.programming • 

.... . ·-·· ... . : .....•. --:----:--...:: •. _:..:.:.;_:.:.i:...!_..·~·.::: .• -·.-- . .. 
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level with respect to an alarm threshold and a pre-alarm 

threshold. A green coloring indicates .an isolation higher than 
the pre-alarm threshold (high isolation threshold), and a yellow 

coloring indicates an isolation lower than the pre-alarm 

threshold but higher than the alarm threshold. A red coloring 

indicates an isolation lower than the pre-alarm and alarm 

thresholds. The lighted segment situates the isolation with 

respect to the thresholds. 

~e keyboar« 61 comprises a limited number of non~specific keys: 
. . . ~ ~ 

. the bottom line _of the alphanumeric di.splay s.creen of. the 

rea~-out 62 · defines the function of each. ?f ·>the keys. The 

keyboard 61 enables data (thresholds} to be entered, the display 

to be scrolied, and a test mode. to be run. 

The alarm device 66 comprises relays 72 triggered when the 

thresholds are exceeded. One of the relays 72 is triggered when 

the pre-alarm threshold is exceeded, and two other relays 72 ~e 

triggered when the alarm threshold is exceeded. 

The communication interface 68 with the bus 69 enables data to· 

be transmitted or received from an external.transceiver device. 

The data t~ansmitted can· be.the value of the isolation 

resistance·, the line capacitance, the value of fleeting faults, 

.. etc.· The data received are modifications of the .threshold 

values, reque~ts to send information, etc. 

. ·~':.': 

A test device of the monitor 10 comprises a ·tes:t circuit 73 

having a test resistor R4 one of the ends of which is connected 

to the terminal 20, and the othex:: end of which can cooperate 

with a bist~le- contact 7 4 of a control relay· 7 6. When 1fbe relay . 

76 is not energized, the contact 74 opens the test circuit 73, · 

but closes the input ·filter 26 circuit, allowing the LF· sine 

wave signal generated. by the sigiial ··processor Pl :to be input to 
the power system. . .. ::~ .. ··:.~:· -· ..... -_::.· .· .. ·~ :~~~:.-·:~:~::::-.· .. ··· ··-·- ···-·· ····· ···.----

-------------... --.~·-:·-............ ·.~~ ................. -.•~·-··· .• ... : ... .... -, .. 
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The test mode operates by pressing the test key of the keyboard 

61 resulting in an excitation order of the relay 76 being sent 

by the conductor 78 of the microcontroller P2. The contact 74 is 
then switched to the position represented by the dashed line, so 

as to close the test circuit 73, and prevent the LF sine wave 
signal from being input to the power system. Insertion of the 

test resistor R4 simulates an isolation fault Occurring at the 

input of the monitor 10 between the terminals 18, 20. This fault 

is accepted by the ... ac~isiti~n channel 50 ·and the signal 

v processor.-· Pl, ,~and is then displayed on the screen of th~ read-
out 62 by the controller P2. " 

Digital . sealing with a secret code is programmed inside the 

microcontroller P2, and a code key is accessible on the keyboard 

61 to enable new parameters to be entered if the code complies • 

. - ..... ····-·. ··: ··- ... - ···-·:· ........ ······ ... . .... . . ..•.... ---- -.·- ····-··· .. -· .... : . 

. . ·'.•.' ·=·:. . ...... ·· -: .~ ...... ,. · .... . 



:)1. 

15 

CLAIMS 

1. An isolation monitor comprising : 

- a circuit for input of a reference AC signal between the power 
system and earth, 

- an electronic detection circuit supplying a measurement signal 
which is the image of the power system ·isolation, said isolation 

corresponding to an impedance Zd formed by a leakage r~sistance 

Rf electrically connected in parallel with a stray capacitor Cf, 

.the capacitance of which depends on the cnaracteristics of the 

power system, 

- means for discriminating the resistive and capacitive 

components of the measurement signal, 

- and means for computing and indicating the modules of said 

components to display the values of the leakage resistance Rf 

and of the stray capacitor Cf on display and alarm means, 

characterized in that.the isolation monitor {10) comprises : 

- a · sic;jnal processor Pl with digital processing designed to 

.synthesize in real time a sine wave by table stored in a memory, 
and to send the digital values of this sine wave to a digital­

to-~alog converter CNA of an input channel {48) to generate the 

reference AC signal, 

- an acquisition channel (50) having a low-pass analog filter 
(56) connected·by means of a sample-and-hold circuit (58) to an 

analog-to-digital converter · CAN delivering a filtered digital 
. . . . 

measurement signal which is processed by synchronous 

de~odulation in ·said processor Pl, then transmitted to a 
:·. micrbcontroller P2,. · . 
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CLAIMS 

1. An isolation monitor comprising : 

- a circuit for input of a reference AC signal between the poWer 

system and earth, 

- an electronic detection circuit supplying a measurement signal 

which ~s the image of the power system ·isolation, said isolation 

'-.._..,· correspoildin<1 to an impedance Zd formed by a leakage r~sistance 

Rf electrically connected in parallel with a stray capacitor Cf, 

·~ ·.:the capacitance of which depends ·on the cnai:acteristics of the 

~-

power system, 

- means for discriminating the resistive and capacitive 

components of the measurement signal, 

- and means for computing and indicating the modules of said 

components to display the values of the leakage resistance Rf 

and of the stray capacitor Cf on display and alarm means, 

characterized in that the isolation monitor (10) comprises : 

- a ·si9nal processor Pl with digital processing designed to 

.~ynthesize in real time a sine wave by table stored in a memory, 

and to send the digital values of this sine wave to a digital­

to-~alog converter CNA of an :input channel (48) to generate the 

reference AC signal, 

- an acquisition channel (50) .having a low-pass analog filter 

(56) conl\..'eeted ·by means of a sample-and-hold circuit. (58) to an 

analog-to-digital .·converter CAN delivering a filtered digital 
. . .. 

measurement signal whi.ch is processed by synchronous 

·-ae~6a1liaiion ··· i-n :.:said processor Pl, then transmitted to a 

:.: ·::::. -.·:·:::.::::~~~~~troller· ·p2~ · .. ·~: 

. i 
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- a dual measur~ng circuit of said acquisition channel 

comprising a first measuring circuit · (38) delivering a first 

signal Sl representing the voltage input to the power system, 

and a second measuring circuit (44) supplying a second signal S2 

representative of the leakage current flowing in the impedance 

Zd, 

- and a switching means (52) controlled by the processor Pl to 

input· the first or. the second signal to the acquisition channel 

(50). .· . 

~ 2:~' The isolation monitor according to claim :·i, characterized in 

that the frequency of the reference AC signal input to the power 

system by the input channel (48) is a sub-multiple of the power 

system frequency, and that the processor Pl synthesizes the sine 

(.__,. wave by points using the formula : 

sin (A+ b) =sin (A) cos (b) +sin (b) cos (A), 

in which the first parall\eter A is scaled from 0 to 90 degrees in 

predetermined steps ml equal to 90/n, and the second parameter b 

is scaled from O to ml degrees in predetermined steps m2 equal 

to ml/n • 

. 3. The· isolation monitor according t-o claim ·1 or. 2, 

characterized in that the output of the digital-to-analog 

converter CNA is connected by means of a f i~st amplifier A2 to 

ari input filter (26) with a trap circuit (28) tuned to the 

f?;"equency of the power system._,: 

4. The isolation monitor according to claim 3; chairacterized in 

'that the switching means (52) is formed by an·analog multiplexer 

designed to accept alternately the first signal Sl from a 

... resistarice bridge Rl~R2 of the first measm-ement. circuit .. (38) . 

-·::: __ -.~::·:::-::~connected to· the power system,. and the secorid signal S2 ·taken· -at 

' 
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the terminals of a measurement resistor·R3 of the earthed second 

measurement circuit (44), switchinq.of ~e switching mearis (52) 

being connected to the signal pro~essor Pl. 

s. The isolation monitor according to claim 4, characterized in 

that a second variable 9ain amplifier' Al is connected between 

the multiplexer of the switch1nq means (52) and the.analog 
· f~lter (56) to amplify said first and second signals Sl and 821 

adjustme~t of the qain of the secon~ amplifief Al beinq 
.~rformed ·· by the processor Pl according .. to the value of the . -~~ 
module of the filtered diqital sig-nal at the output of the 

analo9-to-di9ital converter CAN. 

6. The isolation monitor according to claim s, characterized in 

\._./ that the processor.Pl performs diqitai filterinq eliminating the 
stray frequencies in the digitalized signals which are images of 

the voltaqe input and of the leaka9e current, fol1owed by 

processinq by synchronous demodulation consisting in mu1tiplyinq 

said diqitalized signals by the sine and cosine of th~ phase 

shift, and that at the end of each measurement and integration 

sequence, the processor Pl sends data concerning the real and 

imaqinary parts of the voltaqe input and leakage current signals 

to the microcontroller P2 via a link (53). 

.. . 
7; The· isolation monitor accordinq to claim 6, characterized in . . . . ·. . . 

\that the microcontroller P2 computes in de~erred time the values 

of the leakaqe, resistance Rf, the stray capacitor <?f, and the .• 
earth resistance Rt located between the impedance Zd and the ·:".< 

measurement resis.tor R3, followinq intemi ttent operat.ion Of the 

processor Pl at two different frequencies. · "~ 

. . 
8. The isolation monitor accordinq to claim 7, characterized in 
that. the microcontroller P2 is associated with : 

····-: ... a ·key~oard·:·.(61) w~th c~trol keys ·to enter the data and scroll 
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the display, 

- a first alphanumeric read-out (62} to display the values of 
the leakage resistance Rf, the stray capacitor Cf, and the earth 

resistance Rt, 

- a second bar graph read-out (64} to give permanent indication 
of the isolation level with respect to alarm and pre-alarm 
thresholds, 

- an alarm device (66) with signalling ~elays supplied in 

event of said thresholds being exceeded, 

the 

- and a communication interface (6·8) ·with a bus (69) to transmit 

or receive data from an external transceiver device. 

9. The isolation monitor according to claim 8, characterized in 

that digital sealing with a secret code is progranuned inside the 

microcontroller P2, and that a code key is accessible on the 

keyboard { 61) to enable the parameters to be modified if the 
code complies. 

10. The isolation ·monitor according to claim 8 or 9, 
characteri.ze~ in that the keyboard ( 61) comprises a test key 

_qesigned to send an excitation order via the microcontroller P2 

to a control relay (76) arranged to connect a test resistor R4, 

and to disconnect the input filter (26) from the power system. 

-· ~-


