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A CIRCU T BREAKER WTH A Cl RCU T BREAKER UNI T AND PROCESSI NG, CALIBRATI ON
AND COVMUNI CATI ON MODULES  BACKGROUND OF THE I NVENTION  The invemﬁhéhgbﬁﬁ/
relates to a circuit breaker conprising a circuit breaker unit, a renovable
processi ng nodul e conprising an el ectronic processing unit and rrechanically

: and electrically connected to the circuit breaker unit, a renovable
calibration nodule, conprising calibrating neans, nechanically fixed to the
circuit breaker unit and electrically1connected to the processing unit, and
conmuni cati on nmeans connected to an external communication bus. It is
known to use a circuit breaker with different types of electronic trip
devices. These trip devices are generally renovable and are only fitted in

the circuit breaker when the latter is install ed. SUMVARY OF THE
| NVENTI ON A CIRCUIT BREAKER WITH A CIRCUIT BREAKER UNIT AND PROCESSING,

CALIBRATION AND COMMUNICATION MODULES
BACKGROUND OF THE INVENTION

The invention relates to a circuit breaker comprising a circuit breaker unit, a
removable processing module comprising an electronic processing unit and
mechanically and electrically connected to the circuit breaker unit, a removable
calibration module, comprising calibrating means, mechanically fixed to the circuit
breaker unit and electrically connected to the processing unit, and communication
means connected to an external communication bus. '

It is known to use a circuit breaker with different types of electronic trip devices. These

trip devices are generally removable and are only fitted in the circuit breaker when the
latter is installed.

SUMMARY OF THE INVENTION

The object of the invention is to improve the interchangeability of the trip devices so
as to meet the demand, going from basic protection to the data logger.

According to the invention, this object is achieved by the fact that the circuit breaker -
comprises at least one removable communication module, distinct from the
processing and calibration modules, comprising said communication means,
mechanically fixed to the circuit breaker unit and connected to the processing unit by
connection means with galvanic isolation, preferably optical, to parts of the circuit
breaker unit representative of the state of the circuit breaker by mechanical
connection means and to the external communication bus by electrical input / output
connection means.

The communication module can comprise indication means connected by the
mechanical connection means to the circuit breaker unit, and remote measurement
and / or remote setting means connected by the optical connection means to the
processing unit, the indication, remote measurement and / or remote setting means

being connected to the external communication bus by the electrical input / output
connection means.



The object of the invention is to inprove the interchangeability of the
trip devices so as to neet the demand, going frombasic protection to the
dat a- | ogger. According to the invention, this object is achieved by the
fact that the circuit breaker conprises at |east one renovabl e

comuni cation nodule, distinct fromthe processing and calibration nodul es,
conpri sing said comuni cation neans, nechanically fixed to the circuit
breaker unit and connected to the proc@ssing unit by connection means with
galvanic isolation, preferably optical, to parts of the circuit breaker
unit representative of the state of the circuit breaker by nmechani cal
connection neans and to the external comunication bus by electrical input
/ out put connection neans. The conmuni cati on nodul e can conpri se
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According to a development of the invention, the electrical input / output connection
means comprise in the communication module means suited to a communication bus
of predetermined type.

According to another development of the invention, the rﬁeans_ for mechanical
connection of the communication module to the parts of the circuit breaker unit
representative of the state of the circuit breaker comprise microcontacts arranged in
the communication module and having control parts protruding out from a panel of
the communication module opposite the circuit breaker unit, and in the circuit breaker
unit means for mechanical actuation of said control parts, the communication module
comprising means for transforming the mechanical signals from the microcontacts
into electrical signals and means for indicating the state of the circuit breaker. The
control parts of the microcontacts preferably each comprise a flexible, tight
membrane covering the corresponding microcontact.

Locating the communication functions in a communication module distinct from the
processing and calibration modules enables the circuit breaker to be adapted to
different communication protocols without muitiplying the variety of the processing
modules. In addition, the independence of the communication module and its direct
connection, by a mechanical link, to parts of the circuit breaker unit representative of
the state of the circuit breaker enable the communication module to perform certain
functions, notably indication functions, autonomously as soon as it is physically
connected to the circuit breaker unit, even in the absence of the processing module.

According to a development of the invention, the circuit breaker unit comprising
current measurement means formed by Rogowski toroids whose output is connected
to the processing module, the calibration module fitted in removable manner on the

circuit breaker unit comprises a front panel with indications representative of the
circuit breaker rating.



It is also possible for the comuni cation nodul e to conprise control means
electrically connected to control auxiliaries of the circuit breaker, the
control neans being connected to the external comrunication bus by the

el ectrical input / output connection neans. According to a devel opnent of
the invention, the electrical input / output connection means conprise in

t he communi cati on nodul e means suited to a conmuni cati on bus of

pr edet er mi ned type. Accordi ng to anotsher devel opnent of the invention,

t he means for nechani cal connection of the communication nodule to the
parts of the circuit breaker unit representative of the state of the
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comprising an interface securedly affixed to the circuit breaker unit and comprising
guiding means and fixing means complementary to guiding means and fixing means
of the calibration module and additional module.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features will become more clearly apparent from the following
description of the different embodiments given as non-restrictive examples only and
represented in the accompanying drawings in which :

Figure 1 illustrates, in schematic manner, the arrangement of the different modules
making up a circuit breaker according to the invention.

Figure 2 represents the electrical and optical connections between the different
modules of the circuit breaker according to figure 1.

Figure 3 illustrates, in exploded form, the positioning of the different modules in a
particular embodiment.

Figure 4 represents, in block diagram form, a particular embodiment of the
communication module of the circuit breaker according to figures 1 to 3.



According to a devel opnent of the invention, the circuit breaker unit
conprising current neasurenent neans forned by Rogowski toroids whose
output is connected to the processing nodule, the calibration nodule fitted
in renmovabl e manner on the circuit breaker unit conprises a front panel

wi th indications representative of the circuit breaker rating.

3 " Furthernore, the processing nodul e conprising anal og final

i nst ant aneous protection nmeans connectged to current sensors of the circuit
breaker unit and designed to conpare an anal og maxi num i nst ant aneous
threshold to a value representative of the current supplied by the current
sensors, the circuit breaker can conprise an additional nodul e conprising
means for adjusting said threshold according to the type of circuit
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to an alternative enbodi nent, the circuit breaker conprises neans for

Figures 7 and 8 illustrate, respectively in perspective and in exploded top view, a
particular embodiment of an interface, of a calibration module and of an additional
module of a circuit breaker according to the invention.

Figure 9 represents, in block diagram form, the interactions between the processing
module, the calibration module and the additional module of a particular embodiment
of a circuit breaker according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

As represented in figures 1 and 2, the circuit breaker according to the invention

comprises a circuit breaker unit 1, a processing module 2, a calibration module 3
and a communication module 4.

In figure 2, only the parts of the circuit breaker unit indispensable for understanding
the invention have been represented. In known manner, the conductors L1, L2, L3 to
be protected pass through the circuit breaker unit and can be interrupted by breaking
contacts 5. Current sensors 6 are arranged on each conductor. A trip coil 7 controls
opening of the contacts 5. The processing module 2 is electrically connected to the
circuit breaker unit 1 which, on output of the current sensors 8, supplies it with
signals representative of the currents flowing in the conductors L1, L2 and L3. The
circuit breaker unit can also comprise voltage sensors 8 so as to supply to the
module 2 the values of the voltages between the conductors L1, L2 and L3. The trip
coil 7 brings about opening of the contacts 5 when it receives tripping signals from
the processing module 2. Complementary electrical connectors, schematically
represented by 9 and 10 in figure 2 and arranged respectively on the circuit breaker
unit and on the processing module, provide these electrical connections when the
processing module is mechanically connected to the circuit breaker unit.

The calibration module 3 is mechanically connected to the circuit breaker unit by any
suitable fixing means schematically represented in figure 1 by a fixing axis A1. The
calibration module does not comprise any electrical connection with the circuit



fitting the calibration nmodule and the additional nodule, said neans for
fitting conprising an interface securedly affixed to the circuit breaker
unit-and conprising guiding means and fixing means conplenentary to guiding
nmeans and fixing nmeans of the calibration nodule and additional nodule.
BRI EF DESCRI PTI ON OF THE DRAW NGS (O her advantages and features w ||
becone nore clearly apparent fromthe follow ng description of the
di fferent enmbodinents given as non-restgictive exanples only and
represented in the acconpanyi ng drawi ngs i n whi ch: Figure 1 illustrates,
In schemati c manner, the arrangenent of the different nodul es making up a
circuit breaker according to the invention. Figure 2 represents the
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Figure 4 repre orm a partlcu odi nrent of the
co?n‘runl catlon Is%tw@fOfgff c'@F?b@gFerﬁ?@ker accor di ng to figures 1 to 3.

The communication module 4 is mechanically fixed to the circuit breaker unit 1 by
any suitable fixing means, schematically represented in figure 1 by a fixing axis A2.
It is physically totally independent from the other modules and is connected to the
processing module 2 by an optical coupling only. This coupling is bidirectional and
comprises complementary optical transmitter /.receiver elements 11 in each of the
modules 2 and 4. The communication module 4 is connected to a bidirectional
external communication bus 12. It can also be electrically connected by an electrical
connection 13 to auxiliaries 14 controling the circuit breaker. In conventional
manner, such auxiliaries, formed for example by circuit breaker opening and / or
closing coils, are arranged on the circuit breaker unit 1. This direct electrical
connection between the communication module and the auxiliaries enables the
circuit breaker to be controlled by means of the bus 12, the communication module

4, the electrical connection 13 and the auxiliaries 14, even in the absence of the
processing module 2.

Moreover, the communication module 4 is connected by mechanical connection
means, which will be described in greater detail with reference to figures 5 and 6, to
parts of the circuit breaker unit 1 which are representative of the state of the circuit
breaker. The communication unit 4 can thus perform circuit breaker state indication
functions, in dutonomous manner, even in the absence of the processing module.

An additional module 15, physically affixed to the circuit breaker unit 1 is

represented in figure 2. Its nature and function will be described in greater detail with
reference to figures 7 and 9.

The relative positioning of the different modules is illustrated in schematic manner in
figure 1, and in exploded manner in the particular embodiment of figure 3. The
communication module 4 is arranged between a panel 16 of the circuit breaker unit
and the rear panel 17 of a less thick part 18 of the processing module 2. Positioning
of the optical link between the complementary transmitters-receivers 11 of the
communication module 4 and processing module 2 is performed by complementary



4 Figures 5 and 6 represent an alternative enbodi nent of a detail of
achi evenment of the nechanical connection between the circuit breaker unit
and -t he conmuni cati on nodul e, respectively in the open and cl osed position
of the circuit breaker. Figures 7 and 8 illustrate, respectively in
perspective and in exploded top view, a particular enbodi nent of an

i nterface, of a calibration nodule and of an additional nodule of a circuit
breaker according to the invention. ®Figure 9 represents, in block diagram
form the interactions between the processing nodule, the calibration
nodul e and the additional nodule of a particular enbodi nent of a circuit

breaker according to the inventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT As represented in figures 1 and 2, the_circuit breaker

accordi ng tSHeBeARY A% 8NdR0 PEiHidRS e%t'VE'D’PEd'P? PIGFRSSINgr angrfommunication ocessi ng
‘nodul e 2, amodlilesr ati on nodul e 3 and a comuni cati on nodul e 4. In figure
2, only the parts of the circuit breaker unit indispensable for

under st andi he i nvention have been represented. |In _known nanner, the
conduct or s ﬂ% rg@t pangl 41,0f the processing moduie 2 constitutes the wsuble face of the trip

unit when the latter is mounted on the circuit breaker unit. The processing module
rests via its wider bottom part 22 on a base. In a preferred embodiment (figures 3
and 7), this base is formed by an interface 23 to which the calibration module 3 and
additional module 15 are fixed. The base, in the general shape of a bracket,
comprises a first appreciably flat part on which the bottom face 24 of the processing
module rests, and a second part, perpendicular to the first, designed to be fixed
(fixing lugs 26) to the panel 16 of the circuit breaker unit. The second part of the
base comprises connectors 25 and 9 designed to cooperate with corresponding
connectors of the processing module 2 so as to achieve the necessary electrical
connections between the processing module 2 and the calibration module 3, the
additional module 15 or the circuit breaker unit 1 by means of the interface 23.

The electrical connectors 9, 25 connecting the processing module 2 to the base and
the guide means 19, 20 also constitute means for mechanical fixing of the
processing module 2 onto the circuit breaker unit when the interface 23 and
communication module 4 are fixed thereto. To ensure a good mechanical stability,

additional fixing means can be provided. In figure 3 such means are represented
schematically by a fixing lug 27.

In the particular embodiment of figure 3, electrical connection of the communication
module to the bus 12 and auxiliaries 14 by the conductor 13 is achieved by means
of the connector 28 situated at the upper part of the module 4.

The communication module 4 of figure 4 is suited to a bus 12 of predetermined type.
It comprises a line interface 29 connected to the bus 12 and a driver 30 connected
by a bidirectional link to the line interface 29, both suitable for a bus of
predetermined type. The other components of the communication module are
standard and only the driver 30 and interface 29 have to be adapted to the type of

bus chosen. As non-restrictive examples the bus may be of the BatiBUS, FIP, JBUS,
etc. type.



be protected pass through the circuit breaker unit and can be interrupted
by breaking contacts 5. Current sensors 6 are arranged on each conductor. A
trip-coil 7 controls opening of the contacts 5. The processing nodule 2 is
electrically connected to the circuit breaker unit 1 which, on output of
the current sensors 6, supplies it with signals representative of the
currents flowng in the conductors LI, L2 and L3. The circuit breaker unit
can al so conprise voltage sensors 8 sb as to supply to the nodule 2 the

val ues of the voltages between the conductors L1, L2 and L3. The trip coi

7 brings about opening of the contacts 5 when it receives tripping signals
fromthe processing nodule 2. Conplenentary electrical connectors,
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optical link. It is thus possible to read and write data in the processing module and to

perform functions of remote measurement (from the processing module to the bus),

remote setting (from the bus to the processing module), tripping cause indication

(from the processing module to the bus), etc...

The communication module 4 is also connected to parts of the circuit breaker unit 1
which are representative of the state of the circuit breaker. This connection, of
‘mechanical type (see figures 5 and 6) is represented by 33 in figure 4. It enables a
circuit breaker state indication circuit 34 and an operations counter 35 to be
actuated. These two circuits 34 and 35 are connected to the driver 30, thus enabling
these indications to be transferred to the bus 12.

The communication module 4 comprises in addition a circuit breaker control circuit
36 comprising an input connected to the output of the driver 30 and an output

connected by the conductor 13 to the auxiliaries 14 and enabling remote control of
the circuit breaker.

The communication module 4 can thus perform three independent functions, i.e.
indication functions (33, 34, 35, 30, 29, 12), circuit breaker control functions (12, 29,
30, 38, 13) and remote measurement and setting functions (11, 31, 32, 30, 29, 12).
This structure of the communication module ensures the independence of the
different functions. The indication and circuit breaker control functions are thus
performed by the communication module even in the absence of the processing unit.
The communication module is standard for the essential part of its components, but
adapted by the circuits 29 and 30 to suit the type of bus 12 to which the customer
wishes to connect the circuit breaker. Transformation in the communication module
4 by the circuits 29 and 30 of the protocol suited to the bus 12 into a standardized
protocol and vice-versa enables the circuit breaker to be adapted to the different
types of bus without muitiplying the variety of the processing modules. This



representative of the circuit breaker rating. The conmuni cati on nodul e 4
Is mechanically fixed to the circuit breaker unit 1 by any suitable fixing
means, schematically represented in figure 1 by a fixing axis A2. It is
physically totally i ndependent fromthe other nodules and is connected to
t he processing nodule 2 by an optical coupling only. This coupling is
bidirectional and conprises conplenentary optical transnitter / receiver
elements 11 in each of the nodules 2 add 4. The comruni cation nodule 4 is
connected to a bidirectional external communication bus 12. It can al so be
el ectrically connected by an electrical connection 13 to auxiliaries 14
controlling the circuit breaker. In conventional manner, such auxiliaries,
formed for exanple by circuit breaker opening and / or closing coils, are
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panel 16 of tmembiane A1t ersapsiilaies theinicrocontact 37. The flexible membrane comprises
a part 42 permanently forming a seal inside the case of the module 4, around the
opening formed in the case of the module 4 for the membrane 41 to pass through.
The flexible membrane transmits the movement of the rods 40 to the microcontact
37 while preserving the tightness inside the communication module so as to prevent
polluting breaking gases coming from the circuit breaker unit 1 from entering the
module 4.

The force generated by the rod system on the microcontacts can be varied. Other
microcontacts, operated in a similar way from the circuit breaker unit by a system of
rods with return springs, enable different mechanical states of the circuit breaker to
be indicated. ‘it is thus passible not only to indicate the open / closed states of the
circuit breaker but also the charged/discharged states of the operating mechanism of
the circuit breaker, the fact that opening was caused by a fault detected by the
processing unit, or the state of a locking part. All these mechanical states of the
circuit breaker are thus transmitted, independently, to the communication module 4
where they are transformed into electrical signals and can be indicated either locally
or remotely by the bus 12.

The use of a mechanical connection 33 between the circuit breaker unit and the
communication module to perform the indication functions moreover enables the
independent wiring of the processing unit to be limited.



and the rear panel 17 of a less thick part 18 of the processing nodule 2.
Positioning of the optical |ink between the conpl enentary
transmtters-receivers 11 of the comunication nodule 4 and processing
nodule 2 is perforned by conpl enentary

6 gui de neans 19 and 20 provided respectively on the processing and
conmmuni cati on nodul es. The front panel 21 of the processing nodule 2
constitutes the visible face of the trPp unit when the latter is nounted on
the circuit breaker unit. The processing nodule rests via its w der bottom
part 22 on a base. In a preferred enbodinent (figures 3 and 7), this base
Is fornmed by an interface 23 to which the calibration nodule 3 and
additional npdule 15 are fixed. The base, in the gﬁneral shage of a
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guiding orifice 44 of the mterface 23. Fixing of the calibration module can be
performed by any means enabling easy fitting and removal accessible to the
customer after the processing module has been removed. Such fixing means may
be formed by screws and are represented schematically in f_igures 7 and 8 by the
fixing axis A1. The additional module 15 also comprises guiding parts -
complementary to corresponding guiding parts of the interface and formed in figure
8 by a guide pin 45 complementary to a guiding orifice 46 of the interface. Fitting of
the additional module 15 on the interface 23 is carried out in the plant. The
additional module must not be able to be dis-assembled by the customer and the
fixing means have to be chosen accordingly. As an example, the additional module
is fixed to the interface, and consequently to the circuit breaker unit, by clipping.

Such a fixing allows disassembly to be carried out in the plant should this be
necessary.

The functions of the calibration module and additional module will be explained in
greater detail with reference to figure 9 which represents their interactions with the
processing module 1. Only the elements of the processing moduie 2 necessary for
understanding these interactions are represented in figure 9. In this embodiment, the
current sensors 6 represented in figure 2 are formed by Rogowski toroids supplying
sighals representative of the derivative of the currents versus time. These signals
are integrated into the module 2 by an integration circuit 47, which may be of RC
type, whose output signals are representative of the currents in the conductors to be
protected. The output of the integration circuit is connected in series to a multiplexer
48, an amplifier 49, an analog-to-digital converter 50 and a microprocessor-based
processing circuit 51. When the current sensors 6 are Rogowski toroids, the power
supplied is generally insufficient to supply the processing module. Current sensors
52 with iron cores are then added in the circuit breaker unit, connected to a power
supply circuit 53 of the processing module 2 which notably supplies power supply
voltages V1 and V2 with respect to ground. The voltage V1 is designed for power



The el ectrical connectors 9, 25 connecting the processing nodule 2 to the
base and the guide neans 19, 20 also constitute neans for nechanical fixing
of the processing nodule 2 onto the circuit breaker unit when the interface
23 and conmuni cation nodule 4 are fixed thereto. To ensure a goad
mechani cal stability, additional fixing neans can be provided. In figure 3
such neans are represented schematically by a fixing lug 27. In the
particul ar. enbodi nent of figure 3, eliectrical connection of the

conmmuni cation nodule to the bus 12 and auxiliaries 14 by the conductor 13
I's achi eved by neans of the connector 28 situated at the upper part of the
nodul e 4. The comruni cation nodule 4 of figure 4 is suited to a bus 12 of
pr edet er mi ned ty . It conprises a line interface 29 connected to the bus
12 and a drisHeprly3y toe slestreniel cipapits obthe medile dnwhereasther witeae VI2) wlichris er f ace

29, both SUIﬁ@ﬁ&reisH@éngﬁe&ﬂéﬁp@ﬁer@&%ﬂ?bﬂhm@%uW&%e of bppRgher conponents of
t he comruni cati on nodul e are standard and only the driver 30 and interface

29 have to be adapted to the type of bus chosen. As non-restrictive
exanpl es t he'Mhes theygutrentofensere apa comtiBted-pPRogeussi terpids, thepe toroids are

7 identical whatever the circuit breaker rating. In known circuit breakers using this type
of current sensor, the rating is fixed by the trip device. Different trip devices then
have to be provided for the different circuit breaker ratings. The calibration module 3
makes it possible to avoid differentiation of the processing module 1 according to the
circuit breaker rating. The calibration module 3 enables the gain of the ampiifier 49
to be modified according to the rating chosen by the customer. The processing
module then automatically takes the rating chosen into account when performing
protection and / or measuring functions. In the embodiment represented in figure 9,
the calibration module 3 comprises a resistor R1 which is connected between the
ground and a gain control input G of the amplifier 49. The input G is connected to
the voltage V1 by means of a resistor R2. The resistors R1 and R2 thus form a
divider bridge and the value of the resistor R1 of the calibration module sets the
value of the amplifier gain G, representative of the rating of the circuit breaker. As
represented in figure 7, the calibration module 3 comprises a front panel 54 with
indications representative of the rating (In) of the circuit breaker. These indications
remain visible on the front panel when the processing module is fitted onto the
interface 23. The customer is able to perform a rating change. To do this he simply
has to remove the processing module 2 and replace the old calibration module by a
new one having the required rating. This new rating, visible on the front panel, will

automatically be taken into account by the processing module when the latter has
been refitted.

The additional module 15 is designed to supply to the processing module the level of
the analog maximum instantaneous threshold, or final instantaneous protection
level, of the circuit breaker. This level is independent of the type of the processing
module and of the circuit breaker rating. It depends on the type of circuit breaker
only in so far as it is adapted to the electrodynamic withstand of the circuit breaker.

This level linked to the circuit breaker is for example set by resistors R3, R4 located
in the additional module.

Figure 9 enables the role of the additional module 15 te be better understood. In the
processing module 2, the outputs of the integration circuit 47 are connected to a



Mor eover, the nodul e 4 conprises a driver 31 connected by the bidirectional
optical connection to the processing nodul e and constituting a

comuni cation interface with the processing unit. The opti cal
transmtter-receiver 11 of the nodule 4 belongs to the driver 3I. The
drivers 30 and 31 are both connected by bidirectional links to a random
access nenory 32 (RAM), which is thus shared between the comunication
nodul e and t he processing nodul e. A cotmunication is thus obtained between
the bus 12 and processing nodule 2 by means of the comunication nodule 4
and optical link. It is thus possible to read and wite data in the
processing nodul e and to performfunctions of renpte nmeasurement (fromthe
processing nodul e to the bus), renpte setting (fromthe bus to the

processi ng moeRiifying citcpit |§§|*fgamgs@rcuﬁcneﬁatmlomtl’(eflﬂ@ﬁmtﬁh@hﬁrmiiuﬁgﬂ%duI e
‘to the bus), e@&&mauy corﬁmescammbs-@bhmcmpdsﬂmé dr&u.ﬁh@ﬁp&emeﬁ@éﬂxotdo parts

of the circuit, brea un| re r. resen of t he
circuit br eal%'glrue f’ﬁn 2S5 cﬁufé%d%gftﬁﬁé%%' cércu' §§ axﬁg%péeﬁem?at\f/%? ®and 6)
i s represent depxipuBButrentfipying én the cppdustrspiodae %fo’@F‘ieéw t breaker state

I ndication circuit 34 and an operations counter 35 to be actuated. These
two circuits 34 and 35 are ected to the driver n bI| these
i cat ons thPBaNEPaRerspr SHAtESE Adaufla HSeoaugRs € Shambaad ErteRlthl o a
conpri ses i n atigping signal. &1 the eiventtnf @akiestantanrous fault, theufiatilt EGdQSmm bs ithey an

i nput connectdaeh ﬁsamesréautsa%f @b draR déu‘cMi?Mh?t@ &B&h&@ apmpaw_; gighunethed by
t he conduct or smag uxiliaries b ? Lon rol 0 t he
circuit br ealé bing & dgﬁﬁ?ﬁfh@ﬁ’f@ﬂa ﬁéré“m Eeﬂ"‘ifﬁ?i“ Ef?ﬁgrr% et'f E?t“hl“?

i ndependent fagnats appled by meansefiapddR orncuitlm’do theneon{réiRlecddde 8ban SIG;trcm; 12),

circuit breakflitchORtigQle § HRGEWIONR fér%?ed tor3Bwhds®trigdd id &iﬁﬂb&ed to
measur enment ﬁP‘d set his structure

of "t he- commuine abiesh o e el i o b Forecy ﬁ&é%‘é‘ﬁ&gﬁEé Ry i s comnecisa i

series with a polarized or reverse diode D to the voltage V2. The drain of the
thyristor T and the voltage V2 are connected to output terminals 58 of the

processing module connected to the circuit breaker unit so as to control the trip coil
7.

The threshold S is obtained by a voltage divider formed in figure 9 by two resistors
R5 and R6 connected in series between the voltage V1 and ground. The resistors
R3 and R4 of the additional module 15 are connected in parallel to the resistor RS,
thus defining the threshold S. This threshold can easily be modified. By eliminating
one of the resistors R3 or R4, the threshold S decreases. With two resistors in an
gdditional module, it is easy to abtain four different values of the threshold.

The calibration module and the additional module are naturally not limited to the
particular embodiments of figure 9. It is in particular possible to provide in addition a
larger number of resistors so as to increase the number of possible intermediate
thresholds or gain values. It is also possible to connect two or more resistors in
series and not in parallel in a module and to short-circuit the required resistors.

As represented in figure 7, the additional module 15 comprises a front panei 59 with
indications representative of the breaking capacity of the circuit breaker. This
breaking capacity, representative of the final instantaneous threshold, is generally
expressed by a code. As an example, in figure 7, the normal breaking capacity is
represented by the letter N. A higher breaking capacity can be represented by the
letter H and a very high breaking capacity by the letter L.



different functions. The indication and circuit breaker control functions
are thus perforned by the communi cati on nodul e even in the absence of the
processing unit. The comruni cation nodule is standard for the essenti al
part of its conponents, but adapted by the circuits 29 and 30 to suit the
type of bus 12 to which the custonmer wi shes to connect the circuit breaker.
Transformation in the comrunication nodule 4 by the circuits 29 and 30 of
the protocol suited to the bus 12 into2a standardi zed protocol and

vi ce-versa enables the circuit breaker to be adapted to the different types
of bus without nmultiplying the variety of the processing nodules. This

8 adaptation may be carried out by the final custonmer who can fix the
comuni cation nodule onto the circuit breaker unit hinself. A particul ar
enbodi nent of the nechanical connection 33 is represented in figures 5 and

6. Th]cca \Arrﬁ_chﬁm figlire§ ONAAE 18, ARe icaliAENEMBEUIOYS BRA e @Ediﬂ?@ Qﬁ&HlIl@CIBS?]@?% only
one O 1 C 0] InCI’O (= nthe figures In the form
of a push- buﬁ%e%gﬁﬁfeq'ﬁfag%w'h[ﬁsf’ﬁ id e"}t%:'ﬁ?%? iSOard 38. In the

comuni cati on nodul e 4 represented, the non-depressed position of the
m crocont act TR usk| 'oﬂ an @teﬂféi:erz%péd?tﬁéﬁéélid e péuit Mal@?%ﬂlt%hatsﬁpﬁcﬁmﬁ@&e

br eaki ng cont é{] F ereas, it ition

(fig. 6) is rgg %%agm Fe‘\/ié '}?eﬁj'g'@ F&mﬁeﬁ g\akeﬁ@e prgcessmg m&ﬁﬁ
interchangeable. Use of the modules enables differentiation of the versions of the
same circuit breaker to be performed at a late stage, and enables the customers’
requirements to be matched simply.

The connection described above between the communicatién module 4 and the
processing module 2 is an optical link. However the invention is not limited to this
type of connection and extends to cover any type of connection with galvanic
isolation, notably a connection of inductive type.



shaft of the circuit breaker poles 39, linked to the breaking contacts 5,
actuates the mcrocontacts 37 by neans of small rods 40 with return
springs. A flexible nmenbrane 41 encapsul ates the microcontact 37. The

fl exi bl e menbrane conprises a part 42 permanently form ng a seal -inside the
case of the nodule 4, around the opening fornmed in the case of the nodule 4
for the nenbrane 41 to pass through. The flexible nenbrane transmts the
movenent of the rods 40 to the microcthtact 37 while preserving the

ti ghtness inside the comunication nodule so as to-.prevent. polluting
breaki ng gases comng fromthe circuit breaker unlttﬂ fromentering the

nodul e 4. The force generated by the rod systemo mwmmmmm;ﬂ ts can
ircuit

be vari ed. m crocontacts, operated in a sim|
br eaker unlt 3 system of rods with return springs, enabl e "di f'f efent
mechani cal states of the circuit breaker to be indicated. It is thus

possi bl e notq, ankideylt %réél@P E&h? dsfl Qﬂ@ﬁlt éregké?sﬁ'ﬁ azL?e?nWabFehﬁrocC,ésrsﬁﬁ

br eaker but ads%rége char ed states o erating meghanl sm
“of the circeUSehRARPISH é‘”feé%’fm'i"ﬁa °°8?f€?ﬁ%%é“i°§ﬂ%‘@%i'yl§9d glertigally
det ect ed by cohmegmdoiodiss ciruyit breaker wnit, & iematableccalibratio Module (B)Pedrhprishgl t hese
mechani cal %Eﬁ’ér&fn edrfie mfekhdritialiy me%%gt oatfmﬁ c&ﬁﬂ#br&%%?%m GhE g.lectng?llg

i ndependent I% e conmmuni catl on are tran
into el ectri ﬁne%? ??a‘l & PIPRESEing, upt (Pnané spemusicating, mP@tsanfy‘eGPd e @t eI y by
t he bus 12. exteTMcusmuobatmnrtmshmu 8 alrcuitneset bna“raéié’nzi@etammthbmwsdscw t

breaker uni tatﬁéléittolﬁ‘é fe %Hn%uc@ﬁ&#'n%dh@ @fr |9fn %Hﬁw riadbGaldsh

functions mor epver,enapl es the | ndependent W processi ng unit to
be linmted. ule (2) and calibration module (3), comprising sald communlcahon means,

mechanically fixed (A2) to the circuit breaker unit (1) and connected to the processing
unit (2) by connection means with galvanic isolation (11), to parts of the circuit
breaker unit representative of the state of the circuit breaker by mechanical
connection means (33) and to the external communication bus (12) by electrical
input/ output connection means (28).

2. The circuit breaker according to claim 1, characterized in that the connection
means with galvanic isolation are optical connection means (11).

3. The circuit breaker according to claim 2, characterized in that the communication.
module (4) comprises indication means (34, 35) connected by the mechanical
connection means (33) to the circuit breaker unit, and remote measurement and / or
remote setting means (29 to 32) connected by the optical connection means (11) to
the processing unit (2), the indication, remote measurement and / or remote setting
means being connected to the external communication bus (12) by the electrical
input/ output connection means (28).

4. The circuit breaker according to any one of the claims 1 to 3, characterized in that
the communication module (4) comprises control means (36) electrically connected
(13) to control auxiliaries (14) of the circuit breaker, the control means (36) being
connected to the external communication bus (12) by the electrical input / output
connection means (28). |

5. The circuit breaker according to any one of the claims 1 to 4, characterized in that
the electrical input / output connection means (28) comprise in the communication
module means (29, 30) suited to a communication bus (12) of predetermined type.



9 A preferred enbodi nent of the base, conprising the interface 23, the
calibration nodule 3 and additional nodule 15, is represented in figures 7
and 8. The calibration nodule 3 is fitted in renovabl e manner on the base.
For ease of fitting, the nodule 3 and interface 23 conprise conplenentary
guiding parts. They al so preferably conprise error prevention nmeans. In
figure 8, the guiding parts are forned by a guide pin 43 securedly affixed
to the calibration nodul e and a conpl dfentary guiding orifice 44 of t he

interface 23. Fixing of the calibration nodule can be perfornmed by any
means enabling easy fitting and renopval accessible tﬁu ”ﬂuﬂmumuﬁIHer

t he processi ng nodul e has been renoved. Such fixing i d by
screws and are represented schematically in figures 7 and 8 by"t h& f1xing

axis Al. The additional nodule 15 al so conprises guiding parts
conpl enent ar §. the dirovit krepien dceaydiog teddnygeneanf thse déims HetoiSn tisarécterzed indthiabr ned i n

figure 8 by meGhda#8 (9d)TortRechaRiBAIRBRALCREY of e BoMHuflicBEbnhbddiE ® 6 pafs t he
i nterface. interface 53 I S

Fitting of the additional .nodul e 15 op. the t
ear 1 od out e Rl nrhdker SRR T bR o e it Shire Ul DBk ROBPTES b
di s- assenbl ethidigcontagtsg@g) arRBged iTdthe lemimunicaiomeadge laad daviog bentaih pars
oor f hoa ) afaP A2y IEHAIR Sut foiPa peRol oA oAb Bioh modul el oBpisB the o 1
Ll oo Pt HSHGL T (). B L sttt prenker Bt meEhmlcah MesB RG R s b
necessary. adthatiohofsaideastralfratth dhe adimuaicaton modild @) aomipdsit ieamsafor nodul e

L oS ) AR 8 Ll o AERCBA SR
el ement s of ﬂ?é"i{zgcgéz?rﬂ@ﬁ??ﬁﬂhé sﬁat?@@g%gié‘?“f}sbﬁ?gerunde.r standi ng t hese
interactions are represented in figure 9. In this enbodi nent, the current

Sensors 6 r ep.rﬁfeeemsa@baeakériaewraang;@eusmfézrci{?atcﬁgze%qgmg@me doffrQlidits pHPP! Yi N9

signhals representative of the derivative o currents versus tipe. These
19 Pr 23k
signal s

the microcontacts (37) each comprise a flexible, tight membrane covering the
corresponding microcontact.

8. The circuit breaker according to any one of the foregoing claims, characterized in
that, the circuit breaker unit (1) comprising current measurement means (6) formed
by Rogowski toroids whose output is connected to the processing module (2), the
calibration module (3) fitted in removable manner on the circuit breaker unit (1)
comprises a front panel (54) with indications representative of the circuit breaker
rating (In).

9. The circuit breaker according to claim 6, characterized in that the processing
module (2) comprises a variable gain ampilifier (43) connected to the output of the
current measuring means (6) and comprising a gain control input (G) electrically
connected to the calibration means (R1) of the calibration module (3).

10. The circuit breaker according to to any one of the foregoing claims, characterized
in that, the processing module (2) comprising analog final instantaneous protection
means (55, 56, 57) connected to current sensors (6) of the circuit breaker unit (1) and
designed to compare to an analog maximum instantaneous threshold (5) a value (1)
representative of the current supplied by the current sensors (6), the circuit breaker
comprises an additional module (15) comprising means (R3, R4) for adjusting said
threshold (S) according to the type of circuit breaker, said additional module (15)
being mechanically fixed in unremovable manner on the circuit breaker unit (1),



are integrated into the nodule 2 by an integration circuit 47, which may be
of RC type, whose output signals are representative of the currents in the
conductors to be protected. The output of the integration circuit is
connected in series to a nultiplexer 48, an anplifier 49, an

anal og-to-digital converter 50 and a m croprocessor-based processing
circuit 51. Wien the current sensors 6 are Rogowskj toroids, the power
supplied is generally insufficient to b'ijppl y the Mﬁm”umgﬂﬂ Cur r ent
sensors 52 with iron cores are then added in the :ﬂn
connected to a power supply circuit 53 of the processing nmolul & 2*wh| ch

not ably supplies povver supply vol tages V1 and V2 with respect to ground
The vol tage V.

10 suppl y?.eoc* C?IEY ﬁ%cg?q{? tf‘% p&qcpgﬂngc Wnit{2) ARLCmRISing BPangh B9 Bearinge

vol tage V2, vasicstionss(NaHgté) representativerpidhe reakingeapacityugh fHeycirodit triaeketrr i p coi |

in case of tripping. V\hen t he current sensors are constituted by Rogowski
t or oi ds, thes ﬁ)rol i dent i ca% tgoq%r the circuit breaker rating.
I'n known circ %F'E;éf ﬁrs?cﬁ%rdt"ﬁ Q claim, 0. ghagagierizef indaal SOMPIESS<™eanS ng i s

fixed by the fowﬁqmgdtberoahi:ratlnnfrﬁedmﬂs)tand phel egditieal mbdule [j#8)esaid neariprovi ded
for the diff Q&ﬂatcoﬁipﬁﬁh% bn Pi@ke 23 §Eé%fﬂé@i t5 e Ofcat bR gk(fmﬁf ? ahdrekes
ﬁ"ﬂr

t ble t t di
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t he anplifi ermegms (43, 45) and fixing means of the calibration module (3) and additional module
(15).

12. The circuit breaker according to claim 11, characterized in that the calibration
module (3) and the additional module (15) are arranged symmetrically with respect to
the interface (23).



to be nodified according to the rating chosen by the custoner. The
processi ng nodul e then automatically takes the rating chosen into account
when perform ng protection and / or neasuring functions. In the enbodi nent
represented in figure 9, the calibration nodule 3 conprises a resistor Rl
whi ch is connected between the ground and a gain control input G of the
anplifier 49. The input Gis connected to the voltage V1 by neans of a
resistor R2. The resistors Rl and R2 té&us forma divider bridge and the
value of the resistor Rl of the calibration nodule sets the value of the
anplifier gain G representative of the rating of the circuit breaker. As
represented in figure 7, the calibration nodule 3 conprises a front panel
54 with indgé€g+ons representative of the rating (In) of the circuit
breaker. Th RA¢Tations remain visible on the front panel when the
processing nodule is fitted onto the interface 23. The custoner is able to

f ' 4 hi i gl -
ﬁgtrjuloremzaa;?‘L%EFQE@%@K&%Q@EW%EE%@ ERENERUNEr BT BROGESAG  The
required rat PAYBRATION AMR CQMMYNICATIONIMEOEKEShe front panel, will

automatically be taken into account by the processing nodul e when the

latter has bfengr&ki ] i.fi.,0, dyl e 15 i esigned to supply
to the processi ﬁ'g('%&o%%%r tcﬁré‘;{;%\?g?%#th ﬁrggggﬂnggo%%hﬁﬁr’rt\g?rﬁs%grﬂf’j(ﬁﬂeaous

t hreshol d, ofPPtMypigation Jeedyieats AuBroseesingcmpdiie (Jvand, a shlibrationoneduls (3)br eaker .
This | evel iThe catemenicatoh mbdud Eorhmbeicstbs WRR tRS RRRESIMY mvade! shiylrd »f the

circuit bre (T . t pe of. circuit breaker only in
so far as i f&ﬁ ée%%é&%g@a[v%nlgﬁsg%g?ri&1ﬁ S&&%ﬁﬁw@”\/ﬁ lﬁ%tcgmfcﬁ?n,enﬁgre B & t
br eaker. Thi @lib@iien modpirdd) iscelactricaly eennected (23Kderthe pracessingxaopile. Tt by
r elsi st ?r s ) R3contrduricatioh etbdule id, eadalidh  doRR@dted B4 hidchanidal &Hnlect%nﬁél pakes the
role of the ; . e fter. u rstod. In t rocessi ng
nodul e 2, t h@%%’ﬁ%@?’%&? H@Fﬁeé?eggrﬁ{g&eoﬁ%ﬁ PELS ‘%}qﬁe/ c'éﬁ“g%é%ﬁﬁééf’g(?e td a
bidirectional electrical connection (28) to an external communication bus. An interface
(23) connected to the circuit breaker unit can act as support for the calibration module
(3) and for an additional module (15) containing information representative of the

breaking capacity of the circuit breaker and electrically connected to the processing
module (2).

{Refer to figure 3)



rectifying circuit 55. An analog circuit, perform ng the instantaneous
tripping function essentially conprises a conparison circuit 56. This
circuit conpares a threshold value S and a signal | supplied by the
rectifying circuit 55 and representative of the maxi numcurrent flowing in
the conductors to be protected. If the mcroprocessor 51 detects a fault
in the conductors to be protected, it supplies a tripping signal. In the
event of an instantaneous fault, the fault is detected by the conparison
circuit 56 of the analog circuit ich produces a tripping signal. The
tripping signals, whether they originate fromthe m croprocessor 51 or from
the circuit 56, are applied by neans of an OR circuit 57 to the control

el ectrode of an electronic switch. In figure 9¢thig swit I7 is formed by a
thyristor T whose tri is connected to th ;p3¥ of OR circuit 57.

Its source is [g rain.Is conflected in 3€rres wit

pol ari zed or rleverse diode Dto théga?;hﬁgﬁ V2. The dnain of t hyri st or
T and the voltjage V2 are connected to { [-term nal §|58 of ¢he_processing
nodul e connectled to the circuit breaker unif| so as to|¢ontrol ltrip coi
7. The threshold S is obtained by a voltape divider |[fornmed i f4gure 9 by
two resistors |JR5 and R6 connected in series|petiwedn the¢ voltag and
ground. The regsistors R3 and R4 of the addit le 15 arf connected

in parallel to|the resistor R5, thus definiphg the threshold S.{d& s
threshold can easily be nodified. By elimnpating one of theg/registors R3 or
R4, the threshpld S decreases. Wth two res{stors in an -
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additional nodule, it is easy to obtain four different values of the

t hr eshol d. The calibration nodul e and the additional nodule are naturally
not Fimted to the particular enbodiments of figure 9. It is in particular
possible to provide in addition a |arger nunber of resistors so as to

i ncrease the nunber of possible internmediate thresholds or gain values. It
is also possible to connect two or nore resistors in series and not in
parallel in a nodule and to short2/4ircuit the required resistors. As
represented in figure 7, the additional nodule 15 conprises a front panel
59 with indications representative of the breaking capacity of the circuit
breaker. This breaking capacity, representative of the final instantaneous
threshold, is generally expressed by a code. As an exanple, in figure 7,
the normal breaking capacity is represented by the letter N. A higher
breaki ng capacity can be represented by the letter H and a very high
breaking capacity by the letter L.

12 In figures 7 and 8, the calibration nodule 3 and the additional
nodul e 15 are arranged symetrically with respect to the interface 23.
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The use of an interface 23 connected to the circuit breaker unit and
supporting the additional nodule 15 and the calibration nodule 3 makes the
processi ng nodul es i nterchangeable. Use of the nodul es enabl es
differentiation of the versions of the same circuit breaker to be perforned
at a late stage, and enables the custoners' requirenents to be matched

si npl y. The connecti on descri bed above between the comuni cation nodule 4
and the processing nodule 2 is anjoptical |ink. However the invention is
not limted to this type of connection and extends to cover any type of
connection wth galvanic isolation, notably a connection of inductive type.
13 CLAI V5 1. Acircuit breaker conprising a circuit breaker unit (1),
a renovabl e processing dule (2) conprising a ?ectronic processi ng unit
and nechanically and eIﬁE{rically connect ed toqzﬁs circuit breaker unit, a
renovable calibration nodijle (3) conprising
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calibrating neans, nechanically fixed (Al) to the circuit breaker unit and
electrically connected to the processing unit (2), and communi cation neans
connected to an external conmunication bus (12), a circuit breaker
characterized in that it conprises at |east one renovabl e conmuni cation
modul e (4), distinct fromthe processing nodule (2) and calibration nodule
(3), conprising said comruni cati on neans, nechanically fixed (A2) to the
circuit breaker unit (1) and connected to the processing unit (2) by
connection neans with gal vanic isokation (11), to parts of the circuit
breaker unit representative of the state of the circuit breaker by
mechani cal connection neans (33) and to the external comrunication bus (12)
by electrical input/ output connection nmeans (28).4 2. The circuit breaker
according to clai'm characterized in that the con@gction means with

gal vani c isorarfa ' Tgn nesd 5 —The circuit
breaker accordin characterifzed iln that the comruni cati on.
modul e (4) conprilses indication neans (34, 39) codicted by the nechanical
connection neans |(33) to the circuit brdgaker junif, and renote neasurenent
and / or renote detting neans (29 to 32)f conr by the optical

connection means |(11) to the processing |udit the indication, renote
measurement and /| or renote setting\means s rmhécted to the external
comuni cation bug (12) by the el r}cal i fﬁ t put connection means
(28). 4. The cifrcuit bgegker cording t e of the clains 1 to 3,
characterized infthat th {}cation |hodu § conpri ses control neans

(36) electrically connectiedY( o contfol aries (14) of the circuit
breaker, the contjrol nmeans (36) be\ng connectled tp the external

comuni cati on bust (12) by thelggec rical{input / putput connection neans
(28). 5. The cifrcuit breake coxding{ to any ope of the clains 1 to 4,
characterized jin fthat the electrica
conprise int chmuni cati on
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modul e neans (29, 30) suited to a conmunication bus (12) of predeterm ned
type. 14 6. The
circuit breaker according to any one of the clainms 1 to 5, characterized in
that the neans (33) for nechani cal connection of the comunication nodul e
to the parts of the circuit breaker unit representative of the state of the
circuit breaker conprise mcrocontacts (37) arranged in the conmunication
nodul e and having control parts (41, 4;) protrudi ng out froma panel of the
comuni cati on nodul e (4) opposite th¥ Circuit breaker unit (1), and in the
circuit breaker unit nechanical neans (40) for actuation of said control
parts, the conmunication nodule (4) conprising neans for transformng the
mechani cal signals fromthe mcrocontacts into electrical signals and neans
(34, 35) for indicating the state of the circuit breaker. 7. The circuit
breaker according to claim®6, characterized in that the control parts (41,
42) of the m crocontacts (37) each conprise a flexible, tight nenbrane
covering the correspondi ng nicrocontact. 8. The circuit breaker according
to any one of the foregoing clains, characterized in
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that, the circuit breaker unit (1) conprising current neasurenent neans (6)
formed by Rogowski toroids whose output is connected to the processing
nodul e (2), the calibration nodule (3) fitted in renovabl e manner on the
circuit breaker unit (1) conprises a front panel (54) with indications
representative of the circuit breaker rating (In). 9. The circuit breaker
according to claim®6, characterized in that the processing nodule (2)
conprises a variable gain anplifier (43) connected to the output of the
current neasuring nmeans (6) and cépWprising a gain control input (G

el ectrically connected to the calibration nmeans (Rl1) of the calibration
nodul e (3). 10. The circuit breaker according to to any one of the
foregoing clains, characterized in that, the processing nodule (2)

conprising anal gg final i nstantaneous protection nmeans (55, , 57)
connect ed tg/pdf?ent en53;§/(€?/;%/Yﬁg iLLQﬁ{?‘2%9af§r unit (1) and
.desi gned to-Conparg~to an_anal og Xi mumnst ant aneous reshold (5) a

value (1) representjative of the current supplied by thg current, sensors
(6), the circuit breaﬁer conpri ses an additional nodul ¢ (15) rising
means (R3, R4) for jadjlusting said threshold (S) according to the type of
circuit breaker, saidiaddjtional nodule (15) being pechanically fixed in
unr enovabl e manner on hhe circuit breaker unit (|1),
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electrically connected to the processing unit (2) and conprising a panel
(59) bearing indications (N, Hor L) representative of the breaking
capacity of the circuit breaker. 11. The circuit breaker according to
claim 10, characterized in that conprises nmeans for fitting the calibration
nodul e (3) and the additional nodule (15), said nmeans for fitting
conprising an interface (23) securedly affixed to the circuit breaker unit
(1) and conprising guiding nmeans {44, 46) and fixing means conpl enentary to
gui di ng neans (43, 45) and fixing neans of the calibration nodule (3) and
addi tional nodule (1 5). 12. The circuit breaker according to claim11,
characterized in that the calibration nodule (3) and the additi.onal nodul e
(15) are arranged synnetricaiygguftl1 respect to the interface (23).
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