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(57) Procéde de mesure de la consommation d’électricite,
notamment par des petits consommateurs, consistant a
mesurer en continu le courant consomme; a intégrer ce
courant dans le temps afin d’obtenir une valeur (A.h)
associce a la consommation; a regler 1'mtegration en
fonction de la tension du réseau afin d’obtenir une valeur
reglee (Av'h) proportionnelle a une unit¢ prectablie de

consommation d’électricité; et a calculer le nombre
d’unites preéctablies obtenu afin d’obtenir une valeur
proportionnelle a la consommation  facturable

I*I Industrie Canada  Industry Canada

DIAC

(57) A process 1s described for the measurement of
clectricity consumption, that 1s specially suitable for
small consumers, comprising the steps of continuously
measuring consumer current, integrating said current
with time to obtain a value (A.h) relating to
consumption; adjusting the integration 1n function of the
voltage of the network to obtain an adjusted value (Av'h)

proportional to a preestablished unit of electricity
consumption; and computing the number of
preestablished units obtained to provide a value
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d’¢lectricite. De préference, le réglage de 1'intégration
s’effectue suivant quatre bandes de tension du reseau, a
savolr une bande nominale de part et d’autre de la tension
nominale du réseau, une bande de surtension, une bande
de tension prolongee situce en deca de la bande
nominale, et une bande de sous-tension. On a €¢galement
prevu un compteur d’¢lectricit¢ sans alimentation
comportant un transformateur de courant (TC) dont le
primaire est la ligne de charge (15) du consommateur,
tandis que le secondaire produit un courant
correspondant au courant de la ligne de charge, un circuit
raccorde au secondaire en vue d’intégrer la valeur de ce
courant dans le temps, un dispositif de détection de
I"instant ou le circuit d’itegration atteint une valeur
d’unit¢ facturable prectablie de la consommation
d’¢lectricite, ains1 qu'un dispositit compteur associ€ au
dispositif détecteur et destine a totaliser les unités de
consommation detectées. En outre, on a prévu un boitier
monobloc extrémement facile a fabriquer.
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proportional to chargeable -electricity consumption.
Preferably, the adjustment to the integration 1s carried
out 1n accordance with four bands of network voltage, 1n
the form of a nominal band on either side of the nominal
network voltage, an overvoltage band, an extended
voltage band below the nominal band an an undervoltage
band. An electricity meter without any power source 1s
also described, comprising a current transformer (1TC)
having the consumer load line (15) as primary and a
secondary generating a current representative of the
current 1n the load line, a circuit connected to the
secondary to integrate the value of such current with
time, detector means for detecting when the integration
circuit reaches a preestablished chargeable unit value of
consumption of electricity and counter means associated
with the detector means to sum the detected units of
consumption. A housing 1s also described which 1s a
single part and of extremely simple manufacture.



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT

PCT

WORLD NTELLECIUAL PROFERTY ORGANIZATION
International

Bureau

COOPERATION TREATY (PCT)

DE PESQUISAS DE ENERGIA ELETRICA . CEPEL
[BR/BR]; Ilha do Funddo, Cidade Universitria. 21910-Rio
de Janeiro, RJ (BR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MOSQUEIRA AL-
VARENGA, Landulfo {BR/BR]; Ruz Garibaldi, 156/505,
Tijuca, Rio de Janeiro, RJ (BR). PEREIRA CALDAS,
Roberto [BR/BR]: Rua Urugai, 318/402, Tijuca, Rio de
Janeiro, RJ (BR). LIPPINCOTT, Milton [BR/BR]; Rua
Conde de Bonfim, 560/302, Tijuca, Rio de Janeiro, RJ
(BR).

(74) Agent: DANNEMANN, SIEMSEN, BIGLER & IPANEMA
MOREIRA; Rua Marqués de Olinda, 70, Botafogo, 22251-
040-Rio de Janeiro, RJ (BR).

(57) Abstract

A process is described
for the measurement of
electricity consumption,
that is specially suitable for
small consumers, comprising
the steps of continuonsly
measuring consumer current,
integrating said current with
time to obtain a valye (A.h)
relating  to  consumption:
adjusting the integration in
function of the voltage of the
| network to obtain an adjusted
value  (Ayh) proportional
0 a preestablished unit
of electricity consumption;
and computing the number
L of  preestablished units

obtained to provide a value
| Troportional to chargeable
clectricity consumption.
Preferably, the adjustment to
the integration is carried ont
in accordance with four bands
of network voltage, in the
form of a nominal band on either
band an an undervoltage band,
having the consumer load line
connected to the secondary to i
reaches a preestablished chargeable unit
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"Measuring process for measuring chargeable electrical

consumption from an electrical network and electronic

electricity meter”

The present invention refers to a process and
an .electronic electricity meter, preferably for measuring
the consumption of small consumers of electrical energy,
such as the inhabitants at the peripheries of large towns
and in the country.

Many distributors of electrical energy
presently have to face a serious difficulty related to
the large number of consumers in the region of a lower
billing 1limit which in Brazil, for example, is around 30
kWh/month (known as the minimum compulsory tariff). The
billing of such consumers frequently fails to recompense
the distributors for their investments made in
installations, principally with respect to the
installation of electricity meters. The simplest
conventional meter, that is to say, an electromechanical
single phase meter, as described in the “Electrical
Metermen's Handbook”, 7th Edition, edited in 1965 by the

Edison Electric Institute, is the product of a technology
over a hundred years old that has undergone a long period
of improvements and cost reductions and which no longer
appears to be suitable for further simplification or cost
reduction. On the other hand, meters using electronic

technology, such as that taught in French patent FR
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2.555.318, do not result in COSL reduction but rather
only in the simplicity of implementation of multiple
functions at reduced increased costs ang this has
justified their application only for larger consumers.

This is due to the relatively high cost of

circuits for the calculation of electrical energy, French

patent FR 2.694.405 proposes a simplification of
themeasurement process, reducing the camplexity of the
circuits and of the overall COSst.

This approach involves the evaluation of
electrical consumption by altering the electrical
quantity being measured. The normally used quantity is
active energy obtained by integrating, with respect to
time, the active power which, in its turn, is given by p
= V.I.{power factor) or P = V.I.cos ¢, where:

V is the voltage modulus of voltage of the
electrical main supply;
I is the electrical current modulus produced by the

load based on V; and

¢ is the phase angle betweenV e 7 (the electrical

signals with time, corresponding to voltage and

current, respectively).

obtained by evaluating the electrical consumption only
from the electrical current I, or from the combination of
the electrical current I and from the voltage v, ignoring

in both cases the information relating to the difference
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in the phase angle ¢. In the former case, corresponding
only to the use of the current I, the basgic quahtity is
the ampere-hour (A.h) and, in the latter case, the
Volt.Ampere-hour (V.A.h).

Dispensing the ¢ information results in a
substantial cost reduction of the electronic circuits
responsible for the measurement, although  other
measurements become necessary to maximise the reduction
of costs, that is to say, the elimination of the
auxiliary measurement and protection circuits,
characteristic of the prior art, since it is
international practise to use the line voltage as a power
source for the electronic circuits of meters.

Another aspect that has become fundamental in
the analysis and conception of electrical consumption
measurement is the Quality of the Energy.

Modern electrical energy distribution systems,
which today constitute large interconnected networks, in
many cases cater for millions of consumers
simultaneously. These consumers have the most diverse
characteristics, as in the case of the
residential/commercial segment where there is the massive
use ©f electro-domestic appliances, computers and
fluorescent type lighting; and in the industrial segment,
where there are heavy loads used intermittently using
electronic switches (thyristor type) . '

The final result is an increasing pollution of
the distribution network, principally in terms of the
appearance of parasitic frequencies in the system,

multiples of the fundamental trequency (50 or 60 Hz), the

- said harmonics, and reduction of the power factor
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Overvoltages, for example, characterised by the
supply of an electrical voltage modulus superior to the
maximum electrical voltage .permitted in the system,

increases the consumption of electrical motors and
electrodomestic appliances. In the case of undervolfages
(voltages inferior to the minimum permissible), there is
a considerable reduction in the efficiency  of
motors/compressors being wused, for example, in air
conditioners and refrifj—erators, and a drop in ~ the
lighting efficiency of lamps.

In view of these observations, it is easy to
See that the prior art efforts have not arrived at a
single solution with the neceésary qualities, all at the
same time. Such qualities are:

- SCope of the _above mentiocned aspects
regarding the quality of the energy, both on the consumer
side and on the supply side;

~- reduced Cost 'that permits a wider
application, catering to a market of tens of millions of
consumers that comprise the worldwide distribution
system,

This will become clear from the following brief
discussion of a typical prior art approach.

Discussion of the prior art

- the cost aspect is considered in above
mentioned French patent FR 2.694.405, although such

patent does not exhaust the existing possibilities, apart
from ignoring important aspects relating to the quality
of the supply as, for eXample, measurements related to
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overvoltages and undervoltages in the el.ectrical supply
network:

- one aspect related to the quality of

consumption, the power factor, is considered in US patent

5.198.751 in an 1isolated manner, through the conception

of a reactive Volt.Ampere-hour meter (V.A.h). This
approach merely complements conventional measurement

(active enerqgy) which is still necessary and does not,
therefore, satisfy the principle of low cost nor does it
provide measures regarding the quality of the supply
(overvoltage and wundervoltage) and the presence of

parasitic harmonics in the network;

- as EP patents 24 444 451 and 0 432 386 refer
to complex meter implementations which, by means of a
large number of subcircuits, attempt to extract the
largest amount of information  possible regarding
electrical consumption and supply conditions. This
approach invariably leads to naturally expensive

solutions of restricted application and difficult
utilisation in view of the large quantity of simultaneous

information regarding the system ‘with which the
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distributors are Obliged to work in order Lo arrive at a
final value to be Charged to the consumer for the service
©f supplying electrical enerqgy;

- US patent 5.298.85¢ even further inéreases
the level of complexity in relation to above mentioned s
5.198.751, in defining an adjusted V.A.h meter using
various internal tables relating to the presence of

parasitic harmonic frequencies that might be present in

the electrical Supply network. It is therefore a solution

that does not satisfy the aspects relating to the quality
of supply (overvoltage and undervoltage) and only
compliments the conventional measurement (active energy) ,
apart from being of elevated Cost in view of the

complexity of the circuits.

8COpe relating to the aspects of quality, both in supply
and consumption, thisg invention provides a measuring
process and an electronic meter for billing electrical
consumption, with innovating characteristics compared
with the prior art solutions.

According to the present invention, a measuring
process for measuring chargeable electrical consumption
from an electrical network, comprises the Steps of a)
carrying out a permanent measurement of the current of

the consumer; b) integrating the valuye of the measured

consumer; c¢) adjusting the integration of step b} in

function of the electrical voltage of the network until

- an adjusted value A,.h) is obtained that ig proportional

v
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to a preestablished unit of electrical consumption; and
d) computing the number of preestablished units obtained
§0 as to obtain a value proportional to the electrical
consumption chargeable up to any given moment.

The correction of step c¢) is preferably carried
out 1in preestablished proportions in accordance with
bands of deviation of the voltage of the network from the
nominal voltage o©of the network. In the presently
preferred embodiment of the invention, such bands
comprise:

- a first nominal voltage band on either side
of the nominal voltage of the network:;

- a second overvoltage band;

- a third extended voltage band, lower than the
first nominal band; and

- a fourth subvoltage band, lower than the
third extended voltage band.

The correction within the first band can increase
linearly from a first negative value at the lower end of
the first band to a first positive value at the upper end
of the first band, the correction within the second
overvoltage band may be constant and equal to the said
first positive wvalue, the correction within the third
extended voltage band may be increased linearly at a
greater rate than that in the first band, from a second
negative value at its lower end up tc the said first
negative value at its upper end, and the correction in
the fourth band may be constant, preferably 100%
negative.

In the preferred embodiment of the invention,

the linear rate of increase in the third band is8 the
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first negative value is ~-10%.

Further in accordance with the present
invention, an electronic electricity meter for measuring
chargeable electrical consumption from an electrical
supply network, comprises a circuit, without a power
source, defined by a current Lransformer (TC) adapted to
be associated, as a pPrimary, with the consumer load line,
the transformer having a secondary winding adapted to
generate a current representative Of the consumer load
line current, an integrating circuit connected to said
secondary winding to integrate the value of the current
in the secondary winding with respect to time, detector
means for detecting when the value integrated by the
integrating circuit reaches a preestablishegd unitary
value chargeable as a unit of electrical consumption ang
counter means associated with the detector means to sum
the detected units of electrical consumption.

According to yet another aspect, the invention
provides an electricity meter comprising a one piece
plastic housing having at least one uninterrupted passage

for receiving a consumer phase conductor, a window for

The invention, according to a first aspect
relating to the measurement Process, permits a complete

separation between the supply and consumer systems.,
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The Dbasic concept used is that the supply

electrical network, whereas the consumer is defined Dby
the electrical current that it draws from that supply
network. By Integrating the current drawn by the consumer
with respect to time, according to a relative adjustment
depending on the wvalue of the voltage supplied by the
network system, it is possible to establish a single
quantity that is simply calculated - which leads to a
conception of less expensive metres and which attends the
above mentioned concepts of quality of energy.

The integration of the electric current, which
characterises the consumer, permits power- and spurious
harmonic frequency generation-related aspects to be
covered, which are two fundamental items for the quality
of consumption. This occurs because the overall value of
the electric current establigshes the efficiency with
which the consumer uses the electrical network. An easily
understandable example is that of a non-compensated
electric motor that has a power faector less than unity
due to the inductive characteristics of its electrical
insulation, this causing the appearance of reactive
energy during its operation. Such reactive energy is part
of the overall energy, which is not directly associated
with the work done by the motor, causing the appearance
of a parasitic component of electric current in the
conductors o©of the electrical supply network. In other
words, the final result is a current that is larger than
that necessary to meet the original work regquirements.

This increase overloads the supply network, reducing its
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efficiency or even causing damage in the conductors,

transformers and other network components.

The same applies to loads that cause the

appearance  of currents having spurious harmonic

parasitic currents are not associated with the work to be
done, be it lighting, heating, power supply for
electronic equipment or the like.

The measuring process of the present invention,
in considering the integration of the overall current
with respect to time, simultaneously sums the active,
reactive and harmonic fractions that might be generated
by the consumer. Thig naturally leads to a better gquality
of consumption since the more efficient the usge of the
network by the consumer (causing fewer parasite
currents), the lower the final cost to him,.

In complementation to the consumer current
integration, as described above, the process of the
present invention associates the adjustment of such
integration with the voltage conditions of the supply
system. This adjustment or correction, as mentioned, may
take into consideration four regions or bands relating to
the operation of the distribution system, as below

described and denominated:

- @ nominal voltage band of the network:
- an overvoltage band:

- an extended voltage band of the network; and

~ a subvoltage band.

The first, nominal band, region, corresponds to
the normal limits of variation of maing voltage, which

are already incorporated in the Calculation of electrical




| 2180538

11

loads represented by electrodomestic appliances,
and motors.

The second, overvoltage, region corresponds to

a band that ‘begins at the lower lmu.t of the nominal

The third, extended, region ‘corresponds to a
narrow band located right below the lower limit of the

nominal .band. . In this region the operation of loads may
be executed inefficiently, as in the case of
10 motors /compressors, but without Presenting operating

risks.

The fourth, undervoltage, region correspgnds to
s:.tuatlons where the voltage is legs than those of the
eXtended band and where operation of electrical loads

15 should be avoided due to very high inefficiency or to a

risk situation.

Once these regions have been discriminated, the

presently contemplated measurement process may add

information of +the supply system behaviour +o +he

20 consumer current integration. 'fhis -Characteristic
differentiates the present invention from other prior art
approaches that use a direct caleulation of the
electrical quantities of consumption., such as active
energy, reactive energy or apparent energy, preventing

25 the necessary separation between +he components of the

| supply system and that of the. consumer. It is alsp
differentiated from other techniques that consider a
large number of electrical gquantities at the same +time
and make the measuring System expensive the tariff
30  calculation process a complex and specialised task, as-

occurs in the case of EP 0 432 386 and US 5.298.85€6.

AMENDED SHEET
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Before a more. detailed description of the
measurement process that constitutes the first aspect of
the invention, the basic principles of a second aspect
thereof will now be described, which refers to circuitry
for implementing meters, using innovating technology when
compared with that of the prior art.

One of the innovating concepts used is that of
permitting the functioning of the electronic. circuits of
the meters described herein using an internal source
based on the consumer current rather than on the electric

voltage supplied by the distribution network.

Based on this quantity - electric current - it
1s possible to conceive various simple and inexpensive
types of equipment which neverthelegs are capable of

evolving easily and naturally in terms of their

functions:

- a first example relates to equipment that only
measures and records the electric current drawn by the
consumer. The quantity presented is the A.h (Ampére-
hour), that is to say, the integral of the current with
respect to time. Equipment of this type finds application
where, for technical and/or economic reasons, there is no
necessity to consider possibile voltage fluctuations in
the distribution network for which adjustments should be

made in the integral of the current . This case serves

the focal point of the invention: small monthly consumers

of electrical energy. A.h measurement permits the

implementation of extremely robust ' simple  and
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and, even 80, the final price of the product is lower
than that of conventicnal active energy (W.h) measurement
devices;

- a second example refers to the incorporation in
the Ah meter mentioned above of circuits that take into
consideration variations in the electrical network
voltage. The gquantity measured is A,.h, that is to say,
Ampere-hour adjusted in accordance with the average
network voltage, according to the concept of the first
aspect of the invention. It may be used where the
consumer - ig sufficiently 1large to Jjustify it or in

locations where the wvoltage is subject significant

variations;

- a third and last example refers to the application
very low consumption and low operating voltage integrated
circuit technology, such as is used digital wrist watches
and apparatuses such as heart pacers. By applying this
concept, it is possible to implement an electronic meter
capable of operating both as an A.h meter and as an A,.h
meter, oOr even as a W.h meter, offering functions of
communication with external reading and/or command
devices based on a source still based on the consumer
current.

Since the meters of the three examples above
are based on consumer current, there is no necessity to
use external connections or overvoltage protection
devices. This eliminates connectors, terminals and copper
clamps and it is possible to use a housing capable of
accommodating the internal components, that is made, for
example, by moulding or injection of plastic resin. A

housing of this type is easily made, inexpensive and may
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be dust-proof, water-proof and pProtected from foreign
bodies in general. It may alsoc be of reduced dimensions

and weight which simplifies the installation regulations

A meter implemented according to such

principles does not suffer the tailures that are common
Lo the prior art, such asg inutilisation of meters caused
by oxidation or overheating of the terminals or,
furthermore, by burning of internail elements that are

connected. to the mains voltage, due to lightening

striking overhead power lines.

explained, the preferred embodiments will now be

described with reference to the accompanying drawings, in
which:

the distribution system;
Figure 2 is a schematic diagram of the basic
circuit that constitutes the equipment for measuring A.h;

Figure 3 is a schematic diagram of an auxiliary
circuit that may be added to the circuit of Figure 2

permit for the compensation of errors introduced by the
meter current transformer, relating to the magnetisation

current of the ferromagnetic material wused in itg
construction;

Figure 4 is a schematic diagram of an auxiliary

circuit that may be added to that of Figure 2, to permit
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an adjustment of the integration of consumer current in
accordance with the supply conditions of the voltage of
the electric network;

Figure 5 is a block diagram of an embodiment of
the invention that uses low consumption, low operating
voltage integrated circuit technology ("micro power/low
voltage") ;

Figure 6 is an internal block diagram of the

integrated circuit shown in Figure 5;

Figure 7 shows a typical implementation of the

housing of a meter according to this invention; and

Figure 8 exemplifies the installation of the
meter of Pigure 7.

Figurelshows in a simplified manner a preferred
embodiment of the first aspect of the invention, that is
O BsBay, a measuring process based on the integration of
the current relative to time, adjusted by the conditions
of the mains voltage supplied by an electricity

distribution network.

The basic elements of the graph of Figure 1 are
as follows:
- X-axis: voltage condition of the mains voltage.
The wvalues established in terms of percentage, with
respect to the nominal value of the operating wvoltage of
the network are plotted on this axis. The points relating
to 80%, 50% e 110% of the nominal mains voltage are
indicated;
- y-axis: correction to the integral of consumer
current. The correction values for each voltage value in

the network are plotted on this axis. The points
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indicated represent corrections of +10%, -10%, -30% e -

The curve defined by joining AB, BD, DEeFG
establish the manner of torrection accerding to the four
5 regions of operation of the mains voltage, as previously

described, that is to say: segment AB (over\}oltég;é_) . BD

(nominal  band), DE  (extended band) and FG
(undervoltage). Point ¢ corresponds to the nominal
voltage condition (100%) and therefore zero correction

10 of the integral of the current.

The application of the measurement process that
results in the final calculation of a unique guantity,
here denominated A, h (consumer current integrated with
respect to time, with adjustment according to the average

15 mains voltage of the distribution network) will now be

described.

The initial point of reference of the process

corresponds to point ¢ of Figure 1., This point

20 nominal mains voltage) and there implies zero correction
in the process of integration of the current. In this
case, the consumer with a consumption free of parasitic
currents, that is to say, a power factor of unity and the
absence of harmonic frequencies in the current, will have

25 its consumption measured and Charged in a manner
equivalent to the ideal form of active energy measured,
for example, by a conventional kW.h meter.

As long as the mains voltage variation is
maintained within the limits of the nominal band (segment

30 BD), the measurement wii-l contimie ;q-uivalent to that

which would be effected by a conventional active enerqgy
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meter, provided there are no parasitic currents. In octher
words, for a given current, a variation of + 10% in the
mains voltage, which means an equivalent
increase/reduction of active energy supplied by the
system, will correspond to a correction of + 10% in the
billing of the consumption, according Lo the process cof
the present invention.

In the case of overvoltage (segment AB) , where
the service represented by the voltage supplied by the
distribution system does not provide the consumer with
any additional benefit, as mentioned above, a fixed
correction will be used in the' measurement process,
equivalent to the maximum limit of +10% (upper limit for
correction in the nominal voltage band).

In this manner a fair tariff isg obtained, since
there is no tariff increase when there is no additional

benefit for the consumer in an overvoltage situation.

In the case of segment DE (extended band) ,
where the voltage varies between 80% and 90% of the
nominal line voltage of the network, there is already a
decrease in the efficiency of loads such as motors and
lamps  ang, in the case of motors/compressors
(refrigerators, air conditioners, etc.) there is a
appreciable increase in the production of eddy currents,
due to the reduction in the power factor. Since such
phenomena are caused exclusively by the drop in the
supply voltage below the established nominal band, it ig
fair that there is a compensation capable of attending to
the worst case of behaviour of the load of the consumer.
Segment DE, which has twice t:he'slope as éémpared to BD

(nominal band), is intended to meet this requirement,
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establishing, for example, an adjustment of -30% for a

variation of 20% in line voltage.

In the case of undervoltage (segment if(_:'), a
region in which there is accentuated inefficiency or even
danger in the operation of loads, such as for example,
motors/compressors that can seize, causing overheating
due to elevated currents, registration of the consumption
may be cancelled (-100% correction), once  more
determining a fair situation in the relation
supply/consumption/tariff.

1t should be emphasised that the basic concept
presented here may be implemented in other ways, such as,
for example, by altering the values of variation of
voltage and adjustment that define the above segments,
without deviating from the basic concept ©of the present
invention.

Referring now to Figure 2, which illustrates a
schematic diagram of the basic circuit for the A.h
measuring equipment, it is seen that the electronic
components that comprise the circuit are as follows:

IC - current transformer. This functions as a load
current sensor (I,.4) providing the circuit with a
current having a magnitude suitable for the processing of
the electronic circuits and proportional to the load
current;

Dl and D2 - rectifier diodes. Thesge rectify the secondary
of the TC, functioning altermately: D1 in the pesgitive
half cycle and D2 in the negative half cycle;

Cl and €2 - Electrolytic capacitors. These are

responsible for storing the consumption indicating
current with time;

- QWS $CoEPTITEEES QP SGEIUEEEEEEES 0 G G eEE— e e




WO 95/19573 2 ! 8 0§53 0 PCT/BR95/00001

10

15

20

25

30

19

C3 - Capacitor. This works together with the TC. 1Its
function is to compensate for errors of non-linearity of
the TC at low currents;

SCR - Silicon controlled rectifier. This acts as an
electronic switch that is activated to generate a current
pulse activate the cyclometer (counter) due to the
discharge of C1 and C2. Its activation is effected by the
voltage level at its trigger electrode. Deactivation
occurs with the complete discharge of Ci and C2.

AC - A two terminal device that acts as a voltage level
contrclled switch. Its function is such that, whenever
the voltage between its terminals reaches the trip value,
the SCR is8 activated;

Rl - Carbon resistor. 1Its function ig to limit the
current, protecting the DIAC and the SCR;

C4 - Capacitor. Its function is to desensibilise the SCR
trigger, preventing it to be activated erroneously due to
noise;

Group D3, D4 and D5 - Auxiliary circuit. Its function is
to facilitate the actuation of the AC, guaranteeing that
the latter is always activated by the same quantity of
current accumulated with time in C1 and 2.

Cyclometer (counter) CT- electromechanical register or
counter. Its function is effect a non-volatile gstorage of
the consumption measured in time. Tt comprises seven
coaxial cylinders, each divided into ten equal parts
where the algorithms 0 to 9 are written, and by a coil
that commands the movement of the Cylinders due to the

current therethrough.

The operation of the circuit is bagically as

follows:
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The load current (consumed by the contributor) is
transiormed by the TC, which provides the circuit with a
current proportional thereto and of a reduced value. This
current 1is then rectified by Di and D2 and stored with
time in Cl1 and C2. This makes the potential between
points G and H rise slowly. When this voltage reaches the
firing threshold of the DIAC, the latter is activated
which in 1its turn activates the SCR which then conducts
to discharge C2 and C3, generating a pulse that actuates
the cyclometer or electromechanical counter OT. This
makes the cyclometer record the occurrence of one pulse
proportional to the consumption of a given amount of A.h.

Ags can be seen from Figure 2, the circuit
dispenses the use of a power source or of auxiliary
overvoltage protection devices, whereby it comprises a
highly robust, 1low cost solution, manufactured from
inexpensive non-dedicated commercial components.

Figure 3 shows a schematic diagram of an
auxiliary circuit that may be added to the basic circuit
described above, for compensating errors derived from the
TC due to the magnetisation current.

The electronic components that make up this
circuit are as follows:

Rz - Carbon resistor. This functions as a current

limiter, protecting the NEON1 lamp and determining its

operating current;

NEONl1 - Neon lamp. This acts as a voltage regulator; and

IC - CQurrent transformer. This is the same TC gshown in

Figure 2, with the addition of another primary winding
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(I-J), which provides a current approximately the same as
the magnetisation current of the core of the TC,
compensating errors that occur when the circuit is
measuring very low currents.

The operation of the c¢ircuit is bagically as
follows:

The mains voltage 18 regulated by the NEON1
lamp. Resistor R2, apart from establishing the ocperating
current of NEON1, limits it to prevent damage to the lamp
in overvoltage conditions. Resistor R3 establishes a
current in winding I-J of the TC from the voltage of the
NEON1 lamp. This current flows continuously through the
winding I-J, supplying the core of the TC with the
necessary magnetisation current.

Figure 4 shows a schematic diagram of an
auxiliary circuit that can be added to the basic circuit
of Figure 2, to permit an adjustment to the integral of
the current based on variations of the network voltage.

The circuit thus configured permits the measurement of

(A,.h). The addition of this circuit is made by taking
away the short circuit E-F (Pigqure 2) and connecting
points E' and F' (Figure 4) respectively to corresponding
terminals E and F (Figure 2).

The electronic components that make up this
circuit are as follows:

D5 and D6 - rectifier diodes. They act o
rectify the altermating voltage of the network;

R4, R5, R6, R7 and R8 - carbon resistors. They

function as voltage dividers;
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Ccée - capacitor. It acts to reduce the
alternating current impedance between points E' e F!', and

filter sudden variations in the voltage Vg;

NEON2 - neon lamp actuating as a voltage
regulator;

D7 e D8 - rectifier diodes;

DS e D10 - controlled avalahche diodes (Zener);
and

R9 - carbon resistor.

The operation of the circuit is basically as
follows:

The network voltage is rectified by the diodes
D5 and D6. The voltage between the points H and L is
regulated by NEON2. The voltage divider formed by Ré and
R8 establishes the voltage at point F!'. The voltage
divider formed by R4 and R7 establishes the voltage at
point E'. Variations in 1line voltage are sensed
proportiocnally at point E'. Since the voltage at point F!
is approximately constant due to the presence of NEON2,
the voltage Vg (which is in series with the DIAC of
Figure 2) also suffers variations proportional to the
variations in the line voltage, modifying the point of
actuation of the SCR (Figure 2), and, consequently, the
rate of billing the consumption as indicated by the
cyclometer.

When the line voltage is contained within the
limits of the extended band(segment DE of Figure 1), the
voltage V. is slightly negative, due to the division
factors established by resistors R4, R7, R6 and RS. In
this manner, the rectifier diode D7 insulates elements RS9

and D8 from the circuit, and the Zener diode D10 does not
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yet enter 1into operation. The voltage V. in this
condition acts on the circuit of Figure 2 so that the
variations in the line voltage result in the double of
the variation of the rate of counting the consumption. In
other words, for a variation of 10% in the extended band,
the circuit of Figure 2, with the correction V., given by
the c¢circuit of Figure 4, there is a wvariation
corresponding to 20% in the counting of the consumption.

When the wvoltage in the network enters the

undervoltage band (segment FG in Figfure 1)_, the voltage
V. becomes sufficiently negative for the Zener diode D10
to be actuated, which Vo remain at a fixed level
corresponding to the variation obtained at point E in

Figure 1. This simplification Corresponds to shifting

segment FG up, éo_that-it: bégins at point E of Figure 1,
this comprising a possible variation of the concepts of
the first aspect of the present invention.

When the line voltage shifts Lo the nominal
band (segment BD of Figure 1)., the voltage V. becomes
slightly positive, whereby rectifier diocde D7 permits
actuation of resistor R9 in the circuit, but Zener diode
D9 is still not activated. In this condition, the voltage
Ve accompanies, in a proportion of 1:1, the variations
in the line voltage. In other words, the circuits of
Figures 2 and 4 together present, for a variation of 10%
in the line voltage, a corresponding variation in the
rate of billing the consumption.

When the 1line voltage corresponds to the
overvoltage band (segment AB in Figure 1), voltage V. is

sufficiently positive for Zener diode DS to be activated,

which establishes a fixed value level V.. In this casge,
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the circuit of Figure 4 establishes a fixed positive
correction 1in the rate of counting the consumption by
means Of the circuit of Figure 2, in accordance with the
principle set forth with reference to Figure 1 (segment
AB) . |

Figure 5 is a block diagram of one embodiment
of the invention, using the application of micropower/low
voltage type integrated circuit technology.

Taking into account the concept introduced by
the present invention - the gquantity that characterises
electrical consumption is the current drawn by the
consumer - eguipment can be conceived, as shown in Figure
55, that depends exclusively on consumer current for its
operation, but which, even so, is capable of handling
more than one guantity relative to electrical
consumption.

A first step in this direction is the use
micropower/low veoltage , technology as is commonly used
in the construction of wrist watches and heart pacers.
Circuits of this type use micropower sources which, for
their operation, may be based on a minute amount of
electric current circulating in an external circuit.
Thus, a single current transformer can provide not only
the current representing the electrical consumption to be
measured, but also the power for feeding the measuring
circuit when the latter is based on micropower/low
voltage technology.

The measuring circuit may then establish, based
on the current provided by the current transformer and a
sample of the line voltage by means of a voltage sensor,

gquantities such as Ampére-hour (A.h), Ampére-hour
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adjusted by the average line voltage (A,.h), according to
the principles established in Figure 1, and finally even
active energy (W.h).
Since the measuring circuit depends only upon
5 the consumer current for its operation, if the 1line
voltage sensor fails or their is an attempt at fraud by
purposely disconnecting it, the circuit can continue
functioning by considering, for example, that the 1line
voltage is nominal and the power factor unity, wherebky
10 consumption will be billed in accordance with the normal
supply conditions of the network.

This characteristic permits one to use housings
for the meter elements according to the invention, which
dispense with screws, terminalsg and consumer load current

15 conductors. This is because there is no necesgity to
interrupt the electric circuit of the consumer to
guarantee the supply of electric energy to the internal
circuits of the meter, as isg required in the prior art.
This invention therefore permits the use of highly

20 dependable, low cost solutions when compared with those

of the prior art.

In order to illustrate thesge aspects, Figures 5

and 6 will now be described in detail. 1In thig
embodiment, the measurement work is carried cut by a

25 dedicated integrated circuit specifically designed to
attend to the reguirements of its function. The dedicated
integrated circuit (CI) 1 should have a very low
consumption, it being fed by a micropower source 2 that
withdraws only from the gsecondary of the current

30 transformer energy to feed both the integrated circuit 1

- and a liquid crystal display (LCD) 3 . This display 3 is
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the element responsible for exteriorising the value
representing the consumption measured by the equipment.
The current transformer TC is regsponsible for supplying
the Integrated circuit 1 with a current sample I
proportional to the current being consumed. Resistor R10
is responsible for supplying the integrated circuit 1
with a voltage sample V proportional t'o the line voltage.

In order to understand the functioning of
circuit, one must first understand the irternal
architecture proposed for the dedicated integrated
circuit.

Filgure 6 is a block diagram of the internal
architecture of the dedicated integrated circuit 1. The
principal parts and their functions are as follows:
S8ignal Treatment Block 4 - receives the current and
voltage signals. It decides if the measurement is to be
A.h, A,.h or W.h. It compensates Ifor the deficiencies in
the linearity of the current transformer TC and supplies
the adjustment for computing the consumption in
accordance with the voltage V;

Power Feed Conditioner Block 5 - receives power fed by
the micropower source 2 and detects failure in the péwer
feed Voe;

LCD Display Control Block 6 - sends signals for
exteriorisation of the register of measured consumption
in the display LCD 3;

Oscillator IN/BXT 7- responsible for the generation of
the internal clock of the dedicated integrated circuit 1;
Communication Interface Block 8 - responsible for the
communication between the integrated circuit 1 and the

outside world through the communications gate PC. It
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permits programming of the dedicated integrated circuit
1, making its operation versatile and permitting the use
of external devices that can implement differentiated
tariffs, remote reading and the like:

Controller 9 - responsible for the internal control of
the remaining blocks of the dedicated integrated circuit
1. Based on the voltage and current -signals V and I, it
establishes the measurement quantities in the form of
Ampere-hours adjusted by the voltage V and Watt-hours. If
a power failure is detected by the power conditioner
block 5, it transfers the computation of t.: consumption
to the non-volatile memory block 10;

Non-volatile Memory Block 10 - this block, which is
capable of indefinitely storing information on
consumption, returns the information to the controller 9
with the return of the power supply 8o that normal
operation can be restored.

Controller 9 is also responsible for overseeing
the operation of the Communication Interface and the LD
control Dblocks - and 8 and 6, regarding the sets of
information and commands exchanged with the external
environment.

The actual implementation of these blocks is
not difficult for a person versed in the art, the
technology itself not forming part of the present
invention.

Figure 7 shows a typical embodiment of a
housing for containing a meter according to this
invention, in its Ampére-hour version. As can be seen in
Figure 7, the housing 11 may be implemented as a single,
monolithic part that is water- , dust- and gas-proof, as
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well as being protected. from other bodies alien to itg
operation. Through holes 12 permit the phase conductor
Leeding the consumer to Pass through the housing without
interruption. Two orifices 13 in mounting ears 14 permit
a simple and safe installation of the meter.

In Figure 8, where it is possible to see a
typical installation of the Ampére-hour meter of Figure
7, one can see the bassage for the consumer Supply phase

conductor 15. It can also be geen that a single (phase)

Cyclometric register (Counter) cT through a suitable
window 17 in the housing 11.

Note should also be made of the simplicity ang
the reduced space necessary for installation, since the

passage of conductor 15 through the meter permits a

compaction of the Supply network cutput (eletroduct-

Irom the subject matter CO be protected in accordance

with the definitionsg contained in the accompanying
claims.
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CLAIMS

1. Measuring process for measuring chargeable
electrical consumption from an electrical network,
characterised by comprising the steps of:

&) carrying out a Permanent measurement of the
current of the consumer:;

b) integrating the value of the measured

c) adjusting the integration step b) in
Tunction of the electrical voltage of the network until
an adjusted value (A,.h) is Oobtained that is proportional
Lo a preestablished unit of electrical consumption; and

d} computing the number of preestablished units
obtained so as to obtain 2 value proportional to the
electrical consumption chargeable up to any given moment.

2. Process according to claim 1, characterised
in that the correction of step ¢} is preferably carried
Out 1n preestablished proportions in accordance with
bands of deviation of the voltage of the network from the
nominal voltage of the network.

3. Process according to claim 2, characterised
in that the said bands of deviation comprise:

~ & first nominal voltage band on either side
of the nominal voltage of the netwoxk;
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— @ second overvoltage band; |
- a third extended voltage band, lower than the
first nomlnal band; and

- a fourth subvoltage band, ‘lower than the
third extended voltage band. ,

4. Process according to claim 3, characterised
in that the correctlon within the first band lncreases
linearly from a first negative value at the lower end of
the first band to a first positive value at the upper end
of the first band, the correction within the second
overvoltage band is constant and equal to the said first
positive value, the correction within the third extended
voltage band increases linearly at a greater rate than
that in the first band, from a second negative value at
its lower end up to the said first negative value at its
upper end, and the correction in the fourth band is
constant.

5. Process according to claim 4, characterised
in that the correction within the fourth band is 100%
negative.

| 6. Process according to claim 4 or 5,
Characterised in that the rate of linear increase in the
said third band is twice the rate of linear correction in
the first band.

7. Process according to claim 5§ or &,
characterised in +that the first positive value..is 10%
positive and the first negative value is 10% negative.

8. Electronlc: electricity meter for measuring
chargeable electrical consumption from an electrical
supply network using the procéss defined in any one of -
claims 1 to 7, characterised by comprising a circuit,
without a power source, defined by a current transformer
adapted to be associated, as a primary, with the consumer
load line, the transformer having a secondary winding

adapted to generate a current representative of the

AMENDED. SH:
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connected to said secondary winding to integrate the
value of the current in the secondary winding with
respect to time, detector means for detecting when the
value 1integrated by the integrating circuit reaches a
preestablished unitary value chargeable as a unit of
electrical consumption and counter means associated with
the detector means to sum the detected units of
electrical consumption. |

8. Electricity meter according to claim 8,
characterised by further comprising a voltage sensor
circuit for sensing the voltage in the consumer supply
network and an adjustment circuit to correct said
integrated value in function of the voltage detected by
sald sensor.

10. Electricity meter according to claim 8,
characterised in that ~ the said adjustment circuit
determines various bands of adjustment” of different
properties on either side of the nominal value of the
network voltage.

ll. Electricity meter according to claim 10,
characterised in that the said bands of adjustment
comprise:

- a first nominal voltage band on either side
of the nominal voltage of the network;

- a second overvoltage band following the first
sald band;

- a third extended voltage band, lower than the
first nominal band; and

- a fourth subvoltage band, lower than the
third extended voltage band.

12 Electricity meter according to claim 11
characterised in that, in said first band, the correction
applied by the adjustment circuit to the said integrated
value varies in accordance with a first fixed rate

whereas, in said third band, the correction applied by
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the adjustment circuit varies according to a second fixed
rate that is greater than said first rate.

13. Electricity meter according to claim 12,

characterised in +that, in said second band, the

S correction applied by said adjustment circuit to said
integrated value is a percentual that is constant and
equal to that at the upper end of said first band.

14 Electricity meter according to claim 12 or
13, characterised in that , in said fourth band, the

10 correction applied by said adjustment circuit to the said
integrated value is a constant negative percentage.

15. Electricity meter agcording to claim 14,
characterised in <that the said constant negative
percentage is ~100%.

15

16. Electronic electricity meter for measuring
chargeable electrical consumption from an electrical
supply network using the process of any one of claims 1
to 7, characterised by comprising a current sensor
arranged for generating a current representative of the
<0 value of the . current drawn by a consumer; a voltage

sensor for generating a voltage representative of the
supply network voltage fed to said consumer; a micropower
source associated with said current sensor for producing -
a feed voltage; a displéy for displaying a number of
25 preestablished units of electrical consumption detected
by the meter; and an integrated circuit powered By said
feed voltage from said micropower source and arranged to
calculate the electrical consumption represented by said
units based on the current detected by said current
30 sensor and adjusted in accordance with variations in the
voltage detected by said voltage sensor.

17. Electronic electricity meter according to
claim 16, characterised in that said integrated circuit
includes circuit means for effecting said adjustment of

35 the electrical consumption, said adjustment being

AMENDED SHEE



10

12180538

33

implemented in accordance with different bands of

variation of the voltage detected by said voltage sensor.
18. Electronic electricity meter according to

claim 17, characterised in that said bands comprise:
- a first nominal voltage band on either side
of the nominal voltage of the network; .

- a second overvoltage band following the first
said band;

- a third extended voltage band, lower than the
first nominal band: and’

- a fourth subvoltage band, lower than the
third extended voltage band. |

AMENDED SH:
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