ARKANSAS POWER & LIGHT COMPANY
POST OFFICE BOX 551 LITTLE ROCK. ARKANSAS 72203 (501) 371-4000

September 22, 1982

2CAN@98203

Director of Nuclear Reactor Regulation

ATTN: Mr. Robert A. Clark, Chief
Operating Reactors Branch #3
Division of Licensing

U. S. Nuclear Regulatory Commission

washington, D. C. 20555

Subject: Arkansas Nuclear One - Unit 2
Docket No. 50-368
License No. NPF-6
Supporting Information for Technical
Specification Change Request

Gentlemen:

The enclosed information is to support our August 23, 1982 Technical
Specification Change Request (2CAN@882@8) regarding Surveillance
Requirement 4.8.2.5. This material consists of manufacturer's
recommendations for testing of the devices used at ANO-2 for containment
~enetration overcurrent protection. This material is being supplied at
the request of Mr. Jim Lazevnick of NRC's Power Systems Branch.

Guidelines for testing are being forwarded for Westinghouse and Gould
I-T-E molded case circuit breakers and for I-T-E air circuit breakers.
These are considered representative of the 480 volt and under circuit
breakers in service at ANO-2 for containment penetration overcurrent
protection and these recommendations will be used in developing our test

procedure.
Very truly yours,
John R. Marshall
Manager, Licensing

JRM/JK/rd
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Standard, SELTRONIC and
MARK 75 Circuit Breakers

General Circuit Breaker Information
AB DE-1ON molded case circuit breakers are
designed to provide circuit protection for
low voltage distribution systems. They are
described by NEMA as. ” a device for
closing and interrupting a circuit between
separable contacts under both normal and
abnormal conditions,” and further as,”

a breaker assembled as an integral unit1n a
supporting and enclosing housing of insulat-
ing material” The N £ C describes them as,
‘A device designed to open and close a cir-
cuit by non-automati= means, and to open the
circuit automatically on a predetermined
overload of current, without injury to itseif
when properly applied within its rating.”

So designed, AB DE-ION circuit breakers
protect conductors against overloads and
conductors and connected apparatus, such
as motors and motor starters, against short
circuns

All Westinahouse molded case circuit
breakers a-« suilt to meet the requirements of
NEMA Standard AB-1-1875

Circuit Breaker Components and Their
Functions

Being essentially a high interrupting capacity
switch with repetitive elements, AB DE-ION
circunt breakers are compnsed of three main
functional components. These are: trip
elements. operating mechanism and arc
extinguishers

Trip Elements

The function of the tnp element is to tnip the
operating mechamsm in the event of a pro
longed overload or short circuit current. To
accomphsh this, a thermal-magnetic tnip
achon s provided

Standard Breakers

Thermal tnip action 18 acheved through the
use of a bimetal heated by the load currert.
On a sustained overload. the bimetal wi
deflect, causing the operating mechausm to
tnp. Because bunetals are responsive to the
heat emitted by the current flow, they allow
a long time delay on hight overloads, yet they
have a tast response on heavier overioads

Magnetic tnp action 18 achieved through the
use of an electro magnet in senes with the
load current. This provides an instantaneous

tripping action when the current reaches a
predetermined value. Front adjustable mag-
netic tnp elements are supphed as standard
on 225 amp frame breaker and above (ex-
cept CA & DA) and on the 100 and 150 amp
maanetic only breakers, ali other thermal
magnetic breakers have non adjustable mag-
netic tnp elements.

SELTRONIC Breakers

Both the thermal type tnip action and the mag-
netic trip of SELTRONIC breakers are achieved
by the use of current transformers and solid
state circuitry that monitors the current and
iniiates tnpping through a flux transfer shunt
trip when an overload or short circuit 1s
present

All multiple pole circuit breakers have tnp
elements n each pole and a common trip
bar. An abnormal circuit condition in any
one pole will cause all poles to open simul-
taneously

Operating Mechanism

The function of the operating mechanism is
to 1 ovide a means cf opening and closing
the breaker contacts. All mechanisms are of
the quick-make, quick-break type and are
“trip free.” “Trp free” mechanisms are de-
signed so that the contacts cannot be held
closed against an abnormal citcuit condition
and are sometimes referred to as an “"over
center toggle mechamsm’'. In addition to
indicating whether the breaker 1s “on’” or
“off”", the aperating mechanism handle ind
cates when the breaker is “tnpped ' by moving
to a position midway between the extremes
This distinct tnip point 1s particularly advan-
tageous where breakers are yrouped, as in
panelboard apphcations, because it clearly
indicates the faulty corcunt

Arc Extinguishers
The function of the DE-ION arc extinguisher

15 to confine, divide and extinguish the arc
drawn between opening breaker contacts

It consists of specially shaped steel gnads
isolated from each other and supported by

an insulating housing. When the contacts are
opened, the arc drawn induces 3 magnenc
field 1n the grids, which in turn draws the arc
from the contacts and into the grids. The arc

is thus split into a seres of smaller arcs and the
heat generated 1s quickly dissipated through
the metal. These two actions result in 3 rapid
removal ‘ions from the arc, which hastens
dielectri. Juild-up between the contacts and
results in rapid extinction of the arc
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a maximum of 3000 amperes continuous and
600 volts Ac, 250 volts Dc. For a summary list
of ratings, voltages and interrupting capacities,
see s 'ection chart on page 4.

Circuit breakers are not horsepower
rated.

Unlike switches, circuit breakers are not horse-
power rated because they are able to safely
interrupt currents far in excess of the locked
rotor value for any motor with which they may
be apphed. This ability 1s recognized in the

N E.C. as stated in paragraph 430-109, and is
proven by the Underwriters’ tests described in
U/L Bulletin number 489, ""Standard for
Branch Circut and Service Circuit Breakers .

For example, a breaker must pass the U/L
overload test consisting of breaking a current
600% of its ampere ratings. As motor branch
circuit breaker ratings are usually 125% to
250% of motor full-load currents, this test
estabiishes the ability of the breaker to more
than interrupt locked rotor currents. Following
the overload test and others, the breaker s
called upon to successfully clear its rated shornt
circurt current which 1s a mimimum of 5000
amperes. This also 1s many times higher than
motor locked rotor current. Because by defini-
tion a circuit breaker is required to “open
under abnormal conditions . .without injury to
itselt”, the breaker must still be in operating
condition after the test.

Underwriters’ Laboratories Test
Requirements

Standard Tests
1. The tripping mechanism shall be enclosed
to prevent tampernng.

2. The mechanism shall tnip free of the handle
on overload.

3. All breakers shall be calibrated to carry
their continuous rating in an ambient tempera-
ture of 40°C.®

4. 200% calibration check
5. 135% calibration check.

6. Overload tests at 600% normal current at
rated voltage.

Up to 1600 Amperes: 50 operations
2000, 2500 Amperes: 25 operations
3000, 4000 Amperes: Three operations at
600% followed by 25 operations at 200%

7. Temperature rise check at 100% ted load
continuously without exceeding specified
temperature limits.

8 Endurance test:

Ampere Operations
Rating Full No Per
Load Load Minute
0- 100 6000 4000 6
101 225 4000 4000 5
226 - 600 1000 5000 4
601 800 500 3000 1
801 - 2500 500 2000 1
2501 - 4000 400 1100 1

9. After endurance test, the breaker must
again pass a calibration test at the 200% and
135% ratings.
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10. It must next pass short circuit tests at its
rated voltage at the value shown in the follow-
ing chart,

Breaker Rating Test Circuit For Three
Pole Breakers
Inch- Common Total
widual  Poles No. of
Poles Amps Tests
Volits Amps Amps
250 & Below 100 & Below 4330 S000 7
Above 250 100 & Below 8,660 10000 7
Any 101 - 800 8660 10000 7
Any 801 - 1200 12120 14000 7
Any 1201 - 1600 14000 20000 8
Any 1601 - 2000 14,000 25000 8
Any 2001 - 2500 20,000 30000 8
Any 2501 - 3000 26000 35000 8
Any 3001 - 4000 30000 45000 8

11. After the short circuit test, the breaker
must again pass a calibration test at 200% of
its rating.

12, Successful breakers passing all of the
above tests must then pass a dielectric with-
stand for one minute without breakdown. The
test consists of a 60 hertz potential of 1000
volts plus twice the rated voitage between line
and load terminals with the breaker open and
in the “tnpped” posttic n, between terminals of
opposite polarity with t1e breaker closed and
between live parts and the enclosure with the
breaker open and closed.

13 A sample lot of breakers, as defined by

U L., INC , must pass the above sequence of
tests without faillure to achieve the initial
standard U.L. isting. Once standard listing is
achieved then higher interrupting ratings may
be obtained by submitting sample lots of
breakers to additional interrupting tests con-
ducted for the particular rating desired. These
additional tests wili be conducted in accor-
dance with the following sequence

High Interrupting Capacity Tests
1. 200% Calibration Check.

2. Short circuit interruption. Two three-phase
tests, one “open’ followed by a “close-open”
at the desired rating.

3. 250% Calibration check.

4. Finally, a dielectnic withstand similiar to the
one described above must be passed. The
voltage for this test is twice rated but not less
than 900 voits.



AB DE-ION* Circuit Breaker Interrupting Ratings

Circuit Breaker Ratings . ~ FedSpec. U L Listed | upting C, i RMS Sy cal Amp
Type Cont No Volts QL3788 Ac Ranng Voits . A Dc Rating Voits(5)
Amp Poles Ac 120/240 240 mn 480 600 W28 280
Rating
Lighting Circuit Breakers
QC, HOP, BAB 10-70 1 120/240 14 10,000
15128 = 120,240 1a 10.000 I U e ey el - i
HOC, HONP. LA 15.50 2 240 W . .eeees 10,000 ) oy
15100 3 240 1 10,000 ! '
8A 1530 1 277 2a owd 10,000 s
QMP, QHC. HBA 15-30 1-2 120/240 @ 65,000 i i
» 16-20 3 240 ok _BROBY t.ad s Bze L cervwa | Swined
QPGF, QBGF 1530 1.2 120/240 ) 10,000 ¥ B ;
QPHGF, QBHGF 15-30 1 120,240 @ T O T e i e
QPH, QCH, QBKH 15-70 1 1207240 22,000 A e
15.100 2 120/240 o 22,000 o
} ~ 15-100 3 240 o 22,000 N .
ca 125.225 2.3 240 Q@ 18000 ° iirne  svmere | somssr | aisacs e :
CAH 125.226 23 240 22,000 —
DA 250400 23 240 o 22.000 10,000(4)
Industrial Circuit Breakers
EB Standard 15-100 1 120 2 10,000(1) : 5,000 s
3 15.100 2.3 240 2c 10.000 . . ) 5.000(2)
EMB Standard 15100 1 277 2a . 14,000 e 10,000 e
15100 2 480 2d 18,000 14,000 : 10,000
15.100 3 480 20 12 000 14,000 -
FB(3) Standard 15.150 2 600 20 18,000 13,000 14,000 10,000
: 15-150 - 600 2d ren 18,000 14,000 14000 ...... 2 bl
JB-KB Standard 70-250 2 600 1) 25.000 22,000 22,000 10,000
P ‘ 70-250 3 600 ib 25,000 22,000 22,000 Sy 21
LB LBB Standara 70.400 2 600 ab 42,000 30,600 22,000 10,000
; 20.400 kKl 600 ab 42000 . 30,000 22,000 v
LA Standard 250 600 2 600 an 42,000 30,000 22,000 10,000
v 250600 3 600 ab 42,000 30,000 22,000 he
LC Seivonic 75600 2.3 600 an 42,000 30,000 22,000 5
MC Seitronic ~ 400-800 23 600 5a 42.000 30,000 22,000
NC Seltronic 600-1200 2.3 600 Sa 42,000 30,000 22,000 oo
PC Seitronic 1000-3000 2.3 600 o) 128,000 100,000 100,000
PCC(6) Selrome  1000-3000 23 600 @ 125.000 100000 100,000
High Interrupting Capacity Circuit Breakers
HFB Mark 75 15.30 1 217 ® 63,000 ! 10,000 NN
40-100 1 m @ P~ 25,000 ‘ 10,000 T
15150 2 600 2 €5.000 ..... 25,000 18,000 Pt 10,000
7 15150 3 600 2 65,000 25,000 18,000 . .
HKB Mark 75 70-250 2 600 @ 65,000 25,000 22,000 10,000
_ 70250 3 600 e 65.000 25,000 22,000 il
HLE Mark 75 126 300 2 600 4c 65,000 35,000 25.000 10,000
125.400 3 600 4c 65,000 15000 25,000 } :
HLA Man 75 250-600 2 600 4c 65,000 35,000 25,000 10,000
250-600 3 600 dc 65,000 35,000 25.000 :
HLC Mark 76 76-600 23 600 ac 65,000 35.000 25,000 ‘e
HMC Mark 75 400-800 2 800 56 65,000 50,000 25.000
400800 3 600 sb 65,000 50,000 25,000
HNC Mark 75 6001200 2.3 600 5b 65.000 50,000 25,000 o
FB Tn Pac 16-100 2-3 600 2e 200,000 200,000 200,000 g ®
LA Tri Pac 70-400 23 600 3c/4a 200,000 200000  200.0M0 ®
N8 Tn Pac 300800 2-3 600 [ 200,000 200,000 2000 .
PB Th Pac 600.1600 3.3 600 ) 3 200,000 200000  200.000
@ 120 visit anly
@ 125280 Voms Oc only
@ Avalatie 0 4 pole wwesion
® 7 poe o
@ Hgrer NEMA satings svaiable
@ UL Lsted o 100Y satng
@ Mot astined i WL 375

@ 100.000 based cn NEMA o3t Grocedue



Application 'nformation

Selection of an AB breaker, with proper circunt
protective charactenstcs, involves considera-
tion of the following factors

1. Circunt Voltage

2. Cwrcunt Frequency

3. Continuous Current Rating

4. Unusual Operating Conditions
5. Available Short Circunt Current

The following discussion of these application
considerations i1s based on National Electric
Code and NEMA requirements

1. Circuit Voltage

Molded case circuit breakers are rated by
voltage class and should be apphed only to
system voltages within thewr rating,

Note: On all three phase Deita. grounded 8
phase applications, refer to Westinghouse

2. Circuit Frequency

Most standard molded case circuit breakers
up to 600 amps can be apphed to frequencies
from D¢ up to 120 hertz without derating. On
higher frequency applications, however, the
increased effect of eddy currents and iron
losses causes greater heating within the ther-
mal tnp elements necessitating that the break-
ers either be especially calit-ated for the spe-
cific frequenc: or be derated accordingly. The
amount of derating depends upon the frame
size and ampere rating as well as the current
frequency. In general, the higher the ampere
rating in a given frame size, the greater the
derating required

Some 600 amp breakers and all higher ratings
have a transformer-heated bimetal, and are
suitable for 60 hertz Ac maximum, with special
calibration avarlable for 50 hertz Ac minimum

In the smaller frames —Quicklags, BA, CA. EB.
EHB and FB - lugher trequencies require
more current 1o tnp the breakers magnetically
In the larger frames — JA and larger - mag-
netc tnp elements constructed with laminated
magnets have simidar tnp charactenstics at
frequencies of either 60 hertz or 400 hertz.

For specific derating information or information
regarding application to frequencies higher
than 400 cycles, consult factory. SELTRONIC
breakers are suitabie for 50,60 Henz Ac
circuits only.

3. Continuous Ampere Rating

Molded case circuit breakers are rated inrm s
amperes at a spectic ambient. This ampere
rating is the continuous current they will carry
in the ambient temperature for which they are
calibrated. Westinghouse thermal magnetic
breakers are calibrated for an ambient temper-

ature 40°C which is the average temperature
within an enclosure; thus, they minmimize the
need for derating. if the enclosure ambient 1s
known to exceed 40°C, the breaker used
should either be especially calibrated for that
ambient or be derated accordingly. {Refer to
item 4, Unusual Operating Conditions, for
specific information)

The selection of a specific ampere rating for a
qiven apphcation is dependent upon the type
of load and duty cycle, and 1s governed by the
National Electric Code. In general, the N EC.
requires overcurrent protection at the supply
and at points where wire sizes are reduced. It
further states that the conductors be protected
in accordance with their current carrying
capacity, but lists exceptions for applications
such as motor circuits where 3 larger rating 1s
often require e 1o overnde motor inrush
currents.

The following paragraphs outline pertinent
information from the N E.C_ according to the
type of loa 1 and duty cycle

A. Service

A service i icludes the conductors and
equipmen' for delivering electnical energy
from the su pply system to the winng system
of the pren ises served

N EC. Article 230-1 through 23098 contains
the many requirements for services of 600
volts or iess including the sizing, location and
aver-current protection of conductors, dis-
connect means, permissable number of dis-
connects, rating of disconnects, grounding of
conductors and ground fault protection
requirements of service equipment

B. Feeder Circuits

A feeder 1s composed of the conductors of a
wiring system between the service equipment
or the generator switchboard of an isolated
plant and the branch circuit over-current
device.

N.EC. Article 220-10 (b)  Where a feeder
supphes loads or any combination of con-
tinuous and noncontinuous load, neither the
ampere rating of the overcurrent device nor
the ampacity of the feeder conductors shall be
less than the noncontinuous load plus 125
percent of the continuous load

Exception: Where the assembly including the
overcurrent devices protecting the feeder(s)
are histed for operation at 100 percent of their
rating, neither the ampere rating of the over-
current device nor the ampacity of the feeder
conductors shall be iess than the sum of the
continuous load plus the noncontinuous load

Only breakers histed for 100% apphcation,
and so labeled, can be apphed under the
exception (for example, type PCC) Breakers
without 100% application hsting and label
are apphed under (b) above, or at 80% of
rating.
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N EC. Article 430-63. Breakers for feeders
having mixed loads, «.e. heating (lighting
and heat apphances) and motors, should
have ratings suitable for carrying the heating
loads plus the capacity required by the
motor loads

N.E.C. Article 430-62: Breakers tor motor
feeders shall have a rating not greater than
the sum of the highest breaker rating of any
of its branches and the full load currents of
all other motors served by the feeder.

C. Branch Circuits

A branch circuit 1s the portion of a wiring
system extend ng beyond the final over-
current device protecting the circunt

1. Lighting Circuits (INE C. Tables 310-16
through 18). These are protected in accor-
dance with the conductor ratings as given.
High wattage incandescent lamg loads may
result in abnormally high inrush currents that
must be taken into account to avoid nuisance
tmpping. The lamp manufacturer should be
consulted for data relative to the inrush
currents.

2. Motor Circunts (N.E.C. Article 430-51);
Breakers are primarily intended for the pro-
tection of conductors, motor control appara-
tus and motors against short circuits and
ground foult conditions.

On motor overloads, the motor overcurrent
device will open the circuit before the cor-
rectly apphed breaker. Currents higher than
the locked rotor value will be interrupted by
the breai.ers, protecting the circuit from these
heavy fault currents. The breaker must not
trip on normal motor starting.

While breakers may be applied for motor run-
ning overcurrent protection when the re-
quuements of Article 430 of the N.E.C. are
met, these applications are not recommended
for Type AB breakers and, therefore, this
discussion 1s confined to the use of a breaker
as 3 cucuit Hrotecton.

For many applications, particularly those
where the starting behavior if the motor s
unknown, the N E.C. maximum rules are
followed. Usually, lower rated breakers can
be used successfully. This is further discussed
under motor circuit application and motor
apphcation tables

Motor Circuit Application (N E.C. Article
430-110): The breaker must have a contin-
uous rating of not less than 115% of the
motor full load current. Before applying a
breaker, one should check to determine the
etfect of any of the following conditions
High ambient temperature, heating within
breaker enclosure due to grouping of current
consuming devices, frequent motor starting,
lengthy motor acceleration period
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E. Maritime

ABS, USCG, CG-259, and IEEE-45 require-
ments for maritime breakers are met by using
AB breakers similiar to standard except
calibrated for 50°C ambients.

5. Available Short Circuit Current

A standard, MARK 75 or TRI-PAC circuit
breaker should be applied oniy where ther
published interrupting capacity exceeds the
available short circuit current (including
motor contnibutions)at the point of applica-
tion. Since there are many considerations
nvolved in determining short circuit currents,
a special brochure ($B-8674, "How to
Calculate Fault Currents”) hus been prepared
to simplity this procedure (copies are avail-
able on request). It includes an explanation
of the factors and cucunt charactenstics used
to determine short-circuit values.

Current imiters in series with AB breakers it
the available short circuit current at the point
of application exceeds the published interrupt-
ing capacity of the breaker, current limiting
devices can be installed in the circuit in
senes with the breaker, however, before this
solution 1s chosen, full consideration should
be given to the use of TRI-PAC circunt break -
ers, or breakers with current imiter attach-
ment.

Table E on page 12 lists the recommended
current limiting fuse ratings 10 be used with
thermal magnetic breakers in such apphca-
tions,

TRI-PAC Breakers

General Information

The increase in demand for electrical power
in modern commercial and industnal build-
ngs has resuited in electricel services becom-
ing substantially larger. In some low voltage
distnibution systems, availlable short circust
currens can exceed 100,000 symmetncal rms
amperes. Fault currents of this intensity may
exceed the interrupting ratings of molded
case breakers. As a result, larger expensive
circuit interrupting devices which could with-
stand the thermal and magnetic stresses
associated with currents of this value have
had to be used. High interrupting capacity
current limiting devices have been developed
which will restrict short circuit current. |t
applied correctly, they may be used in con-
junction with the molded case circuit breakers
1o provide adequate and economical protec
tion.

Because of this fact, Westinghouse devel-
oped the TRI-PAC breaker, so named be-
cause it atfords TRIple- PACkage protection
with (1) time delay thermal tnp, (2) instan-
taneous magnetic tnp and (3) current imiting
protecuon, combined and coordinated in a
compact and economical device. These pro
tective actions are so coordinated that over-
currents and low magnitude faults are cleared
by the thermal action; normal shon circuits are

cleared by the magnetic action; and abnormal
short circuits, above an esbablished value, are
cleared by the current limiting device. Thus,
unless a severe short circuit occurs, the cur-
rent imiter 1s unaffected and its replacement
15 heid to a mmimum,

Tripped status of the breaker 1s shown by
the center handle “tnp” position. in addition
the cause of inpping is also indicated in the
following ways.

1. If after tnpping the breaker cannot be
reset immediately, thermal tnpping due to
an overload or a high resistance fault 1s

- indicated.

2. If the breaker can be immediately re-
set a “normal” fault current has been in-
terrupted by instantaneous magnetic action.

3 Ifthe TRI-PAC cannot be reset, then
fault current interruption by the current
limiter has taken place.

In the latter case, one or more new limiters
must be installed. Since these devices are

especially designed for use with TRI-PAC
breakers, they can be purchased only from
Westinghouse

TRI-PAC breakers are built to the same exact-
ing design standards and methods as used
with standard molded case breakers. They are
available in ratings from 15 through 1600
amperes. TRI-PAC breakers have a U/L listed
interrupting capacity of 200,000 amperes at
up to 600 volts Ac, and based on NEMA

test procedures, have an interrupting capacity
of 100,000 amps. at up to 250 volits D¢
Basically. the circuit breaker portion of the
TRI-PAC breaker is of the same design as a
standard molded case breaker of comparative
ampere rating, except to have specially de-
signed current limiters located within an added
housing separated from the sealed tnp unit

of the breaker for easy access,

An interlock is provided which insures the
opening of the breaker contacts before the
limiter housing can be removed. Each cur-
rent imiting device 18 constructed with a
spring loaded plunger which is ejected durir.g
the operation, imtiating simultaneous opening
of all poles of the breaker. Therefore, the pos-
sibility of single phasing is eliminated

The TRI-PAC breaker has many advantages
over other means of high current fauit pro-
tection. To mention a few, the TRI-PAC
breaker ..

1. Prowvides complete protection in one com
pact device

2. Prevants the use of improper fuses
3 Averts single phasing

4. Saves space
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5. Installed cost is generally lower.

6. Gives an indication of the magnitude of
the overcurrent

7. Is thoroughly tested.

Thus, in the TRI-PAC breaker all the advan-
tages of the economical molded case breaker
and the current limiter are retained, while the
disadvantages of separately mounted devices
are ehminated.

Selection Guide

TRI-PAC breakers are compact, only a little
larger than a standard molded case breaker
They can be applied as main breakers for
the protection of branch and feeder circuits
and connected apparatus. They are suitable
for use in switchboards, control centers,
panelboards, combination starnters, bus duct
plug-in devices and also as separately en-
closed TRI-PAC breakers, when the calcu-
lated tault current exceeds the interrupting
ratings of standard molded case breakers.

Since TRI-PAC breakers have thermal and
magnetic trips simiiar to standard molded
case breakers, they can be applied in much
the same manner. TRI-PAC continuous cur-
rent ratings are chosen in the same manner
as standard molded case breakers.

In general, it 1s recommended that standard
thermal magnetic breakers be considered
fully before selecting TRI-PAC breakers.
Attention should be given 10 the possibility
of using larger frame size standard moided
case breakers 1o obtain the required inter-
rupting capacity. When standard molded case
breakers or MARK 75 breakers do not have
adequate ratings to handle the calculated
fault currents, TRI-FAC breakers have many
salient features which should receive next
consideration.

The selection of TRI-PAC breakers should
be made carefully. They should be applied
in strict accordance with the general rules as
descrnbed in the paragraphs under “basic
apphication in distribution systems’” and in
accordance with the characteristic tnpping
curves.

Characteristic Trip Curves

TRI-PAC characteristic tripping curves in Ap-
piication Data 29-162 A WE A present a com-
plete picture of the breaker operation and point
out the coordination between the thermal,
magnetic, and current hmiting actions. Per-
centage current curves such as those used for
standard AB breakers are impractical in this
case and theretore TRI-PAC curves are direct
reading in amperes. Curves are presented
showing maximum and minimum trip char-
actenstic for each rating

The upper segment of each curve represents
the thermal (ume delay) tnpping of the breaker
as a result of an overload condition.



The abrupt break and vertical segment of the
curves represents the magnetic (instantaneous
tripping of the breaker because of shaort circunt
currents. The lower part of the TRI-PAC char-
actenstc curve represents the maximum in-
terrupting time: of short circuit currents which
exceed the magnitude of the magnetic tnp
setting. The point at which the current limiter
curve crosses the lower portion of the breaker
charactenstic curve is called the "'cross-over
point” and the magnitude of the short circunt
current at this point is called the ‘cross-over
current”. At values of current less than the
Cross-over current, the breaker will interrupt
the fault without operation of the current
limiter At values of current greater than
Cross-over current, the current lumiter and the
breaker will clear the fauit. The current imiters
are not senously affected by the breaker in
terrupting faults of lesser values than indicated
by the cross-over currents

Basic Application in Distribution
Systems

There are three basic applications for TR
PAC circunt breakers. Certain procedures
outhined in the foilowing paragraphs must
be followed in these applications to insure
safe, well coordinated, and soundly engi-
neered systems

(1)iIndividual TRI-PAC Breakers in
Distribution Systems

When a single TRi-PAC circuit breaker, in

its own enclosure, is used to protect elec-
tncal equipment it 1s applied in the same
manner as a standard molded case breaker
TRI-PAC can be connectad directly to any
low voltage distribution system where avail
able fault currents may reach values as high as
200,000 symmetrical rms amperes. It has been
proven by test that TRI-PAC will have ade-
Quate interrupting capacity

Figure 1

(M) Combinationof TRI-PAC Circuit
Breakers in Distribution Systems

If all the circuit breakers in the system are
TRI-PAC breakers. no apphcations problem
exists because all of the breakers are self -pro
tecting Current ratings are selected in the same
manner as standard molded case breakers
Figure 2

Type NB TRi-PAC

Main Cocut Breaker

yoe LA TRI-PA

Feeder Lirtut Bireaker

rCut Hregker

(1) TRI-PAC Main Breaker Feeding
Standard Mcided Case Breakers in
Distribution Systems

Whei: a TRI-PAC circuit breaker 1s used for
back up protection for standard molded case
cicuit breakers, see Figs. 3 and 4. They
should be apphed using the rules for pro
tection and coordination of connected ap-
paratus found with the Application Data

for the specific TRI-PAC breaker involved

Figure 3
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Figure 4

Type LAorNB TRI-PAC
Main Crcurt Breaker

Type JB KB, LBB LB
HLA ond HMA Standard
Feeder Circurt Breoker
Type FB TRI-PAC
Bronch Circurt Breaker

Quickiogs Type EB EHB,
FBend HFB Standarg
Circui? Breakers

Panelboards

TRI-PAC breakers may be used in panel
boards as branch and feeder circuit protec
tion devices or as main breakers. Rules as
outhined in paragraphs li and Il apply Fig-
ure 5 represents a paneiboard made up of
TRI-PAC breakers which presents no applhi
cation problem. However, f the panelboard
1s made up of standard molded case break-
ers with a TRI-PAC main, as shown in Figure
6. the applicaton should be made carefully
as outhned in the rules of paragraph 111

Consideration should also be given to the
matter of circuit continuity. For example in
figure 6, a high fault could trip the main
breaker interrupting power to all the circuits
When continuity of service is a prime re-
quirement, it 1s recommended that each cir-
cuit be protected by TRI-PAC breakers as
lustrated in Figure &

Segn st

! BrRgRers

Figure 6

TRI-PACNB
Frame Mair
Circunt Breoker

Stondara JB Frome
Branch Circurt
Bregkers Panel board

Switchboards or Substations

TRI-PAC breakers may be used in low voltage
switchboards or substations where available
currents do not exceed 200,000 symmetrnical
rms amperes. They may be connected directly
to the secondary bus or grouped behind main
low voltage circuit breakers. (Figures 7 and 8.)

Figure 7

Figure 8

Type PCor Low
Voitage Fower
Circunt Breguer

1
1

L TRI-PAC Feeger
T 4 Circunt Breaker

Control Centers

TRI-PAC breakers may be used in control
centers as protection for main bus. as a main
disconnect, and as branch protective devices.
However, due to the special problems en-
countered in control centers, it1s vecommend-
ed that the application be referred to the
control center manufacturer.

Bus Duct Distribution Systems

TRI-PAC breakers may be used in bus duct
systems as a main protective device for low
impedance and plug-in duct. They may also
be used in the plug-in units feeding specific
loads. Again, the previous rules as outhined in
paragraphs Il and Il apply.

Protection of Connected
Apparatus

Although greatly restraining the magnitude
of fault currents, the current limiters must
necessarnly allow some current to pass for a
short period of time in order to cause it to
function. Figure 9 illustrates the operating
charactenstic of the current limiter used with
TRI-PAC breaker.
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la: Available Peak Current

Tm: Meiting Time

Im: Current at Meiting Time

Ip:  Peak Let-thru Current

Ta. Arwcing Time

Te: Total Interrupting (clearing) Time

Operating Data

Tables have been prepared from actual test
data of bolted faults on the load side of TRI-
PAC breakers. These tables are found with the
spectfic TRI-PAC involved. Installations made
on basis of these tables allow a margin of
safety because any other additional apparatus
inserted into the distribution system furthe:
limits the short circuit current.

It can be seen from the tables that with a
TRI-PAC breaker in the system, fault currents
are imited before reaching possible peak
currents. This action reduces the let-through
currents and thus reduces substantally the
thermal and magnetic stresses.

Under short circuit conditions any failure of
apparatus will be due to excessive magnenc
or thermal stresses. Magnetic stress is pro-
portional to the product of the peak currents
in two adjacent conductors, Thermal stress

is proportional to the square of the rms let-
through current multipiied by time (12t.) When
the thermal and magnetic capabilities of the
connected apparatus are known, then the data
in the above mentioned tables can be used

in designing complete systems

Application Data
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Table A: AB Breaker Ratings for Motor Branch Circuits

Motor Type and Method of Starting Maximum Ratingd in
% of Full Load Current
Thermal Magnetc
Magnetic Only
Breakers Breakers
(Time Lir it (instanta-
Type) necus Type)
For Motors Marked With a Code Letter
All Ac single-phase and polyphase squirtel-cage and synchronous motors with
full voltage, resistor, or reactor starting
Code letter A q
Code lotters B 10 E 160 700
200 700
Code lotters F to V 250 700
All Ac squirrel cage and synchronous motors with autotransformer starting
Code letter A = 1 7
Code letters B 10 € . 50 00
c FioV 200 700
ode letters F 1o 200 700
For Motors Not Marked With a Code Letter
Single-phase, all types — 250 700
Squirrel - cage and synchronous motors (full voltage. resistor and reactor starting) 250 700
Squirtrel -cage and synchronous motors (autotranstormer starung) 200 700
High reactance squirtel cage
not more than 30 amperes 250 700
more than 30 amperes 200 700
Wound-retor 150 700
Duwect-current
not more than 50 HP 150 250
more than 50 HP 150 175
@ Exception Where the avercutrent protection soached in (ables 5 not sulfticent for starting current o Molo
a The rating of setung of a teme Lot crcut reaker may be increased Dyt shall (in NG case exceed (1) S00% of the
full ioad curtents of 100 ps of fess and (2) 300% tor full load currents greater than 100 amps
b The setting ol an INYTantanecus tnp cirowit breaker (without ime delay) may be increased aver 700 per cent but
shall in no case exceed 1 300 per cent of the moter fu #d current
Table B: Motor Terminal Amperes At Full Load?
Average Values For All Speeds and Frequencies
HP Singte Phase Polyphase Ac (Induction Type) Girect-
Ac Squirrel-Cage and Wound -Rotor Current
316 230®% | 115 Vois 230 Volts®) 460 Volts 675 Volits 120 240
Volts  Volts 3-Ph 2-Ph@ 3-Ph 2-Ph@ 3.Ph 2.Ph@ 3-Ph 2.Ph@® Voits Volts
4-Wire 4-Wire 4 Wire 4 -Wire
* 44 22 . "
% 68 29 31 16
% 72 36 A . 41 20
% S8 49 B 4 2 2 1 1 8 8 54 27
% 138 69 56 48 28 24 14 12 1 1 76 38
1 16 8 72 64 36 22 18 16 14 13 95 47
1% 20 10 04 20 52 45 26 23 21 18 132 66
2 24 12 6 18 68 59 34 3 27 24 17 85
3 s 17 : 96 83 48 42 39 33 25 122
5 56 28 152 132 76 56 61 53 40 20
% BG 40 22 19 1" 9 9 8 58 29
10 100 50 28 24 14 12 1 10 76 38
16 a2 36 Fal 18 17 14 55
20 54 47 27 23 22 19 72
2 68 59 34 29 27 24 89
30 a 80 69 40 35 2 28 106
40 104 90 82 45 ) 36 140
50 130 113 65 56 2 45 173
60 154 133 ” 67 62 53 206
7% 192 166 96 83 7 66 255

3 These values of full load current are for motors renming at speeds usual for belted motors and motors with normal
torgue characteristics Motors budlt tor espesially low speeds or high -torques may require more running current in

which case the nameplate current rating shouid be used

@ Cunent in common vonductor of 2 -phase, 3. wure systems wiil be 1 .41 times value given

%, For fuil load currents of 208 and 200-volt motors, increase the comesponding 23
and 15% respectively

0-volt motor full ioad cument by 10




Motor Application for Front-Adjustable Magnetic Only Circuit Breaker

Table C: Standard Breakers

3000
4000
K

0

6000




Motor Application for Front-Adjustable Magnetic Only Breakers,
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Table C-1: SELTRONIC Breakers (M._gnetic-only)
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Table D: Derating Chart for Non-Compensated Thermal Magnetic o’

Breakers Calibrated for 40°C L
Breaker Ampere Rating At Breaker Ampere Rating At !
m zs'rc 50" C : 60" C m 25°C 50° C 60° C $
F . 140° 7 F E .
2t 40" C (77" F) (\22°F) (140° F) ot 40° C ( } (122° F) (140" F) 3
Type EB Type LA 600 Amp Frame
15 17 13 1 250 275 235 220
20 22 18 16 300 330 276 252
25 28 23 21 350 385 326 301
30 33 28 26 400 440 2 340
35 a9 30 25 500 550 468 435
40 ;; 37 3; 600 660 564 525
48 4
:3 66 56 52 Type MA
70 77 65 60 125 138 116 103
90 99 B4 78 150 165 139 128
100 110 94 87 175 192 163 151
200 220 186 170
Type EHB 225 247 210 195
15 17 13 1 250 275 232 213
20 22 18 16 300 332 277 252
25 28 23 21 350 388 322 292
30 33 28 26 400 444 3€8 334
35 39 30 25 450 495 a8 383
40 44 a7 34 500 §50 468 435
50 55 45 42 600 660 564 525
60 66 56 52 700 770 658 813
70 77 65 60 800 880 764 704
90 99 &4 7
100 110 94 87 Type NB
700 770 658 613
Type FB 800 880 754 704
16 17 13 K] 900 990 828 749
20 22 18 16 1000 1100 900 825
25 28 23 2 1200 1320 1090 1000
30 33 28 26
35 39 30 25 Type P8
40 44 37 34 600 660 540 a4
50 55 a6 42 700 770 630 554
60 66 56 62 800 880 728 632
70 77 65 60 900 990 820 720
80 99 £4 78 1000 1100 920 800
100 110 94 87 1100 1210 1010 891
125 137 1186 105 1200 1320 1115 972
160 165 138 125 1400 1540 1304 1148
1700 1760 1500 1320
Type CA 1800 1980 1690 1485
125 137 114 100 2000 2200 1880 1650
150 165 136 120 2500 2750 2350 2060
175 192 159 140 3000 3300 2820 2470
200 220 182 160
i 2 = " SELTRONIC Breakers
Type JB. KB _____ SELTRONIC breakers are insensitive to
70 9 63 55 changes in ambient temperature. However
1£ :?: :; ;’; they include circuitry to protect the compo-
12% 140 114 102 nents from abnormally high temperatures.
150 17 134 116
175 200 156 134
200 230 178 153
225 262 208 183
250 281 P e 201
Type DA
260 275 235 220
300 330 278 252
350 385 325 301
400 440 372 340
Type LBB, LB
70 a5 63 3
90 107 82 73
100 121 90 79
125 145 116 108
150 188 132 "
178 210 159 141
200 243 180 157
225 2585 212 198
260 294 230 208
300 64 270 236
350 @2 32 291

400 an 368 333
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Table E: Current Limiting Fuse Ratings (See page 14 for "How to Use Table £7)

In senes with standard and MARK 75® thermal magnetic circuit breakers.

Circun Current Lirnting Fuse Rmn_o, Amperes
Breaker Min Max Max
Ampere Fuse Fuse Fuse
Raung Load Line
Side Side
Quicklag P. B, C and Type BA Breakers |
15 50 i 200
20 50 : 200
30 100 200
40 100 200
50 100 200
10 150 250
90 150 250
100 150 250
E8B Breakers
18 70 200 250
20 100 200 250
30 100 200 250
40 100 200 250
50 100 200 250
70 200 200 300
%0 200 200 300
100 200 200 300
EHB Breakers
15 70 200 300
20 70 200 300
30 100 200 300
40 100 200 300
50 100 200 300
70 200 200 600
20 200 200 600
100 200 200 600
FB. HFB Breakers
15 70 200 300
20 70 200 300
30 100 200 300
40 100 200 300
50 100 200 300
70 200 200 600
80 200 2 600
100 200 200 600
128 200 200 600
150 2 200 600
CA. CAM Breakers
25 400 600 600
150 400 600 600
178 400 600 600
200 600 600 600
225 600 600 600
pA Breakers
250 600 800 1000
300 600 80O 1000
350 600 800 1000
400 600 800 1000
O Ano sepies 10 MARK 75 Tupes MP MG and MBA

z JE KB HKB gniy

Application Data
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Curcunt Current Limiting Fuse Rating, Amperes Circun Current Limiting Fuse Ru_mg Amp«n_
""“: Min Min Max Max :’““' :ﬂm Min :‘u Max
Amper Fuse Fuse Fuse Fuse mpere use Fuse use Fuse
Rating Inst Inst Load Line Rating Inst inst. Load Line
Top Trp Side Side Tnp Tnp Side Side
Lo Hi Lo Hi
JA KA HKA JB KB HKB. Breakers LC. HLC SELTRUNIC Breakers
70 200 400 600 600 7% 150 300 1200 1200
90 200 400 600 600 90 250 600 1200 1200
100 300 400 600 600 100 250 600 1200 1200
125 300 400 600 800 125 300 600 1200 1200
150 300 400 600 800 150 300 600 1200 1200
178 300 400 800 800 175 600 800 1200 1200
200 400 600 800 800 200 600 80O 1200 1200
228 400 600 800 800 22% 600 800 1200 1200
250 400 600 800 800 250 600 800 1200 1200
300 600 800 1200 1200
LAB. LA HLA LB LBB. HLB Breakers
70 200 400 600 600 350 800 1000 1200 1200
%0 200 400 600 600 400 800 1000 1200 1200
100 300 400 600 600 500 800 1200 1200 1200
128 300 400 600 800 600 800 1200 1200 1200
.
" i "o . 80 MC. HMC SELTRONIC Breakers
SRR SR SF B AR
200 400 600 800 1000
225 ano 600 800 1000 600 1000 1200 1600 1600
2560 400 600 800 1000 700 1200 1600 1600 1600
300 400 600 800 1000
800 1200 1600 1600 1600
- s % % 1900 NC.HNC SELTRONIC Breakers
500 800 800 1000 1000 600 1200 1600 1600 1600
600 800 800 1000 1000 700 1200 1600 1600 1600
MA HMA Breakers 800 1200 1600 1600 1600
125 300 400 600 800 900 1200 1600 1600 1600
150 300 400 800 800 1000 1400 1600 1600 1600
1200 1600 1600 1600 1600
L — o %99 1h0  PC.PCC SELTRONIC Breakers
225 200 600 800 1000 1000 1400 1800 3000 3000
250 400 600 800 1000 1200 1600 2000 3000 3000
300 200 600 800 1000 1400 1800 2500 3000 3000
1600 1800 3000 3000 3000
RoR R ommolm 2o B
500 %00 800 1000 1200 2000 2000 3000 3000 3000
600 800 800 1000 1200 2500 2500 3000 3000 3000
700 1000 1000 1000 1200 3000 3000 3000 3000 3000
800 1000 1000 1000 1200
NB HNB Breakers
700 1000 1200 1600 1600
BOO 1000 1200 1600 1600
900 1200 1400 1600 1600
1000 1200 1400 1600 1600
1200 1400 1600 1600 1600
PB Breakers
600 1000 1200 3000 3000
700 1000 1200 3000 3000
800 1000 1200 3000 3000
900 1200 1400 3000 3000
1000 1200 1400 3000 3000
1200 1400 1600 3000 3000
1400 1600 1800 3000 3000
1600 1800 2 3000 2000
1800 2000 2500 3000 3000
2000 2500 3000 3000 3000
2500 3000 3000 3000 3000
3000 3000 3000 3000 3000




How to Use Table E (Page 13)
Table E is based on the following type fuses

240 volts: Class K1
600 Volts. Class J, K1 or L

The ratings listed are for applications up to
200.000 amps sym. available fauits.

When applying 480 or 600 volt breakers on
240 volt (or less) circuits, the maximum line
side fuse rating may be increased as follows.

Breaker Rated Increase Using
480 or 600 <00 Voit 250 Valt
Volts Ac Fuses Fuses
EHB, FB 20% 25%
JA KA, JB. KB 20% 50%

LA, LAB, LB, LBB, LC 20% 50%
MA, iiC 20% 50%
NB, NC 20% 50%

PB, PC. PCC 20% 25%

Minimum Current Limiting Fuse Rating
The columns headed “Min. Fuse” show the
minimum fuse rating whose characteristic
curve will not cross the thermal portion of the
breaker charactenstic curve. Thus, the fuse will
not blow unless the short circuit current ex-
ceeds the instantaneous trip setting of the
circuit breaker

The magnetic trip setting of the Quicklags,
Types CA, DA, EB, EHB, and FB thermal mag-
netic circuit breakers s non-adjustable. The
Instantaneous tnp settings of the types JA, KA,
HKA, JB, KB. HKB, LA, LAB, HLA. LB, LBB,
HLB, MA, HMA MC, HMC. NB. HNB. NC.
HNC, PB, PC, and PCC, are adjustable so that
two columns, headed “Min. Fuse Inst. Trip
LO" and "Min. Fuse Inst. Tap HI™ are provided
to show the minimum fuse ratings at the low
and high position of the magnetic trip setting.
Other fuse ratings may be used between those
shown for the LO =nd HI positions of the
adjustable instantaneous trp, provided the
magnetic trip adjustment is correctly set

Maximum Current Limiting Fuse

Rating on Load Side of Breakers

The columns headed “Max. Fuse Load Side”
show the maximum fuse rating which may be
used on the load side of the breaker. it should
be noted that the ratings given are less than
the ratings which may be used on the line side
The lower ratings are used because of the arc
voltage created by the fuses during interrup-
tion. These voitages will be impressed across
the poles of a 2 or 3 pole breaker when the
fuses are applied on the load side. At the same
time, jonized gases are generated. If fuses of
higher rating than those shown in the table are
used on the load side. the arc voltage and the
1onized gases mey cause flash-over between
the poles of the breaker. This condition is not
present it the fuses are used on the line side

Maximum Current Limiting Fuse

Rating on Line Side of Breaker

The columns headed “Max. Fuse Line Side”
show the maximum fuse rating for each circuit
breaker ampere rating which may be used in
senes with, and on the line side of the breaker
These are the maximum fuse ratings which will
limit the short circuit current to within the
capacity of the break _r and also protect the
thermal elements. Wh-  these ratings are used,
the fuses will not blow unless the short circuit
approaches the maximum Interrupting rating
of the breaker. Applied in this manncr,
nuisance fuse blowing is minimized.

General Application Rules

1. In an application involving several differ-
ent frame sizes or ampere ratings of circuit
breakers, the maximum fuse rating 1s that one
which will protect the smaliest breaker in the
system. The minimum fuse rating should be no
less than the minimum rating shown for the
largest breaker in the system

2. if the apphication in question will not con-
form to the above requirement. the application
s not in accordance with sound engineenng
practice.

Current Limiter Selectivity Limiter

Within an electrical distribution system, it s

economically advantageous to provide £8 Cument Limiters

17t x 10% (

selectivity whenever possible. Selectivity LFB3070R 35
definies the interrelated performance of pro- LFB3150R 7
tective devices. The following is a tabulation t::g%gz: ggz
of information necessary to apply Tri-Pac LFB3010MR 006
breakers and MCP’s or FB breakers, with LFB3025MR 03
current limiter attachments in various arrange-  LFB3030MR 03
ments, 1o provide coordination of imiters t:g;g?gx: ;:
such that senous damage will not occur to LFB3100MR 415
the upstream limiter should the downstream LFB3150MR 7
limiter melt, regardless of the fault current
within the maximum rating of the devices. MCP Current Limuters
This does not im, ly that there will be any &32‘3‘,‘2 5’8}
selectivity between tripping of the breakers EL3015R 02
involved but applies only to the current limit-  EL3030R 03
ers as follows. EL3050R 15
EL3100R 415
Tri-Pac's used with Tri-Pac’s -~ '
Tri-Pac’s used with breaker and current limt- T4 Pan Cusinht Linsters
er attachment b
Breaker and limiter attachment used with 100FBPOE 40
breaker and limiter attachment. 200LAPO8 1.30
400LAP10 4.0
S00LAPS 50
This is based on the 12t values of the limiters.  soonsP12 80
To insure selectivity, 12t value of the upstream aoona::oz ;gg
1000PBPR20
limiter must be at least three times that of the 1600PBPR30 380

downstream limiter. Example: EL3030R wiil
coordinate with 200LAPOS.

-~
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Table F: Allowable Ampacities of Insulated
Copper Conductors??

Not more than three conductors in raceway or cabie or direct burial
(Based on ambient temperature of 30°C. 86°F )@

Application Data
29-160
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Table G: Allowable Ampacities of Insulated
Aluminum and Copper-Clad Aluminum Conductors?®

Not more than three conductors in raceway or cable or direct bunal
(Based on ambient temperature of 30°C 86°F. )@

Wire hmwmn Aating of Conductor (See Table F.1) Wire Temperature Rating of Conductor (See Tabie 1)
Size 75°C | B85 cl 90 110°C | 126°C | 200°C | 250°C  Swue 60°C 75°C | 85C 90°C 110°C | 126°C | 200°C
Nég‘ uo r 167°F | 185°F | 194°F 230°F | 257°F | 392°F | 432°F :‘Vég 140°F l 167°F | 185°F 194°F 230°F | 267°F | 302°F
- Types | Types | Types| Types Types | Types Tvou Type Types Types Types Types Types T/pes Types
RUW | AW v, TA TOS| AVA. | Al TFE AUW RH, V. TA, TBS, | AVA, Al A
(14.2)| RHW | M1 SA AVE,| AVL (14.8), na 8). | Nickel (12.2). | "HW M SA, AVB, | AVL (12:8), | (12 8),
T.TW. | RUH SIS, FEP, AlA AA, or T.TW. | RUM SIS AlA AA
UF (14-2) FEPB. FEP® | nickel uf (12.2), AMM,
THW AMM, FEPB® | coated THW, THHN,
THWN THHN, copper THWN, AXMHHWD
XHHW XHHWD only XHHW,
USE USE
16 2 12 15 15 25 5% 25 30 30
16 22 22 10 25 25 10 308 15 40 45
14 15 15 25 %@ 30 30 30 a0 " 30 40 40 40 a5 50 55
12 20 20 30 N )] a5 40 40 55 6 4 50 55 55 60 65 7%
10 30 30 40 0@ 45 50 55 75 — - — -ttt ——
8 40 45 50 50 60 65 70 95 4 o 65 70 70 BO 90 95
— e 3 65 78 80 80 95 100 116
6 95 65 70 70 80 85 ¥3 120 2 7% 90 95 95 105 16 130
a 70 85 90 90 108 115 120 145 1 as 100 10 110 125 135 150
3 80 100 106 | 105 120 130 145 170 —_—f—— e e IET U SIS PRSI A SS——
2 95 115 120 | 120 138 145 165 195 170 | 100 120 128 128 150 160 180
1 | 110 130 140 | 140 160 170 190 220 2/0 | 118 135 145 145 “28 180 2
S — —_—— — e 30 | 130 156 165 165 195 210 226
10 | 128 150 1568 155 190 200 22% 250 4,0 1556 180 185 185 215 245 <10
2/0 | 145 175 185 185 1% 230 250 280 —_—t | — —_— e
30 | 185 200 210 210 245 265 285 NS 260 170 205 2 15 215 250 270
4/0 | 195 230 235 235 278 o 140 370 300 180 230 240 240 275 305
SO R —_—— ——— 360 | 210 250 260 260 310 335
250 | 215 255 270 270 315 135 400 225 270 290 290 335 360
300 | 240 285 300 300 345 380 500 260 310 330 330 380 405
Is0 | 260 310 325 325 390 420 —_—— e e o ] o
400 | 280 335 360 | 360 420 450 600 | 285 340 ivo 370 425 440
500 | 320 380 405 | 405 470 500 700 | 310 375 395 39% 455 485
AR DU — el 760 | 320 385 405 405 470 500
600 | 355 420 455 455 25 545 800 330 395 a9s 415 485 520
700 | 38% 460 490 | 490 660 600 900 | 385 425 455 455
750 | 400 475 500 500 580 620 1000 ars 445 480 480 560 600
800 | 410 490 515 515 600 640 — - —— - — -
900 | 435 520 558 555 1250 405 485 530 530
R S - — —— 1500 | 435 520 580 580 650
1000 | 456 545 585 585 680 730 1750 455 545 615 615
1250 | 495 590 645 645 : 2000 a7 560 650 650 708
1500 | 520 625 700 | 700 188
1750 | 545 650 73% 745 :
2000 | 560 |66s | 778 | 7795 | 840 Caution "
Molded case circuit breakers are listed with UL, Inc. using 60°C rated
. : f .
Table F-1: Correction Factors - Ambient Temps. R T Ar JEN S SN P MRS R, PO
Over 30 c ” F all higher ratings. The use 7 smaller conductor with a higher tempera-
: - - ture insulation rating will cause the breaker to operate hot and result
75°C 85C 110°C | 125 250°C . '
| “0, 16rF | 108°F | .5 l s | ore I -t r Ger ' Premature tripping and/or damage to the breaker,
40 104! 82 88 90 91 94 95
45 113 N 82 85 87 .80 a2
50 122 58 7% 80 82 87 H9
66 131 41 67 74 76 83 86
60 140 58 67 n 79 83 91 a5
70 158 35 82 58 n 7% 87 91
5 167 43 50 66 72 86 89
80 176 30 a4 61 69 8 87
90 194 . 50 61 80 83
100 212 51 77 80
120 248 69 72
140 284 59 59
160 320 . 54
180 356 50
200 392 | 43
228 ax? g o 30

(@ For ambient temperastures over 30°C, see Table F-1, Comection Factors
2 For dry locatrons only See Table 31012 ot NEC
3 These ampacities relate only 10 conductors described i Table 310-13
4 Ampacitios tor Types FEP FEPB. RHH, THHN and XHHW conductors for sizes
14,12 and 10 shall be the same as designated for 75°C conductors in this table
5 Ampacities tor Types RMH. THHN and XHNW conductors for sizes 12 and 10

shall be the same as dessignated for 75°C conducte

& Specia. use only See Table 310-13

i thus table

D Taken from N.E.C. Table 310-16 For mnformation on aluminum conductors, refer
to Table G
@ Taken trom N E C Table 310-18 Forinformation on copper conductors. see Table F



Field Testing of

Molded Case Circuit Breakers
Table




Molded Case Breakers for
Application on Resistance
Welding Circuits

Short circuit protection for resistance welding
devices can be obtained by properly applying
irstantaneous trip molded case circuit break -
ers. These breakers permit normally high
welding currents, but tnp instantaneously 't a
short circuit develops.

These breakers include standard molded case
circuit breaker features such as trip-free
operation, dead front and single phase pro-
tection. Because the breakers are resettable
after tnpping, replacement costs and down-
time are minimized.

The proper breaker can be selected by using
the curve on page 19, and the instantaneous
Trig Range tables at right using the “"dunng-
weld” amperes and % duty cycle.

Duty cycle s based on the one minute
averaging time of the breaker, and can be
determined as follows:

Weld Time x 100
Weld Time + Off Time

% Duty Cycle =

“During-weld” amperes can be obtained
from the welder manufacturer, or as follows:

During-weld Amperes =
Durning weld KVA x 1000

- Voitage

Interrupting capacity of the breaker should
be within the maximum available at the
point of application

For additional information on complete
breakers listed in the tables, refer as
follows:

Prices: Price List 29-020 P WE A
Ordering Information, etc

Tech. Data 29-120 T WE A
Dimensions: Dimension Sheat 29-170
Apphication. Application Data 29-160

Application Data

29160
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% 100 A Frame 150 A Frame 225 A Frame | 250 A Frame
Outy Weld inst Weid inst Weld inst Weld inst
Cycle Current Cabb Current Cality Current Calib Current | Canhb
Amps Amps Amps Amps Amps Amps Amps Amps
PP A A
1 1000 ‘ 1500 § 2250 1 A 2500 1
2 707 060 |8 1592 § s (187 |8 ,
3 577 @ 268 i~ 1300 e 1443 Yoo
" 500 @ 750 Boa 1125 g== 1250 | g= 3
5 447 - €71 g 3 1007 8 < 118 §<¢'
6 408 28 612 v § 919 '-'§ 1020 | ==
7 378 . o 568 3 851 v & us |y 3
8 353 g 530 o 4| 18 2 883 3
9 333 2 4| s00 = 750 & a | 833
10 36 474 711 - 790 2
15 258 v 387 604 v 645 = &
20 228 v 336 ' 505 560 v
25 200 300 + 450 500
30 183 275 412 458
3 168 252 g 378 < | 420 l
40 158 o | 237 : 356 = 295 <
45 149 “ | 228 ] 336 @ | a7 .
50 141 8| 212 318 » 153 -
55 135 = | 203 g | 304 g | 1
60 129 g | 194 290 2 | 3 g
65 124 = | 186 2 | 278 s | 310 g
70 120 180 270 § 300
75 116 174 261 290 §
80 112 165 252 280
85 109 164 | 246 272
90 105 158 236 263
95 103 156 ‘ 232 257 ¢
100 100 v 160 v 228 v 250
~ 400 A Frame 600 A Frame | 80O A Frame 1 1200 A Frame
Duty Weld inst Weld Inst Wela Inst Weld inst
Cycte Cyrrent Calib Current Catib Current Caiib Current | Calib
Amps Amps Amps Amps Amps Amps Amips Amps
A kY A B
1 4000 g & 6000 i m § . 13% | .
2 2828 § 4250 < 5 1
3 2310 g 3450 - P 4620 S8 6900 g2¢
4 2000 =4 3000 g5 9 4000 Ta b 6000 g
5 1790 gq‘ - 2785 88 ¢ 1580 §: g £570 -
6 1635 [ 2450 Lo - 3270 & 4900 -
9 1512 v § 2270 8.2 3024 ve < 4540 §§
8 1412 : 2120 953 2824 = 4240 ~
4 1332 g 2000 s 2684 4000 o
10 1264 & 1896 § A | 2528 3762 g
15 1032 v 1550 3| 2064 . A 3100
2 896 T 1345 3 1792 g 2690 v
26 800 1200 [ | 1600 2400
30 731 1100 i | 1482 v 2200 §
35 672 1010 [ | 1344 | 2020
40 632 950 & | 1284 < | 1900 3
45 586 @ | 895 = | 1192 2 | 1790 2
50 564 | 846 < | 1128 < | 1692 -
65 540 | 811 = | 1080 s 1622 ®
60 516 775 § 1032 1550 z
s 496 g 745 & 9492 § 1490
70 480 - 720 2 960 & | 1440
7% 264 S | 69 4 978 § 1392 :
£0 a4 = | en < | 896 3 | 1344 g
85 436 | | ess 1 872 1310 =
90 420 | 631 84 ' 1262 i
95 an ' 618 822 | 1236 !
100 400 v | ®00 v | 800 v | 1200 ¥
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Molded Case Breakers for Application on
Resistance Welding Circuits, Continued




Application Data
29160
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% Duty Cycle Vs. During-Weld Amperes
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Westinghouse Electric Corporation
Low Voltage Breaker Division

29160 AWE A
Appiication Data

Beaver, Pennsylvamia 15009
Page 39

We  rim/E

—&

Standard Types JA, KA and MARK 75®
Type HKA

70-225 Amperes, 600 Volts Ac, 250 V
Mailed to. E, D, C/1901,.1928/08 2 and 3 Poles

September 1976

AB DE-ION’
Circuit Breakers

Supersedes Apphication Data

29-160 all previous iIssues its D¢

Construction magnenc tnp settings may be adjusted be
These breakers have all the standard AB tween established himits to take care of cir
breaker features. Two and three pole breakers cunt surge onditions Top units are on
are ipphed in one frame size; the currem nterchange bile 1 JA breakers, and inter
carnyir irts being omitted from the center changeable on Type KA and HKA
pole t ) pole breakers In addition, the
MARK 75 Type HKA molded case 1s a higher Magnetic Trip Setting and Range?
strength gl ss polyester matenal with greater Ampere Rating
resistance to tracking. Type JA breakers have 13t :
f nterchangeable tnp units Types KA b 1 g g >

w 3 1 ¢ 75 375 1

and HKA have interchangeable trig

wre breakers with adjustable magnetic

Federal Specification W-C-375b That

1 ' 1
3¢ ] ( on page 2\ nt nly, for apphcations where
it protection only 18 required. M
Terminals
ing e the same as tr @ hsted
Two terminals required per pole. Termina for thermal-maanetic breakers, but the
ire Underwnters Laboratones, In hsted for :
tnUoUSs current ratings in ail ca e 27
. wire type and rangs ted below en used
: ! ampere
" v with aluminum conductors, use joint
- < A . i -
e L T mj i Ambient Compensating Breakers?
P therma! and magnetic trip elements
Tern yl arrang ent permits ready use of T il comnensating t arry |
yther rcult connect ] Med h as rear hile meeting L tnp re
nnecting stud panelt ired connector ind a 5C ypphed wi ¥
plug-in adaptor kit y wide range of ambients is experienced

Continuous Ampere Ratings
Inderwriters” Laboratores, Inc. Listed M ax a Wire RHange, Type Saf-T-Vue Breakers (JA, KA Only)3

70 . | 125 15() 17¢ )N » 1 B » Nu o A f bile \
( ) 00 125 15( ), 2 24 " v v Saf-T-Vue breakers are simrdar to standard
pt that they have a transparent

Interrupting Ratings, Amperes Standard Pressure Terminals (Copper On'y

vindow located
Inc. Listed 225LA 1 $6-350 MCM

' : ywer the breaker contacts
Underwniters” Laboratories : . )
- 12 breakers are commonly use

Optional Al Cu Pressure Terminals
p v .1

steel n ( < e 9 § n
Types JA and KA 27 A 1 86.350 MCM s steel mill apy stions whi sight of «
U ts Ac: 30000 Asynr 25 0 Sy 1 84 350 MCM A tact required. Can be o 4 Wl <t d
1 8( 15 A 5 0O A ¥4 ) ¢ wd ratings
,‘ gy 7 Operation
t \ ’E W A r 4 ( )Y 2 3 - x .
‘ 1 When the breaks ' ICTS are open the Molded r.-l.‘vl‘lel(ih('S(JA KA Only)
) 15 0 ( 4.
handle n either the mid or OFF posnt (Non-Auto Interrupters)
Mark 75 Type HKA It in the rmd-§ ! the breaker has bee Breakers with non-automatic details {latct
| 15 A £ W) A n 6¢ n tnpped automatically Tk itch must be reset bracket and bridaging stra can be stalled
4 ts Ac: 4 \ by ng tt perating ¢ fle to the extreme  where a heavy-duty, high-capacity dis
§ ' \ " ) OFF ¢ ton before attempting to restore connect switch without over S e
' D v ( tact v 1 ed, atter et tect required. Ace ‘ ch as
( y
tnag the " } ving the handle to the shunt trip, under tage release, ot ch
Application ON ¢ t JA breaks f be r inted ir be field inted f jed case switches a
T e break ) f i1 £ ! R ted ¢ 1 ind are approved for s du v e equired for r inting Acce
t f branch and feed f } everse feed @ Types KA a HEKA may be fios Can ba i nted if specified wi
ct e they a | 1ot f 3 ted i N INverts [ 1 but are not breaker y red
ntrol pa i t ! witct spproved for reverse feed. The toggle handle
enarat . vhere a 5 5 T nerates with the f vina f : I nd Mining Service Breakers®
» o - =& ’ 4 : Vv W ) 5
frame size breaker required from the end of the handle ON - 24 i1bs: OFF A spe i ver n of KA and HKA breaker
: N b <Jn R vanlable to meet Burea f Mines require
MARK 1 ;,H.\ Ry k¢ t 4 R ol o e sk - Refar
her t t 1 Yacl 0 4t 1 ME A
JARE I - v Thermal Magnetic Breakers to Te y 29 T WE
' ' ' . 1 1 e bhreaker 11 upped with therma
y i fault p { f t-adiustable magnenc tnp elements ‘
| 1 1 ) + I ent re of ectly t 1
‘ ' & having 1 e dela 3
4
{ | ' 4 f ¢ f tarinag ' } '
\ ' bav 23 \Wasl . ants of ' S aas



29160 A WE A
Apphication Data
Page 40
Typical Exploded View
Stat 'y tact Asse Dy ( 4 '
M ting
.
or M ' | oV
AA R
Circuit Breaker Removal 2. Wipe contact surfaces with a clean clot! Accessories and Modifications
Before inspecting ] removing dipped 1 chlonnated vent. If surface sores and fifications available in
from a circuit, the curcuit breaker should t e excessively oxidized or rroded yd 3 m switch. auxihiary switch. shunt
in the OFF posit ind i ¢ | ble the r phtiy with a fine tile before wiping trig fervoltage releass ne terminal shields
cuit should be de-eneraized |If 1! piug japtor kits, rear-connecting studs
not be de-ener red t e 1 s} it ted that Y t ed 1 tad i inter k nar
gloves and a rubber t t st i { fthe t \ breake 15 th i ' 1 $trap tor
A iborat b itor k 1 de ¢ Y ture
To remove a rear y ; t ke R .
from its mounting. remove terminal stud k Replacing Interchangeable Trip Unit
nuts and pull circunt breaker forward Types KA and HKA Dimensions, Inches
1. Remove circuit breaker from it tina Not to be ed for Istruction purposes
To remove a front nnected circuit bre ake P truction inde r t breaks oee | ension Sheet 29-170 for detailed
from its mount } 1 W . ) £ v s i
lugs and remove bles from terminals. Re = _— 1 i ey
J_ g § " ]
move circuit breaker mounting screws and § 2. Remove cover by removing four screws 2000002 [T
circuit breaker forward | I
1 Ren f thie ter poles of 1t L > | |
¥ v ‘ . o sopad wit » sitle of tha's ] i n th | 1 | I
Y -' " I 1 ] -~ v | 1 [ ¢ f s ¢ A3 1 ‘[
circuint t ik for 1 LS ‘, |
4 fr r § Ty on ' ) 4 | |
v i 1 P ! |
) |
Inspection and Maintenance ¢ t } e f ' " \ 1 |
»
i e . . o . ok " e ) . |
: : ‘0°0°0% | |-
maolded casé i1t break ; .
ynd o unit ' tiaht ¢ o le 13 o
{ ] 3 t
eatinrg Due to the he ' ' 6 ¢ ¢ ) fra sy * - o q -
t ) ¢
1 1 13} ) v ! 4 L A 4 ' - L B [ t
} p t break " ' o ke 1 Perf t 1
s veral times W v ) Y t ! }
resistance film that may have formed Und t ] L Iker several time Further Information
normal condit iditona g of t K t pe tct 3 ! t Prices Price t 29.-04 P WE A
ntact t req ed H [} 1 1 ’ 1 * ) §2 T WE A
perat 1 and ' het 1 & eet B |
td rable t 7 o o faind " R¢ ' ’ ’ v - 1681 A W§
L AV 14 2 A J
] ]  § *
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Westinghouse Electric Corporation 29-160 AWE A

Breake VIS \ 3

AB DE-ION°®
Circuit Breakers

Continuous Ampere Ratings

ferwriter sborat

Type EB

EB
1 Pole

Construction
;4 TS
Interrupting Ratings, Amperes

rwriters Lal J es L {

Type EB
120, 240 Volts Ac: 1 Asy $ S, Federal Specification W-C-375b Tfjprrvx:al Magnetic Breakers

4 i ¥ | 3 ve therr 1a C
Type EHB Terminals tnp elements. ( v ovarloads, the bin
3 s A The i Y t short

oens the cir




29160 AWE A

At cat

Exploded View, The/mal Magnetic Breaker

Circuit Breaker Removal Acc

ta ¢ { \ 4 ¥

Magnetic Trip Range ard Settings

Saf-T-Vue Breakers

olde » Swi
?\‘1 fed Case Sw nspection and Maintenar

Further Information

Mining Service Breakers:

\

Breaker Mounting
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