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CIRCUTT INTERRUPTER AND SYSTEM FOR TESTING THE SAME

BACKGROUND

Field
The disclosed concept relates generally to circut iterrupters, and n
particular, to circwt intervupters including a test modude.

Backeround Information

Electrical switching apparatus include, for example, circutt switching
devices; cireuit interrupters, such as circuit breakers; network protectors; contactors;
motor stavters: motor controllers, and other load controllers. Electrical switching
apparatus such as circuont mtervupters and, i particular, circutt bregkers, are well known
m the art.

Crreatt interrupters, such as for example and without limatation, cireut
breakers, are used to protect electrical eircwntry from damage doe o an overcurrent
conrdition, such as an overload condition, a short eirewf, or another fault condstion, such
as an are fault or a groond fault. Molded case circust breakers typrcally melude a pair of
separable contacts per phase. The separable contacts may be operated esther manually by
way of a handle disposed on the cutside of the case or astomatically m responseto a
detected fault condivon. Typically, such civcutt breakers include an operating
mechamism, which s designed to rapidly open and close the separable contacts, and a tnip
mechanism, such as 8 trip umi, which senses a munber of fault condiions to tap the
breaker astomatically. Upon sensing a fault concdhiiion, the trip unit trips the operating
mechanism to a trip state, which moves the separable contacis to thew open postion.

1t is well known to employ trip wats which utilize a mucroprocsgssor to
detect various tvpes trip conditions and provide varous protection functions. Inorder to
detect vartous irip conditions, the microprocessor receives signals from one or more
sensors such as a current sensor.

Circuit miterrupters are tested occasionally to determing whether they are
operating correctly. One arrangement for testing a circult interrapler is shown m FIG. 1
The testing arrangenent inchudes a circwit inferrupier 1 and an external test device 6. The

circuit interrupter 1 includes a sensor 2 such as, without limitation, a current sensor,
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electrically connected to a signal processing circutt 3. The signal processing cirowit 3 13
electrically connected o a microprocessor 4, and in particular to an analog to digital
converter § included m the microprocessor 4.

Under normal operation, the output of the sensor 2 s processed by the
signal processing circuit 3 (e.g., amplification or any other suitable signal processing) and
is then provided t© the microprocessor 4. The mucroprocessor 4 may then use the signal
o determing if there 15 a wip condition present.

The external test device 6 15 a specialized device that is configured to
generate » test signal that mimics the output of the sensor 2. The external test device 618
configared to electrically connect to the signal processing cireurt 3. The external test
device & provides the test signal that mimigs the output of the sensor 2 to the signal
processing circunt 3, which processes it and provides it to the microprocessor 4. By using
test signals to mumic selected sensor 2 conditions, proper operation of the microprocessor
4 can be tested.

Although the test arvangement shown m FIG. | allows for testing of the
cirewit mterrupter 1, it 13 not without drawbacks. In particular, the external test device 6
1s a specialized piece of equipment that increases the cost of testing the circust interrupter
t. It would be desirable to reduce the cost of testing circuit interrupters.

There 1s room for improvement m circut! inferrapters,

There 15 also room for improvement in systems 1o test circoit wterrapiers.

SUMMARY

These needs and others are met by embodiments of the disclosed concept
i which a circuit interrupt mcludes a waveform generator siructured 1o generate a
waveform that mimics a sensor signal.

In accordance with one aspect of the disclosed concept, a circuit
miterrupter mchudes a sensor structured to output a sensor signal; a control umt structured
to recetve an exiernal control signal, the control umit mcluding: a communication
miterface structurad to recaive the external control signal, and a wavetorm generator
structured 1o generate a waveform equivalent to the sensor signal i response to the

external control signal; and a signal processing circuit structured o receive and process

bk
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the sensor signal or the generated wavetorm and to output the processed sensor signatl or

generated waveformn to the control uni,

BRIEE DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosad concept can be gamed from the
following description of the preferred emboduments when read i comunction with the
accompanving drawings i whach:

Figure 1 is a schematic diagram of a test arrangement for a circuit
merrupter;

Figure 2 is a schematic diagram of a test arvangement for a cireurt
mierrupter in accordance with an example embodiment of the disclosed concept;

Figure 3 is a schematic diagram of a test arrangement for a cirout
werrupter in accordance with another example embodiment of the disclosed concept;

Figure 4 is a schematic diagram of a test arvangement for a cireut
interrupter mn accordance with another example embodiment of the disclosed concept;
and

Figures SA-SC are plots of example waveforms that mimic sensor output

m accordance with an example embodiment of the disclosed concept.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Directional phrases vsed heretn, such as, for example, left, night, front,
back, top, bottom and dertvatives thereof, relate to the ortentation of the elements shown
m the drawings and are not hmiting upon the clatms unless expressiy recited therem.

As employed herem, the statement that two or more parts are “coupled”
together shall mean that the parts are jomed together either divectly or joined through one
or more intermediate parts.

As emploved herein, the term “processor” shall mean a programmable
analog and/or digital device that can store, refrieve, and process data; a muICroprocessor a
microcontroller; a microcompuler; a central processing unit; or any suilable processing

device or apparatus,
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A system 10 for testing a cweunit interrupter 11 1 accordance with an
example embodiment of the disclosed concept is shown m FIG. 20 The svstem 10
mcludes the circuit interrupter 11 and an input device 30

The circuit tntervupter 11 includes a sensor 12, a signal processing cireuit
14 and a control wt 16, The sensor 12 may be any type of sensor 12 employed on the
cirout nterrupter 11, Some examples of types of sensors are current sensors,
femperature sensors, and voltage sensors. The sensor 12 is elevtnizally connected to the
signal processing circuit 14 and is configured to output a sensor signal to the signal
processing circuit 14, The signal processing circuit 14 processes the sensor and outputs &
to the control wiut 16 and, for example, w0 an analog-to-digital converter 18 meluded in
the control unit 16, The signal processmg circait 14 may perform any swtable type of
processing to the sensor signal. For example and without limitation, the signal
processing cucuit 14 mav amphiy or level-shuft the sensor signal before providing it o
the control umit 16, It is contemplated that 1 some example embodimsents of the
disclosed concept, the signal processing circuit T4 may be onmtted and the sensor signal
15 provided directly to the microprocessor 16,

The control unit 16 15 structured fo receve signals from the sensor 12
andfor other sensors included 1n the circust mnterrapter to determine if any trip conditions
exist. The control anit 16 may be embodied, without limitation on a processor or a
processor mchuding associated circuntry and components such as a memory.

The control unit 16 melades a commanication interface 20, The
communication intecface 20 15 structured to commumcate with the input device 30, The
commnmarication nterface 20 facilitates conmnumcation with the mput device 30 using a
suitable protoent such as, for example and without hmitation, universal serial bus (USB),
Bluetooth, wireless local area network {WLAN), ethernet, near field communication
{NFC}, ete.

The put device 30 1s an electronic device suitable to conmmunicate with
the control umit 16 via the communication mterface 20. It is contemplated that the mput
device 30 15 a common type of electronic device such as, without limitation, a mobile
device such as a phone, tablet, or laptop computer, or another tvpe of computing device

such as a personal computer. Through tuput device 30, a user may initiate a test of the

i
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circutt inferrupter 11, For example and wathout imitation, a control signal putput by the
wput device 30 and received at the communication interface 20, may iniiate a test of the
circutt iterrupter 11, It 1s contemplated that the mput device 30 need not be directly
electrically connected to the control unmit 16, but may communicate with the control unit
16 via any number of intermediate devices.

The control unit 16 further mcludes & waveform generator 22, The
wavelform generator 22 ix structured to generate one of more waveforms that are
equivalent to the sensor signal. The waveform generated by the waveform generator 22
does not need to be wdentical to the sensor signal. However, as used heren, the tenm
“equivalent” shall mean that the waveform generated by the waveform penerator 22 will
be interpreted by the control wmt 16 as though # were the sensor signal. For example, if
the sensor signal 1s a sine wave and the control anit 16 mterprets the sine wave by taking
s root mean square value, the waveform genervated by the waveform generator 22 may
also be 8 sme wave, or it may be another waveform, such as a square wave, having the
same root mean square valae as the sensor signal,

In some embodiments of the disclosed concept, the waveform generator
22 miclades an associated memory {not shown) m which one or more waveforms are
stored. Generation of a waveform may be mittated in response 1o the cirawt interrupter
recerving the control signal from the nput device 30, The waveform generator 22
outputs generated waveforms to a digitel-to-analog converter 24,

The digial-to-analog converter 24 converts a digral generated waveform
1o its corresponding analog generated waveform. In the example embodument of the
disclosed concept shown i FIG. 2, the digital-to-analog converter 24 18 mcluded m the
contrel unit 16, However, the disclosed concept is not limited thereto, It s also
contemplated that the digttal-to-analog converter 24 may be separate from the control
unit 16 1t 1s also contemplated that the digital-to-analog converter 24 may be meluded in
the waveform generator 22 such that the waveform generator 22 outputs an analog
penerated waveform. The digital-to-analog converter 24 oulputs the analog generated
waveform to the signal processing circuit 14, In some example embodiments of the
disclosed concept, the signal processing circwt 14 is onntted and the digital-to-analog

converter 24 outputs the analog generated waveform to the analog-to-digital converter 18,

A
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it 1s contemplated that waveforn generation may be dong by any device or
cutput suttable to simulate the sensor signal. For example and without limitation, a pulse
width modulator output or a simple digital output of a microprocessor may be emploved
for waveform generation.

The signal processing circunt 14 processes {e.g., without hnutation,
amplification or level shifting) the analog generated waveform and outputs i fo the
control unit 16 and, for example, to the analog-to-digital converter 18 included in the
control wnit 16. The analog-to-digital converter 18 converts the analog generated
waveforn to its corresponding digital penerated waveform. 1t1s also contemplated that a
condiiorung cirentt may be emploved between the signal processing circndt 14 and the
contred 16 wnit to provide further conditioning of the sensor signal or the analog
generated waveform.

As discussed previousty, the controd anit 16 18 structured 1o receve signals
from the sensor 12 andfor other sensors included m the circut interrupter to determine 1f
any trip conditions exist. The waveform generator 22 can generate waveforms which
v the output of the sensor 12 doring 8 trip conditton (e, without himitation, an
over-current condition; and over-temperature condition; ete.), which can test whether the
cireurt mterrapter 1115 operating properdy {e.g., without mutation, tips i response 10 a
trip condition),

The system 18 of FI3 2 allows the circuit mterrupter 11 to be tested
without a specishzed external test device 6 (see FIG. 1), In particular, since the wput
device 30 does not need to generate the wavelform that mumics the output of the sensor
12, the wmput device 30 may be a common electronic device, which 1s more readily and
cheaply available than a specialized external test device 6. As such, the system 10 of
FIG. 2 allows mmproved testing of the circunt interrupter 11,

A system 1Y for testing a oweait mterrapler 117 mn accordance with
another example embodiment of the disclosed concept 1s shown in FIG. 3. The system
10" of FIG. 3 1s sumilar to the system 10 of FIG. 2. However, in the system 11" of FIG. 3,
the circuit interrupter 117 includes a test button 40 disposed on Hs gxterior.

The test button 40 mav be actuated by a user to uutiate a test of the wircuit

mterrupter 11 In more detail, the test button 40 15 glectrically connected to the

“f
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comumunication mterface 20 and the communication mterface 20 receives a signal whan
the test button 40 is actuated. In response to receiving the signal, the communication
nnterface 20 causes the waveform generator 22 to generate one or more predetermined
waveforms.

The test button 40 15 a simple device which is less expensive that the
specialized test device 6 (see FIG. 1) or the input device 30 {see FIG. 2). Thus, the
system 107 allows for testing of the circuit interrupter 117 inexpensively, It ix
contemplated that the system 10 of FIG. 2 may be modified to include the test button 40
without departing from the scope of the disclosed concept.

FIG. 4 15 a schematic diagram of a system 10" for testing a cirenit
mierrupter 11" n accordance with another example embodiment of the disclosed concept.
The system 10" of FIG. 4 is stnular to the svstem 10 of FIG. 2. However, the cirowt
werrupter 117 of FIG. 4 s shown in more detail and inclades sepavable contacts 5O, an
operating mechanism 52, and a tnip cirentt 54 The cirowt interrupter 117 also mncludes
hine terminals 56 and load terminads 58 structured to electrically connect to & protected
cireut.

The separable contacts 50 are disposed between one of the bine terminals
36 and one the load termnalds 58, The separable contacts 30 are stractured to open to
mterrupt current Howing between the line and load termunals 56,58, The operating
mechanism 32 15 a device stractured to trip open the separable contacts 50, and the trip
crreutt 34 18 structured to output a stgnal to cause the operating mechanism 52 to trip
open the separable contacts 50. The control unit 16 is elecirically connecied o the trip
circutt 34 and control the wip circuit 34 to outpg the signal to cause the operating
mechamism 52 fo trip open the separable contacts 50

The circut mtervapter 117 mcludes a sensor 127 disposed between one of
the hae ternunals 36 and one of the load termumals 38 The sensor 12718 a current sensor
and senses the current flowing between the hine and load ternunals 36,58, When the
control unit 16 detects a fault condition based on the output of the sensor 127 {e.g.,
without limitation, an overcurrent condition), the control unit 16 controls the trip ctrcunt
34 to putput a signal 1o cause the operating mechanism 32 to trip open the separable

contacis 30,

~.
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The waveform generator 22 1s structured to gengrate waveforms that
mimic the owtput of the sensor 127 1n order o test the wircuit interrupter 117, For
example, the waveform generator 22 may generate an output of the sensor 12°
corresponding to a fault condition. If the civcutt imterrupter 117 15 working properly, the
operating mechanism 32 should trip open the separable contacts 30 in response to such a
waveform,

FIGS. SA-3C are plots of example waveforms that may be generated by
the waveform generator 22. FIG. SA s an example of a standard sinusoidal signal. FIG.
5B 1s an example of a hugh frequency pulsed signal. FIG. 5C 15 an example of a phase
countrolled signal. It ts contemplated that the waveform generator 22 may manipulate the
waveforms shown tn FIGS. SA-3C m any manner suitable to mimic the eutput of a
sensor. 1t will be appreciated that the waveform generator 22 18 not Hinuted to generating
the base wavetorms shown mn FIGS. SA-3C, but rather the wavelorm generator 22 may
generate any waveform that mimics the output of a sensor.

It 1s contemplated that the waveform generator 22 may generate an analog
or digital wavetorm without departing from the disclosed concept. It is also
contemplated that generated waveform may be m analog or digstal form at any pomt from
when # 15 generated by the waveform generator 22 to when it is again received and
processed by the control unit 16, For example and without limitation, the generated
waveiorm may be generated as a digital wavelorm and remain as 3 digital wavetorn, it
may be generated as an analog waveform and revuuin as an analog waveform, of 1t may
be converted between digital and analog forms at any pomnt withoui departing from the
scope of the disclosed concept.

FIG. 6 1s a schematic diagram of a system 10 for testing a curguit

i

miterrupter 117 in accordance with another example embodiment of the disclosed
concept. The system 107 of FIG. 6 i3 sinular to the system 10 of FIG. 2. However, m
the system 107 of FIG. 6, the waveform generator 227 15 disposed m the input device 307,
rather than m the control wmt 16", The waveform generator 227 15 structured {o generate
an analog waveform equivalent to the sensor signal and the tnput device communicates

the apalog waveform to the contrel unit 16, The control unit 167 then converts the analog

B
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waveform to its corresponding digital, or other suitable, wavetorm and oulputs it to the
signal processing circuit 14,

While specific embodiments of the disclosed concept have been described
i detail, it will be appreciated by those skilled m the art that varions modifications and
alternatives to those details could be developed in hight of the overall teachings of the
disclosure, Accordimgly, the particular grrangements disclosed are meant to he
ilustrative only and not imiting as to the scope of the disclosed concept which is to be

given the full breadth of the claims appended and any and all equivalents thereof.

e
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What 3s clamed 1s°
i. A cireult interrupter {11,117,11") compuising:
a sensor (12,127 structured to output a sensor signal;
a control untt (16) structared to receive an external control signal, the
control vt including:
a communication mterface (20) structured to receive the external
contrel signal, and
a waveform generator (22} structured to generate a waveform
equivalent to the sensor signal in response to the external control signal; and

a signal processing cirentt {14) structured o receive and process the sensor

signal or the generated waveform and to output the processed sensor signal or generated

waveform to the control unit.
2. The circuit faterrapter (11,117 of claim 1, wherein the

comniunication interface 1s structured to receve the external control sigoal from an mput
device (30),

3. The civewt mterrupter (11117 of clatm 2, wheremn the
conumumication mterface and the input device are structiwed to commaunicate using at
least one of unrversal senial bus (USB), Bluetooth, wireless local area network (W1LAN)
protocols, ethernet, and near feld commucation.

4. The curawt mterrupter (11,117} of claim 2, wherem the input
device 1s at least one of a mobile phone, a tablet, a laptop computer, and a personal
computer,

5. The circuit mterrapler {119 of claym i, further comprismng

a test button (40} disposed on an extertor of the circuit interrupter and
structured 1o generate the external control signal in response to bemg actuated.

é. The circwt miterrupter (11,111,117 of claim {1, wheremn the
generated waveform is a digital generated wavetorny, and wherein the control unit further
meludes a digital to analog converter {24) structured to convert the digital generated
waveform to a corresponding analog generated waveform.

7. The cirowt interrupter (11,11°.117) of claim 1, wherein the sensor

is at least one of a current sensor, a temperature sensor, and a voltage sensor.

~10-
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&, The cirawat mterrapter (11,117,119 of clamm 1, wherein the signal
processing circuit performs at least one of amplification and level shifting on the senser
sipnal or generated waveform.

9, The circuit mtervupter (117} of claim 1, further comprising:

ling and load ternunals (56,38},

separable contacts (30) disposed between one of the line terminals and one
of the load terminals, the separable contacts being structured to open {o interrupt current
flowing between the hne and load terminals;

an operating mechanism {52} structured to cause the separable contacts 1o
trip open,; and

a wip cireuit (34) structured to output a signal to controd the operating
mechanisim to cause the separable contacts to trip open.

19, The ciroutt mterrupter (117} of clanm @, wherein the control umt 18
structured to control the trip circunt based on the sensor signal or the generated waveform.

11, The cirouit mterrapter (1175 of clamm 9, wherern the sensor {127 18
disposed between one of the hne terminals and one of the load terminals and is stractured
to sense a carrent flowing between the e and load terminals.

12, The cirewt intervupter (11,1111 of clamm 1, wherem the
penerated waveforn is based on at least one of a standard smuosoidal signal, a tugh
frequency pulsed signal, and a phase controlled signal.

13, Asystem (10,107,107} for testing & oirawt mterrupter (11110119,
the systemn comprising:

an mput device {30); and

the cirocut mterrupter of clam 1,

wherein the mput device 1s structured to generate the external controd
signal.

t4.  The system {10,107,10" )y of claim 13, wherein the input device s at
least one of a mobile phone, a tablet, a laptop computer, and a personal computer.

¥

15, Asvstem {10") comprising:
an mput device including a waveform gensrator {30 structured to

generate a waveform; and

1~
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a circult mterrupter {1197 comprisig:
a sensor {12} stryctured to output a sensor signal;
a control unit {16} structured to recetve the generated waveform
and o outpul the generated waveform; and
a signal processing circuit (14) structured to recetve and process
the sensor signal or the generated waveform and to output the processed sensor signal or
generated waveform to the control unit,
wheremn the waveform generator is structured to generate the waveform
ecpuvalent to the sensor signal,
wherein the waveform generated by the waveform generator s an analog
waveform and the control unit is structured to convert the analog waveform to a different

format.
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