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a keypad to select settings and values to be displayed. The display and keypad device connects to an electronic trip unit
In the circult interrupter by means of a tamper-free seal to prevent the circuit interrupter set points from being changead
out authorization. Alternatively, a password-operated control switch provides a similar function.
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ELECTRONIC CIRCUIT INTERRUPTER WITH
COMBINED KEYPAD AND DISPLAY

ABSTRACT OF THE DISCILOSURE

An electronlc circuit interrupter digital display and keypad
device includes a display to view circuit breaker settings com-
bined with a keypad to select settings and values to be dis-
played. The display and keypad device connects to an electronic
trip unit within the circuit interrupter by means of a tamper-
free seal to prevent the circuit interrupter set points from
being changed without authorization. Alternatively, a password-
operated control switch provides a similar function.
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ELECTRONIC CIRCUIT INTERRUPTER WITH
COMBINED KEYPAD AND DISPLAY

BACKGROUND OF THE INVENTION

This invention relates to solid state circuit
interrupters employing digital electronic trip units. One
such solid state circuit interrupter is described within
U.S. Patent 4,589,052. Such electronic trip units are used
in circuit interrupters and are capable of acting on a
number of programmed parameters to interrupt the circuit
being protected in a timely manner. One such electronic
trip unit which allows for user interaction, provides
capability both to select trip parameters and to view the
selected trip parameters is found within U.S. Patent
4,672,501.

For purposes of reducing cost while maintaining
accuracy and functionality of the electronic trip units,
microprocessors are being employed to gather
information, process the information, and provide a

means of monitoring the information using associated
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digital circuitry. The use of such microprocessors allows
more protection functions to be contained in smaller-sized
packages. Smaller-sized circuit interrupters, however, do
not contain the means required to enter data or to view the
data being processed. Typically with molded case circuit
interrupters, the size of the case limits the amount of area
available for such user-interface equipment. The user-
interface equipment employed on larger-sized molded case
circuit interrupters typically consists of rotatable
switches or potentiometers on the cover with associated
printed indicia to indicate the relative switch positions.
The amount of area available on the cover of such circuit
interrupters is also limited and hence reduces the number of
optional features requiring additional switches and
potentiometers.

A separate portable display and keypad in the form of
a self-contained unit, powered by an internal power supply
and which contains a microprocessor and associated circuitry
and which communicates with the circuit interrupter trip
unit by use of an infrared transmitter is described within
U.S. Patent 4,751,605. This arrangement requires a separate
microprocessor and related digital circuitry within the
portable display and keypad which adds to the overall costs
of the circuit interrupter.

U.S. Patent 4,814,712 "Test Kit for a Circuit Breaker
Containing an Electronic Trip Unit" describes a separate
portable display and keyboard unit that is capable of
reading stored set points within an associated circuit
interrupter but is incapable of changing the set point
parameters. U.S. Patent 4,870,531 entitled "Circuit Breaker

with Removable Display and Keypad" also describes a keypad

and display arrangement.
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It would be advantageous to provide a user-interface
unit to a circuit interrupter which interfaces with the
electronic trip unit to display and set the electronic trip
unit parameters while keeping the size and cost of the user-
interface unit within practical economic limits.
Additionally, the user-interface unit should contain display
capability for all possible circuit interruption options by
means of software located solely within the trip unit
microprocessor.

Circuit interrupters that currently provide
independent set point adjustment, position a removable cover
over the adjustment means for security reasons. The cover
is usually sealed to the housing of the circuit interrupter
by means of a crimped security wire looped through a hole in
the circuit interrupter housing and a hole in the cover. To
change the settings of the trip unit, the wire must be cut,
the cover removed and then replaced. This does not prevent
unauthorized access, but merely provides an indication that
such unauthorized access has taken place.

It would be advantageous to provide security to trip
parameters stored within an electronic trip unit to prevent
tampering or accidental modification of the trip unit
settings without requiring a security wire.

Accordingly, one purpose of this invention is to
provide a simple, inexpensive user-interface device which
allows an operator to display and set the trip parameters of
an electronic circuit interrupter while at the same time
preventing unauthorized access to the trip parameters.

Another purpose of the invention is to provide a less

expensive combined keypad display unit having all the

rvitiNe
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features of state-of-the-art keypad and display units

that are Beparately arranged on the circuit breaker
cover.

SUMMARY OF THE INVENTION

A circuit interrupter containing an electronic trip
unit interfaces with a combined digital display and key-
pad unit arranged on the exterior of the interrupter
housing. The digital display and keypad unit provides a
user~interface to display the trip unit parameters and to
enter the trip unit settings. Since the trip unit set-
tings are only accessible through this user-interface,
unauthorized access to the trip unit settings is avoided

. by a security wire or by means of a password entry

command.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top perspective view of a digital
circuit interrupter with the combined keypad and display
unit according to the invention:

Figure 2 is a diagrammatic representation of the dig-
ital circuit interrupter circuit and the keypad and dis-
play unit circuits;

Figure 3 is a top perspective view of the keypad and
display unit of Figure 1 prior to assembly; and

Figura 4 is a top plan viaew of an alternate
embodiment of the circuit interrupter of Figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT
A circuit breaker employing an electronic trip unit,
hereafter "elactronic circuit interrupter" is daepicted at
10 in Figure 1. The electronic circuit interrupter in-
cludes a case 11 closed by a cover 12 and electrical con-
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nection is made with the circuit interrupter by means of

the line terminals 13 at one end and through correspond-
ing load terminals at an opposite end (not shown). An

operating handle 14 provides manual intervention to open
the circuit breaker contacts 15-17 which are otherwise
automatically controlled by means of an electronic trip
unit circuit 18 (Figure 2) which is contained within the
cover of the electronic circuit interrupter. The com-
bined keypad and display unit 19 consisting of the dis-
play 20 and keypad 21 including the entry keys 57 is
positioned over and electrically connected with the trip
unit. To insure that the circuit interruption set points
ara not interfered with once entered in the trip unit
memory, a sealing loop in the form of a wire 23 is in-
serted through a pair of holes 24, 25 through the keypad
and display unit and the circuit interrupter cover next
to the rating plug 22. The rating plug and its function
is described within U.S. Patent 4,728,914.

As shown in Figure 2, the sealing loop wire 23 inter-
acts with a microswitch S, which connects the trip unit
circuit 18 with a SV power supply. Once the wire is dis-
turbed, the power supply is immediately disconnected from

the trip unit circuit which indicates to the operator
that such a condition has occurred. The electronic trip
unit circuit is similar to that described within afore-
mentioned U.S. Patent 4,672,501 and connects with the
electronic keypad and display circuit 26 through cables
36, 38 and I/0 ports (1-7) on the microprocaessor 29. The
display circuit 27 connects with the display 20 over
cable 30 and with the keypad circuit 61 over conductor
J1. The keypad circuit 61 includes 4 switches 32-35
which connect with I/0 ports (1-4) of the nicroprocessor
over cable 36. As discussed within the aforementioned
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U.S. Patent 4,870,531, ROM 40, RAM 37 and signal conditioner
and power supply circuit 41 directly connect with the 8-bit
data bus 38 which connects with the microprocessor at I/O
port 8. The 12-bit address bus 42 directly connects with
RAM 37, ROM 40 and with the microprocessor 29 at I/O port 9.
Control line 43 connects the signal conditioner and power
supply circuit 41 with I/O port 10 of the microprocessor.
Operating power to the electronic trip unit circuit 18 is
provided by the signal conditioner and power supply circuit
which connects with the current transformers 44-46 within
the 3-phase conductors (47-49) of the electrical power
distribution circuit by means of conductors (50-52).

As described within the aforementioned U.S. Patent
4,672,501, circuit current through the phase conductors 1is
sensed within the current transformers and is rectified and
transformed to a representative voltage signal within the
signal conditioner and power supply circuit. The
microprocessor compares the sensed voltage signal to set
point values stored in the RAM in accordance with a set of
operating programs stored in the ROM. Upon the occurrence
of an overcurrent condition on any one of the conductors a
time delay is determined within the microprocessor. After
completion of a prescribed time delay, a trip signal is
outputted from the microprocessor to the signal conditioner
and power supply circuit and from there to a trip actuator
53 over conductor 54. The trip actuator is in the nature of
a flux shift trip operator which interacts to open the
contacts as indicated by the dashed connection 55.

The operation of the keypad and display unit is seen
as follows. The microprocessor 29 in the electronic trip

unit 18 periodically determines the display segment data
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which 1s active for viewing based on the closures of the

switches (32-35) which are associated with the keypad,
and from data stored in ROM 40 and RAM 37. The display

segnent data 1s sent to the display circuit 27 from the

microprocessor over cable 38 in the form of a clocked
serial bit stream. The clock for the serial data is

supplied by the microprocessor to the display circuit
over cable 38. This display .data is inputted to the
display over cable 30 as described earlier.

The contents of the display memory is sent to the
display upon command from the microprocessor in the elec-
tronic trip unit circuit by means of commands over cable
38. Each bit within the memory corresponds to one seg-
ment of the display. A logic "1" indicating that the
associated segment is visible, or ON, and a logic "o
indicating that the associated segment is not visible, or
OFF. The serial bit stream receiver, data memory, and
display driver circuits are all contained within a com-
mercially available display driver, such as a type
MSM5265GS, obtained from the OKI Semiconductor Company.

The entry keys 57 (Figure 1) of the keypad 21 are
connected in a normally open circuit arrangement as indi-
cated by the associated switches (32-35). One side of
each switch is connected to the conductor 31, the other
side of each corresponding switch is connected to the
microprocessor over cable 36. Whan any one of the
switches is closed, 5V is presented at the associated 1/0
port of the microprocessor. The microprocessor senses
this voltage as a "high" input at the corresponding I/0
port, indicating that the particular switch has been
closed. Power is supplied to both the trip circuit 18
and the keypad and display circuit by means of a 5V
supply. Ground connection with the circuits is made by
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means of conductors 58 and 59.
Security is provided to the trip unit circuit to
insure that the trip paramaters stored in the RAM are not

changed. The security is in tha form of the sealing wire
23 and interlock switch S;. The interlock switch 8, is

held in the closed position by means of the sealing loop
wire 23 to maintain connection between the 5V power sup-
Ply and the conductor 56 providing a "1 signal to the
I/0 port 11. If the sealing loop wire is removed, the
interlock switch which is spring-biased to its ocpen posi-
tion presents a "0" signal to the I/0 port 11 which
indicates to the microprocessor that the sealing loop
wire has been removed and allows the operator to change
the stored trip parameters. Security to the electronic
trip unit circuit is also provided in the form of a

' "Password" arrangement whereby a sequence of key closures

in a predetermined order is required before the micropro-
cessor will display information and accept data for
changing the stored trip parameters.

To operate the keypad and display unit, the operator
presses a key on the keypad, causing the microprocaessor
in the electronic trip unit circuit to sensa the closure
and recognize that the keypad and display circuit is
properly connected. The microprocessor begins sending
data to the display for viaewing, and allows the operator
to change the trip parameters stored in the RAM.

The keypad and display unit 19 as depicted in Figure
1 differs from that described in the aforementioned U.S.
Patent Application Serial No. 232,035 by the provision of
a common substrate 60 of glass or durable plastic where-
upon both the display circuit 27 and keypad circuit 61
are deposited to form the combined keypad and display
circuit 26 és shown in Figure 3. Thereafter the display
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20 in the form of a liquid crystal is mechanically and
electrically joined to the display circuit and the keypad
21 is mechanically and electrically joined to the keypad
circult to complete the assembly of the keypad and
display unit 19.

A simple method for securing the set points stored
within the electronic trip unit is depicted in Figure 4
wherein a plate 62 of transparent durable plastic such as
Laxan® which is a trademark of GE Company for polycarbon-
ate resin is arranged over the keypad and display unit 15
on the circuilt interrupter 10. The plastic is secured at
both ends by sealing wire loops 63, 64 which attach the
plate to the cover 12. There is no interlock switch
required to prevent access to the keys 57 on the keypad
2l or to the rating plug 22. The password arrangement,
described earlier, can also be employed to further
pravent access to the stored trip parameters in the event
that the sealing loop wires are destroyed and the plate
is removed.

" An economical keypad and display unit for controlling
elactronic circuit interrupters has herein been de-
scribed. The keypad and display unit is formed on a
common substrate for ease and economy. The electronic
circuit interrupter includes means for preventing the
unauthorized display and alteration of the stored set

point data.
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CLAIMS:

1. An electronic circuit interrupter comprising:

a plastic case and a plastic cover;

a pair of separable contacts within said case
arranged for automatic separation upon occurrence of an

overcurrent condition through said contacts;

an electronic trip unit within said cover and

electrically connected with an associated electric power
distribution circuit, said electronic trip unit including a

microprocessor and memory storage elements containing fixed

set point parameters;

a keypad and display unit within a recess formed
within said cover, said keypad and display unit being
interlocked with said microprocessor by means of a sealing

wire passing through said keypad and display unit and said

cover:; and

a power supply connected with said microprocessor
through a disconnect switch, said disconnect switch being
held in a closed position by means of said sealing wire
passing through said cover and said keypad and display unit
whereby removal of said wire opens said disconnect switch to

provide a logic signal to said microprocessor.

2. The circuit interrupter of claim 1, wherein said

sealing wire passes through a part of said cover.

3. The circuit interrupter of claim 1, wherein a
predetermined series of entries on said keypad and display
unit is required before said microprocessor can become

operative to change said set point parameters.

4. The circuit interrupter of claim 1, wherein said

keypad and display unit includes a keypad operating circuit
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and a display operating circuit.

5. The circuit interrupter of claim 1, wherein said

keypad and display unit comprises a keypad and a display.

6. The circuit interrupter of claim 4, wherein said
keypad circuit and said display circuit are deposited on a

common substrate.

7. The circuit interrupter of claim 1, including an

accessory cover on said plastic cover.

8. An electronic circuit interrupter comprising:

a plastic case and a plastic cover;

a pair of separable contacts within salid case
arranged for automatic separation upon occurrence of an
overcurrent condition through said contacts;

an electronic trip unit within said cover and
electrically connected with an associated electric power
distribution circuit said electronic trip unit including a

microprocessor and memory storage elements containing fixed

set point parameters;

a keypad and display unit within a recess formed in

said cover for providing operator access to change said set

point parameters; and
a security plate arranged over said keypad and
display and fastened to said cover by means of a sealing

wire at one end to thereby prevent access to said keypad and

display unit without removing said sealing wire.

9. The electronic circuit interrupter of claim 8,

wherein said plate comprises light transmissive plastic.

10. The electronic circuit interrupter of claim 8,

including a sealing wire at an opposite end of said plate.
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11. The electronic circuit interrupter of claim 8,
wherein said sealing wire passes through a part of said

plate and a part of said cover.

12. The electronic circuit interrupter of claim 8,
wherein said microprocessor requires a predetermined series
of entries on said keypad and display unit before said

setpoint parameters can be changed.
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