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(57) ABSTRACT 
A circuit breaker electronic trip unit includes a controller, and 
a memory that stores a threshold tripping duration. The 
memory is readable by the controller. The trip unit includes a 
trip signal output, and an input section that receives at least 
one of a phase current level signal, a phase or line Voltage 
level signal, and a contact state change signal. The trip unit 
activates the trip signal output and monitors the input section 
for a predetermined signal change. The trip unit determines a 
tripping duration from a timing of the activation of the trip 
signal output and a timing of the predetermined signal 
change. The trip unit compares the tripping duration to the 
threshold tripping duration to determine a sluggish circuit 
breaker operation. 
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SLUGGSH CIRCUIT BREAKER DETECTION 
SYSTEMAND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Benefit of U.S. Provisional Patent Application Ser. No. 
61/264,952 filed Nov. 30, 2009 is hereby claimed and the 
disclosure incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to electrical overcurrent pro 

tection devices, particularly electronic trip units for circuit 
breakers. 

2. Description of Related Art 
Circuit breakers are used in electrical distribution systems 

to protect electrical conductors and equipment against the 
effects of short circuits, ground faults, overloads and/or over 
current conditions (hereinafter "abnormal current condi 
tions'). Some circuit breakers have programmable electronic 
controllers for controlling operations of the circuit breaker. 
The programmable electronic controllers are known as elec 
tronic trip units and circuit breakers employing electronic trip 
units are known as electronic trip circuit breakers. The elec 
tronic trip unit monitors the conditions of an electrical circuit 
protected by its associated circuit breaker, and signals the 
circuit breaker to trip upon detecting an abnormal current 
condition. Some electronic trip units perform self-testing and 
provide an indication of detected problems with the trip unit. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, 
provided is a method of determining sluggish operation of a 
circuit breaker. The circuit breaker includes an actuator. The 
method includes providing an electronic trip unit for the 
circuit breaker and setting a threshold tripping duration in the 
electronic trip unit. A trip signal is sent to the actuator by the 
electronic trip unit, and the actuator trips the circuit breaker. 
The electronic trip unit monitors, during the tripping, at least 
one of a change of a level of electrical current flowing through 
the circuit breaker, a change of a level of voltage present at the 
circuit breaker, and a contact state change of a circuit breaker 
auxiliary contact. The electronic trip unit determines a trip 
ping duration of the circuit breaker from a timing of the step 
of sending the trip signal to the actuator and a timing of the at 
least one of the change of the level of electrical current, the 
change of the level of Voltage, and the contact state change of 
the circuit breaker auxiliary contact. The tripping duration 
corresponds to a length of time required for the circuit breaker 
to open. The electronic trip unit compares the tripping dura 
tion to the threshold tripping duration to determine a sluggish 
operation of the circuit breaker. 

In accordance with another aspect of the present invention, 
provided is a circuit breaker electronic trip unit. The elec 
tronic trip unit includes a controller, and a memory that stores 
a threshold tripping duration. The memory is readable by the 
controller. An input section receives at least one of a phase 
current level signal, a phase or line Voltage level signal, and a 
contact state change signal. The trip unit includes a trip signal 
output. The trip unit activates the trip signal output and moni 
tors the input section for a predetermined signal change. The 
trip unit determines a tripping duration from a timing of the 
activation of the trip signal output and a timing of the prede 
termined signal change. The trip unit compares the tripping 
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2 
duration to the threshold tripping duration to determine a 
sluggish circuit breaker operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing example phase currents; 
FIG. 2 is a graph showing example phase currents; 
FIG. 3 is schematic block diagram; 
FIG. 4 is a flowchart; 
FIG. 5 is a schematic diagram of a circuit protection sys 

tem; and 
FIG. 6 is a schematic diagram of a circuit protection sys 

tem. 

DETAILED DESCRIPTION OF THE INVENTION 

An arc flash during a fault could harm nearby persons 
and/or property. Such harm could be mitigated by reducing 
the potential arc flash energy of the arc flash. One equation for 
determining potential arc flash energy in a cubic box is: 

5.9675) (equation 1) 

where E is the energy level in cal/cm in a box not larger 
than 20 inches, D is the distance from an electrode in inches 
(for distances of 18 inches and greater), t is the arc duration in 
seconds, and F is available fault current inkA (for the range of 
15 to 50 kA). From equation 1, it can be seen that at a given 
distance, potential arc flash energy can be reduced by short 
ening the duration of the arc. 
The arc flash energy level has been used to determine a 

“Risk Hazard Category” (RHC) for an arc flash boundary 
around electrical equipment. For example, NFPA 70E, pro 
mulgated by the National Fire Protection Association, pro 
vides Category 0 through Category 4, respectively corre 
sponding to 0-2 cal/cm, 2-4 cal/cm, 4-8 cal/cm, 8-25 cal/ 
cm, and 25-40 cal/cm. The personal protective equipment 
(PPE) required for personal protection when working within 
the arc flash boundary is determined according to the RHC 
number. 
The RHC is typically calculated and then posted near the 

electrical equipment. From equation 1, it is to be appreciated 
that the RHC calculation is based on the available fault cur 
rent, the working distance from arc electrodes and the clear 
ing time of an upstream circuit breaker. The RHC number of 
the electrical equipment, and the required PPE when working 
on the equipment, can be minimized by ensuring that the 
upstream circuit breaker operates as quickly as possible to 
clear a fault. 

For a circuit breaker with an electronic trip unit, the clear 
ing time duration includes: (a) the trip unit power up time 
duration; (b) the trip unit sampling and calculation time dura 
tion; (c) the actuator time duration; (d) the breaker mecha 
nism unlatch and travel time duration; and (e) the arc inter 
ruption time duration. 
The breaker mechanism is a mechanical device that typi 

cally has lubricated bearings, lubricated rotating and sliding 
points and springs. An assumption is made in calculating the 
RHC that the breaker mechanism is in good working order 
and that, when required to interrupt a fault, the breaker 
mechanism will unlatch and move the contacts with sufficient 
speed to extinguish the arc in the expected time. However, the 
circuit breaker might malfunction by opening more slowly 
than expected, which is a sluggish operation of the circuit 
breaker. A sluggish breaker operation is therefore character 
ized by a greater than normal breaker opening time. Sluggish 
operation can be caused by, among other things, dried out and 
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stiff lubrication in bearings and sliding contacts. An extreme 
form of sluggish operation is a “stuck breaker” condition, in 
which the circuit breaker fails to open. A stuck breaker can be 
caused by stiff bearings, welded contacts, broken opening 
Springs, etc. 
An example of the affect of sluggish breaker operation on 

arc flash incident energy and RHC is discussed below with 
reference to FIGS. 1 and 2. FIGS. 1 and 2 show three phase 
currents, 10, 12, 14 and 10", 12", 14", from the beginning of a 
fault until the fault is cleared. FIG. 1 shows the clearing of a 
fault by a circuit breaker operating at normal speed. It can be 
seen that the fault is cleared in less than 3 cycles. Time T1 
represents the time it takes for the trip unit to recognize the 
fault and signal the actuator to trip the circuit breaker. Times 
T2-T4 and T2'-T4' represent the time it takes for the actuator 
to unlatch the breaker mechanism and for the breaker to clear 
the fault. FIG. 2 shows the clearing of a fault by a sluggish 
circuit breaker. In FIG. 2, times T2'-T4' are much longer than 
times T2-T4, and the fault lasts for approximately 6 cycles. 

With an AC power source operating at 60 Hz, the arc 
duration in FIG. 1 is approximately 0.0463 seconds. In FIG. 
2, the arc duration is approximately 0.1009 seconds. For both 
FIGS. 1 and 2, assume an available fault current of 36 kA and 
a distance of 18 inches to the arc electrodes. Using equation 1. 
the calculated arc flash incident energy for the circuit breaker 
of FIG. 1 is 3.80 cal/cm, which corresponds to an RHC of 1. 
The calculated arc flash incident energy for the circuit breaker 
of FIG. 2 is 8.28 cal/cm, which corresponds to an RHC of 3. 
The example of FIGS. 1 and 2 show how a sluggish breaker 

operation can significantly increase the RHC. An operator or 
maintenance person will typically not know that a circuit 
breaker is sluggish, and will rely on the calculated and posted 
RHC (corresponding to a normal breaker speed) to select 
PPE. The selected PPE will not be suitable for the increased 
arc flash incident energy of the sluggish breaker, thereby 
exposing the operator/maintenance person to injury. 

It is desirable to keep the RHC at the originally calculated 
and posted value for the safety of persons and property. 
Therefore, it would be useful to determine a sluggish circuit 
breaker condition when it exits, so that the condition can be 
corrected. However, the act of opening the breaker and 
removing it from service for maintenance testing exercises 
the breaker. If the sluggish condition is due to a lubrication 
problem and/or bad bearings, Subsequent breaker operations 
can be normal or almost normal because the breaker was 
exercised when opened and removed from service (e.g., the 
dried out and stiff lubrication has now moved). If, after test 
ing, the breaker is allowed to remain closed for an extended 
period of time, the next operation can be sluggish. This char 
acteristic makes it difficult to detect a sluggish breaker con 
dition through normal maintenance. The act of opening the 
breaker and removing it from service for testing exercises the 
breaker, and it might operate with normal or close to normal 
speed during the testing. Obtaining data from the first opera 
tion of the breaker after it has been closed for an extended 
period of time is therefore useful in detecting a sluggish 
breaker condition. 

Since the electronic trip unit initiates a breaker trip opera 
tion, it is in a unique position to monitor the first operation of 
the breaker after it has been closed for an extended period of 
time. An electronic trip unit is discussed below that is able to 
automatically determine a sluggish circuit breaker operation 
and a stuck breaker condition. The electronic trip unit can 
provide an appropriate indication or alarm, and also trip an 
upstream circuit breaker, if a sluggish operation or a stuck 
breaker is detected. Maintenance can then be performed on 
the malfunctioning circuit breaker to return its operating 
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4 
speed to a normal or otherwise safe speed, to thereby keep the 
RHC of protected downstream equipment at the expected 
posted level. 
A schematic block diagram of a portion of the electronic 

trip unit 20 is provided in FIG. 3. 
The electronic trip unit 20 includes a controller 22. The 

controller 22 can be an electronic controller and may include 
a processor. The controller 22 can include one or more of a 
microprocessor, a microcontroller, a digital signal processor 
(DSP), an application specific integrated circuit (ASIC), a 
field-programmable gate array (FPGA), discrete logic cir 
cuitry, or the like. The electronic trip unit 20 includes a 
memory 24 (e.g., RAM or ROM). The memory 24 can store 
program instructions that cause the controller to provide the 
functionality ascribed to it herein. 
The electronic trip unit 20 includes a trip signal output 26 

that provides a trip signal to an actuator (shown in FIGS. 5-6) 
of the circuit breaker, in order to trip the circuit breaker. The 
trip signal is provided when abnormal current conditions are 
detected, when a manual trip is initiated, etc. The electronic 
trip unit further includes a user interface device 28. The user 
interface device 28 can provide information to a user via one 
or more indicator lights (e.g., LED indicators) and/or an 
alphanumeric display (e.g., an LCD display). The informa 
tion provided to the user via the interface device 28 can 
include various settings (e.g., trip setpoints), present operat 
ing conditions (e.g., voltage and current levels), alarm condi 
tions including sluggish and stuckbreaker conditions, histori 
cal data, etc. The user interface device 28 can also include 
user input devices, such as pushbuttons, touchpads, etc., that 
allow the user to set various parameters (e.g., pickup settings, 
delay settings, etc.) of the electronic trip unit 20, manually 
initiate the trip signal to trip the circuit breaker, acknowledge 
alarms, etc. The user interface device 28 can communicate, 
either directly or indirectly, with the trip signal output 26 to 
force a manual trip, and with the memory 24 to store data into 
the memory and read data from the memory. 
The controller 22 determines the occurrence or non-occur 

rence of a sluggish breaker operation by calculating the dura 
tion or time lag between generating the trip signal and the 
opening of the circuit breaker, and comparing the time lag to 
a threshold tripping duration. The electronic trip unit 20 deter 
mines that the circuit breaker is open based on an input signal 
provided to an input section 29 of the trip unit. Example input 
signals include phase current level signals at the circuit 
breaker, phase and line Voltage level signals at the circuit 
breaker, and auxiliary contact state change signals (e.g., con 
tact closure or opening) from circuit breaker auxiliary con 
tacts. The controller 22 includes a signal change determining 
unit 30 that receives the input signal. The signal change 
determining unit 30 monitors the input signal for a predeter 
mined signal change that is indicative of an open breaker 
condition. For example, the signal change determining unit 
30 monitors the input signal for a predetermined drop in 
current or voltage level (e.g., to 0A or OV), or the occurrence 
of an auxiliary contact closure. It is to be appreciated that the 
electronic trip unit 20 can monitor multiple input signals (e.g., 
three phase current level signals) and determine the open 
breaker condition based on one or more of the multiple input 
signals. 

It is to be appreciated that the input signal can also be used 
to determine the existence of an abnormal current condition 
for tripping the circuit breaker. For example, if the input 
signal is a phase current, it can be used to determine both the 
existence of an overcurrent condition and the opening of the 
circuit breaker. 
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When the signal change determining unit 30 senses the 
predetermined signal change, it outputs a signal to a tripping 
duration determining unit 32. The tripping duration determin 
ing unit 32 calculates a tripping duration as the time differ 
ence between the timing of the activation of the trip signal and 
the timing of the predetermined signal change. In an embodi 
ment, the tripping duration determining unit can calculate 
multiple tripping durations based on multiple input signals 
(e.g., three phase current level signals). The tripping duration 
determining unit 32 outputs the tripping duration to a com 
paring unit 34. The tripping duration determining unit 32 can 
also output the tripping duration to the memory 24 for his 
torical recordation. 

The comparing unit 34 obtains a threshold tripping dura 
tion from the memory 24 and compares the calculated trip 
ping duration to the threshold tripping duration. If the calcu 
lated tripping duration equals or exceeds the threshold 
tripping duration, then a sluggish circuit breaker operation 
has occurred. Alternatively, a predetermined time delay (e.g., 
0.010 seconds) can be added to the threshold tripping dura 
tion, and the Sum compared to the calculated tripping duration 
to determine a sluggish circuit breaker operation. 

The comparing unit 34 also obtains a stuck circuit breaker 
duration from the memory 24. The stuck breaker duration is 
longer than the threshold tripping duration. If the calculated 
tripping duration exceeds the stuck breaker duration, or if the 
breaker fails to open, then a stuck breaker condition has 
occurred. 
The electronic trip unit 20 includes an alarm/upstream 

breaker trip output 36. The trip unit 20 can be programmed to 
activate various outputs (e.g., normally closed and/or nor 
mally open contacts) from the alarm/upstream breaker trip 
output 36 when a sluggish or stuck circuit breaker is detected. 
For example, when a sluggish breaker operation is detected, a 
remote alarm can be triggered by a contact closure from the 
alarm/upstream breaker trip output 36. When a stuck breaker 
is detected, which is more serious than a sluggish breaker, an 
upstream circuit breaker can be tripped by a different contact 
in the alarm/upstream breaker trip output 36. 

Sluggish and stuck breaker conditions can be communi 
cated from the comparing unit 34 to the user interface device 
28 for presentation to the user. 
The threshold tripping duration and stuck circuit breaker 

duration can be entered into the electronic trip unit 20 manu 
ally by a user through the user interface device 28 or derived 
from a manually input duration or other information. In an 
embodiment, the user can enter information about the circuit 
breaker (e.g., model number) into the trip unit, and the trip 
unit can determine the threshold tripping duration based on 
the entered information, (e.g., using a lookup table). The 
threshold tripping and stuck circuit breaker durations can be 
downloaded into the electronic trip unit 20 from a remote 
device. Such as a remote display panel, remote workstation, or 
downloaded from a laptop computer temporarily connected 
to the trip unit. The threshold tripping and stuck circuit 
breaker durations can be determined automatically by the trip 
unit 20. In an embodiment, the electronic trip unit 20 auto 
matically determines the threshold tripping duration and/or 
stuck circuit breaker duration from historical data. For 
example, the trip unit 20 can calculate the threshold tripping 
duration based on one or more previous tripping durations 
and based on one or more electrical phases. 
The threshold tripping duration can be determined based 

on a normal operating time for the particular type of circuit 
breaker that the trip unit 20 controls. For example the user or 
the trip unit can add a fixed time delay (e.g., 0.010 seconds) to 
the normal operating time, and the Sum can be used as the 
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6 
threshold tripping duration. Alternatively, a percentage (e.g., 
30%) time delay can be added to the normal operating time to 
determine the threshold tripping duration. 
The normal operating time can be based on data from the 

circuit breaker manufacturer or based on historical tripping 
duration data recorded by the trip unit 20 (e.g., previous 
tripping durations of previous tripping operations). The his 
torical tripping duration data can include data on multiple 
electrical phases (e.g., phases A, B and C in a three-phase 
system). The slowest phase to open can be used to determine 
the threshold tripping duration, or the tripping durations of 
the phases can be averaged. Further, historical tripping dura 
tion data from several previous trips can be averaged, either 
by the user or the trip unit, and the averaged data used to 
determine the threshold tripping duration. 

It is to be appreciated that there are many ways for the user 
or the trip unit to determine the normal operating time of the 
circuit breaker and/or the threshold tripping duration. Some 
numerical examples are provided below. 

Example 1 

A normal circuit breaker mechanism operating time for a 
low voltage (e.g., 600V) airframe power circuitbreaker might 
be 0.030 seconds. Adding a time delay of 0.010 seconds 
provides a threshold tripping duration of 0.040 seconds. 

Example 2 

The previous tripping durations (as recorded by the trip 
unit 20) for phases A-C of a previous tripping operation are: 
Phase A=0.026 seconds, Phase B=0.029 seconds, Phase 
C=0.029 seconds. The slowest phase is selected from the 
measured data (0.029 seconds) and a delay of 0.01 seconds is 
added, resulting in a threshold tripping duration of 0.039 
seconds. 

Example 3 

The previous tripping durations for phases A-C of a previ 
ous tripping operation are: Phase A=0.026 seconds, Phase 
B=0.029 seconds, Phase C=0.029 seconds. The slowest phase 
is selected from the measured data (0.029 seconds) and a 
delay of 30% is added, resulting in a threshold tripping dura 
tion of 0.029 Secondsx1.3=0.038 seconds. 

Example 4 

The previous tripping durations for phases A-C of a previ 
ous tripping operation are: Phase A=0.026 seconds, Phase 
B=0.029 seconds, Phase C=0.029 seconds. The previous trip 
ping durations are averaged (0.028 seconds) and a delay of 
0.01 seconds is added, resulting in a threshold tripping dura 
tion of 0.038 seconds. 

Example 5 

The previous tripping durations for phases A-C of a previ 
ous tripping operation are: Phase A=0.026 seconds, Phase 
B=0.029 seconds, Phase C=0.029 seconds. The previous trip 
ping durations are averaged (0.028 seconds) and a delay of 
30% is added, resulting in a threshold tripping duration of 
0.028 Secondsx1.3=0.036 seconds. 

Examples 2-5 above use the previous tripping durations for 
phases A-C of one previous tripping operation to determine 
the threshold tripping duration. However, it is to be appreci 
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ated data from multiple previous tripping durations can be 
used to determine the threshold tripping duration, such as by 
averaging the historical data. 

If no historical data is available, then a default threshold 
tripping duration can be used, such as 0.040 seconds for 
example. Further, if the calculated threshold tripping duration 
exceeds a predetermined maximum value, such as 0.050 sec 
onds, then the predetermined maximum value can be used as 
the threshold tripping duration instead of the calculated dura 
tion. 
A flowchart showing an example overview method for 

determining a sluggish circuit breaker operation and a stuck 
breaker condition is provided at FIG. 4. At steps S1 and S2. 
respectively, the threshold tripping duration and the stuck 
circuit breaker duration are set in the electronic trip unit. As 
discussed above, the setting steps can be performed manually 
by a user or automatically by the electronic trip unit. 

The electronic trip unit then waits for a trip condition (step 
S3). Such as an abnormal current condition or a manual trip 
input. When a trip condition occurs, the electronic trip unit 
sends the trip signal to the actuator (step S4), so that the 
actuator trips the circuit breaker. 

During the tripping, the electronic trip unit monitors the 
input signal 29 (see FIG. 3) for a signal change that is indica 
tive of an open circuit breaker (step S5). As discussed above, 
example signal changes that correspond to an open circuit 
breaker include a drop in phase current level to 0A, a drop in 
phase or line voltage to OV, and a circuit breaker auxiliary 
contact closure or opening signal. 
The electronic trip unit determines a tripping duration of 

the circuit breaker (step S6) from a timing of step S4 and a 
timing of step S5. In an embodiment, determining the tripping 
duration includes starting a count-up timer upon sending the 
trip signal to the actuator. The count-up timeris stopped when 
the circuit breaker is determined to be open, and its value is 
the tripping duration. 

The electronic trip unit compares the tripping duration to 
the threshold tripping duration (step S7). If the tripping dura 
tion is greater than or equal to the threshold tripping duration, 
then the electronic trip unit generates an alarm signal and/or 
generates a signal to trip an upstream circuit breaker (step 
S8). 
The electronic trip unit also compares the tripping duration 

to the stuck circuit breaker duration (step S9). If the tripping 
duration is greater than or equal to the stuck circuit breaker 
duration, then the electronic trip unit generates an alarm 
signal and/or generates a signal to trip an upstream circuit 
breaker (step S10). 

It is to be appreciated that the sluggish and stuck breaker 
alarm/upstream breaker trip outputs can be activated as the 
count-up timer passes the threshold tripping and stuck circuit 
breaker durations, respectively. Such operation will allow for 
proper alarming and/or tripping of an upstream circuit 
breaker even if the monitored circuit breaker never opens 
(e.g., due to welded contacts). 

It is to be appreciated that the functionality of the electric 
trip unit described herein can be achieved using various tech 
niques. For example, separate count-up timers could be used 
in determining sluggish and stuck circuit breaker conditions, 
or one or more count-down timers could be used, or a com 
bination of count-up and count-down timers could be used. 

Example circuit protection systems employing the elec 
tronic trip unit 20 are shown in FIGS. 5 and 6. FIGS. 5 and 6 
are similar; the primary difference being that FIG. 6 includes 
a local interface 40 in communication with the trip unit 20, but 
located outside of the circuit breaker enclosure. It is to be 
appreciated that the local interface 40 can provide substan 
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8 
tially the same functionality as the trip unit 20 with respect to 
user interface and alarm functions, but from outside of the 
circuit breaker enclosure. 
The circuit protection system includes a circuit breaker 42 

and its actuator 44, which receives the trip signal from the 
electronic trip unit 20. Three electrical phase conductors 
(phase A, phase B. phase C) are opened by the circuit breaker 
42. A neutral conductor N is not opened by the circuit breaker 
42. Current transformers (CTs) 46, 48, 50 on the phase con 
ductors provide phase current level signals that are monitored 
by the electronic trip unit 20. The electronic trip unit 20 uses 
the phase current level signals to determine the existence of 
abnormal current conditions. The electronic trip unit 20 can 
use the phase current level signals to determine when the 
circuit breaker 42 has opened (e.g., when the phase currents 
are 0 A). Similarly, potential transformers (PTs) 52, 54, 56 
provide phase or line Voltage level signals to the electronic 
trip unit 20. The electronic trip unit 20 can use the phase or 
line Voltage level signals to determine the existence of an 
open circuit breaker condition. An auxiliary contact 58 on the 
circuit breaker provides a contact state change (e.g., contact 
closure or opening) signal to the electronic trip unit 20, which 
indicates whether the circuit breaker 42 is open or closed. A 
CT 60 can be provided on the neutral conductor N to provide 
a neutral current level signal to the electronic trip unit 20, and 
the electric trip unit can determine the existence of abnormal 
current conditions based on the neutral current level signal. 
The electronic trip unit 20 and/or the local interface 40 

includes Switched outputs 62, 64 (e.g., relay outputs) for 
activating remote alarms (e.g., an annunciator panel alarm), 
for monitoring by remote devices (e.g., a programmable logic 
controller or supervisory control and data acquisition system) 
and/or for tripping another circuit breaker (e.g., an upstream 
circuit breaker). The switched outputs 62, 64 correspond to 
the various outputs from the alarm/upstream breaker trip out 
put 36 shown in FIG. 3. The switched outputs 62, 64 can 
include both normally open and normally closed contacts. 
The switched outputs 62, 64 can be operated independently of 
each other. For example, Switched output 62 can be used as a 
sluggish circuit breaker alarm output that is activated when a 
sluggish circuit breaker condition is sensed and, optionally, 
when a stuck circuit breaker is sensed. The switched output 64 
can be used as an upstream circuit breaker trip output that is 
activated when a stuck circuitbreaker is detected, and, option 
ally, when a sluggish circuit breaker is detected. The elec 
tronic trip unit 20 and/or the local interface 40 can include 
additional analog (e.g., 4-20 mA) and digital outputs whose 
operations are programmable through the user interface 
device 28. 
The electronic trip unit 20 and/or the local interface 40 can 

include communication ports 66, 68 for providing communi 
cations with devices Such as laptop computers 70, control 
room workstations 72, and the like. The communications 
ports 66, 68 can provide hardwired communications or wire 
less communications. Example communications ports 
include universal serial bus (USB), Ethernet and RS485. Vari 
ous parameter settings of the electronic trip unit 20 and/or the 
local interface 40 can be set through the user interface device 
28 and also through communications received through the 
communications ports 66, 68. For example, the electronic trip 
unit 20 can receive or derive the threshold tripping duration 
from communications through the communications ports 66. 
68. The laptop computer 70 and/or the control room worksta 
tion 72 can run programming software for programming the 
electronic trip unit 20 and/or the local interface 40. Further, 
the laptop computer 70 and the control room workstation 72 
can display current operating conditions (e.g., phase current 
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levels) of the electronic trip unit 20, current alarm conditions, 
and stored historical data (e.g., alarm histories). 
The electronic trip unit 20 disclosed herein can be used 

with low Voltage circuit breakers (e.g., 600V class) requiring 
a trip unit. However, it is to be appreciated the electronic trip 
unit can also be used with any higher Voltage class circuit 
breaker requiring a trip unit, Such as medium Voltage circuit 
breakers, for example. 

It should be evident that this disclosure is by way of 
example and that various changes may be made by adding, 
modifying or eliminating details without departing from the 
fair scope of the teaching contained in this disclosure. The 
invention is therefore not limited to particular details of this 
disclosure except to the extent that the following claims are 
necessarily so limited. 

What is claimed is: 
1. A method of determining sluggish operation of a circuit 

breaker, the circuit breaker including an actuator, the method 
comprising the steps of 

providing an electronic trip unit for the circuit breaker, 
setting a threshold tripping duration in the electronic trip 

unit; 
determining an existence of an abnormal current condition 
by the electronic trip unit; 

sending a trip signal to the actuator by the electronic trip 
unit due to the abnormal current condition; 

tripping the circuit breaker by the actuator; 
monitoring, by the electronic trip unit during the tripping, 

at least one of a change of a level of electrical current 
flowing through the circuitbreaker, a change of a level of 
voltage present at the circuit breaker, and a contact state 
change of a circuit breaker auxiliary contact; 

determining, by the electronic trip unit, a tripping duration 
of the circuit breaker from a timing of sending the trip 
signal to the actuator and a timing of the at least one of 
the change of the level of electrical current, the change of 
the level of Voltage, and the contact state change of the 
circuit breaker auxiliary contact, wherein the tripping 
duration corresponds to a length of time required for the 
circuit breaker to be tripped and open, and further 
wherein the tripping duration is a time difference 
between the timing of sending the trip signal to the 
actuator and the timing of the at least one of the change 
of the level of electrical current, the change of the level 
of Voltage, and the contact state change of the circuit 
breaker auxiliary contact, such that said time difference 
is an elapsed time for the actuator to trip the circuit 
breaker and the circuit breaker to open, and the elapsed 
time excludes a time required for the electronic trip unit 
to recognize the abnormal current condition; 

comparing, by the electronic trip unit, the tripping duration 
to the threshold tripping duration to determine a sluggish 
operation of the circuit breaker. 

2. The method of claim 1, wherein the step of determining, 
by the electronic trip unit, a tripping duration includes: 

determining a first tripping duration for a first electrical 
phase of the circuit breaker; 

determining a second tripping duration for a second elec 
trical phase of the circuit breaker; and 

determining a third tripping duration for a third electrical 
phase of the circuit breaker. 

3. The method of claim 1, further comprising the step of 
sending a trip signal to an upstream circuit breaker based on 
a result of the step of comparing. 

4. The method of claim 1, wherein the electronic trip unit 
automatically determines the threshold tripping duration. 
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10 
5. The method of claim 4, wherein the electronic trip unit 

automatically determines the threshold tripping duration 
based on a previous tripping duration of a previous tripping of 
the circuit breaker, wherein the previous tripping duration is 
calculated by the electronic trip unit. 

6. The method of claim 5, wherein the electronic trip unit 
calculates the previous tripping duration based on a first trip 
ping duration for a first electrical phase of the circuit breaker, 
a second tripping duration for a second electrical phase of the 
circuit breaker, and a third tripping duration for a third elec 
trical phase of the circuit breaker. 

7. The method of claim 1, wherein the threshold tripping 
duration is manually entered into the electronic trip unit, 
derived from a manually entered duration, or derived from 
manually entered circuit breaker information. 

8. The method of claim 1, wherein the electronic trip unit 
includes a communications port, and the electronic trip unit 
receives or derives the threshold tripping duration from com 
munications through the communications port. 

9. The method of claim 1, further comprising the steps of: 
setting a stuck circuit breaker duration in the electronic trip 

unit; and 
determining, by the electronic trip unit, a stuck circuit 

breaker condition of the circuit breaker using the stuck 
circuit breaker duration. 

10. A circuit breaker electronic trip unit, comprising: 
a controller; 
a memory that stores a threshold tripping duration, wherein 

the memory is readable by the controller; 
an input section for receiving at least one of a phase current 

level signal, a phase or line voltage level signal, and a 
contact state change signal, wherein the circuit breaker 
electronic trip unit can determine an existence of an 
abnormal current condition based on the phase current 
level signal; and 

a trip signal output; 
wherein the circuit breaker electronic trip unit activates the 

trip signal output due to the existence of the abnormal 
current condition, and monitors the input section for a 
predetermined signal change, 

wherein the circuit breaker electronic trip unit determines 
a tripping duration from a timing of the activation of the 
trip signal output and a timing of the predetermined 
signal change, wherein the tripping duration corre 
sponds to a length of time required for a circuit breaker 
to be tripped and open, and further wherein the tripping 
duration is a time difference between the timing of the 
activation of the trip signal output and the timing of the 
predetermined signal change, such that said time differ 
ence is an elapsed time for an actuator to trip the circuit 
breaker and the circuit breaker to open, and the elapsed 
time excludes a time required for the electronic trip unit 
to recognize the existence of the abnormal current con 
dition, and 

wherein the circuit breaker electronic trip unit compares 
the tripping duration to the threshold tripping duration to 
determine a sluggish circuit breaker operation. 

11. The circuit breaker electronic trip unit of claim 10, 
wherein the input section receives the phase current level 
signal, and, additionally, a second phase current level signal 
and a third phase current level signal, 

wherein the circuit breaker electronic trip unit determines 
a second tripping duration from the timing of the acti 
Vation of the trip signal output and a timing of a prede 
termined signal change of the second phase current level 
signal, and 
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wherein the circuit breaker electronic trip unit determines 
a third tripping duration from the timing of the activation 
of the trip signal output and a timing of a predetermined 
signal change of the third phase current level signal. 

12. The circuit breaker electronic trip unit of claim 10, 
wherein the circuit breaker electronic trip unit further 
includes a sluggish circuit breaker alarm output and an 
upstream circuit breaker trip output. 

13. The circuit breaker electronic trip unit of claim 12, 
wherein the memory further stores a stuck circuit breaker 
duration, and 

wherein when the predetermined signal change does not 
occur within the stuck circuit breaker duration immedi 
ately after the timing of the activation of the trip signal 
output, the circuit breaker electronic trip unit controls 
the upstream circuit breaker trip output to trip an 
upstream circuit breaker. 

14. The circuit breaker electronic trip unit of claim 10, 
wherein the circuit breaker electronic trip unit automatically 
determines the threshold tripping duration. 

15. The circuit breaker electronic trip unit of claim 14, 
wherein the circuit breaker electronic trip unit automatically 
determines the threshold tripping duration based on a previ 
ous tripping duration of a previous tripping operation, and 
wherein the previous tripping duration is calculated by the 
circuit breaker electronic trip unit. 
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16. The circuit breaker electronic trip unit of claim 15, 

wherein the circuit breaker electronic trip unit calculates the 
previous tripping duration based on a first electrical phase 
tripping duration, a second electrical phase tripping duration, 
and a third electrical phase tripping duration. 

17. The circuit breaker electronic trip unit of claim 10, 
further comprising a user interface device in communication 
with the controller, 

wherein the user interface device provides an indication of 
the sluggish circuit breaker operation, and 

wherein the threshold tripping duration is manually 
entered into the circuit breaker electronic trip unit from 
the user interface device or derived from information 
manually entered into the circuit breaker electronic trip 
unit from the user interface device. 

18. The circuit breaker electronic trip unit of claim 10, 
wherein the circuit breaker electronic trip unit includes a 
communications port, and the circuit breaker electronic trip 
unit receives or derives the threshold tripping duration from 
communications through the communications port. 

19. A circuit protection system, comprising: 
the circuit breaker electronic trip unit of claim 10; 
the circuit breaker; and 
the actuator, wherein the actuator receives a trip signal 

from the trip signal output and trips the circuit breaker 
based on receiving the trip signal. 

k k k k k 
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