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(57) An overcurrent protection device 1s provided for one or more phases of a circuit that generates a control signal
dependent upon an adjustable trip level setting after a fault has occurred. The device includes a blocking level detector
that blocks the generation of the control signal 1f the current in any of the phases exceeds either a first predetermined
blocking level or the adjustable trip level setting. In a preferred arrangement, before control-signal generation, the
device also requires that the current 1n at least one phase 1s below a predetermined load level.
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ABSTRACT

An overcurrent protection device is provided for one or more phases
of a circuit that generates a control signal dependent upon an adjustable
trip level setting after a fault has occurred. The device includes a

blocking level detector that blocks the generation of the control signal if

the current in any of the phases exceeds either a first predetermined

blocking level or the adjustable trip level setting. In a preferred

arrangement, before control-signal generation, the device also requires

that the current in at least one phase is below a predetermined load level.
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OVERCURRENT PROTECTION DEVICE

BACKGROUND OF THE INVENTION

IF'ield of the Invention

The present invention relates generally to the field of overcurrent
protection devices for poly-phase circuits and more particularly to a
device that generates a control signal after the occurrence of a fault,
provided that at the time of control-signal generation the current in at
least one phase is below a predetermined load level and the current in all

phases is below both a fixed blocking level and an adjustable trip level.

Description of the Prior Art

Various overcurrent protection devices generate ¢trip signals in
response to predetermined overcurrent conditions in poly-phase electrical
circuits. One specific device of this type is the S&C Overcurrent Relay -
Type ZSD which is described in Photo Sheet 551-700 (April 11, 1988) of S&C
Electric Company, Chicago, Illinois. This device is utilized to trip a
switch operator to open an interrupter switch to achieve poly-phase isola-
tion of the circuit after a fault has been cleared. This feature is accom-
plished by monitoring the current in each phase of the circuit and
comparing the monitored current with a field-adjustable trip level setting
in the range of 400 to 2400 amperes. If the current in any phase exceeds
the level detector setting for a predetermined time period (to eliminate
response to transient disturbances), the device starts a field-adjustable
tripping circuit timer. If current above a specified level returns on all
phases before the timer times out, the device is automatically reset. If
such current does not return on all phases (as will be the case when a
fault 1is cleared), when the timer times out, a trip signal will be
generated to activate the switch operator -- thus opening the interrupter

switch., A blocking circuit is employed which inhibits the generation of



10

15

20

23

30

2610168

the trip signal in the event that the timer has timed out but the over-

current has not yet been successfully cleared.

While this device is generally suitable for a variety of applica-
tions, in other applications, the trip level setting may be set below the
600-ampere blocking level setting; e.g., the trip level setting may be in
the range of 400-600 amperes. Thus, there could be situations where a
fault in the range of 400-600 amperes would still be present and the asso-
cilated load-break switch would be asked to interrupt the fault current -- a
duty for which it is not designed. To alleviate this situation, the fixed
blocking level could be lowered to 400 amperes or the minimum trip level
setting could be raised lto 600 amperes. However, this is not entirely
satisfactory since those levels are different to satisfy legitimate load

circuit concerns and to give a greater range of selective control.
SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the present invention to
provide an overcurrent protection device for a poly-phase circuit that
generates a control signal after a fault has occurred, provided that at the
time of control-signal generation the current in all phases is below both a
first predetermined level and a second adjustable level.

It 1s another object of the present invention to provide an overcur-
rent protection device that provides a blocking function that responds to
adjustable trip-level settings of the device.

These and other objects of the present invention are efficiently
achieved by an overcurrent protection device for one or more phases of a
circuit that generates a control signal dependent upon an adjustable trip
level setting after a fault has occurred. The device includes a blocking
level detector that blocks the generation of the control signal if the
current in any of the phases exceeds either a first predetermined blocking
level or the adjustable trip level setting. In a preferred arrangement,
before control-signal generation, the device also requires that the current

in at least one phase is below a predetermined load level.
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BRIEF DESCRIPTION OF THE DRAWING

The invention, both as to its organization and method of operation,
together with further objects and advantages thereof, will best be under-

stood by reference to the specification taken in conjunction with the

accompanying drawing in which:
FIG. 1 is a block diagram of the overcurrent protection device of the

present invention;

FIG. 2 is a schematic diagram of a portion of the device of FIG. 1;

and

FIG. 3 is a diagrammatic representation of signal levels in the over-

current protection device of FIGS. 1 and 2.

DETAILED DESCRIPTION

Referring to FIG. 1, the present invention in one specific applica-
tion relates to an overcurrent protection device 10 which effects selective
operation of interrupter switches 12 in a poly-phase electric circuit 14
via a switch operator 16. The circuit 14 includes a source of electrical
power, not shown but generally indicated at 18; the source 18 being con-
nected to the poly-phase conductors 20 comprising the circuit 14. Fuses 22
are provided in each of the phases downstream of the switches 12. In an
illustrative application, the configuration of FIG. 1 is a load-feeder bay
of switchgear. Current sensors 24 are provided on the load side of the
fuses 22.

Via the current sensors 24, the overcurrent protection device 10
monitors the current in each phase and compares each of the monitored cur-
rents with an adjustable trip level setting which is set via the control
26. If the current in any phase exceeds the trip level setting for a pre-
determined time period (to eliminate response to transient disturbances), a
tripping circuit timer is activated. If normal load current returns on all

phases before the tripping circuit timer times out (e.g., as would be the

case with transformer inrush), the overcurrent protection device 10 will be
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reset. But if normal load current deoes not return on all phases when the
tripping circuit timer times out, a trip signal will be generated at 100 to
activate the switch operator 16 opening the interrupter switches 12. 1t
should be realized that in other applications, the signal at 100 can be
characterized as a control signal to perform functions other than tripping.

Additionally, the device 10 blocks (inhibits) the generation of the
trip signal at 100 if the overcurrent exceeds either the adjustable trip
level setting or a predetermined blocking level. The trip signal will be
generated when the current subsequently falls below the lower of either the
trip level setting or the predetermined blocking level.

In an illustrative example, if the trip level is set in the range of
400-600 amperes (e.g., 400A) and the blocking level is 600 amperes, the
device 10 will block generation of the trip signal at 100 if the over-
current exceeds the trip level setting (e.g., 400A). On the other hand, if
the trip level setting is above 600 amperes, then generation of the trip
signal will be blocked if the overcurrent exceeds 600 amperes.

Considering now the details of the overcurrent protection device 10
to achieve the aforementioned features and operation, the device 10
includes a blocking level detector 30. The blocking level detector 30
includes a reference input at 32 and a sensed current input at 34 which are
compared by the blocking level detector 30. The reference input 32 is
provided at the output of a blocking level set stage 36. The blocking
level set stage 36 includes a trip level setting input at 38 which is
derived from a trip level setting stage 39 and the trip level setting
control 26. The blocking level set stage 36 also includes a predetermined
blocking level input 40 from a maximum blocking level reference stage 42,
The input 40 corresponds to the maximum blocking level, for example, 600
amperes, while the trip level setting input 36 is in the range of 400 to
2400 amperes in an illustrative example. With additional reference to FIG.
3, the blocking level set stage 36 at output 32 provides a signal to the
blocking level detector 30 that corresponds to the lower of the two input

reference levels at 38,40,
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Accordingly, the blocking level detector 30 compares the sensed cur-
rent at 34 with the signal at 32 such that a blocking signal is output at
20 whenever the sensed current at 34 exceeds either the maximum blocking
reference at 40 or the trip level setting at 38.

The sensed current signal 34 is provided at the output of an "OR"
detector stage 52. Thé stage 52 receives sensed current signals at 54 from
the current sensor 24 for each of the phases and is operative to provide at
the output 34 a signal representing the largest sensed current in any of
the phases. The sensed current output at 34 is also connected to a trip
level detector 56 that compares the sensed current signal at 34 with the
trip level setting signal at 38. 1If the signal at 34 is greater than the
signal at 38, the trip level detector 56 generates an output at 58,

Via a time delay stage 60 (which is provided to avoid response to
transient disturbances), a latch 62, and an adjustable timer 64, a signal
is generated at 66 as one Iinput to an "AND" stage 68. A second input to
the "AND" stage 68 is the output 50 of the blocking level detector 30. The
"AND" 68 stage functions as an "AND" gate to generate a trip signal at 100
if the blocking signal output at 50 corresponds to a non-blocking condition
and the timer times out and prevides an enabling signal at 66. As
discussed hereinbefore, when the trip signal is generated at 100, the
switch operator 16 is actuated to open the interrupter switches 12. Of
course, if the signal at 66 is enabling but the blocking signal output at
50 corresponds to a blocking state, the trip signal at 100 is inhibited
until the blocking conditions cease.

Also depicted in FIG. 1 are normal load current detectors 72 for each
phase which are responsive to the current sensors 24. The current detec-
tors /2 output at 74 a signal indicative of whether or not the current in
the respective phase is above a predetermined normal current level -- e.g.,
3.5 amperes in an illustrative example. The signals 74 are connected to an
"AND" stage 76 which generates an output at 78 when the current in all the
phases satisfies the normal current levels. The input 78 functions with
the stages 80,82 and 84 to provide a reset function as described herein-

before if normal load current returns in all phases before the timer 64
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times out. If normal load current does not return in all phases before the
timer 64 times out, the device 10 is not reset and the trip signal is
generated at 100, provided the blocking conditions are not active. The
timer 86 provides a path for resetting of the device 10 after generation of
a trip signal at 100,

Referring now to FIG. 2, a specific illustrative embodiment of the
blocking level set stage 36 is depicted. The trip level setting signal 38
is connected to the non-inverting input of an operational amplifier 90
configured as a voltage follower. The output of the operational amplifier
90 is connected through a resistor 92 to provide the reference input 32 of
the blocking level set stage 36. The maximum blocking reference signal 40
is connected through a diode 94, cathode to anode, to the output 32, Thus,
with additional reference to FIG. 3, it can be seen that if the trip level
setting signal at 38 is lower than the maximum blocking signal at 40, the
output 32 follows or tracks the trip level signal at 38. When the trip
level signal at 38 is greater than the maximum blocking level signal at 40,
the diode 94 conducts to clamp the signal at 32 to correspond to the
desired maximum blocking level. A diode 94 can be utilized that has a very
low voltage drop or the signal at 40 can be offset to provide the precise
level at 32 accounting for the diode voltage drop.

While there have been illustrated and described various embodiments
of the present invention, it will be apparent that various changes and
modifications will occur to those skilled in the art. For example, in
another specific embodiment, instead of the circuit of FIG. 2, a function
generator or microprocessor can be utilized to perform the function of the
blocking level set stage 36. It is intended in the appended claims to
cover all such changes and modifications as fall within the true spirit and
scope of the present invention. Additionally, it should be understood that

the foregoling description is to be construed as illustrative and not in any

limiting sense.
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The embodiments of the invention in which an exclusive property or privilege is claimed

are defined as follows:
1. In a device responsive to an adjustable level input and a fixed blocking
level input that generates a control signal after the occurrence of current in
one or more liens exceeding an adjustable level setting on the adjustable level
input, the adjustable level input being adjustable in a range that includes
current levels both lower and higher than the predetermined blocking level, the
device including an arrangement that blocks the generation of the control signal
when the current 1n any of the one or more lines exceeds a predetermined
blocking level on the blocking level input, wherein the improvement comprises:
blocking means responsive to the adjustable level input and the fixed blocking
level input for blocking the generation of the control signal whenever the
current 1n at least one of the lines is greater than or equal to the lower of
the adjustable level setting on the adjustable level input or the predetermined

blocking level on the blocking level input.

2. The device of claim 1 further comprising load-current means for
determining that the current in at least one of the lines 1s below a predetermined load

level before generation of the control signal.

3. The device of claim 2 further comprising time-delay means for delaying

the generation of the control signal for a predetermined time interval after the

occurrence of a current exceeding the adjustable level setting.

4, In an overcurrent protection device that generates a control signal in
response to predetermined conditions, the combination of an adjustable level
input, a blocking level input, and means for blocking the control signal
whenever the current is above either a predetermined blocking level on said
blocking level input or an adjustable current level on said adjustable level

input, said adjustable current level being adjustable over a range of current
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levels including levels less than and greater than said predetermined blocking

level.

5. A control device for poly-phase electrical circuits comprising:
S a blocking level input that establishes a predetermined blocking level;
an adjustable level input that establishes an adjustable predetermined level
that 1s adjustable over a range including current levels less than and greater
than said predetermined blocking level;
level detecting means responsive to the current in the poly-phase electrical
10  current for generating a first signal when the current 1n any of the phases
exceeds said adjustable predetermined level on said adjustable level input;
load-current determining means for determining whether or not the current in
each of the phases 1s above a minimum predetermined level; and
control-signal generation means responsive to said load current determining
15 means and said level detecting means for generating a control signal after the
occurrence of said first signal and when current above said minimum
predetermined level 1s not present in at least one of the phases, said control
signal generating means including blocking means being responsive to said
adjustable level input and said blocking level input for blocking said control
20  signal whenever the current in any of the phases exceeds either said
predetermined blocking level on said blocking level input or said adjustable

predetermined level on said adjustable level input.

6. The control device of claim 5 wherein said control-signal generation
25  means further comprises means for delaying the generation of said control signal for a

predetermined time interval after the occurrence of said first signal.

7. The control device of claim 6 wherein said control-signal generation
means further comprises resetting means for resetting said control-signal generation

30 means during said predetermined time interval if current above said minimum

A
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predetermined level is present in all of the phases.

8. The combination of a blocking level input that establishes a first level, an
adjustable level input that establishes a second adjustable level that 1s
adjustable in a range that includes levels both lower and higher than said first
level on said blocking level input, and a control device that generates a
control signal in response to predetermined conditions provided that the current
in one or more lines is below both said first level on said blocking level input

and said second adjustable level on said adjustable level input.

9. In a device having an adjustable level input and a blocking level input that
generates a control signal after the occurrence of current in one or more lines
exceeding an adjustable level setting on the adjustable level input, the device
including an arrangement that blocks the generation of the control signal when
the current in any of the one or more lines exceeds a predetermined blocking
level on the blocking level input, wherein the improvement comprises:

blocking means for generating a blocking signal to block the generation of the
control signal whenever the current in at least one of the lines 1s greater than
or equal to the lower of either the adjustable level setting on the adjustable
level input or the predetermined blocking level on the blocking level input,
said blocking means comprising means responsive to the adjustable level input
and the blocking level input for outputting a blocking reference signal that
corresponds to the lower of the adjustable level input or the fixed blocking

level input.

10. The device of claim 9 wherein said blocking reference signal outputting
means comprises a diode having an cathode connected to a first reference level
and an anode providing said blocking reference signal, said first reference
level establishing said blocking level input, said blocking reference signal

outputting means further comprising an operational amplifier connected as a

-0
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voltage follower and having a second reference level connected to a
non-inverting input of said operational amplifier, said operational amplifier
having an output, said blocking reference signal outputting means further
comprising a resistor connected between said output of said operational
amplifier and said anode of said diode, said second reference level establishing

the adjustable level input.

11.  The device of claim 9 wherein said blocking means further comprises
means for comparing said blocking reference signal to the highest current in any of

the one or more lines.

12. The device of claim 11 wherein said device further comprises trip level
comparator means for comparing the adjustable level input to the highest current

in any of the one or more lines.

13. In a device having an adjustable level input and a blocking level input that
generates a control signal after the occurrence of current in one or more lines
exceeding an adjustable level setting on the adjustable level input, the device
including an arrangement that blocks the generation of the control signal when
the current in any of the one or more lines exceeds a predetermined blocking
level on the blocking level input, wherein the improvement comprises:

blocking means for generating a blocking signal to block the generation of the
control signal whenever the current in at least one of the lines 1s greater than
or equal to the lower of either the adjustable level setting on the adjustable
level input or the predetermined blocking level on the blocking level input,
said blocking means comprising means responsive to the adjustable level input
and the fixed blocking level input for outputting a blocking reference signal
that corresponds to the level of the adjustable level setting up to the level of

the predetermined blocking level and for outputting said blocking reference
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signal corresponding to the level of the predetermined blocking level when the

adjustable level setting 1s higher than the predetermined blocking level.

-11 -

MWMNWWMNHHUIMIH AN aAt S caatha oy b . o . . S I I """""""“"“"‘“"“*l"-mﬁﬂﬂflITMIIIIIN“II“| S P LEHES L Rl ol Imidor a3 1w d b1 H00 e 0t I RN R ST L LR EL T UMY TRPL SFOTY PRI L RS O 77 lllltdalllmmlllll'l"m'“-"“‘“"-"'""' e e e



<UL 016H

2L

TH0LD313a

13A3 1

3
)
&
~J
,@
Mﬂ
¥
] SS
ag—4 Av13a 3NWIL NV 89 | e <
o I 3
(N
b9 _
| H010313a| ©O%
29 BEERELEN .
oS ONINIOTG
e s Nm
. JWWW¢ o
| _
.. Av13a 3w 09 00 N0
as— 4 . 5 z
| 40103130 | 39S Sk Ot
. ONIL13S 1 ey
SETER I N BRI EEED
| ININI0T1S
S WNNIXTW
40123130 | ¥OL03130
13A3T aELER 2G 2
B - bG N
; o}
S . ) 1
€ ) ) ﬂIIID o -{ +33¥4N0S
) — 3
?N\ NN\Q N_\m H

SNTS

PATENT AG!



40 32
- p{BLOCKING | 30
| EVEL |
DETECTOR |
\
g \
38
(-
e
//
40 - 32
Y A _
REFERENCE
LEVEL

FIG. 3

8&0&( / %‘JQM s o lll/ & ”f’ﬂw\j\

ENTS




> L1} O
SOURCE— )- 1 (D - s
b 'I:U { zj ) ~
s N ) 4
20 .

1

N, Ny ‘Q\V

J

I
42
_)“ ; /39

LEVEL

54 'd l
LEVEL | L EVEL
DETCTOR '

DETECTOR
LE@EL AND 76

DETECTOR

BLOCKING
TRIP
LEVEL L EVEL

REFERENCE SETTING

38 56 | DETECTOR
58
. i
B VL 00 60 | TIME DELAY -84
36 SET 78
l NOT l
32/“-‘? { SET é é
o I 0 62 _ATCH ESET AND 80
6 LDETECTOR 1
1-35 SECOND
63 TIME DELAY ‘ OR Iﬁ*‘-"?
. i
68 AND ITIME DELAY rse




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - abstract drawing

