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(57) Abstract: A modular sensor array has a housing at least one current sensor in the housing responsive to a current in an electrical
conductor for developing a corresponding current signal and at least one voltage signal producing circuit in the housing for developing
a voltage signal corresponding to a voltage present on an electrical conductor. A connector mounted on housing is configured for
engagement with a mating connector of an external measurement device. A circuit delivers the current and voltage signals to the
connector. A metering module has a housing, a metering circuit in the housing for receiving and processing at least one signal
corresponding to an electrical quantity, and developing an output signal. A connector mounted to the said housing is coupled to
the metering circuit, and configured for engagement with a mating connector at least one of a sensor array module and a mounting
and connection base. Mounting structure is provided on the housing for removably mounting the housing to at least one of a sensor
array module and a mounting and connection base. A mounting and connection base for a measurement device has a housing, first
connectors on the housing for receiving a signal from a current sensor corresponding to a current in an electrical conductor an second
connectors means on the housing for receiving a signal from a voltage sensor corresponding to a voltage in an electrical conductor. A
circuit in the housing delivers voltage and current signals received at the first and second connectors to a further connector mounted on
the housing. First and second mounting structures are provided for mounting the housing to a surface and for mounting a removable

metering module.
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MODULAR SENSOR ARRAY, METERING DEVICE AND MOUNTING AND
CONNECTION BASE

FIELD OF THE INVENTION
This invention is directed generally to equipment for monitoring electrical power
transmission circuits and more particularly to a modular arrangement including one or
more of a modular sensor array, a modulér metering module and a modular connection

base for use in such a monitoring system.

BACKGROUND OF THE INVENTION

The monitoring of currents and voltages as well as other conditions in electrical
circuits generally requires the interaction and interconnection of a number of different
components. One or more sensors such as current transformers and potential (voltage)
transformers may be utilized and coupled at appropriate points in the electrical circuit to
be monitored, so as to monitor the voltage and current values in the circuit as desired.
Appropriate connections must then be made from these sensors into additional circuitry
for further receiving and processing these voltage and current signals to determine
whether the electrical characteristics of the monitored circuit fall within predetermined or
desirable limits. This additional circuitry may provide additional output signals to trip
circuit breakers or other components for interrupting the circuit, in the event the
monitored electrical characteristics and conditions do not fall within the desired limits, or
to produce other warnings, indications or readouts, as desired.

The additional circuitry may be part of a separate metering circuit which then must
be suitably interfaced with the sensors and with the circuit breaker or other equipment and
provided with suitable connectors, cablfng, etc. to achieve the desired interconnections
and functions. Alternatively, the various sensors and metering circuits may need to be
coupled with various elements of different electrical systems such as panelboard, busway,
or motor control centers. Each of these different requirements generally requires a
different sort of custom installation with attendant connectors being provided to mate
with the connectors of the panelboard, busway, motor control center or circuit breaker in
which the sensor and associated processing or metering circuitry are to be utilized.

Accordingly, installation of appropriate monitoring elements and circuitry for

different situations generally requires a relatively high level of skill on the part of the
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installer as well as access to a variety of different sensor elements, various metering
devices and different types of connectors for completing the assembly and installation in
each case. From the standpoint of a manufacturer or supplier, it is also necessary to
design, manufacture and stock a wide variety of these components for use in different
types of installations.

The present invention proposes to improve upon the foregoing situation by
providing a number of novel modular components including a modular sensor array which

may incorporate a number of prewired sensors. The sensor array may further be provided

_ with an appropriate preconnectorized housing sized and configured to mate with the

desired circuit breaker, panelboard, busway or motor control center with the appropriate
mating connectors in place and appropriately located with respect to the housing.
Furthermore, the sensor housing arranged to easily interfit with the conductors to be
monitored as they enter the circuit breaker, panelboard, busway or motor control center,
permitting the sensor array housing to be mounted directly to the same.

The invention further provides a modular metering module which is also provided
with the necessary processing circuitry for performing all of the necessary processing
functions for deriving various electrical characteristics of a circuit from voltage and
current input signals. This metering module may be preconnectorized to readily receive
input connections from appropriate sensors or from a sensor array and provide the
appropriate output signals via others of the preconnectorized connections. Preferably the
metering module is further arranged to conveniently mount directly to the sensor array
which is in turn mounted to the circuit breaker, panelboard, etc. as previously noted. The
sensor array module may include components for conditioning the current and voltage
sensor signals prior to delivering the same to the metering module for further processing.

Alternatively, the metering module may mount to a mounting and connection base,
which provides the appropriate interface and connections to the sensors and to the circuit
breaker, panelboard, etc. Finally, the invention contemplates a novel mounting and
connection base provided with a number of connectors for receiving output of individual
sensors to be associated with the circuits to be monitored as well as providing for
connection of a metering module for processing the sensor signals. The mounting and
connection base and the metering module are preferably conveniently configured for
simply and easily mounting the metering module to the mounting and connection base in a

manner for simultaneously establishing both mechanical and electrical coupling of a
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metering module with the mounting and connection base. The mounting and connection
base may further include additional electrical elements for conditioning the signals from

current and voltage sensors prior to delivering the same to the metering module.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is the general object of the invention to provide an improved
modular system for monitoring electrical characteristics of an electrical circuit.

A more specific object is to provide a modular system in accordance with the
foregoing object which includes a metering module and at least one of a mounting and
connection base and a sensor array module.

In accordance with one aspect of the invention there is provided a modular sensor
array comprising: a housing; at least one current sensor mounted to said housing and
responsive to a current in an electrical conductor for developing a corresponding current
signal, at least one voltage signal producing circuit mounted to said housing for
developing a voltage signal corresponding to a voltage present on an electrical conductor,
a connector mounted on said housing configured for engagement with a mating connector
of an external measurement device; and circuit means for delivering the current and
voltage signals to the connector.

In accordance with another aspect of the invention there is provided a metering
module comprising: a housing; a metering circuit mounted in said housing for reéeiving at
least one signal corresponding to an electrical quantity, for processing said signal and for
developing an output signal; a connector mounted to said housing and coupled to said
metering circuit, and configured for engagement with a mating connector at least one of a
sensor array module and a mounting and connection base; and mounting means on said
housing for removably mounting said housing to at least one of a sensor array module and
a mounting and connection base.

In accordance with yet another aspect of the invention there is provided a
mounting and connection base for a measurement device comprising: a housing; first
connection means on said housing for receiving a signal from a current sensor
corresponding to a current in an electrical conductor; second connection means on said
housing for receiving a signal from a voltage sensor corresponding to a voltage in an

electrical conductor; circuit means in said housing for delivering voltage and current
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signals received at said first and second connectors to a further connector mounted on
said housing; first mounting means for mounting the housing to a surface; and second

mounting means on said housing for mounting a removable metering module.

BRIEF DESCRIPTION OF THE DRAWINGS
5 In the drawings:
FIG. 1 'is a front elevation of a sensor array in accordance with the invention,
FIG. 2 is a back elevation of the sensor array of FIG. 1;
FIG. 3 is a side elevation of the sensor array;
FIG. 4 1s a perspective view illustrating the assembly of a sensor array and
10 metering module in accordance with the invention with a circuit breaker;
FIG. 5 is an end view of the metering module;
FIG. 6 is a schematic circuit diagram showing a part of a circuit portion of the
sensor array module;
FIG. 7 illustrates schematically a further portion of a circuit and a connector which
15 may be employed in the sensor module;
FIG. 8 is a perspective view illustrating a metering module and a mounting and
connection base in accordance with the invention;
FIG. 9 is'a top plan view of the mounting and connection base;
FIG. 10 1s a side elevation of the mounting and connection base;
20 FIG. 11 is a simplified schematic of a portion of a circuit of the metering module;
FIG. 12 is a circuit schematic showing circuitry which may be employed in the
mounting and connection base; and
FIG. 13 shows schematically a further circuit element and a connector which may

be employed in the mounting and connection base.

25 DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
Referring to the drawings, initially to FIGS. 1 through 4, there is shown one
embodiment of a modular monitoring system in accordance with the invention. FIGS. 1
through 3 illustrate front, back and side elevations of a sensor array module 20. FIG. 4
illustrates the sensor array module 20 configured for mating engagement with a metering

30  module or measurement device 30 on the one hand and a circuit breaker 40 on the other
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hand. The sensor array 20 may also be configured for cooperative engagement with
devices or systems other than the circuit breaker 40, for example with a panelboard,
busway or motor control center.

In the embodiment illustrated in FIGS. 1 through 4, the sensor array 20 has a
housing 21 which is sized and configured to mount to a side surface of the circuit breaker
40 such that through openings 22 in the housing 21 align with similar openings 42 in the
circuit breaker 40. In this manner, suitable voltage and/or current sensors, such as current
transformers (shown in schematic form in FIG. 5) may be mounted adjacent the openings
22 in the housing 21 for sensing the voltage and/or current on various wires or cables as
they pass through these openings and through the corresponding aligned openings 42 of
the circuit breaker. Preferably, in the embodiment illustrated in FIG. 4, the sensor array
housing 21 mounts flush against the facing surface of the circuit breaker 40. Additional
alignment and positioning projections 24 may also be provided on the sensor array
housing 21 to facilitate this mounting and alignment.

The sensor array housing 21 also mounts a preconnectorized or integral prewired
connector 23 which is configured for engagement for a mating connector 33 (FIG. 5) of
the metering module 30. This connector is located in a mounting recess or area 27 which

is configured for receiving the metering module 30, which has a complementary

- configured housing 31, for interfitting in the area or recess 27, and an integral prewired

connector 33 configured for mating with the connector 23 of the sensor array 20. As best
viewed in FIG. 4, a neutral conductor 25 may be provided projecting from the sensor
array module housing 21 for connection to a neutral conductor of an electrical circuit to
be monitored. Preferably, the projecting conductor 25 is detachable from the housing 21.
Referring also to FIGS. 6 and 7, the modular sensor array 20 also includes a
number of circuit components or elements which are mounted in the housing 21, and
which are here shown in schematic form. In this regard, at least one current sensor, and
in the illustrated embodiment three current transformers 32, 34 and 36 are provided, each
for responding to current in an electrical conductor and developing a corresponding
output signal. These transformers may take the form of toroidal coils (FIG. 11) which
generally surround the through openings 22 of the sensor module 20 as shown in FIG. 4,
to permit wires to pass therethrough as described above. Alternatively, the current

sensors 32, 34 and 36 may comprise hall effect sensors.
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At least one voltage signal producing circuit 38 is also included in the circuitry of
the modular sensor array 20 mounted within the housing 21. In the illustrated
embodiment, the voltage signal producing circuit 21 produces a total of three different
voltage signals (Va', Vb', Vc'), each of which corresponds to the voltage present (Va, Vb,
Vc) on an electrical conductor or other electrical circuit portion being monitored. In the
illustrated embodiment, the voltage signal producing circuit 38 also includes means for
reducing the magnitude of the voltage signals, here shown as voltage divider circuits 42,
44 and 46 associated with each of the voltages being monitored. Thus, as shown in FIG.
5, respective voltages Va, Vb and Vc being monitored are reduced by the respective
voltage dividers 42, 44 and 46 to provide respective corresponding output voltages Va/,
Vb' and Vc'

In the embodiment shown in FIG. 6, the circuits also include respective circuits for
converting the current signals from the current sensors 32, 34 and 36 to voltage signals.
Specifically, respective resistors 52, 54 and 56 are coupled accross secondaries of the
current transformers CT1, CT2 and CT3 so as to convert the respective current signals Ia,
Ib and Ic into corresponding voltages Ia', Ib' and Ic'. In the illustrative embodiment, each
of the voltage signals and current signals shown in FIG. 6 (Va', Vb, V¢' and Ia', Ib' and
Ic") are sent to a corresponding connector element 23 of the modular sensor array 20,
which is also schematically illustrated in FIG. 7. The connector 23 also includes
associated neutral terminates, N, ANO for connection to the like designated circuit
locations of FIG. 6.

As also shown in FIG. 7, the modular sensor array may further include a memory
device 60 for storing data corresponding to predetermined electrical characteristics of the
modular sensor array. For example, the memory device may include data corresponding
to the number and types of sensors used, to their input/output characteristics, to the
identity and output characteristics of the sensor and of the related circuit elements of FIG.
6 which are coupled to each of the terminals of the connector 23, and like information.
The memory device 60 may comprise a non-volatile memory device, for example of the
type designated DS2430A as shown in FIG. 7.

Referring now to FIG. 8, the metering module 30 is illustrated together with a
cooperatively configured mounting and connection base 70. The metering module 30, as
previously mentioned, has an integral prewired connector 33 mounted to its housing 31

(FIG. 5), which is configured for engagement with a mating connector such as the
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connector 23 of the sensor array or with a substantially identical connector 73 of the
mounting and connection base 70. In this regard, the mounting and connection base 70
comprises a housing 71 which provided with a generally rectilinear recess 77 surrounding
the connector 73 for cooperatively engaging and surrounding an end portion of the
generally similarly shaped rectangular housing 31 of the metering module 30. This
housing 31 of the metering module thus defines a mounting means for removably
mounting the module 30 to the corresponding complimentary configured mounting means
or recess 27 or 77, of the sensor array or of the mounting and connection base, as
illustrated respectively in FIGS. 5 and 8.

Referring also to FIGS. 9 and 10, the mounting and connection base housing 71
also mounts first and second connection means or connector groups 72 and 74.
Individual connectors of the respective connector groups 72 and 74 receive voltage and
current signals which correspond to the voltages or currents being monitored in an
electrical conductor, as indicated by the designations Ia, Ib, etc. and Va, Vb, etc. in FIG.
9. These generally correspond to the voltage and current inputs from various sensors,
which are the same types of inputs as mentioned above with respect to FIG. 6.
Preferably, further mounting means, such as illustrated mounting projections 76 are
provided for mounting the housing 71 to a surface. The mounting means 76 may also be
configured for use with an external DIN rail.

In the illustrative embodiment, and. referring to FIG. 11, the metering module 30
also includes a metering circuit 80 which may include a microprocessor 82 for receiving
signals either from the sensor array 30 or from the monitoring and connection base 70
which correspond to the electrical quantities being monitored, for processing these input
signals and for developing an output signal. In one embodiment, the metering circuit 80
also produces a digital output signal. The metering circuit may also include a memory
means or device 84 for storing a device address for identifying each sensor device which
is coupled with the metering circuit 30 through its integral prewired connector 33. In this
regard, the prewired connector 33 of the metering module 30 and its memory means or
device 84 may be substantially identical to the connector 23 and memory device 60
schematically shown in FIG. 7, and hence additional reference numerals 33 and 84 are
also utilized in FIG. 7 with reference to these components. In this regard, the metering
circuit processor 82 may also include means for receiving and processing data

corresponding to the electrical characteristics of a particular sensor array module with
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which it is associated. For example, such data in the memory device 60 of the associated
sensor array module 20 may be transferred via the corresponding connectors 23, 33 to the
corresponding memory device 84 of the metering module 30.

Referring now to FIGS. 12 and 13, circuitry of the mounting and connection base
is illustrated. It will be noted that this circuitry is similar in its structure and functions to
the circuitry of the sensor array module described above in FIGS. 6 and 7. This is so that
the metering module may utilize its same integral prewired connector with either the
sensor array module or mounting and connection base in accordance with the invention.

Briefly, the circuit includes current to voltage converter circuits in the form of
résistors 90, 92 and 94 as well as voltage reducing circuits in the form of voltage divider
circuits 100, 102 and 104. The integral prewired connector 73 is schematically illustrated
in FIG. 13. Internal circuitry of the metering module is such that all of the current signals
and voltage signals from the respective circuits of FIG. 12 are delivered to the connector
73. Also, a memory device 106 is provided, and may comprise a non-volatile memory of
the type DS2430A, the same type illustrated and described above with reference to the
sensor array module of FIG. 7. This memory device 106 may store data such as
information corresponding to the electrical characteristics of the circuits of FIG. 12.

While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown and described herein above by way of
example. It should be understood, however, that it is not intended to limit the invention
to the particular forms disclosed. On the contrary, the intention is to cover all
modifications, equivalents and alternatives falling within the spirit and scope of the

invention as defined by the dependent claims.
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WHAT IS CLAIMED IS:
1. A modular sensor array comprising:
a housing;

at least one current sensor mounted to said housing and responsive to a current in
5 an electrical conductor for developing a corresponding current signal;
at least one voltage signal producing circuit mounted to said housing for
developing a voltage signal corresponding to a voltage present on an electrical conductor;
a connector mounted on said housing configured for engagement with a mating

connector of an external measurement device; and

10 circuit means for delivering each voltage signal and current signal to the
connector.
2. The modular sensor array of claim 1 and further including an additional

neutral conductor projecting from said housing for connection to a neutral conductor of

an electrical circuit.

15 3. The modular sensor array of claim 2 wherein the projecting conductor is

detachable from the housing.

4. The modular sensor array of claim 1 and further including a memory
device for storing data corresponding to predetermined electrical characteristics of the

modular sensor array.

20 5. The modular sensor array of claim 4 wherein the memory means comprises

a non-volatile memory device.

6. The modular sensor array of claim 1 wherein each current sensor

comprises a current transformer.

7. The modular sensor array of claim 1 and further including a conversion

25  circuit in said housing for converting the current signal to a voltage.

8. The modular sensor array of claim 1 wherein each said current sensor

comprises a hall effect sensor.
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9. The modular sensor array of claim 1 wherein said circuit means includes
voltage reducing means for reducing the magnitude of said voltage signal prior to

delivering the voltage signal to the connector.

10.  The modular sensor array of claim 9 wherein the voltage reducing means

5  comprises a voltage divider circuit.

11.  The modular sensor array of claim 1 wherein said housing further includes

mounting means for mounting an external measurement device.

12.  The modular sensor array of claim 1 wherein said housing is sized and
configured to mate with one of a circuit breaker, panelboard, busway or motor control

10  center.

13. A metering module comprising:

a housing;

a metering circuit mounted in said housing for receiving at least one signal
corresponding to an electrical quantity, for processing said signal and for developing an

15  output signal;

a connector mounted to said housing and coupled with said metering circuit, and
configured for engagement with a mating connector of at least one of a sensor array
module and mounting and connection base; and

mounting means on said housing for removably mounting said housing to at least

20  one of a sensor array module and a mounting and connection base.

14, The electronic metering module of claim 13 wherein said metering circuit

includes a microprocessor.

15.  The electronic metering module of claim 13 wherein said metering circuit

develops a digital output signal.

25 16.  The electronic metering module of claim 13 and further including memory
means for storing a device address for identifying a sensor device within a sensor array

module coupled with said metering circuit through said connector.
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17.  The electronic metering module of claim 13 wherein said metering circuit
further includes means for receiving and processing data corresponding to electrical

characteristics of a sensor array module.

18.  The electronic metering module of claim 13 wherein said connector is an

5  integral prewired connector.

19. A mounting and connection base for a measurement device comprising:
a housing;
first connection means on said housing for receiving a signal from a current sensor
corresponding to a current in an electrical conductor;
10 second connection means on said housing for receiving a signal from a voltage
sensor corresponding to a voltage in an electrical conductor;
circuit means in said housing for delivering the voltage and current signals
received at said first and second connectors and to a further connector mounted on said
housing;
15 first mounting means on said housing for vmounting the housing to a surface; and
second mounting means on sz;id housing for mounting a removable metering

module.

20.  The mounting and connection base of claim 19 wherein the first mounting

means is configured for use with an external DIN rail.

20 21.  The mounting and connection base of claim 19 and further including
memory means in said housing for storing information corresponding to electrical

characteristics of said circuit means.

22, The mounting and connection base of claim 21 wherein said memory

means comprises a non-volatile memory device.

25 23.  The mounting and connection base of claim 19 wherein said circuit means
includes current-to-voltage converter means for converting the current signal from said

first connector means to a voltage signal.
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24, The mounting and connection base of claim 19 wherein said circuit means
includes at least one secondary current transformer for reducing a current signal received

at first connector means from an external current transformer.

25. The mounting and connection base of claim 19 wherein said circuit means
further includes means for reducing the voltage of a voltage signal received at said second

connector means.

26. The mounting and connection base of claim 25 wherein the means for

reducing the voltage comprises a voltage divider circuit.

27. A modular circuit monitoring system comprising a modular sensor array
and a metering module;
said modular sensor array comprising;

a housing;

at least one current sensor mounted to said housing and responsive to a
current in an electrical conducfor for developing a corresponding current signal;

at least one voltage signal producing circuit mounted to said housing for
developing a voltage signal corresponding to a voltage present on an electrical conductor;

a connector mounted on said housing configured for engagement with a
mating connector of said metering module; and

circuit means for délivéring each of the voltage signals and the current
signals to the connector;

said metering module comprising:

a housing;

a metering circuit mounted in said housing for receiving at least one signal
corresponding to an electrical quantity, for processing said signal and for developing an
output signal;

a mating connector mounted to said housing and coupled with said
metering circuit, and configured for engagement with said connector of said modular
sensor array, and

mounting means on said housing for removably mounting said housing to

said modular sensor array module.
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28.  The modular system of claim 27 wherein said sensor module housing
further includes mounting means complementary with the mounting means of said

metering module.

29.  The modular system of claim 27, wherein said metering module includes
5  memory means for storing a device address for identifying a sensor device within the

modular sensor array module coupled with said metering module through said connector.

30.  The modular system of claim 26 wherein said modular sensor array further
includes a memory device for storing data corresponding to predetermined electrical

characteristics of the modular sensor array.

10 31.  The modular system of claim 30 wherein said metering module further
includes means for receiving and processing data corresponding to electrical

characteristics of a sensor array module.

32. A modular monitoring system comprising a metering module and a
mounting and connection base;

15 said metering module comprising:

a housing;

a metering circuit mounted in said housing for receiving at least one signal
corresponding to an electrical quantity, for processing said signal and for
developing an output signal,

20 a connector mounted to said housing and coupled with said metering
circuit, and configured for engagement with a mating connector of said mounting
and connection base; and

mounting means on said housing for removably mounting said housing to
said mounting and connection base;

25 and said mounting and connection base comprising;

a housing;
first connection means on said housing for receiving a signal from a

current sensor corresponding to a current in an electrical conductor;
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second connection means on said housing for receiving a signal
from a voltage sensor corresponding to a voltage in an electrical
conductor;

a mating connector mounted on said housing and configured for

5 engagement with said connector of said metering module;

circuit means in said housing for delivering the voltage and current
signals received at said first and second connectors to said mating
connector mounted on said housing;

first mounting means on said housing for mounting the housing to a

10 surface; and
second mounting means on said housing for mounting said

metering module.



WO 03/012462 PCT/US02/23304

1/6

:

1
S
FIG. 3

20

24

AV

22
FIG. 2

20

23
(\
22
FIG. 1




WO 03/012462 PCT/US02/23304

2/6

N
v/ 4 o/ 7
7 o/ g
v <
' > >Q)"
T
=1
<
B
5 ) |
" gl 9
& oo Ty




WO 03/012462

PCT/US02/23304

3/6
38
Va 2 Vb Ve NEUTRAL
N T T T
[ va' — Vb’ — Ve 2
N
CT2 CT3

3
32 34 F l . 6 3
60, 84
J1
1 GROUND /
2 oatA |
DS2430A <
_3_. NC ) ——<
MEMORY DEVICE b ——<
ic ———<
aNo ——<
va' ——-<
v ——<
ve' ————<
v

AL

(

w
w



WO 03/012462 PCT/US02/23304

4/6

30 T

=S L _— 74

72




WO 03/012462 PCT/US02/23304

5/6

\
/

"N 1
e 73 va |[S]
2 7] 5
(@] le+ \:‘c %\f\ 74
72  — ~ oo
e O
2|[e
n _— 2l aND {[S]
FIG. 9
76
0 71
1
0 80
| o S
(
0 ) METERING
% MEMORY CIRCUIT
70
76 5 w E
FIG. 10 ()
82

FIG. 11



WO 03/012462 PCT/US02/23304

6/6
va Vb Ve  NEUTRAL
/N AN AN A

joo [102 104
— Ve S — Ve R

2 : ‘ 2

la+ e—léj la’ Ib- Ib Ic- Ic
80 %:\ 92 94

la- & b+ ¢— o+ ¢——]
' ANO
FIG. 12
106
[ \
1 GROUND J
<
DS2430A |2 DATA <
? NC la’ /\
MEMORY DEVICE Ib' —-___<
Ic' —-——<
ANO ——< __— 73
va' ————<
Vb' -———<
ve' ——-<
Vn ——<
1 & )
2 D
/
A <| FIG.13




INTERNATIONAL SEARCH REPORT

Inte nal Application No

PCT/US 02/23304

CLASSIFICATION OF SUBJECT MATTER

A.
IPC 7

GO1R11/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7

GOIR

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 99 47935 A (SQUARE D CO) 1-32
23 September 1999 (1999-09-23)
the whole document
X FR 2 745 911 A (SOCOMEC SA) 1
12 September 1997 (1997-09-12)
abstract
page 8, line 6 - 1ine 19
page 9, line 30 -page 10, line 2
X US 5 834 932 A (MAY GREGORY R) 1

10 November 1998 (1998-11-10)
column 10, line 10 - line 26
figures

m Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

¢ Special categories of cited documents :

'A* document defining the general state of the art which is not
considered to be of particular relevance

‘E" earlier document but published on or after the international
filing date
*L* document which may throw doubts on priority claim(s) or

which is cited to establish the publication date of another
citation or other special reason (as specified)

‘0" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X"' document of panjcu lar relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

*&' document member of the same patent family

Date of the actual completion of the international search

11 November 2002

Date of mailing of the international search report

28/11/2002

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Lopez-Carrasco, A

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

1al Application No

CT/US 02/23304

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

US 4 963 820 A (MEDLIN ROGER E)
16 October 1990 (1990-10-16)

column 3, line 11 - Tine 22

column 4, 1ine 35 - line 60
figures

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

formation on patent family members

Iinte

1al Application No

PCT/US 02/23304

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

WO 9947935 23-09-1999 US 6329810 Bl 11-12-2001
EP 0983519 Al 08-03-2000
WO 9947935 Al 23-09-1999
US 2001043062 Al 22-11-2001

FR 2745911 12-09-1997 FR 2745910 Al 12-09-1997
FR 2745911 Al 12-09-1997

US 5834932 10-11-1998 NONE

US 4963820 16-10-1990 AU 628546 B2 17-09-1992
AU 5485190 A 15-11-1990

Form PCT/ISA/210 (patent family annex) {July 1882)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

