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(57) ABSTRACT 

A method of determining contact Wear in a trip unit of a 
circuit breaker is presented. The trip unit includes a micro 
controller and associated memories. An algorithm (program) 
stored in a memory of the trip unit measures temperatures 
relative to circuit breaker contacts and cumulative energy 
dissipated in the breaker contacts, and utilizes them in a 
variety of analysis techniques Within the trip unit to deter 
mine contact Wear. These techniques include, by Way of 
example, differential temperature analysis, measurement of 
cumulative energy dissipated in the breaker contacts, and 
calculated contact Wear using sampled electrical currents 
and voltage and Ohm’s laW. 

PowER 
LINES 

71 
72 73 

74 

/ 
so 

40 44 

' VOLTAGE 354 \ 
SENSORS 3o 

A/D MICRO 
36 CONVERTER CONTROLLER / 

CURRENT 3:3 
SENSORS 

52 
63' 

k 48 {l 46M 50 54 l M“, 

SUPPLY ,* ' 3 A \ 5? 
ROM C RAM ‘ EEPROM| DISPLAY POWER OUTPUT 

LINES I 





US 2001/0008541 A1 

METHOD OF DETERMINING CONTACT WEAR 
IN A TRIP UNIT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/221,884 ?led Dec. 28, 1998, Which 
is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to elec 
tronic trip units. More speci?cally, the present invention 
relates to a method of determining contact Wear of a circuit 
breaker at an electronic trip unit. 

[0003] Electronic trip units (trip units) are Well knoWn. An 
electronic trip unit typically comprises voltage and current 
sensors Which provide analog signals indicative of the poWer 
line signals. The analog signals are converted by an A/D 
(analog/digital) converter to digital signals Which are pro 
cessed by a microcontroller. The trip unit further includes 
RAM (random access memory), ROM (read only memory) 
and EEPROM (electronic erasable programmable read only 
memory) all of Which interface With the microcontroller. The 
ROM includes trip unit application code, e.g., main func 
tionality ?rmWare, including initialiZing parameters, and 
boot code. The EEPROM includes operational parameters 
for the application code. An output of the electronic trip unit 
actuates a circuit breaker. The circuit breaker typically 
includes a pair of contacts Which alloWs circuit current to 
pass from one contact member to another contact member. 
When the contacts open, circuit current is prevented from 
?oWing from one contact member to the other and therefore, 
circuit current is prevented from ?oWing to a load Which is 
connected to the breaker. 

[0004] Circuit breaker contact Wear, is a frequently occur 
ring yet dif?cult to measure or predict problem because it is 
affected by a variety of factors. Contact Wear is affected by 
the cumulative energy dissipated through arcing as breakers 
are opened. HoWever, a single severe over-current fault can 
destroy contacts more quickly than several smaller faults, 
even though the smaller faults may add up to the same total 
energy dissipated. For eXample, some types of faults have 
more severe affects on contact Wear than others, ground 
faults Will destroy contacts more quickly than manual open 
ings. Contacts are not generally easily inspected Without 
costly disassembly and poWer doWn. HoWever, if not 
detected contact Wear may result in loss of poWer. The only 
current solution to this is defensive preventative mainte 
nance Whether required or not. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The above discussed and other draWbacks and 
de?ciencies are overcome or alleviated by a method of 
detecting contact Wear, at an electronic trip unit, of at least 
tWo pairs of separable contacts of a circuit breaker, the 
method comprising sensing temperature relative to a ?rst 
pair of said at least tWo pairs of separable contacts to provide 
a ?rst sensed contact temperature signal indicative thereof, 
sensing temperature relative to a second pair of said at least 
tWo pairs of separable contacts to provide a second sensed 
contact temperature signal indicative thereof, comparing 
said ?rst and second sensed contact temperature signals to 
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provide a differential contact temperature signal, and ana 
lyZing said differential contact temperature signal to assess 
contact Wear of said pairs of separable contacts. 

[0006] The above discussed and other draWbacks and 
de?ciencies are also overcome or alleviated by a breaker 
assembly comprising an electronic trip unit and a circuit 
breaker having at least tWo pairs of separable contacts, said 
breaker assembly further comprising a sensor positioned for 
sensing temperature relative to a ?rst pair of said at least tWo 
pairs of separable contacts to provide a ?rst sensed contact 
temperature signal indicative thereof, a sensor positioned for 
sensing temperature relative to a second pair of said at least 
tWo pairs of separable contacts to provide a second sensed 
contact temperature signal indicative thereof, and a signal 
processor responsive to said ?rst sensed contact temperature 
signal and said second sensed contact temperature signal, 
and having memory for storing signals including program 
signals de?ning an executable program Which compares said 
?rst and second sensed contact temperature signals to pro 
vide a differential contact temperature signal, and analyZes 
said differential contact temperature signal to assess contact 
Wear of said at least tWo pairs of separable contacts. 

[0007] The above discussed and other features and addi 
tional advantages of the present invention Will be appreci 
ated and understood by those skilled in the art from the 
detailed description and draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Referring noW to the draWing Wherein the FIGURE 
is a schematic block diagram of an electronic trip unit of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] It is therefore seen to be desirable to detect contact 
Wear in an electronic trip unit. In a preferred embodiment of 
the present invention, a contact Wear detection algorithm 
(program) is initialiZed in the microcontroller of the trip unit 
for detecting contact Wear. The contact Wear detection 
algorithm (1) measures temperatures of arcs in close proX 
imity to circuit breaker contacts, and/or (2) calculates and 
stores cumulative energy dissipated in the breaker contacts 
as a result of open and close operations. Avariety of analysis 
techniques are utiliZed Within the trip unit to determine 
contact Wear. An accurate assessment of contact Wear is 

yielded by these methods, separately or in combination. 

[0010] The electronic trip unit of the present invention 
comprising voltage, current, and temperature sensors Which 
provide analog signals indicative of the poWer line signals, 
contact temperatures, and ambient temperatures. The analog 
signals are converted by an A/D (analog/digital) converter to 
digital signals Which are processed by a microcontroller. The 
trip unit further includes RAM (random access memory), 
ROM (read only memory) and EEPROM (electronic eras 
able programmable read only memory) all of Which com 
municate With the microcontroller. The ROM includes trip 
unit application code, e.g., main functionality ?rmWare, 
including initialiZing parameters, and boot code. The appli 
cation code includes code for the contact Wear detection 
algorithm of the present invention. The EEPROM includes 
operational parameters, e.g., code for setting user de?ned 
thresholds for the contact Wear detection algorithm for the 
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application code. These parameters may be stored in the trip 
unit at the factory and are selected to meet customers’ 
requirements, but can also be remotely downloaded. 

[0011] Temperature and electrical analysis is used to 
develop thermodynamic and electrical models of frame 
geometries of circuit breakers. These models provide the 
contact Wear algorithm With the nominal operating param 
eters required to predict contact resistance and heat rise over 
ambient temperatures as a function of current ?oW through 
the breakers as the contacts Wear. Alarms can be generated 
When (1) contact heat rise over ambient temperature deviates 
from stored nominal values, or (2) When calculated contact 
resistance (R=V/I phase corrected) deviates from stored 
speci?ed maximum values. Thereby indicating that mainte 
nance or replacement of the breaker is required due to 
contact Wear. 

[0012] The frame geometry of a circuit breakers may 
affect the rate at Which heat is thermodynamically conducted 
aWay from the circuit breaker contacts and are modeled or 
experimentally determined for each model of breaker at 
rated current ranges. As contact Wear resistance increases the 
temperature across the contacts during closed operation of 
the circuit breaker Will increase With the contacts acting as 
electrical resistors dissipating electric energy as heat. This in 
turn has an accelerating affect on the rate of Wear of the 
contacts. If undetected this Will eventually lead to the 
mechanical and/or electrical failure of the breakers leading 
to a poWer outage. 

[0013] Referring to the FIGURE, a general schematic of 
an electronic trip unit of the present invention is generally 
shoWn at 30. Trip unit 30 comprises a voltage sensor or 
sensors 32 Which provides analog signals indicative of 
voltage measurements on a signal line 34 and a current 
sensor or sensors 36 Which provides analog signals indica 
tive of a current measurements on a signal line 38. The 
analog signals on lines 34 and 38 are presented to an A/D 
(analog/digital) converter 40, Which converts these analog 
signals to digital signals. The digital signals are transferred 
over a bus 42 to a microcontroller (signal processor) 44, 
such being commercially available from the Hitachi Elec 
tronics Components Group (HitachilIls H8/300 family of 
microcontrollers). Trip unit 30 further includes RAM (ran 
dom access memory) 46, ROM (read only memory) 48 and 
EEPROM (electronic erasable programmable read only 
memory) 50 all of Which communicate With the microcon 
troller 44 over a control bus 52. It Will be appreciated that 
A/D converter 40, ROM 48, RAM 46, or any combination 
thereof may be internal to microcontroller 44, as is Well 
knoWn. EEPROM 50 is non-volatile so that system infor 
mation and programming Will not be lost during a poWer 
interruption or outage. Data, typically status of the circuit 
breaker, is displayed by a display 54 in response to display 
signals received from microcontroller 44 over control bus 
52. An output control device 56, in response to control 
signals received from microcontroller 44 over control bus 
52, controls a circuit breaker 58 via a line 60. 

[0014] A plurality of temperature sensors 66-69 are 
located Within circuit breaker 58. Temperature sensors 66-68 
are each located in close proximity to contacts for phase A, 
B and C, respectively. The exact location of the sensor is not 
critical as it Will be different for various circuit breakers. 
What is important is that these temperature sensors 66-68 be 
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located relative to their respective contacts to provide an 
indication of temperature at that contact. Temperature sensor 
69 is also located in circuit breaker 58, hoWever it is located 
aWay from the contacts of the circuit breaker to sense 
ambient temperature Within the circuit breaker itself. The 
temperature sensors 66-69 may be simple thermocouple 
devices Which provide an analog signal indicative of the 
sensed temperature. These temperature sensed analog sig 
nals on lines 71-74 are presented to A/D converter 40, Where 
they are converted to digital signals. These digital signals are 
then transferred over bus 42 to microcontroller 44 and 
processed in accordance With the present invention. 

[0015] Calibration, testing, programming and other fea 
tures are accomplished through a communications I/O port 
62, Which communicates With microcontroller 44 over con 
trol bus 52. A poWer supply 63 Which is poWered by the 
service electricity, provides appropriate poWer over a line 64 
to the components of trip unit 30. ROM 48 includes trip unit 
application code, e.g., main functionality ?rmWare, includ 
ing initialiZing parameters, and boot code. The application 
code includes code for a contact Wear detection algorithm in 
accordance With the present invention. 

[0016] EEPROM 50 includes operational parameter code, 
e.g., code for setting user de?ned thresholds for the contact 
Wear detection algorithm. These parameters may be stored in 
the trip unit at the factory and are selected to meet custom 
ers’ requirements, but can also be remotely doWnloaded as 
described hereinafter. The contact Wear detection algorithm 
is run in real-time and is initiated preferably from the boot 
code at start up. 

[0017] The contact Wear detection algorithm (program) of 
the present invention calculates differential temperatures 
betWeen each contact sensor 66-68 and the ambient sensor 
69, and differential temperatures betWeen the contacts sen 
sors 66-68, i.e., the difference betWeen sensor 66 (phase A) 
and sensor 67 (phase B), the difference betWeen sensor 67 
(phase B) and sensor 68 (phase C), and the difference 
betWeen sensor 68 (phase C) and sensor 66 (phase A). The 
contact Wear detection algorithm estimates resistance of 
contacts based on contact heat rise over ambient temperature 
and compares the results to a stored table of expected heat 
rises as a function of current. For example, if current in 
phase A is 400 amps, ambient temperature 90 degrees, and 
contact temperature of phase Ais 140 degrees, then heat rise 
over ambient is 140-90=50 degrees. If the stored table in this 
example shoWs the expected heat rise at 400 amps current to 
be only 30 degrees, and if an alarm threshold is set to alloW 
only a 10 degree deviation (or 40 degrees) then an alarm Will 
be issued. 

[0018] Also, OHM’s laW resistance-in-contact=voltage 
across-contact divided by current-through-contact (AC 
phase adjusted) is used to calculate the contact resistance 
Which is compared against a stored maximum alloWable 
value. Thereby alloWing for alternate means of assessing this 
parameter for each breaker contact. 

[0019] In accordance With another embodiment of the 
present invention a statistical standard deviation analysis of 
these differential temperatures relative to prede?ne differ 
ential temperature means (arithmetic) is used to identify 
eminent severe failures, (such as de?ned in Us. patent 
application Ser. No. 09/221,243 entitled Method of Statis 
tical Analysis In An Intelligent Electronic Device, ?led 
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concurrently herewith, Which is herein incorporated by 
reference.) Alternatively, these differential temperatures are 
compared to pre-set maximum acceptable values and an 
alarm is used When a maXimum valve is exceeded. In still 
another alternative, the circuit breaker geometry is thermo 
dynamically molded, i.e., current through the circuit breaker 
contacts, contact temperatures, ambient temperatures, and a 
maXimum acceptable contact resistance constant are used to 
calculate a predicted contact resistance. An alarm is issued 
When the predicted contact resistance eXceeds the maXi 
mum. Thermodynamic and electrical modeling of the circuit 
breaker Will be readily apparent to one of ordinary skill in 
the art, using basic thermodynamic and electrical equations 
and knoWn modeling tools. The method of such modeling is 
not critical to the present invention, rather this is simply 
another method for comparing the sensed temperatures to 
benchmarks or limits for assessing contact Wear. 

[0020] In accordance With still another embodiment of the 
present invention, for each trip event and manual opening 
(such can be detected as set forth in US. patent application 
Ser. No. 09/221,244), entitled Method of Detecting Manual 
Trips In An Intelligent Electronic Device, ?led concurrently 
hereWith, Which is incorporated herein by reference) of an 
energiZed breaker a measure of the energy dissipated as 
breakers are opened is calculated as (I2) (T), Where I is the 
contact current and T is the contact temperature. This energy 
dissipation is calculated and then summed up in registers of 
the microcontroller for each contact and for each fault type, 
e.g., short-time, long-time, ground fault, instantaneous, and 
manual, to provide cumulative fault energy by fault type or 
total. 

[0021] The cumulated fault energy by fault type or total is 
compared to the thresholds (Which may be set by the user) 
With alarms being issued When the threshold is exceeded. 
Also, empirical constants may be assigned to the cumulate 
fault energy for different fault types to make, e.g., ground 
faults more severe than manual openings. 

[0022] In addition to detecting contact Wear, the present 
invention can be used to develop a history of contact Wear 
progression over time. As contact temperatures across the 
contacts increases, contact Wear Will also increase. This 
information can be used to predict hoW much of a contact’s 
life is used up (or remain). 

[0023] A priority ranking of maintenance tasks for main 
taining circuit breakers may be established based on this 
information, i.e., Which circuit breaker Will require mainte 
nance ?rst due to contact Wear. Many large facilities have 
hundreds of circuit breakers to maintain. Users typically 
overhaul a certain percentage of their circuit breakers annu 
ally. Therefore accurately prioritiZing the order in Which 
individual circuit breaker problems should be addressed Will 
alloW for more effective use of limited resources, and help 
decrease facility doWn time. 

[0024] All of the aforementioned limits or settings are 
preferably stored in EEPROM 50 and can be altered by 
doWnloading desired settings via communications I/O port 
62. This Would include remotely doWnloading such data 
When the unit is connected to a system computer (not 
shoWn), either directly, over the telephone lines, or any other 
suitable connection. It may also be preferred that EEPROM 
50 comprises a ?ash memory Whereby such data is ?ashed, 
as is Well knoWn. 
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[0025] In terms of communicating contact Wear informa 
tion, this can occur in several Ways: (1) generating an event 
message to be transmitted via a netWork connection to an 
attached computer (not shoWn) or other central monitoring 
device (not shoWn); (2) displaying a message on display 54 
of the trip unit or breaker; or (3) closing a relay contact 
Which in turn may be used to operate a horn, Warning light 
or other alarm (not shoWn). Contact Wear information may 
also be displayed (or printed) in the form of a log. Infor 
mation of, e.g., accelerated contact Wear, is useful as an aid 
in determining the cause or root (i.e., systemic root cause) of 
a problem that may otherWise be difficult to determine. 

[0026] While preferred embodiments have been shoWn 
and described, various modi?cations and substitutions 
maybe made thereto Without departing from the spirit and 
scope of the invention. Accordingly, it is to be understood 
that the present invention has been described by Way of 
illustrations and not limitation. 

What is claimed is: 
1. Amethod of detecting contact Wear, at an electronic trip 

unit, of at least tWo pairs of separable contacts of a circuit 
breaker, the method comprising: 

sensing temperature relative to a ?rst pair of said at least 
tWo pairs of separable contacts to provide a ?rst sensed 
contact temperature signal indicative thereof; 

sensing temperature relative to a second pair of said at 
least tWo pairs of separable contacts to provide a 
second sensed contact temperature signal indicative 
thereof; 

comparing said ?rst and second sensed contact tempera 
ture signals to provide a differential contact tempera 
ture signal; and 

analyZing said differential contact temperature signal to 
assess contact Wear of said pairs of separable contacts. 

2. The method of claim 1 further comprising: 

sensing ambient temperature of said circuit breaker to 
provide a sensed ambient temperature signal indicative 
thereof; 

comparing at least one of said ?rst and second sensed 
contact temperature signals With said sensed ambient 
temperature signal to provide at least one differential 
ambient temperature signal; and 

Wherein said analyZing further comprises analyZing said 
differential contact temperature signal and said at least 
one said differential ambient temperature signal to 
assess contact Wear of said pairs of separable contacts. 

3. The method of claim 1 Wherein said analyZing com 
prises statistical standard deviation analyZing of said differ 
ential contact temperature signal relative to a mean differ 
ential temperature. 

4. The method of claim 1 Wherein said analyZing com 
prises comparing said differential contact temperature signal 
to a limit. 

5. The method of claim 1 Wherein said analyZing com 
prises predicting a contact resistance of at least one of said 
pairs of separable contacts in response to said differential 
contact temperature signal and comparing said predicted 
contact resistance to a limit. 

6. The method of claim 5 Wherein said predicting com 
prises modeling resistance of said at least one of said pairs 
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of separable contacts and applying said differential contact 
temperature signal to said modeling to provide said pre 
dicted contact resistance. 

7. The method of claim 1 further comprising: 

displaying information indicative of contact Wear of said 
separable contacts in response to said analyZing. 

8. A breaker assembly comprising an electronic trip unit 
and a circuit breaker having at least tWo pairs of separable 
contacts, said breaker assembly further comprising: 

a sensor positioned for sensing temperature relative to a 
?rst pair of said at least tWo pairs of separable contacts 
to provide a ?rst sensed contact temperature signal 
indicative thereof; 

a sensor positioned for sensing temperature relative to a 
second pair of said at least tWo pairs of separable 
contacts to provide a second sensed contact tempera 
ture signal indicative thereof; and 

a signal processor responsive to said ?rst sensed contact 
temperature signal and said second sensed contact 
temperature signal, and having memory for storing 
signals including program signals de?ning an execut 
able program Which compares said ?rst and second 
sensed contact temperature signals to provide a differ 
ential contact temperature signal, and analyZes said 
differential contact temperature signal to assess contact 
Wear of said at least tWo pairs of separable contacts. 

9. The breaker assembly of claim 8 further comprising: 

a sensor positioned for sensing ambient temperature of 
said circuit breaker to provide a sensed ambient tem 
perature signal indicative thereof; 

Wherein said processor further compares at least one of 
said ?rst and second sensed contact temperature signals 
With said sensed ambient temperature signal to provide 
at least one differential ambient temperature signal, and 
said processor further analyZes said differential contact 
temperature and said at least one differential ambient 
temperature signal to assess contact Wear of said at 
least tWo pairs of separable contacts. 

10. The breaker assembly of claim 8 Wherein said pro 
cessor analyZes said differential contact temperature signal 
utiliZing statistical standard deviation relative to a mean 
differential temperature. 

11. The breaker assembly of claim 8 Wherein said pro 
cessor further compares said differential contact temperature 
signal to a limit. 

12. The breaker assembly of claim 8 Wherein said pro 
cessor further predicts a contact resistance of at least one of 
said pairs of separable contacts in response to said differ 
ential contact temperature signal to result in a predicted 
contact resistance and compares said predicted contact resis 
tance to a limit. 

13. The breaker assembly of claim 12 Wherein said 
processor models resistance of at least one of said tWo pairs 
of separable contacts and applies said differential contact 
temperature signal to provide said predicted contact resis 
tance. 
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14. The breaker assembly of claim 8 further comprising: 

a display for displaying information indicative of contact 
Wear of said contacts. 

15. A method of detecting contact Wear, at an electronic 
trip unit, of at least one pair of separable contacts of a circuit 
breaker, comprising: 

sensing temperature relative to said at least one pair of 
contacts to provide a ?rst sensed contact temperature 
signal indicative thereof; and 

processing said ?rst sensed contact temperature signal in 
accordance With a relationship of temperature and 
contact Wear to assess contact Wear of said contacts. 

16. The method of claim 15 Wherein said at least one pair 
of said separable contacts of said circuit breaker comprises 
at least tWo pairs of separable contacts, said method further 
comprising: 

sensing temperature relative to the other one of said pairs 
of contacts to provide a second sensed contact tem 
perature signal indicative thereof; and 

Wherein said processing comprises, 

comparing said ?rst and second sensed contact tem 
perature signals to provide a differential contact 
temperature signal, and 

analyZing said differential contact temperature signal to 
assess contact Wear of said pairs of contacts. 

17. The method of claim 15 further comprising: 

displaying information indicative of contact Wear of said 
contacts in response to said processing. 

18. The method of claim 16 Wherein said analyZing 
comprises statistical standard deviation analyZing of said 
differential contact temperature signal relative to a mean 
differential temperature. 

19. The method of claim 16 Wherein said analyZing 
comprises comparing said differential contact temperature 
signal to a limit. 

20. Abreaker assembly comprising an electronic trip unit 
and a circuit breaker having at least tWo pairs of separable 
contacts, said breaker assembly further comprising: 

means for sensing temperature relative to a ?rst pair of 
said at least tWo pairs of separable contacts to provide 
a ?rst sensed contact temperature signal indicative 
thereof; 

means for sensing temperature relative to a second pair of 
said at least tWo pairs of separable contacts to provide 
a second sensed contact temperature signal indicative 
thereof; and 

means for storing signals including program signals de?n 
ing an eXecutable program Which compares said ?rst 
and second sensed contact temperature signals to pro 
vide a differential contact temperature signal, and ana 
lyZes said differential contact temperature signal to 
assess contact Wear of said at least tWo pairs of sepa 
rable contacts. 


