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A zone selective interlocking system for electronic trip circuit breakers includes a plurality of downstream terminals, each downstream
terminal connecting with at least one of a plurality of downstream electronic trip circuit breakers having input terminals. A restraint input
circuit module, including a voltage comparator, is connected to the input terminals of each of the downstream electronic trip circuit breakers
and the input terminals are shorted together providing a self-restraint signal for each downstream electronic trip circuit breaker at the
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connected to each of the upstream electronic trip circuit breakers and each of the downstream electronic trip circuit breakers for providing
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SELF—SOURCING, ISOLATED ZONE SELECTIVE INTERLOCKING
SYSTEM FOR USE WITH ELECTRONIC TRIP CIRCUIT BREAKERS

BACKGROUND OF THE INVENTION
Field of the Inventi

This invention relates to the use of electronic trip circuit breakers, particularly

- the use of a zone selective interlock system with electronic trip circuit breakers.

Description of the Related Art

The primary concern in determining the appropriate circuit protective devices
for use in an electrical power distribution system is protection of the distribution
system in the event of a fault precipitating abnormal overcurrent condition. The
concern is to prevent or at least minimize damage to the system, including its
conductors and connected loads. Equipment failure, human error, or emergencies of
natural origin may cause such a fault. Typically, such faults are unpredictable, and
thﬁs the selected circuit protective devices must function automatically to fully protect
the system, and incidentally to protect personnel and propérty against the

consequential hazards of such faults.

Another principle concern with the circuit protection devices to be used is
minimizing the extent and duration of electrical service interruption in the event of a

fault. Typically, two or more circuit protection devices are placed between a fault and
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the source of the fault current. In order to minimize electrical service interruption, the
protective devices are selective in response such that the one nearest the fault will first
atterhpt to interrupt the fault current. If this protective device does not clear the fault
in a timely fashion, the next upstream protective device will attempt to do so, and so

on. This response selectivity is termed system selective coordination.

In a circuit breaker having an electronic trip unit, the electronic trip unit has
two modes of operation, restrained and unrestrained. In the unrestrained mode, the

electronic trip unit initiates a trip of the circuit breaker instantaneously regardless of

. selected delay settings. In the restrained mode, the electronic trip unit initiates a trip~

of the circuit breaker after the selected delay has timed out. Incorporating a zone
selective interlock system allows the circuit breakers to communicate with each other

ensuring that the breaker closest to the fault clears the fault.

Zone selective interlocking functions in an electrical system typically provide
for a lower level “downstream” zone to send a restraint signal up to higher level
“upstream” zone circuit breakers, wherein the upstream circuit breakers would be
restrained from tripping, allowing the downstream circuit breaker to trip to minimize
interruption of the electrical system. However, a lot of power is required for the
‘downstream circuit breaker to send the restraint signal up through one or more levels

of upstream circuit breakers.

Figure 1 (labeled prior art) illustrates a typical zone selective interlocking
system 100 for electronic trip circuit breakers, including a main (or upstream) circuit
breaker A and branch (or downstream) circuit breakers B and C, respectively. The
arrows indicate the direction of current flow. The system illustrated in Figure 1 has
separate short time (ST) and ground fault (GF) restraint circuits, however, only the ST
connections are illustrated in Figure 1. Each circuit breaker includes an output
terminal (ST OUT), a common output terminal (ST OUT COMMON), an input
terminal (ST IN), and a common input terminal (ST IN COMMON). The output
circuit must be connected to the input circuit for each circuit breaker in order to
providé a self-restraint signal to the circuit breaker. For example, in circuit breaker B,

ST OUT is connected to ST IN and ST OUT COMMON is connected to ST IN

-2-
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COMMON to provide a self-restraint signal to the circuit breaker B. Therefore, if a
fault occurs downstream from circuit breaker B, circuit breaker B would drive a
restraint signal up to circuit breaker A while also driving its own restraint input
circuitry and also the restraint input circuitry of circuit breaker C. Therefore, in the
system design of Figure 1, each circuit breaker must restrain its own input as well as
the input circuits of all of the circuit breakers at the same level or zone and the input

circuits of all the circuit breakers it must restrain at the other levels or zones.

In large multiple level systems, a single output circuit may not have sufficient
drive capability to drive a restraint signal to all of the circuit breakers as described. -
An interface module is typically added to the system to boost drive capability, which
adds cost and complexity to the system. The system as illustrated in Figure'l élso
does not include an isolation means and the common inputs are all tied to system
ground. Therefore, a ground fault occurring in the system may cause ground currents

to flow throughout the zone selective interlocking system possibly damaging circuitry.

.Another problem with existing zone selective interlocking systems is ensuring
that the system is properly wired. The circuit breakers in the system are typically
located great distances apart. The only method for checking existing systems is to
monitor the system signals with an oscilloscope while a fault signal is secondarily
injected using a test kit or primérily injected using a current supply capable of several
thousand amperes.. This method causes a number of difficulties such as requiring
personnel at multiple locations, a fault must be simulated to cause the restraint circuits
to operate, and power may not be available or equipment mobile enough to check

different levels of the system.

Accordingly, a zone selective interlocking system for electronic trip circuit
breakers is needed which does not use large drive capabilities, which has sufficient
isolation between restrained and unrestrained circuit breakers to prevent damage to the

circuitry, and which can be easily tested.
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SUMMARY OF THE INVENTION

A zone selective interlocking system for electronic trip circuit breakers is
disclosed inc]uding a plurality of downstream terminals, each downstream terminal
connecting with at least one of a plurality of downstream electronic trip circuit
breakers having input temiﬁals. A restraint input circuit module is connected to the
input terminals of each of the downstream electronic trip circuit breakers and the input
terminals are shorted together providing a self-restraint signal for each downstream
electronic trip circuit breaker at the occurrence of a downstream fault condition. The
system also includes a plurality of upstream terminals, each upsiream terminal
connecting with at least one of a plurality of upstream electronic trip circuit breakers
having input terminals. The restraint input circuit module is connected to the input
terminals of each of the upstream electronic trip circuit breakers for receiving a signal
indicative of the downstream fault condition and wherein the restraint input circuit
module is self-sourcing. The restraint input circuit module includes, for example, a
voltage comparator. An output circuit module including an opto-isolator is connected
to each of the upstream electronic trip circuit breakers and each of the downstream
electronic trip circuit breakers for providing galvanic isolation between circuit

breakers in a restrained mode and circuit breakers in an unrestrained mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

Figure 1 (labeled prior art) is a schematic illustrating a prior art zone selective

‘interlocking system for electronic trip circuit breakers;

Figure 2 is a schematic illustrating a zone selective interlocking system for

electronic trip circuit breakers according to the present invention;

Figure 3 is a schematic illustrating a restraint input circuit module according to

the present invention;
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Figure 4 is a schematic illustrating an output circuit module according to the

present invention; and

Figure 5 illustrates a display test unit for testing the zone selective interlocking

system of the present invention.

The use of the same reference symbols in different drawings indicates similar or
identical items.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Referring now to Figure 2, a zone selective interlocking system 200 according
to the present invention is illustrated. The arrows indicate the direction ;)f current
flow. A plurality of downstream terminals, of which two terminals 205 and 210 are
illustrated, are each connected to at least one of a plurality of downstream electronic
trip circuit breakers, circuit breaker D and circuit breaker E, respectively. Each
downstream electronic trip circuit breaker, circuit breakers D and E, respectively,
includes input terminals for receiving a restraint signal, shown as a short time restraint
input (ST RESTRAINT IN), a ground fault restraint input (GF RESTRAINT IN), and
a common input (COMMON RESTRAINT IN). The downstream branch circuit
breakers, circuit 'breakers D and E, include a restraint input circuit module connected
to the input terminals and is described in greater detail in Figure 3. A short circuit or
short time (ST) condition occurs when there is a fault between a line and neutral or
control when the level of current exceeds the rated capacity in a range of two to ten
times the circuit breaker capacity. A ground fault (GF) condition occurs when current

flows from the line to ground.

Each downstream electronic trip circuit breaker, circuit breakers D and E,
respectively, also includes output terminals for sending a restraint signal, shown as a
short time and ground fault restraint output (ST & GF RESTRAINT OUT) and a
common output (COMMON RESTRAINT OUT). The downstream branch circuit
breakers, circuit breakers D and E, include an output circuit module connected to the

output terminals for providing galvanic isolation between circuit breakers and is

-5-
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described in greater detail in Figure 4. The system 200 allows the downstream
breaker closest to the fault to trip in a sufficient time interval before any of the

upstream breakers.

A plurality of upstream terminals, of which two terminals 215 and 220 are
illustrated, are each connected with at least one of a plurality of upstream electronic
trip circuit breakers, circuit breaker B and circuit breaker C, respectively, for receiving
a signal indicative of a downstream fault condition. Each upstream electronic trip
circuit breaker, circuit breakers B and C, respectively, have input terminals for
receiving a restraint signal, shown as short time restraint input (ST RESTRAINT IN);
ground fault restraint input (GF RESTRAINT IN), and common input (COMMON
RESTRAINT IN). The upstream branch circuit breakers, circuit breakers B and C,
also include the restraint input circuit module connected to the input terminals. Each
upstream electronic trip circuit breaker, circuit breakers B and C, respectively, also
have output terminals for sending a restraint signal, shown as a short time and ground
fault restraint output (ST & GF RESTRAINT OUT) and a common output
(COMMON RESTRAINT OUT), and includes the output circuit module connected to

the output terminals for providing galvanic isolation between circuit breakers.

A main terminal 225 is connected with a main electronic trip circuit breaker A
for receiving a signal indicative of a fault condition downstream from the main circuit
breaker A. The main circuit breaker A includes input terminals for receiving a
restraint signal, shown as short time restraint input (ST RESTRAINT IN), ground
fault restraint input (GF RESTRAINT IN), and common input (COMMON
RES/TRAINT IN) and includes the restraint input circuit module connected to the
input terminals. The main ciréuit breaker A also includes output terminals for sending
a restraint signal, shown as a short time and ground fault restraint output (ST & GF
RESTRAINT OUT) and a common output (COMMON RESTRAINT OUT), and
includes the output circuit module connected to the output terminals for providing

galvanic isolation between circuit breakers.

The downstream electronic trip circuit breakers are connected so as to send a

restraint signal to the corresponding upstream circuit breaker in the event of a fault

-6-



10

15

20

25

30

WO 99/59231 PCT/US99/09780

occurring at the connected downstream terminal. The upstream electronic trip circuit
breakers B and C, respectively, are also connected so as to send a restraint signal to
the corresponding main circuit breaker A in the event of a fault condition downstream
from the main circuit breaker A. For example, the downstream electronic trip circuit
breaker D is shown connected to upstream circuit breaker B. If a fault occurs on a
downstream circuit breaker, for example, circuit breaker D, current flows from circuit
breaker B at the COMMON RESTRAINT IN terminal through the downstream circuit
breaker D output circuitry and back into the ST RESTRAINT IN and GF
RESTRAINT IN circuitry of circuit breaker B. The zone selective interlocking
system 200 of the present invention including the restraint input circuit module
provides a self-sourcing system design wherein the downstream circuit breaker D acts
only as a switch to complete the circuit and provide a restraint signal to the upstream

circuit breaker B in the event of a downstream fault condition.

Referring to Figure 3, the restraint input circuit module 300 connected to the
input terminals of each of the electronic trip circuit breakers is illustrated. A voltage
is acted upon by the electronic trip circuit breaker through the associated restraint
input circuit module 300. The restraint input circuit module 300 and the output circuit
module 400 (see Figure 4) of the present invention is incorporated into an electronic
trip unit of the electronic trip circuit breakers. The electronic trip unit has two modes
of operation, restrained and unrestrained. In the unrestrained mode, the electronic trip
unit initiates a trip of the corresponding circuit breaker instantaneously regardless of
selected delay settings. In the restrained mode, the electronic trip unit initiates a trip
of the circuit breaker after the selected delay has timed out. Incorporating the restraint
input circuit module 300 and the output circuit module 400 into the zone selective
interlock system 200 of the present invention allows the circuit breakers to
communicate with each other ensuring that the breaker closest to the fault clears the
fault without the need for additional drive capacity and while also providing galvanic

isolation between the circuit breakers on the same level and the level above.

The restraint input circuit module 300 of the present invention includes a

voltage comparator U2, such as, for example, an operational amplifier, and a resistor

-7-
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network, which operates in the following manner. The COMMON RESTRAINT IN
terminal input of the circuit breakers, a common reference input signal, is connected
to a voltage source VCC through diode D1 and resistor R2. The ST RESTRAINT IN
terminal input and the GF RESTRAINT IN terminal input of the circuit breakers is
each connected to an identical restraint input circuit module 300. The resistor
network of the restraint input circuit module 300 includes a blocking diode D2 and
buffer resistor R3. The resistor network also includes resistor R4, capacitor C1 and
zener diode D3 connected to ground and limiting the voltage input to the inverting
input (IN-) of the voltage comparator U2. The voltage at the noninverting input (IN+) .
of the voltage comparator U2 is set by the voltage dividing resistors R5 and R6 and :
capacitor C2. Pull up resistor R7 limits the current flow from VCC to ground when

the output of voltage comparator U2 is low (OV).

When the voltage drop between the COMMON RESTRAINT IN terminal and
the RESTRAINT IN terminal (either the ST RESTRAINT IN terminal or the GF
RESTRAINT IN terminal) is greater than approximately ten volts (10V), indicating an
open circuit connection, the voltage at the inverting input (IN-) of voltage comparator
U2 is less than the voltage at the noninverting input (IN+). The voltage at the non-
inverting input is set by the voltage divider RS and R6. When the inverting input (IN-
) of the voltage comparator U2 is negative with respect to the noninverting input
(IN+) of the voltage comparator U2, the output of the voltage comparator U2 is pulled
high wherein the associated electronic trip éircuit breaker is signaled to operate in the

unrestrained mode (instantaneous tripping) in the event of a fault.

When the voltage drop between the COMMON RESTRAINT IN terminal and
the RESTRAINT IN terminal (either the ST RESTRAINT IN terminal or the GF
RESTRAINT IN terminal) is less than approximately three volts (3V), indicating a
short circuit connection, the voltage at the inverting input (IN-) of voltage comparator
U2 exceeds the voltage at the noninverting input (IN+) the output of the voltage
comparator U2 goes low (OV). This signals the associated electronic trip circuit

breaker to operate in the restrained mode (a timed delay tripping) in the event of a

fault. By using a short between the COMMON RESTRAINT IN terminal aﬁd the

-8-
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RESTRAINT IN terminal (either the ST RESTRAINT IN terminal or the GF
RESTRAINT IN terminal), for example, simply placing a jumper wire between the
COMMON RESTRAINT IN terminal and the RESTRAINT IN terminal, the
associated circuit breaker is self-restrained. As shown in Figure 2, the input terminals
(the COMMON RESTRAINT IN terminal, the ST RESTRAINT IN terminal and the
GF RESTRAINT IN terminal) of each downstream electronic trip circuit breaker,
circuit breakers D and E, respectively, are shorted together to provide a self-restraint
signal. Therefore, a restraint output circuit is not needed to self-restrain the electronic
trip unit of the .circuit breakers. When using the self-restraint circuitry of the present
invention, the output circuit is not required to drive current into the input circuitry to

self-restrain.

Figure 4 illustrates the output circuit module 400 according to the present
invention wherein the output circuit module includes an opto-isolator Ul. The opto-
isolator U1 allows signals to be sent between circuits with separate grounds. The
opto-isolator U1 consists of light emitting diode D4 and transistor T1. The base of
transistor T1 is optically biased by diode D4. A restraint coﬁtrol line is connected to
the light emitting diode D4 through buffer resistor R1. The collector of transistor T1.
is the common output terminal, shown as COMMON RESTRAINT OUT, and the
emitter of the transistor T1 is connected to the restraint output terminal shown as the

ST AND GF RESTRAINT OUT.

When the restraint control line, shown as RESTRAINT CONTROL, from the
electronic trip unit of the associated circuit breaker is low, the opto-isolator U1 is not
conducting , and the outpuf signal, ST AND GF RESTRAINT OUT, is open signaling
the unrestrained mode (instantaneous tripping) to the electronic trip unit. When the
restraint control line, shown as RESTRAINT CONTROL, is pulled high, the light
emitting diode D4 of the opto-isolator U1 conducts causing the transistor T1 to
conduct wherein the .output terminals, ST AND GF RESTRAINT OUT and
COMMON RESTRAINT OUT, are shorted together signaling the restrained mode
(timed delay tripping) to the electronic trip unit. Therefore, the output circuit module
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400 provides electrical/galvanic isolation between circuit breakers in the restrained

mode and circuit breakers in the unrestrained mode.

Figure 5 illustrates three circuit breakers, an upstream circuit breaker A and
downstream circuit breakers B and C including a display test unit. Downstream
circuit breakers B and C send a restraint signal to upstream circuit breaker A. Circuit
breaker B has an electronic trip unit fitted with the display test unit and allows a user
to select a test option from a menu to send a restrain signal. Circuit breaker C has an
electronic trip unit without a display test unit, however, the user can use a separate
display test kit which communicates with the electronic trip unit. A laptop personal
computer (not shown) is used at the user interface with the display test unit. The test
kit for the electronic trip unit is a device that allows the user to test the functionality of
the electronic trip unit by secondarily injecting fault signals into the electronic trip
unit through a test plug. This test kit also includes communication capabilities with
the microprocessor inside the electronic trip unit. The upstream circuit breaker A
flashes the trip indicator light emitting diode 510 to verify that the restraint signal has
been received. The display test unit will also provide power to the electronic trip unit
so that, when the system is de-energized, such as during a new installation, the
electronic trip unit can be powered up to send a restraint signal or to verify the
restraint signal has been received. This allows complete verification of system wiring
by just initiating a send restraint command in the menu and verifying that the correct
light emitting diode indicator flashes. One individual can verify a complete new
installation using two display test units, one display test unit to send the restraint
signal and a second display test unit to verify the upstream breakers receive the

restraint signal.

While preferred embodiments have been shown and described, various
modifications and substitutions may be made thereto without departing from the spirit
and scope of the invention. Accordingly it is to be understood that the present

invention has been described by way of illustrations and not limitations.

-10-
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WHAT IS CLAIMED IS:
1. A zone selective interlocking system for electronic trip circuit breakers
comprising:

a plurality of downstream terminals, each downstream terminal connecting with at least
one of a plurality of downstream electronic trip circuit breakers having input
terminals;

a restraint input circuit module connected to the input terminals of each of the
downstream electronic trip circuit breakers wherein the input terminals are shorted
together for providing a self-restraint si gnal‘ for each downstream electronic trip
circuit breaker at the occurrence of a downstream fault conditi_?n;

a plurality of upstream terminals, each upstream terminal connecting with at least one of
a plurality of upstream electronic trip circuit breakers having input terminals; and

a restraint input circuit module connected to the input terminals of each of the upstream
electronic trip circuit breakers for receiving a signal indicative of the downstream

fault condition and wherein the restraint input circuit module is self-sourcing.

2. A system, as recited in claim 1, wherein the restraint input circuit module includes
a voltage comparator.
3. A system, as recited in claim 1, further comprising:

an output circuit module connected to each of said upstream electronic trip circuit
breakers and each of said downstream electronic trip circuit breakers for
providing galvanic isolation between circuit breakers in a restrained mode and

circuit breakers in an unrestrained mode.

4. A system, as recited in claim 3, wherein the output circuit module includes an

opto-isolator.

5. A system, as recited in claim 1, further comprising:
a display test unit connected to two or more of the electronic trip circuit breakers for
verifying correct operation of the zone selective interlocking system by sending a

test restraint signal from the downstream electronic trip circuit breakers and

-11 -
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verifying receipt of the test restraint signal by the upstream electronic trip circuit

breakers.

6. A zone selective interlocking system for electronic trip circuit breakers

comprising:

a plurality of downstream terminals, each downstream terminal connecting with at least
one of a plurality of downstream élcctronic trip circuit breakers having input
terminals; _

a restraint input circuit module connected to the input terminals of each of the
downstream electronic trip circuit breakers wherein the input terminals are shorted
together for providing a self-restraint signal for each downstream electronic trip
circuit breaker at the occurrence of a downstream fault conditi;m;

a plurality of upstream terminals, each upstream terminal connecting with at least one of
a plurality of upstream electronic trip circuit breakers havihg input terminals;

a restraint input circuit module connected to the input terminals of each of the upstream
electronic trip circuit breakers for receiving a signal indicative of the downstream
fault condition and wherein the restraint input circuit module is self-sourcing; and

an output circuit module connected to each of said upstream electronic trip circuit
breakers and each'of said downstream elcctroni¢ trip circuit breakers for
providing galvanic isolation between circuit breakers in a restrained mode and

circuit breakers in an unrestrained mode.

7. A system, as recited in claim 6, wherein the restraint input circuit module includes
a voltage comparator.
8. A system, as recited in claim 6, wherein the output circuit module includes an

opto-isolator.

9. A system, as recited in claim 6, further comprising:
a display test unit connected to two or more of the electronic trip circuit breakers for
verifying correct operation of the zone selective interlocking system by sending a

test restraint signal from the downstream electronic trip circuit breakers and

-12-
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verifying receipt of the test restraint signal by the upstream electronic trip circuit

breakers.

-13-



PCT/US99/69780

WO 99/59231

N0 NI IS

NI IS

7 C

NGWI0D 10 1S

o IS

ool

e

s

N

L
q(

Ve

>
N

N
e

/

<

/.

N

<L

v C

K
K

NGWH0D NI IS

NI IS

NOWI0D 10 IS

10 1S

NIWIOD NI IS

N IS

NIW0D 10 IS

10 18

..ﬁ g |

1/5



PCT/US99/09780

WO 99/59231

Al INTISR! > < N INIST) B
NI INIVBIS! 15 > < N NS 1S
N NIVAIS3! MO > < N INWRIIST! NOWD

3C a(
«

10 IVASY IS8 B > 10 SN (5§ B
Y0 NNV KOTED
1 INIVIISY N Y ‘AA
° Qe “coC
NI INIVUISR! D VV IvAA R
M ISR 5 vv IvAA NI INRUISH IS
N} IS Ao VV ||II.AA Nt DYIVRIS N
) C a(
10 IVASH IS8 B » KL 10 NS 158 B
0 INIIS3) NV VY vAA 0 (NS HOYD
oeC L/m_ c
IvAA N NS B

@ H IIVAA NI INVRIS IS
,m ...|.w —<K NI INIVIS3 NOYED

o0¢C
AA YD INWJISH 1S9 B

K 2O INVAIS3S Y

Dzl.\w

2/5



PCT/US99/09780

WO 99/59231

AMg

(VYIS
1rS

4
AT

w 00E

e cd

49

M 00%

3/5



PCT/US99/09780

WO 99/59231

ino H_V
1NnivALIe Y AN pa
A4 YW LS V\ N /
11 — MW Tﬁ
N, In —~

4/5

703100
NI YLSTY



uwonpdQ | .
R m \ ) 9 9
o uondQ
N 1S9, i D ;
vt 55._:@
!:.._o kerdsiq Ismasz | | smoxpory
| %? O O
| ¥
Ledsiy
W dug
TEATIOTA 'TVNDIS quond
AINIVILSTE A1 SHHSV'1A . .
HOLVOIANI JIAL > @ATIT as r@@nﬂn_




INTERNATIONAL SEARCH REPORT

Inte.  .onal Application No

PCT/US 99/09780

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6  HO2H7/26

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

B. FIELDS SEARCHED

IPC 6 HOZH

Minimum documentation searched (classification system followed by classification symbols)

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

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

STEVENAGE, GB

XP000210554
column, paragraph 1

JAN. 1989, USA,
vol. 88, no. 1,
ISSN: 0013-4260

INSTITUTE OF ELECTRICAL ENGINEERS,
MICHALAK T A: "Zone selective interlocking
reduces fault stress (circuit breakers)"
Database accession no. 3475475

page 64, middle column - right-hand

& ELECTRICAL CONSTRUCTION AND MAINTENANCE,

pages 63-65,

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4 468 714 A (RUSSELL RONALD R) 1,2,5

28 August 1984 (1984-08-28)

column 2, Tine 46 - line 50

column 3, line 11 - Tine 53; figure 1
Y DATABASE INSPEC ‘Oniine! 1,2,5

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

Patent family members are listed in annex.

° Special categories ot 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

""" 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)

"QO" 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 intemational 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 particular relevance; the claimed invention
cannot be considered novet 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-
ments, such combination being obvious to a person skilled
in the art.

“&" document member of the same patent family

Date of the actual completion of the international search

3 August 1999

Date of mailing of the international search report

16/08/1999

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 ni,

Fax: (+31-70) 340-3016

Authorized ofticer

Roider, A

Fomm PCT/ISA/210 (second sheset) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

] inte  .ional Application No

PCT/US 99/09780

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4468714 A 28-08-1984 NONE

Form PCT/ISA/210 (patent family annex) (Juty 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

