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Front View of DBL Breaker 

L o w-Volta ge Me tal-En clo s e d  
Switchgear With Drawout DBL Cir­
cuit Breaker in Extended Position 

Rear View of DBL Breaker Showing 
Current Limiters Mounted on Breaker 

Application 

Type D B L  breakers are combinations of D B  
breakers and fuses of the current l imiting 
type. D B L  breakers are intended for appli­
cations needing the overload protection and 
switching functions of the DB breakers on 
systems whose available fault current ex­
ceeds the fault current withstand capability 
of some system apparatus. By proper choice 
of D B L  breakers, overload protection can 
be provided, with DB overcurrent trip de­
vices, for relatively small current feeders 
connected to high short circuit capacity 
buses. Properly sized current limiting fuses 
can provide protection against high peak 
fault currents for all the elements of the cir­
cuit, i ncluding the circuit breakers, the dis­
tribution feeders themselves and the load 
devices. 

Size and Arrang ements 

The D B L- 25 and D B L-50 breakers have the 
limiter mounted integrally with the drawout 
breaker element as shown in the photo­
graphs above. The cell structure for these 
breakers is the same width and height as 
the corresponding standard DB breakers 
but is six inches deeper. 

The l imiters for use with D B-75 and DB-
1 00 breakers are separately mounted on a 
l imiter drawout truck which occupies a 
compartment in the switchgear equal in  
size to the associated breaker compartment 
and is located immediately above the break­
er compartment. Bus work is arranged to 
connect l imiters between the power source 
and the D B -75 or D B - 1 00 breaker. 

Interrupting Ability and Scope 

The concept of the type D B L  circuit breaker 
is that the breaker element will clear the 
overloads and small faults which are the 
most frequent causes of operation in most 
low voltage systems. The fuse element 
handles the relatively infrequent large 
faults. The type D B L  breaker-fuse combi­
nation is a p plicable on systems where the 
available short circuit current is up to 
200,000 am peres. Any of several different 
fuses may be used with a given breaker i n  
order t o  obtain the desired division o f  inter­
ru pting duty and circuit protection, as ex­
plained under the heading Limiter Coordi­
nation on Pages 2 and 3. 

Protection Against Single Phasing 

Loads are protected against single-phase 
operation by an interlock arrangement 
which trips the circuit breaker when any 
one l imiter blows. In the D B L- 25 and D B L-
50 ratings this is accomplished by a spring 
loaded trigger fuse which is built into the 
body of the main l imiter. Blowing the limiter 
and trigger fuse releases the spring force to 
trip the breaker mechanically. The trigger 
fuse plunger indicates which phase has 
been opened and also holds the circuit 
breaker trip free u ntil the blown limiter has 
been replaced. 

The separate current l imiters used with 
D B-75 and D B - 1 00 breakers include a 
trigger fuse and a micro-switch for each 
pole. When a main current l imiter operates 
to clear a fault, the trigger fuse operates the 
micro-switch, which in turn trips the breaker 
through it's shunt trip coil. 
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Safety Feature 

D B L- 25 and D B L-50 l imiters form an in­
tegral part of  the breaker and are inacces­
sible until the breaker is completely with­
drawn from the compartment. The breaker 
cannot be withdrawn until it has been 
tripped open. This positive safety feature 
prevents contact with the limiters u nless 
the circuit breaker is open and breaker and 
l imiters are completely isolated. 

When a separate fuse truck is used with 
D B -75 and D B - 1 00 breakers, the fuse 
truck is interlocked with the breaker to in­
sure that the breaker is open before the 
fuse truck can be withdrawn. 

Ratings 
The type D B L-25 breaker is available with 
trip coil ratings of 40, 50, 70, 90, 1 00, 1 25, 
1 50, 200, 225, 250, 300, 350, 400, 500, 
and 600 amperes. 

The type D B L-50 breaker is available with 
trip coil ratings of 600, 800, 1 000, 1 200, 
and 1 600 amperes. 

The maximum fuse rating listed in Table 1 ,  
Part A, is  the largest fuse that can be used 
and still l imit fault current to the capacity 
of the breaker. Fuses larger than those 
listed must not be used under any circum­
stances. 

The minimum fuse rating listed in Table 1 ,  
Part B, is the smallest fuse that can be used 
without blowing fuses in the range of cur­
rent and time where the long time overload 
element of the breaker operate. Smaller 
fuses than those listed may be used with­
out physical danger but at the penalty of 
an abnormally high fuse replacement rate. 

August, 1966 
Supersedes AD 33-761 Dated Decemder, 1965 
E. D, C/1959/PL www . 
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Limiter Coordination 
Curve number 1 shows a typical type D B L  
breaker overcurrent trip attachment with 
long time delay and i nstantaneous charac­
teristics. Line A represents the maximum 
limiter rating from Table 1 ,  part A that should 
be used with that particular D B L  breaker. 
Note that excellent coordination is secured 
with the D B  breaker and the use of larger 
l imiter ratings would not adequately pro­
tect the breaker on high currents. 

Line B represents the recommended mini­
mum l imiter rating from Table 1 ,  part B. As 
can be seen, this curve provides good coor­
dination with the DB breaker. In addition, 
this l imiter would permit less peak amperes 
to flow than curve A and would thereby 
provide protection to secondary distribu­
tion apparatus such as bus ducts, motor 
starters, AB breakers, etc. 

Line C represents a l imiter that is smaller 
than the recommended minimum rati ng. 
This l imiter would permit less peak amperes 
to flow than either curves B or A and, there­
fore, would provide better protection to 
secondary distribution apparatus. However, 
this l imiter would not coordinate with the 
DB breaker and heavy overloads would 
cause the li miter to blow instead of tripping 
of the breaker, or both breaker and l imiter 
may go at the same time. This is usually not 
to the customer's advantage and is not 
recommended. 

Curve number 2 represents a 600 ampere 
type D B L-50 breaker which has the time 
delay set at 20 seconds, the long delay 
pickup set at 1 00% and the instantaneous 
trip set at 500%. Note that coordination is 
secured with all l imiters rated 800 amperes 
to 3000 amperes. However, the dotted line 
curve represents what happens when the 
long delay is increased to 30 seconds and 
the i nstantaneous trip is i ncreased to 
1 000%. N ote that coordination between 
breaker and l i miter is lost when the lower 
rated limiters are used. In this case, the 
2000 ampere rating would be recommended. 

Table 1 ,  Part A. l ists maximum fuse ratings 
corresponding to line A in curve number 1 .  
Table 1 ,  Part B, tists minimum fuse ratings 
corresponding to l ine B in curve number 1 ,  
and for various settings of type D B  breaker 
trip elements. 

100 Sec 

lOSee 

I Sec 

t .. "t:J c: 0 0 Q) U) I Q) E 
i= 

.01 Sec 

Curve 1 :  Typical DBL Breaker Coordination Curves 

Instantaneous 
Trip Setting 500% 

15 Times 
Limiter Rating 
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Curve 2: 600 Ampere Type DB-50 Breaker with 800, 1 200, 1 600 or 2000 Ampere Limiters 
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Table 1 : F use Ratings 
Part A: Part B: 
Maximum Fuse Rating in Amperes M i n imum Fuse Rating In Amperes ( For Coordination With B reaker Trip Elem ent) 
( D ependent on Peak Let-Through Cur- For i nstructions i n  the use of this table,  see Page 7 - Limiter Selection to Protect 
rent of the Fuse) B reakers. 

Frame System Total Available Short Coil lnstan- long Fuse long Fuse Coil lnstan- long Fuse long Fuse 
Size Voltage Circuit Current R ating taneous Delay Amps Delay Amps R ating taneous Delay Amps Delay Amps 

100,000 150,000 200,000 Amperes Pickup Sec. Sec. Amperes Pickup Sec. Sec. 
Amps Amps Amps ® Amperes ® Amperes 

DBl-25 240 2000 2000 16000 
DBl-25 DBl-50 

480-600 2000 16000 12000 
100 200 25 200 100 200 800 1600 25 800 100 800 

DBl-50 240 3000 3000 25000 400 25 200 100 200 3200 25 800 100 1000 

480-600 3000 25000 20000 500 20 200 30 200 4000 20 12000 30 1200 
800 20 200 30 200 6400 20 2000 30 2000® 

DBl-75 240-600 4000 4000 4000 1000 20 300 30 300 8000 20 2500® 30 2500® 
1200 20 300 30 400 9600 20 3000® 30 3000® 

DBl-100 240-600 6000 6000 6000 
200 400 25 200 100 200 1000 2000 25 1000 100 1000 

CD Note: The size fuse listed is recommended as safe 800 25 200 100 200 4000 25 1000 100 1200 

and satisfactory for all operating conditions. The next 1000 20 300 30 300 5000 20 16000 30 1600 

size larger fuse i.e .. 1600 amp where 1 200 amp appears 1600 20 400 30 600 8000 20 2500® 30 2500® 

in table and 200 amp where 1600 amp appears. etc .. 2000 20 600 30 600 10000 20 3000® 30 3000® 

may be used if: 2400 20 600 30 800 
1200 2400 25 1200 100 1200 

a. The breaker has a larger breaker between it and the 300 600 25 300 100 300 4800 25 1200 100 1600 
power source. i.e .• a D B L-25 feeder with a D B L-50 1200 25 300 100 400 6000 20 20000 30 2000 
main breaker. or 1500 20 5000 30 500 9600 20 3000® 30 30000 

b. B reaker is electrically operated. and inspected and 2400 20 600 30 800 
maintained after every fault operation. 3000 20 800 30 800 1600 3200 25 1600 100 1600 ·� 3600 20 1000 30 1000 6400 25 1600® 100 2000 

8000 20 25000 30 2500® 
400 800 25 400 100 400 12800 20 30000 30 3 

1600 25 500 100 600 
2000 20 6000 30 600 DBL-75 
3200 20 800 30 1000 
4000 20 1200 30 1200 2000 10000 20 30000 30 3000 
4800 20 1200 30 1600® 15000 20 4000 30 3 

500 1000 25 500 100 500 3000 10000 20 3000 30 3000 
2000 25 600 100 800 15000 20 40000 30 3 
2500 20 8000 30 800 
4000 20 1000 30 1200 DBl-100 
5000 20 1600® 30 1600® 
6000 20 16000 30 1600® 4000 10000 20 4000 30 4000 

16000 20 4000 30 5000 
600 1200 25 600 100 600 20000 20 60000 30 6000 

2400 25 800 100 800 
3000 20 8000 30 1000 
4800 20 1200 30 16000 
6000 20 1600® 30 1600® 
7200 20 2000® 30 2000® 

® Lower rating trip coils are available when desired. 
® Will not coordinate: fuse may open before breaker. Select fuse from table 1. Part A as best available. 
0 Considered standard unless otherwise specified. 
® May not be applicable because of limitation of voltage or available short circuit current. 
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Curve 3: Type DBL Limiters- Melting Time 
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Curve 4: Current Limiting Effect- Type DBL Limiters 
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Current Limiting Effect 
The current limiting characteristic of type 
D B L  limiters is given by Curve 4, and the 
principle is il lustrated by Curve 5. For ex­
ample, Curve 4 shows that on a system 
with 20,000 RMS amperes available short 
circuit current (horizontal axis) that a 600 
ampere limiter wil l  hold the instantaneous 
peak let-throug h  current (vertical axis) to 
24,000 amperes. A 2000 ampere l imiter on 
the same system would not have any cur­
rent limiting effect and the instantaneous 
peak current could reach 46,000 amperes. 
On a system with more short circuit current 
available, the 2000 ampere l imiter will have 
a limiting effect. With 1 00,000 RMS am­
peres available, the 2000 ampere limiter re­
stricts the instantaneous peak current to 
90,000 amperes as compared to an instan­
taneous peak current of 230,000 amperes 
which could occur in the absence of a 
l imiter. 

The Protection Decision 
In some instances, the current limiting 
effect of DB L limiters is used to protect the 
circuit breaker ag ainst short circuit currents 
above its separate interrupting capacity. In 
other cases, the l imiting effect is used to 
protect secondary apparatus against high 
short circuit currents, even thoug h the cir­
cuit breaker has adequate capacity. The 
first step in application of D BL's is to de­
cide which is the critical point for protec­
tion. If secondary apparatus is to be pro­
tected, its short circuit withstand ability 
must be determined. 

Figure 1 :  Use of Current Limiters to Protect 
Feeder Circuit Breakers. 

Figure no. 1 shows a typical low voltage 
system in which limiters are used to extend 
the range of lower interrupting rating break­
ers so that they can be used on systems 
having high short circuit capability. 
1 Fault current available = 1 00,000 amperes 

symmetrical. 
2 From table A, a maximum fuse size of 

2000 amperes is permissible. 
3 From table B select the minimum fuse 

that will coordinate with the long delay 
and instantaneous breaker settings. 
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Curve 5: Current Limiting Effect of Type DBL Limiters 

Selection of DBL Breakers 
1 .  Determine the continuous current rating 
of the circuit. 

2. Select a breaker frame size equal to, or 
larger than, the continuous current rating 
of the circuit. 

3. Select the tripping characte ristic curve 
for the series overcurrent device. Cu rve 
))!351 056 is standard for the DBL-25 (30 
and 20 seconds long delay) and Curve 
))!351 057 is standard for the DBL-50. 
These and other curves are filed in AD 
33-760-A. 

4. Select a trip coil rating equal to, or 
slightly greater than, the maximum contin­
uous load to be carried. Usually a trip coil 
rating of about 1 25% to 1 50% of the maxi­
mum load is selected. 

5. Set the long delay pickup at 1 25% of 
the load to be carried, but not more than 
1 00% of the coil rating. 

6. The instantaneous pickup setting should 
be set at the higher of the following two 
points: 

(a) 1 7 5% of the maximum inrush or 
starting current. 

(b) If (a) is below the lowest calibrated 
point on the dial set at the lowest 
calibrated point. 

L imiter Selection to Protect 
the Breaker 
The recommended l imiter is the smallest 
rating that will  coordinate with the long 
delay and instantaneous settings of the 
circuit breaker series trip device. These 
l imiters are listed in Table 1 ,  Part B, for the 
most frequently used breakers and tripping 
characteristics. To use the table, chose the 
proper line according to the breaker frame 
size, trip coil amperes, and instantaneous 
pickup amperes. On that line, choose the 

limiter rating according to the time setting 
of long delay element. High time settings 
raise the knee of the tripping characteristic 
and this sometimes affects the limiter rating. 

For breaker tripping characteristics not l isted 
in Table 1 .  Part B, coordination may be 
determined and a limiter selected by draw­
ing a composite coordination curve using 
breaker characteristics from AD 33-760-A 
and limiter characteristics. 

Li miters too small to coordinate vvith the 
breaker, i.e., smaller than those in Table 1 , 
Part B, should not be used for pu rposes of 
breaker protection because very inferior 
coordination without any offsetting ad­
vantage will be the result. 

It will sometimes be necessary to choose a 
larger l imiter than shown in Table 1 ,  Part B, 
in order to coordinate with another current 
limiting fuse on the load side of the D B L  
unit. I n  this case, larger limiters up t o  those 
listed in Table 1. Part A, may be used. D B  
breakers have been designed and tested to 
meet the short time requirements indicated 
in Table 1 ,  Part A. The l imiter sizes shown 
in this table have been thoroughly tested 
and found to perform satisfactorily. Larger 
limiters must not be used because they fai l  
t o  provide adequate protection t o  the circuit 
breaker. 

Figure No. 1 shows a typical low voltage 
system in which l imiters are used to extend 
the range of lower interrupting rating break­
ers so that they can be used on systems 
having high short circuit capability. 
1 .  Fault current available= 1 00,000 amperes 

symmetrical. 
2. From Table 1 A, a maximum fuse size of 

2000 amperes is permissible. 
3. From Table 1 B select the minimum fuse 

that will coordinate with the long delay 
and instantaneous breaker settings. 
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Protection 
Secondary Distribution Appa ratus 
Many appl ications for D B L breakers will arise 
where the customer's system can produce 
fault cu rrents which can be satisfactorily 
handled by standard DB breakers but the 
secondary distribution equipment may have 
a short circuit withstand rating which is Jess 
than the circuit breaker. Limiters wil l  be re­
quired, in these cases to protect the second­
ary distribution equipment instead of the 
circuit breaker. 

Figure number 2 shows a low voltage system 
in which the feeder circuit breaker have 
adequate interrupting capacity but they are 
equipped with l imiters for the purpose of 
protecting secondary d istribution apparatus 
such as bus ducts, panelboards, etc. 

When the equipment to be protected by the 
breaker has a sh ort circuit rating Jess than 
the DB breaker, curve number 4 must be 
used to determine the maximum l imiter rat­
ing that can be used. The following proced­
ure should be followed. 

1 .  Determine the short circuit capacity of the 
system in symmetrical amperes. 

2. Determine the peak instantaneous am­
peres that the equipment can withstand 
by multiplying the short circuit rating 
of the equipment (symmetrical amperes) 
by 2.3. 

3. Select the maximum limiter rating from 
curve number 4 which lies equal to or 
below the intersection of the system 
short circuit current and the peak ampere 
coordinates. 

Figure 2: Type D B L  Current Limiters Used to Protect Secondary Distribution Apparatus. 

Westinghouse Electric Corporation 
Switchgear Division, East Pittsburgh,  Pa. 
Printed in USA 

1 .  Maximum fault current available = 65,000 
amperes symmetrical .  

2. Assume secondary distribution apparatus 
can withstand only 25,000 amperes sym­
metrical .  This is equivalent to 25,000 x 
2 .3 or 57,000 peak amperes that the 
equipment can withstand. 

3.  From curve No. 4 read peak Jet-through 
current when maximum fault current is 
65,000 amperes as fol lows: 

800 A J imiter=48,000 peak amperes 
1 200 A limiter=63,000 peak amperes 
1 600 A Jimiter= 68,000 peak amperes 
2000 A l imiter=80,000 peak amperes 

4. As can be seen, maximum l imiter that 
can be used to protect secondary d istri­
bution apparatus is the 800 ampere rat­
ing. Si nce the l imiter must be rated a t  
least 1 25% o f  t h e  trip coil rating the 
maximum coil rating that can be used is 
the 600 ampere trip coil. 
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Price List 
33- 820 

Page 1 � 0�j,s/77 
-----

J u ne 1 , 1 977 
Su persedes Price List 33-820 P WE A, 
dated July 1 , 1 975 

'(�f L}.--0� 
��;�

-
���r Eiectrically Operated DB e-ion® Circuit 

25,000 to 100,000 Amp Interrupting Capacity reakers 40-4000 
Prices effective June 1 ,  1 977 a nd 
subject to change without notice. 
(Refer to Selling Policy 33-700) 
Mai led to :  E, D, C/ 1 954/ PL 

DB-25, DB- 50, DB-75 and DB-1 00- Power Circuit Breakers Available 
with Electro-Mechanical 0. C. or Solid State Trip Options 

Ordering Information 

When ordering circuit breakers, specify: 
Item 

Type 

Number of poles 

Type of mounting 

Operation 

Circuit or service 

Ampere rating 

Type oftrip 
Attachment CD 

Choice or Specification 

DB-25, D B·50, DB-75 or DB-100 

2 or 3  

Switchboard (fixed ) 
Drawout element 
Ventilated enclosure 
Weatherproof enclosure 
Dust-tight enclosure 
Semi dust-tight enclosure 
Submersible (watertight) enclosure 

Manual-dosing spring, or electric 
If electrical, specify control voltage, de or ac, and frequency® 

Voltage, de or ac and frequency (25-50 or 60 hertz) 

See list price tabales 

One per pole, either e lectro-mechanical or solid-state (Amptector). 
Specify type and characteristics: 
Standard tripping device: long delay a nd instantaneous 
Selective tripping device: long delay and short delay 

(optional at extra cost - see price modifications) 

When ordering attachments, specify: 
Item Choice or Specification 

Shunt trip (on manu- Specify control voltage, de or ac and frequency® 
ally operated breaker) 

Undervoltage trip 

Reverse current trip 

Additional auxiliary 
switch 

Alarm switch 

Electrical lockout 

Key interlock 

Instantaneous or delayed, specify control voltage, de or ac 
and frequency® 

Specify voltage of potential coi l ®  

Specify number o f  "a" a n d  "b" circuits 
a: closed when breaker is closed 
b: open when breaker is closed 

Note: All electrically operated breakers are supplied with 
one 4-circuit auxiliary switch (with two "a" and two 
"b" circuits). 

Manually or electrically reset 

S pecify voltage of potential coil® 

Specify ultimate uses and destination 

C9 Changed since previous issue. 
CD When ground fault protection, higt"l load switch or testability are required. 

See modification table on page 2 for Amptector I and ground fault price additions. 
® Standard control voltage: de: 48, 1 25, 250v; ac: 1 15, 230, 460v. 
® Standard potential coil voltages: de: 125, 250v. 

Amperes, Ac or De 

Complete 3-pole breakers, with standard ampere ratings • Electro­
Mechanical or Amptector II 0. C. Trip Units 
Breaker 
Type 

DB-25 

DB-50 

DB-75 

DB-100 

Standard Ampere 
Rating 
(Specify one) 

40, 50, 70, 90, 
1 00, 125, 150, 
175, 200, 2 25. 
250, 300,350, 
400, 500 or 600 

200, 225, 250, 
300, 350, 400, 
500, 600, 800, 
1 000, 1 200 or 
1600 

2000, 2500 or 
3000 (Specify) 

4000 

Mounting or Enclosure 

Switchboard (fixed) 
Ventilated enclosure 
Weatherproof enclosure 
Semi dust-tight enclosure 
Dust-tight enclosure 
Submersible (watertight) 

enclosure 
One-high drawout 
®One-hig h removable 

element 
One-high future cell 
One·high wall mounted 
Su bstructure 

Switchboard (fixed) 
Ventilated enclosure 
@Weatherproof enclosure 
®Semi dust-tight enclosure 
®Dust-tight enclosure 
®Submersible (watertight) 

enclosure 
One·high drawout 
®One-high removable 

element 
One-high future cell 
One·high wall mounted 
Substructure 

Switchboard (fixed) 
Ventilated enclosure 
Weatherproof enclosure 
One-high drawout 
®One-high removable element 
One· high future cell 

Switchboard (fixed) 
Ventilated enclosure 
Weatherproof enclosure 
One·high drawout 
®One-high removable element 
One-high future cell 

List Price CD$ 
Man. Elect. 
Oper. Oper. 

$2180 $3190 
2 1 1 0  2955 
2615 3480 
2240 3065 
3600 4430 

3600 4430 
3335 4410 

2435 3465 
900 945 

2760 3650 
620 635 

4970 6955 
4715 6410 
5810 7515 
5140 6620 
7955 9635 

7955 9635 
6435 8510 

5215 7255 
1 220 1 255 
5325 7040 

856 925 

$14,850 
1 4,475 
17,795 
18,890 
15,820 

3070 

21.875 
20,940 
23,975 
28,755 
23.425 

5330 
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Price List 
33-820 

Page 2 

Static Trips - Amptector I 
Amptector static trip additions. To be used when ground fault option is required and added to 
base DB list price. 

Basic Unit<B 
Type Long & Long& Long, Ground Fault 

lnst. Short S hort, 3-Wire System 4-Wire System® 
Model Ll Model LS & In st. Add to Base Unit Add to Base Unit 

Model LSI 

DB-25 $ 595 $ 915 $ 915 $475 $850 
DB-50 755 1075 1075 475 850 
DB-75 1 160 1480 1480 475 850 
DB-100 1320 1640 1640 475 850 

Prices are list and are to be added to the DB breaker list prices. They are subject to the dis­
counts applying to the associated breaker. 

Modifications and attachments, for standard breakers 
For use only when sold with complete breaker 

Attachment 

Selective trips, per breaker 
Shunt trip attachment, for manua lly operated breakers, 

necessary auxiliary switch included .... ... . ... . . 
Undervoltage trip, self-resetting {instantaneous . 

delayed .......... 
Reverse current attachment (for potential coils as 

listed)@ .......... ... ...... . ..... . . . . . . . ..... .. 
Auxiliary switch -for4 circuits add ... 
Alarm switch- manually reset . ... .. 
Non-flanged front plate, for dead front breakers 
Formed front door . .. · · · · · · · · · · ·  
Electrical lockout ........ . . .......... 
Neutral stud, for enclosed breakers only 
Key interlock ........... .  
Key interlock- provisions only .. 
Levering-in device · · · · · · · · · · · · · · 
Rail extension . . . . .. . ... . . .. .. . . 
Cell switch .. ... . ........ . .... . . . . . . . . . ' . . . 
Portable test kit for static trips only ... 

. ....... .. . 

List Price Additional@ 

DB-25 DB-50 DB-75 DB-100 

$ 385 $ 385 $ 385 $ 385 

280 280 280 280 
280 280 280 280 
435 435 435 435 

550 820 1095 1095 
210 210 210 210 
280 280 280 280 
135 150 235 305 
185 200 365 485 
295 295 295 295 
235 235 680 680 
255 255 255 255 
135 135 135 135 

70 70 
70 70 235 240 

185 185 200 200 
2 1 30 2130 2130 2130 

®Connected in series with left-hand pole facing breaker unless otherwise specified. 
® Includes neutral sensor CT for separate mounting by user. 
®When a static device is not requested as part of the breaker, a BYZ zero sequence current transformer and a ground relay 

will provide ground fault capabi lities. This approach requires an external source of tripping power. 

Special Services<B 

1 .  Advance Notification by Carrier 

A $25.00 net surcharge will be made on all 
orders (one surcharge per delivery) where 
there is a note on the Bill of Lading read-
ing :  "Call Mr. at telephone 
number hours before d eliv-
ery." 

(j Changed or  added since previous issue. 

Further Information 
Descriptive Bulletin 33 -850 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh, Pa. 1 5 1 1 2  

2 .  Proof o f  Delivery t o  Carrier. 

A $25.00 net surcharge will be made on all 
orders where a signed Bill of Lading is re­
qu ired as proof of delivery to the carrier. A 
certified copy of the shipping order will be 
supplied at no charge if requested in the 
order notes. 

Ground Protection : 
1 .  3 phase, 3 wire circuit 
2. 3 phase, 4 wire circuit 

A. Includes sensor to compensate for 
normal u n balanced current. Sensor to 
be mounted in neutral connection. 

B. For u se with separately mou nted ring­
type ground sensing current trans­
former. ® 

�. 
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selectol' guide 

low voltage 
air-circuit 
breakers 

DB De-ion® circuit breakers 
15-4000 amperes, a-cor d-e 

manually or electrically operated • 2 or 3-pole 
15,000 to 100,000 amp interrupting capacity 

application 

descriptive 
bulletin 
33-850 
page l 

For protection of low-voltage a-c or d-e power distribution systems in industrial plants 
and electric utility station auxiliaries. 

advantages 

complete low-voltage air circuit breaker line: DB De-ion breakers are supplied 
in five basic sizes of two or three-pole design with a range of current ratings from 15 to 
4000 amperes a-c or d-e. 

standard circuit breakers are calibrated 
from 80 to 160% of current rating 

application flexibility with choice of operating mechanisms: Standard DB 
breakers are equipped with either manual, manual-spring or electrical operating mech­
anisms. Optional attachments provide for modifications to suit any circuit protective 
scheme. range of type interrupting 

ratings: breaker capacity, 
amperes, amperes at 
ac/d-c 600 v a-c, 

ZSO v d-ct 

15 to 225 DB-15 15,000 

40 to 600 DB-25 25,000 

200 to 1600 DB-50 50,000 

2000 to 3000 DB-75 75,000 

4000 a-c DB-100 100,000 

6000 d-e DB-100 100,000 

tFor interrupting capacity at reduced voltages, 

see page 6. 

May,196S 

overcurrent tripping device: Standard tripping devices have long delay and in­
stantaneous tripping characteristics-both independently adjustable. Selective trips have 
long and short delay characteristics-both independently adjustable. 

variety of mountings: DB breakers can be supplied for fixed switchboard mounting 
or separate enclosures depending on the nature of the installation site, or in single unit 

one-high drawout assembly. 

sub-assembly plan: Provides mounting of basic DB breaker and components on all 
metal base to form a single compact unit. The plan features factory-assembled, tested 
and stocked components, for improved service on a variety of DB breaker accessories. 

3-position DB drawout breakers: Single unit one-high drawout stack-up units pro· 
vide a factory-assembled standardized design for the make-up of low-voltage metal­
enclosed switchgear. 

supersedes descriptive bulletin 33-850 dated January, 1960 
mailed to: E/1140/DB: D/BlZ/DB: C/336/DB www . 
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page 2 

design features 

9 
8 

7 

DB-50 breaker 

1 

2 
3 

4 

s 

6 

All breakers have similar construction to the DB-50 breaker il­

lustrated here and the same basic design modified to suit their 
sizes and ratings. 

De-ion arc chute------.... 

pole unit------t1ttttll!ll 

1 De-ion arc chutes (one per pole) 

To prevent contact burning, arcs are quickly and positively 
interrupted. Strong magnetic fields pull the arc upward 
into the arc chute; rising gas blasts carry conducting par­
ticles out of the arc path to break the arc. 

Z pole unit (2 or 3 supplied) 

closed position 

open position 

All breakers have solid-block, silver-inlaid main contacts, 
insuring lasting current-carrying ability. Main contacts 

will not arc: When breaker opens, main contacts part first, 

then secondary contacts and finally arcing tips. When 
arcing tips break, arc flashes at the point and is blown into 
De-ion arc chute. 

3 operating mechanism 

manually-operated breaker: Rotary operating handle 
operates the breaker directly or through a manual-spring 

closing mechanism. 

electrically-operated breaker: Has solenoid closing, 

shunt trip, control relay and 4-pole auxiliary switch. 

Mechanical indicator shows breaker position at all times. 

Push to trip button with protective side brackets can be 

padlocked. 
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DB De-ion® circuit breakers 
15-4000 amperes, a-c or d-e 

descriptive 
bulletin 
33-850 

manually or electrically operated • 2 or 3-pole 
15,000 to 100,000 amp interrupting capacity page 3 

4 overcunent tripping device 
(one dual unit per pole) 

DB-15 and 
DB-25 

DB-50 
DB-75 

and 
DB-100 

motor protection or general duty: Breakers are supplied with 
tripping devices having long delay and instantaneous tripping 
characteristics-both independently adjustable. 

selective tripping: Selective overcurrent trip devices have long 
and short delay tripping characteristics-both independently 
adjustable. 

Each unit consists of a magnetically operated trip plunger delayed 
by an air diaphragm. Time delay is adjusted by controlling the 
size of orifice between chambers of the air unit. 

attaclaments supplied witla electrically­
operated breakers 

B shunt trip (optional with 
manually-opera ted breakers) 

Non-adjustable coil provided for remote 
tripping; intermittently rated. 

6 closing solenoid 

D-e solenoid for DB-50, 75 and 100 break­
ers. Use Rectox® for a-c control. A-c 
solenoid for DB-15 to DB-25 breakers. Used 
also for d-e control. 

7 control or closing relay 

Consists of a cut-off contact and a seal-in 
contact to operate the closing solenoid. 

8 4-circuit auxiliary switch 

Rotary switch consisting of two "a" 
contacts and two "b" contacts ("a" 
contacts are closed when breaker is 
closed; "b" contacts are open when 
breaker is closed). 

9 8-point terminal block 

All attachment leads on separately en­
closed and non-drawout breakers are con­
nected to terminal block for easy access. 

- --- ·ff 
� �� 

1 I wiS!OIGtiouli� 

optional attachments 

undervoltage trip 

Trips breaker on loss of voltage 
and is automatically reset by 
breaker action. Attachment is 
available for instantaneous or 
time delay tripping. 

reverse current trip 

Opens breaker upon a reversal 
of current in the circuit. This di­
rect-current device is adjustable 
and may be set to trip at 5 to 25% 
reverse current, based on normal 
current rating. 

alarm switch 

Closes to initiate alarm when 
breaker is tripped by an auto­
matic tripping device (does not 
operate when breaker is tripped 
manually or by shunt trip). 

electrical lockout 

Holds breaker linkage in trip­
free position to prevent closing 
until lockout is energized. After 
breaker is closed, de-energizing 
coil will not trip breaker. 

key interlock 

Several designs available for in­
terlocking two or more breakers. 
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page 4 

design featul'es 
choice of breaker closing mechanisms 
To match application requirements, DB breakers are available with manual, 

manual-spring or electric solenoid closing mechanisms. 

for fixed 
position 
mounting 

for 
3-position 
drawout 
mounting 

manual 
closing 

manual-spring 
closing 

sub-assembly plan • mountings • enclosures 

electric solenoid 
closing 

The basic DB breaker and all components are mounted on an all-metal base to form a single compact 

unit. All parts are accessible for inspection and adjustment. Attachments can be added or removed 

easily; mounting holes are provided. This sub-assembly plan affords factory-assembled, tested and 
stocked components for quick assembly or changes of installed breakers-for ease of mainte­

nance and most efficient breaker operation. 

The design features illustrated on pages 2 and 3, of nine main components, illustrate the sub­

assembly arrangement and its simplicity. 

fixed mounting for switchboard use 
All-steel mounting panel of the basic DB breaker has mounting holes suitable for bolting to frame­
work or switchboard. All breakers for switchboard fixed mounting are furnished with horizontal 
bar studs {vertical bars or round studs are not available). The breaker is supplied without front 

panels. Non-flanged front panel or hinged panel can be supplied as addition. 

typical enclosures 

manual-spring closing 
mechanism 

DB breaker with manual-spring 

closing mechanism 

The manual-spring closing mech­
anism is available for the DB-15, 
DB-25 and DB-50 breakers. This 
spring mechanism assures rapid 
safe closing against all possible 

fault currents. The closing por­

tion of the mechanism involves no 
latches or triggers. Simplicity, 

sturdiness and reliability are 
distinctive features of this mech­
anism. 

All enclosures, except DB-75 and DB-100, 
include clamp-type connectors for cables 

and cover interlocks. Ventilated, weather­

proof, dust-tight and semi-dust-tight enclo­

sures have suitable knockouts or entrance 

plates for conduit entrance. Explosion-proof 

enclosures have tapped conduit holes or 

entrance plates. Submersible breakers are 

supplied complete with external porcelain 
bushings. {See page 8 for details.) 

ventilated 
enclosure 

weather-proof, dust­
tight or semi-dust­
tight enclosure 

explosion-proof 
enclosure 

submersible 
enclosure 
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DB De-ion® circuit breakers 
15-4000 amperes, a-c or d-e 

manually or electrically operated o 2 or 3-pole 
15,000 to 100,000 amp interrupting capacity 

removable arrangements 

All breakers except the DB-75 and DB-100 are removable as 
a unit from all enclosures. Rail extensions as shown are pro­

vided. 

All breakers are free-standing when removed. 

a. Breaker with lilting rings for raising to mounting positions. 

b. Breaker rolled forward on rail extension for easy test 

and inspection. 

c:. Breaker removed for access to cable connectors. 

3-position drawout breakers 
single unit o one-high 

Single unit, one-high drawout stack-up units provide a factory­
assembled standardized design for low-voltage metal-enclosed 
switchgear. In this 3-position arrangement, the door of the 
breaker compartment can be closed with the breaker in any 
of its three recognized positions-"connected", "test", "dis­

connected". The 3-position feature offers a new convenience 
and safety to operating and maintenance personnel and 

greater protection for the circuit breakers. 

drawout breaker substructure 

DB-15 DB-ZS 

a 

wall mounting units 

Large industrial plants having widely sepa­

rated load locations often require isolated 
breaker units instead of a central distribu­

tion switchboard. Wall-mounted, low-volt­

age, drawout air circuit breaker units are 

designed to meet these requirements. 

1 Main housing for wall mounting with 
knockouts at top and bottom for conduits. 
Housing can be mounted in place and all 
cable connections made before breaker 
compartment is bolted in place. 

2 Manually or electrically operated type 

DB-15, DB-25 or DB-50 three position draw­

out breaker element. 

3 Breaker compartment includes door 

interlock, breaker position slops and all 
safely features of standard units. 

b 

DB-50 

descriptive 
bulletin 
33-850 
page 5 

1 

2 

3 

4 

These individual units are available with 

air circuit breakers having interrupting 

capacities of 15,000, 25,000 and 50,000 
amperes, manually or electrically operated. 

The housings are designed for cable en­

trances at either top or bottom. The units 
include all the safety and interlock features 

of standard, low-voltage drawout units. 
4 External ground connection for solidly 

grounding housing and drawout welded 

frame. 
individual unit type DB breaker for 
wall mounting www . 
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page 6 

standanll'atiags 

continuous current ratings • standard ratings are calibrated 80 to 160% ratings 

rating range, amperes standard ratings, amperes 

15-225 15, 20, 30, 40, 50, 70, 90, 100, 125, 150, 175, 200 or 225 

40-600 

200-1600 

breaker type 

DB-15 

DB-25 

DB-50 

DB-75 

DB-100 

DB-100 

40, 50, 70, 90, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 500 or 600 

200, 225, 250, 300, 350, 400, 500, 600, 800, 1000, 1200 or 1600• 

2000, 2500, 3000 

• 1600 ampere rating 
not available on non· 
ventilated enclosures 

2000-3000 

4000 

6000 d-e 

interrupting ratings 

4000 

6000 d-e 

a-c or line type minimum interrupting rating maximum short circuit current at which breaker 
d-e voltage breaker continuous can be applied 
service current 

rating 
asymmetrical symmetrical selective system 

amperes 
amperes amperes asymmetrical symmetrical 

amperes amperes 

a-c all 240 and DB-15 30 30,000 
values below DB-25 150 

are 60 DB-50 600 
DB-75 2000 

cycles DB-100 4000 

50,000 
75,000 

100,000 
150,000 

(rms) 
241-480 DB-15 20 25,000 

DB-25 100 35,000 
DB-50 400 60,000 
DB-75 2000 75,000 
DB-100 4000 100,000 

481-600 DB-15 15 15,000 
DB-25 40 25,000 
DB-50 200 50,000 
DB-75 2000 75,000 
DB-100 4000 100,000 

d-e 250 and DB-15 15 
below DB-25 40 

15,000 
25,000 

DB-50 200 50,000 
DB-75 2000 75,000 
DB-100 4000 100,000 

overcurrent tripping devices 

standard long delay and standard long delay 
instantaneous device, and instantaneous 
and selective device device 

long delay settings for instantaneous pickup 
DB-1S, DB-2S, DB-SO, DB-7S, in % of trip unit rating 
and DB-100 
pickup ' long DB-1S I DB-SO 
settings delay, and 
%rating seconds DB-2S 
standard settings for feeder breakers (preferred) 

25,000 
42,000 
65,000 
85,000 

130,000 

22,000 
30,000 
50,000 
65,000 
85,000 

14,000 
22,000 
42,000 
65,000 
85,000 ...... ...... ...... ...... . ..... 

I DB-7S 
and 
DB-100 

15,000 
25,000 
50,000 
75,000 

100,000 

15,000 
25,000 
50,000 
75,000 

100,000 

15,000 
25,000 
50,000 
75,000 

100,000 . ..... .. .... ...... . ..... . ..... 

14,000 
22,000 
42,000 
65,000 
85,000 

14,000 
22,000 
42,000 
65,000 
85,000 

14,000 
22,000 
42,000 
65,000 
85,000 ..... . ...... ...... ...... 

· · · · · ·  

selective trip device 
short delay settings 

pickup settings 
in % of trip unit rating 

DB-1S I DB-SO 
and 
DB-2S 

80-100-120-140-160 I 20 and 30 I 800 and 1200 I 800 and 1200 I 800 and 1200 I 500-750-1000 I 500-750-1000 

standard settings for transformer secondary and main incoming line breakers (preferred) 

80-100-120-140-160 I 20 and 30 I 500 and 1000 I 500 and 1000 I 500 and 1000 I 500-750-1000 500-750-1000 

optional settings available when specified (preferred) 

80-100-120-140-160 I (])25-150 I I 200 and 350 I .. • 

250 a�d 400 (])250 and 400 

special settings (non-preferred) available on special request only 

80-100-120-140-160 12 and 20 800 and 1200 800 and 1200 800 and 1200 

80-100-120-140-160 30 and 40 500 and 1000 800 and 1200 800 and 1200 

80-100-120-140-160 40 and 60 500 and 800 500 and 1000 800 and 1200 

80-100-120-140-160 (])25-150 200 and 350 
or 

250 and 400 

500-750-1000 

500-750-1000 

500-750-1000 

200 and 350 
or 

250 and 400 

200 and 350 
or 

250 and 400 

500-750-1000 

500-750-1000 

500-750-1000 

cascade system 

asymmetrical 
amperes 

60,000 
100,000 
120,000 
150,000 
150,000 

50,000 
70,000 

100,000 
100,000 
100,000 

30,000 
50,000 

100,000 
100,000 
100,000 

· · · · · ·  ...... ...... ...... ...... 

I DB-7S 
and 
DB-100 

500-750-1000 

500-750-1000 

I ®200 and 350 
or 

®250 and 400 

500-750-1000 

500-750-1000 

500-750-1000 

<D One calibrated mark between 25 and 150 seconds (specify mark) at 165% of 
trip unit ratinq. 

(!) Lowest calibration must not be less than 5000 amperes. 
<!) Lowest calibration must not be less than 10000 amperes. 

symmetrical 
amperes 

50,000 
85,000 

100,000 
130,000 
130,000 

42,000 
60,000 
85,000 
85,000 
85,000 

25,000 
42,000 
85,000 
85,000 
85,000 ...... . ... .. . ..... . ..... . ..... 

short delay, 
cycles for 

DB-15,DB-25 
DB-SO,DB-75 
and DB-100 

6, 14 and 30 

6, 14 and 30 

6, 14 and 30 

6, 14 and 30 

6, 14 and 30 

6, 14 and 30 

6, 14 and 30 

standard control voltages for electri- d-e 
cally controlled breakers and shunt trip I:�:. 460 

standard potential coil voltages for d-e 
reverse current trip and electrical 

and undervoltage trip attachments 48, 125, 250 lockout attachments 12S, 250 www . 
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DB De-ion® circuit breakers 
15-4000 amperes, a-cor d-e 
manually or electrically operated • 2 or 3-pole 
15,000 to 100,000 amp interrupting capacity 

speci&cation guide for prices, refer to price lists 33-820 and 33-821 

item 

type 

number poles 

type of mounting 

method of operation 

circuit or service 

ampere rating 

type of series 
trip attachment 

shunt trip (on 
manually operated 
breaker) 

undervoltage trip 

reverse current trip 

additional auxiliary 
switch 

1 choice or specification 

DB-15, DB-25, DB-50, DB-75 or DB-100 

2 or 3 

fixed (switchboard) 
ventilated enclosure 
weather-proof enclosure 
dust-tight enclosure 
semi-dust-tight enclosure 
explosion-proof enclosure 
submersible (watertight) enclosure 
single unit-one high 

manual, manual spring, or electric 
If electrical, specify control voltage, a-c or d-e, and frequency (see page 6) 

voltage, a-c or d-e, and frequency (25-50 or 60 cycles) 

(from table on page 6) 

one supplied per pole, choose and specify type: 

standard tripping device: long delay and instantaneous 

selective tripping device: long delay and short delay 

instantaneous tripping unit only. 

specify control voltage, d-e or a-c, and frequency (see page 6) 

instantaneous or delayed 

specify control voltage, d-e or a-c and frequency (see page 6) 

specify voltage of potential coil (see page 6) 

specify number of "a" and "b" circuits 

a: closed when breaker is closed 
b: open when breaker is closed 

descriptive 
bulletin 
33-850 
page 7 

note: All electrically operated breakers are supplied with one 4-circuit auxiliary switch (with two "a" and 
two "b" circuits). 

alarm switch 

electrical lockout 

key interlock 

manually or electrically reset 

specify voltage of potential coil (see page 6) 

specify ultimate user and destination 

net weights in pounds 

type DB-15 DB-ZS 

manual electrical manual electrical 

switchboard (fixed) 
ventilated enclosure 
weather-proof enclosure 
semi-dust-tiqht enclosure 
dust-tiqht enclosure 
explosion-proof enclosure 

2 pole 1 3 pole 

60 70 
135 1 155 
145 165 
135 155 
145 165 
. . .  . . .  

2 pole 3 pole 

75 85 
150 170 
160 I 180 
150 170 
160 180 
. . .  . . .  I 

2 pole 1 3 pole 

80 90 
170 180 
170 I 180 
170 180 
170 180 

1480 1490 

2 pole 3 pole 

100 110 
190 200 
190 200 
190 200 
190 200 

1500 1510 

DB-50 

manual I electrical 

2 pole 3 pole 2 pole 3 pole 

220 280 295 355 
430 490 505 565 
430 490 505 565 
430 490 505 565 
430 490 505 565 

2440 2500 2515 2575 

DB-75 

electrical 

2 pole 

415 
665 
665 
. . .  
. . .  
. . .  

3 pole 

475 
725 
725 
. . .  
. . .  
. . .  

DB-100 

electrical 

2 pole 

445 
695 
695 
. . .  
. . .  
. .  

3 pole 

525 
775 
775 
. . .  
. . .  
. . .  www . 
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descriptive 
bulletin 
33-850 
page 8 DB De-ion circuit breakers 

15-4000 amperes, a-c or d-e 

dimensions, wiring data 

type I approximate overall I conduit entrance 
breaker dimensions, inches,& 

A I B  1 c  
fixed mounting for switchboard figure 1 

DB-15 I7 I6% I2 unit is unenclosed 

---
DB-25 20 I8')4 13 unit is unenclosed 

----
DB-50 27 23'lls I9Y, unit is unenclosed 

---
DB-75 3I Y, 20Y, 24Y, unit is unenclosed 

DB-100 3 I Y,  20!1:! 29 unit is unenclosed 

ventilated or semi-dust-tight enclosure • figure Z 
DB-15 27!1:! 25 Y., I6% I3% x 7')4 drill plate 

---- --- ---
DB-25 27!1:! 25 Y., I6% I3% x 7')4 drill plate 

---
DB-50 44 30 !1:! 23% removable entrance plate top 
DB-75 46!1:! 38Ys 34 and boHom for drillinq to ac-
DB-100 46V, 38 Ys 34 commodate desired conduit 

sizes: I9Y., x 1 y.• 

dust-tight or weather-proof enclosure figure Z 
DB-15 I 27V, I 27% I I6% 1 20Y,, x 7')4 drill plate 
DB-25 27 V, 27% I6% 
DB-50 44 32Y., 23% DB-75 53 43Ys 34% DB-100 53 43Y, 34% 

single-unit wall mounted • figure 3 
DB-15 42 33 I8 I6Y., x 10 plate 

---
DB-25 42 33 I8 16Y., x IO plate 

---
DB-50 56 39 26 23 x 9 plate 

explosion-proof enclosure 
-

f1gure 4 
DB-25 37 29Y., 25Y,, non-removable entrance plate 

top and boHom drilled for con-
duits up to 4 V2* (specify num-
her, size and location) 

---
DB-50 49Ys 36Y., 36Ys removable entrance plate top 

and hoHom for drillinq to con-
duit size1 up to 6*" each 

submersible enclosure figure 5 

DB-25 31Y2 25% 22Y4 one porcelain bushinq per 
pole top and bottom witb 
threaded terminal studs, % "-
16 threado, 1 V. *  lonq and pipe 
pluq outlet top and bottom, 
I *-11 V,, for control wirinq. 
Alternate arranqementa avail-
able. Check factory. 

DB-50 54V, 33'A6 30% 1V,* X 12" 

I cable size range 
for clamp-type 
connectors 

studs only supplied: 
I Y.. x I Y.. ", 2 Y.. " long; 
two 1 o/Jz" dia. connect-
inq holes 

studs only supplied: 
1!;2 x J;2 ��', 2 !4" long; 
two 1 Ylz" dia. connect-
ing holes 

studs only supplied: 
3 !;2 x %. ", 2% "  long; 
two ZYJzn dia. connect· 
inq holes 

3Y2 "  x ')4" x 2 Y, "  lonq 

4Y2H X %  fl X 2 !;2 "  long 

two 1!1 6  to 500 MCM 
conductors 

from one # 3  to four 
500 MCM cables or 
any combination of 
four between three 
aizesi Buawork to be 
ordered separately. 

I same as for ventilated 
enclosure I 

2 per stud, 4/0 to 500 
MCM-in top-out bot-
tom 

2 per stud-4/0 to 750 
MCM-in top-out bot-
tom 

4 per stud-4/0 to 1000 
MCM-in top-out bot-
tom 

same as for ventilated 
enclosure 

same as for ventilated 
enclosure I 

same as for ventilated 
enclosure 

I For cases where cables must by-pass, four 500 MCM cables per stud is maximum arranqement . 
.A For stack-up units refer to Headquarters. 

lurtlae:r in/ormation 
prices 

instructions, official 
dimensions 

price lists 33-820 and 33-821 

DB-15, DB-25: instruction book 33-850-1 and 2E 
DB-50: instruction book 33-850-3C 
DB-75, DB-100: instruction book 33-850-4 and 5C 

Westinghouse Electric Corporation 

Switchgear Division • East Pittsburgh, Pa. 
printed in U.S.A. 

figure 1 

figure 2 

figure 3 

figure 4 

figure 5 
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Westinghouse 

• 
Standard Electrical l y  Operated Breakers 
( Dimensions in I nches Approx.) 

Type D B - 1 5 

BDiameter( 2 )  Holes 

Horizontal Current Studs Only �=;E!J:§Eg�p- 2 Inch M 1n imum ·r C learance to Structure 

Customer's Structure 

L 1ve Parts or 
Combust1 ble 
Material 
Requ1res Barner 

1t. of Hond le �-AEB:If--(4) 
Manua l 
Trip 

9 . 1 2 
��' I 

3-2 D1ameter .. r 3 

Flat Sheet 
N umber 1 1  Gauge 

r 22� 

5 -�8 l:=l rg 16 

tutout 

7'9 --!.--1�� - 7 I �158 -----l 
Breaker I ncludes: 

'5 7-1,8 
.I 616 

_j__ 

(i) Clos 1ng Solenoid or  
M a n u a l  Close Sprmg 

(2) Contro l  Re lay 
(2) Aux1 l 1 ary Sw1tch 

Holes �4 
t.of Door ScrewH � 

4 

Formed Door 
N u m ber 1 3  Gauge 

Vent i lat ion 
( Opt iona l ) 

0 Shunt  Tr ip 
® Overcu rrent Tri p 
® Reverse C u rrent Tnp 
0 Term mal  B l ock 

P rov1s ion for Pad lock ing Breaker i n  Tn pped Posit i o n .  
Pole Arra ngement Three Pole. a s  Shown; Two Pole.  Center P o l e  O m 1tted .  
Opera t ing H a ndle E lectr iC C l ose. Manua l  Tri p .  

Type D B -25 

Dimension Section 33-870 Page 1 

D B  De-ion® 
Ci rcuit B reakers 
1 5-4000 Amperes, Ac or De 

Manually or Electrically Operated 
2 or 3 Pole, 1 5,000 to 1 00,000 Amp 
I nterrupting Capacity 

1........____ L1ve Ports or ' Combust1 b le 
:t'-l==t="�'*i Moterio I 

Requ1res Bomer 
lnd 1cotor 

I 

n-_ --H"'3=$'-'--1t. of 
Lower 
Stud 

1� D1ometer ( 4) Mountmg Holes 

C ustomer's Structure 

F l at Sheet 
N umber 1 1  

April, 1 972 

Formed Door 
N umber 1 3  Gauge 

Ventilation 
(Optiona l )  

Supersedes Dimension Section 33-870. pages 1 -8. 
dated April. 1 961  
E. D. C/1 954/ D B  www . 
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Dimension Section 33-870 Page 4 

Westinghouse 

• � 

Standard Elect rically Ope rated Breakers Conti nued 
( D i mensions in I nches Approx.) 

Type DB-1 00 

3�Diometer 
Holes 

rt_of Door Screw 

+t-+L...J- 'tof 
Upper 
Stud 

-+----'--- 't_of 

3 4 

3 
4 

Lower 
Stud 

Flat Sheet Number 1 1  Gauge Formed Door Number 1 3  Gauge 

r 
I �ent1lotion � - - - - - - Door Screw 

fJ  It -r=------t------, I I 
Tr-44� 9::1 r---cutout 8 

+�:r 14� �4 1 I I D ��1:== 15 
___ 161E3---- 7 

338 

Breaker I ncludes: 
(i) Clos ing Soleno id 
(2) Control Re lay 

® Aux i l i a ry Switch 
(4) Shun t  Tr ip 

I I I I 44� I 

® Overcurrent Tnp 
® Reverse Cu rrent Tri p 

P rov1 s 1on for Padlock ing B reaker in Tnpped Posit i on .  
Po le  Arrangement: Th ree Pole. as Shown; Two Pole. Center Po le  Om itted . 
Operat 1ng Hand le Electr ic Close. M anua l  Tr ip .  

(i) Term ina l  B l ock 
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Standard I ndividual. or Stack-up U n i t  for 3 Positio n ,  D rawout Breakers 
( Dimensions in Inches Approx.) 

Type D B -1 5 

�-13 Weld Nut ( 4 )  

Door Screw 

Vertrcal or Horizontal Current Studs 
( Drmensroned os Shown) 

D imension Section 33-870 Page 5 

D B  De-ion 
Circuit B reakers 
1 5-4000 Amperes, Ac or De 

Manually or Electrically Operated 
2 or 3 Pole, 1 5,000 to 1 00,000 Amp 
Interrupting Capacity 

Structure Dri l l ing for Formed Door 

Type D B-25 

I 16 

Vertical or Horrzontol Current Studs 
( Drmensroned as Shown) 

1� Diameter( 4 )  Holes 

--f'=-Jf-- G:of Door 
Hinge 

Front View 

Front View 

t2 Diameter Hole 

f2Diometer Hole 
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Dimension Section 33 -870 Page 6 

Westinghouse 

• 
Standard I ndividual, o r  Stack- u p  U n it for 3 Position, D rawout Breakers Conti nued 
( D imensions in I nches Approx.) 

Type D B -50 

2£-rj 

22 

6----- Vertical or Horizontal Current Studs ____j_ ( Oimensioned as Shown) 

1�piometer ( 4 )  

Mount1ng Holes 

1600Amp 

Structure Dril l ing for Formed Door 

}2Diometer 
Hole 

Front View 
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Standard Individual. or Stack-up U nit for 3 Position, D rawout Breakers Conti nued 
(D imensions in I nches Approx.) 

Type DB-75 

30 

26 

"'""" 
o 1�Square 

0 (60) 
I I 0 

30 : 0 9 Spaces at 3= 27 

� Diameter ( 6 )  Holes 

+ 

� Diameter ( 6 )  Holes 

4 Horizontal Current Studs Only 
( Dimensioned as Shown) 

�Diameter Hole 

0 
0 g 0 ft 0 
0 §§E �of Stud 0 � 0 
0 c:(:::::P 

0 

g 0 

g 0 
0 

g 0 

g 0 
D 
D 

Structure Dri l l ing for Formed Door 

D imension Section 33-870 Page 7 

D B  De-ion 
Ci rcuit B reakers 
1 5-4000 Amperes, Ac or De 

Manually or Electrically Operated 
2 or 3 Pole, 1 5,000 to 1 00,000 Amp 
I nterrupting Capacity 

Front View 
3�Diameter 

Holes 
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Dimension Section 33-870 Page 8 

D B  De-ion 
Circuit Breakers 
1 5 -4000 Am peres, Ac or De 

Manually or Electrically Operated 
2 or 3 Pole, 1 5,000 to 1 00,000 Amp 
I nterrupting Capacity 

Standard Individual, or Stack-up Unit for 3 Position, D rawout Breakers Continued 
( Dimensions in I nches Approx.) 

Type DB-1 00 

� Diameter ( 6 )  Holes 
,rl-�------------H-----� 

5 Horizontal Current Studs Only 
(D imensioned as Shown) 

t''�'""m'"' �''' 

1+--------3�
0
-"* 26� ------�:1 216 

+ 

� 
o 1�Squre 
0 (90) 
0 
0 

45 0 u ; ,4 �'"'" "' 3-4' 

1 1  J u:-- ;-� - - - ,- · 
8�9 Spocer for Bottom Un1t 

2a 

30 

I , . I 
I I 

, I 
I , 
I I 
I I 

. I 
2 L l+i �=��-J-------�--� � Diameter ( 6 )  Holes 

Westinghouse Electric Corporation 

0 
0 
0 0 
0 $$ � 0 
0 a � 0 
0 D 
0 
0 a � 0 
0 0 
D a � 0 
0 0 
0 cj::::::j:J D 
0 

Structure Dril l ing for Formed Door 

Assembled Switchgear and Devices Dept., East Pittsburgh Divisions, East Pittsburgh, Pa. 
Printed in USA 

�of Door Screw 
3 
4 

Front View 

Structure 

j2Diometer 
Hole 
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June 1 , 1 977 
Supersedes 33-920 P WE A Price List, 
pages 1 -2, dated July 1 ,  1 975 

Prices effective June 1, 1 977 and su bject to 
change without notice. 
(Refer to Selling Policy 33-700) 
Mailed to :  E, D, C/1 955/PL 

Specifications 
Breaker 
Type 

D8W·25A 

D8W·258 
D 8W-25C 
D8W-50A 

D8W·508 
D8W·50C 

D8W·50D 
D8W-50E 

D8W-50F 
D8W-50G 

Continuous 
Current Rating 
(Amperes) 

225 

600 
600 
600 

800 
800 

1 200 
1 200 

1 600 
1600 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh, Pa. 1 51 1 2 

For Resistance Welding Machine Control 
25000, 50000 Amps Interrupting Capacity 
225 to 1 600 Amps Continuous, 600 Volts and 
Below 

Interrupting Rating (Amperes) 

600Volts 480 Volts 

25,000 35,000 

25,000 35,000 
25,000 35,000 
50,000 60,000 

50,000 60,000 
50,000 60,000 

50,000 60,000 
50,000 60,000 

50,000 60,000 
50,000 60,000 

List Prices (9 
Breaker Complete Breakers in Ventilated Enclosures 
Type 

D8W-25A 

D8W·258 
D8W-25C 
D8W·50A 

D8W·508 
D8W-50C 

D8W-50D 
D8W·50E 

D8W·50F 
D8W-50G 

2-Pole 

Manually 
Operated 

$1960 

1960 
1960 
4725 

4725 
4725 

4725 
4725 

4725 
4725 

(!) Changed since previous issue. 

Electrically 
Operated 

$2750 

2750 
2750 
6425 

6425 
6425 

6425 
6425 

6425 
6425 

3-Pole 

Manually 
Operated 

$2175 

2175 
2175 
5250 

5250 
5250 

5250 
5250 

5250 
5250 

Electrically 
Operated 

$3045 

3045 
3045 
7135 

7135 
7135 

7135 
7135 

7135 
7135 

Price List 
33-920 

Page 1 

Types DBW-25, 
DBW-50, Low 
Voltage Power 
Circuit Breakers 

250 Volts 

50,000 

50,000 
50,000 
75,000 

75,000 
75,000 

75,000 
75,000 

75,000 
75,000 

Additions 

Shunt Trip 
for Remote 
Tripping 

$280 

280 
280 
280 

280 
280 

280 
280 

280 
280 

Special Services 

Instantaneous Pick-up 
Calibration Range 
and Intermediate Mark 

400 - 800 - 1 200 

600 - 1 200 - 1800 
2000 - 4000 - 6000 
600 - 1 200 - 1 800 

1 200 - 2400 - 3600 
2500 - 5000 - 7500 

1 600 - 3200 - 4800 
4000 - 8000 - 1 2000 

2000 - 4000 - 6000 
5000 - 1 0000 - 1 5000 

Instantaneous 
Undervoltage 
Device 

$280 

280 
280 
280 

280 
280 

280 
280 

280 
280 

1 .  Advance Notification by Carrier 

A $25.00 net surcharge will be made on all  
orders (one surcharge per del ivery) where 
there is a note on the Bill of Lading read-
ing :  "Call Mr. at telephone 
number hours before deliv-
ery." 

2. Proof of Del ivery to Carrier. 

A $25.00 net surcharge will be made on al l  
orders where a sig ned Bill of Lading is re­
quired as proof of del ivery to the carrier. A 
certified copy of the shipping order will be 
supplied at no charge if requested in the 
order notes. 
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Price List 
33-920 

Page 2 

Dimensions in Inches 

Type DBW-25 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh, Pa. 1 51 1 2  

neutral stud 

7� X 20� conduit opening with dri l l  plate 
for weather proof, dust tight and top and bottom ( to be d ri l led by customer) 
water t1ght enclosures only "'-. . louvers for � 

--..._ 1 �� 1_ ventilated t 
4 enclosure 5�� 

I 22� 44 

!J il I I .  . . n/ ! 
remove I j) ] j 1 cover'A" . ,  • 
la ctose bd\ li�£� 
manually n �����:,or : \  u "A'W' r:.J4lpush totr1p : : - t  ' , , 

, . 
handle \ : 
removable : 1 

4�--t�-1---r'-- 25�----1 

� mounting bolts (4) supplied by customer 

cable terminals can be rotated 180° 
customer to spec•fy cable s•ze and 
number ( four 500 mcm per term mal 
unless otherwiSe specified} 

Type DBW-50 

Further Information 
Application :  Appl ication Data 33-760 
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June 1 , 1 977 
Su persedes 33-92 1 P WE A, Price List, 
pages 1 -2, dated July 1 ,  1 975 
Prices effective June 1, 1 977; su bject to 
change without notice. 
Sel l ing Policy 33-700. 
Mai led to : E, D, C/1 956/PL 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh, Pa. 1 51 1 2  

De-ion®, Manua l ly or  Electrica l ly Operated 

For Control of Synchronous Machine Fields 
and De Machine Fields 
Type DBF Field Breakers for control of the 
fields of rotating m achines a re comprised of 
mod ified 2-pole De-ion breakers without 
series overcu rrent tripping devices (to secu re 
non-automatic operation). and with a field 
d ischarge switch mou nted as  the center pole. 
M eans are provided to adjust the sequence of 
contacts so that the discharge contacts may 
close e it her s l ightly before or slightly after 
contacts of the main poles separate. Thus the 
contact sequence may be set to s u it requ ire­
ments of individual appl ications. 

Manually, or Manual-closing Spring Oper­
ated Field Breakers: A non-autom atic, 2 pole 
breaker with shunt trip, 4-circuit auxi l iary 
switch, one field discharge switch, a pistol 
g rip operating handle, a nd a push-to-trip but­
ton .  

List Prices Field Discharge Breakers 

Price List 
33-921 

Page 1 

Types DBF-6, 
DBF-1 6, DBF-40 
Field Breakers 

Electricall y  Operated Field Breakers : Include 
either a de (standard 1 25 or 250 volt) or an ac 
(standard 230 or 460 volt, 60 or 25 cycle )  sol­
enoid closing m echanism, control relay, 
shunt trip, 4-circuit auxi l iary switch, and one 
field discharge switch. O perating handle not 
incl uded u nless specified. 

Studs:  For dead front breakers, horizonta l bar 
studs without connectors are standard for the 
breaker and d ischarge switches. For encl osed 
field breakers, standard cable connectors a re 
included in l ist p rices below. (Refer to De­
scriptive Bul let in 33-850 for cable sizes.) 

Modifications: See ta ble below. 

Dimensions:  Refer to Assembled Switchgear 
and Devices Division, East Pittsbu rgh, Pa. for 
suitable outl ine dimensions. 

2-Pole, Non-automatic, Including Field Discharge Contact 
Type Rated Nominal Rated Rated List Prices (!I 

Continuous Field Short Interrupting Type of F ixed Ventilated 
Amperes, Voltages Time Am peres at Operation Swbd. Enclosure 
De Voltage Short Time Mtd. 

Voltage 

DBF-6 600 1 25-250-375 525 6,000 Manual $ 2235 $ 2555 
Electrical 3290 3605 

DBF-16 2000 250-375 525 1 6,000 Electrical 7780 8715 

DBF-40 4000 250-375-500 700 40,000 Electrical 23,610 26,220 

Modifications <I> Made by Additions Listed Below 

Flat Front Sheet .... 

Extra 4-circuit Auxiliary Switch . 

(!) Changed or added since previous issue. 
CD For use only when sold with complete breaker. 

Special Services 

1 .  Advance Notification by Carrier 

A $25.00 net su rcharg e  wil l  be made on a l l  
orders (one surcharge p e r  delivery) where 
there is a-note on the Bill of Lad ing read-
ing :  "Call Mr. at telephone 
n um ber hou rs before deliv-
ery." 

2. Proof of Delivery to Carrier. 

A $25.00 net surcharge will be made on a l l  
orders where a signed B i l l  of  Lading is  re­
quired as proof of delivery to the carrier. A 
certified copy of the shipping order wi l l  be 
supplied at no charge if requested in the 
order notes. 

List Prices$ 

DBF-6 DBF-16 DBF-40 

$130 $135 $280 

210 210 210 

Further Information 
Description :  Descriptive Bul letin 33-850 
Application : Appl ication Data 33-760, page 26 
Dimensions :  Refer to Switchgear Division, 

East Pittsbu rgh, Pa. 1 5 1 1 2  
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J une 1 , 1 977 
S u persedes Price List 33-922 P W E  A, 
dated J u l y  1 ,  1 975 

Prices effective June 1 ,  1 977 and 
su bject to change without notice. 
( Refer to Sel l ing Pol icy 33-700) 
M a i led to : E, D,  C/1 954/PL 

G) De-ion® Arc Chamber 

® Operating Handle Socket 

@ Cut-off Switch 

@ Hand Trip 

® Operation Counter 

@ Position Indicator 

(f) Auxi l iary Switch 

@ Shunt Trip 

Application 
Westi nghouse electrica l ly operated l ive front 
p a n e l  mounted breakers are designed for 
steel m i l l, other h eavy d uty i nd ustri a l ,  and 
rai lway use. They are extensively used a s  
cathode breakers and as machine o r  feeder 
breakers on De systems. 

Westinghouse Electric Corporation 
Switchgear D ivision 
East Pittsburgh,  Pa.  1 51 1 2  

750 Volts De S i n g l e  Pole 
2000 to 1 0,000 Amperes 

Rating 
The Type DR is designed for a p p l ication on 
c ircuits having t ime-cu rrent cha racteristics 
which meet the l i m its establ ished by N E M A  
for De breakers of the semi-high-speed 
breaker cl ass. Consequently, where the sys­
tem fault cu rrent (determined without th e cir­
cu it breaker in the c ircuit) fa l l s  between 
40,000 am peres and 1 25,000 a mperes at an 
i n stant 0 .025 second after the beg i n n i ng of 
the fault-current transient, the type DR 
b reaker, equ i pped with i n stantaneous series 
overcu rrent tripping will l i m it the m agnitude 
of fault-current so that its crest is passed not 
l ater than 0.03 second after the beg i n n ing of 
the fault-current transient. If the m axim u m  
ava i lable  cu rrent i s  l ess t h a n  40,000 a m pe res 
at an instant 0.025 second after in itiation of 
the fault, the t ime at which the crest of fau lt 
cu rrent is passed may be g reater than the 
rated 0.03 second. 

Price List 
33-922 

Page 1 

Low-Voltage 
Power Circuit 
Breakers Type DR 
Electrical ly Operated 

Construction 
The DR breaker is a self-conta ined trip free 
u n it. I ncl uded a re the a rc-qu encher, De clos­
ing solenoid, shunt trip, m a n u a l  trip, i n stan­
taneous trip,  cut-off switch, and auxi l i a ry 
switch. One maintena nce closing h a n d l e  is 
suppl ied for each Switchboard. The closing 
solenoid, shunt trip,  and cut-off switch wil l  be 
wired to a term i n a l  block.  If ordered, the un­
dervoltage coi l a nd/or the pola rizing coil  of  
the reverse current trip w i l l  a lso be wi red to 
the term i n a l  block. A control panel,  for sepa­
rate mounting, can be suppl ied. It w i l l  consist 
of a steel panel  on which wi l l  be mou nted the 
control power switch, fuses, control switch, 
closing relay, and anti-pu m p  relay. See i l lu s­
tration. 

Attachments 
I nstantaneous overcurrent tri p :  Actuates the 
breaker whenever the cu rrent exceeds a p re­
determ ined va lue .  Standard range of ca l ibra­
tion is 1 00 to 200 percent of the cu rrent rating 
of the breaker. Breaker automatical ly resets 
after tripping.  

Time delay overcurrent tri p :  Prevents tripping 
on small  overloads of short d u ration. Time 
delay is obtained throu gh adjustable sucker 
action between two smooth metal su rfaces in 
oi l  bath. 

I nstantaneous undervoltage release: This 
trips the breaker whenever the control volt­
age d rops below a predeterm ined value,  
norm a l ly 30 to 60 percent of rated voltage. It 
is se lf-resetting. 

Reverse current tr ip:  Actu ates the breaker 
when the d i rection of current flow is reversed. 
Reverse cu rrent trip cannot be suppl ied on 
breakers equipped with e ither of the 
overcurrent attachments . ®  

Auxiliary switch : Seven-circuit switch is 
suppl ied. N in e  to 22 circuits can be suppl ied if 
specified. 

® When a reverse cu rrent trip attachment is 
suppl ied for rectifier cathode service, the 
undervoltage release attachment should 
a lso be ordered and the undervoltage re­
lease coi l  and the polarizing coil of the re­
verse cu rrent trip attachment should be 
connected in  series. 

Control Panel: Consists of steel panel  on 
wh ich is mou nted control power switch, 
fuses, closing relay, a nti-p u m p  relay, and 
control switch. www . 
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Price List 
33-922 

Pag e 2 

Pricing Information 
Type DR breaker: 750 volts de 
Range of tr ip  adjustment: 1 00 to 200 percent. 

Ampere Rating 

2000 
2500 
3000 
4000 

5000 
6000 
8000 

1 0000 

Net Price ID (9 
$ 8185 

8745 
8745 
8745 

1 1,480 
1 1 ,480 
1 4,580 
16,870 

CD Prices include overcurrent trip (Instantaneous) and 
seven-circuit auxiliary switch. Special cal ibration is extra. 
No control panel included. 

Attachments 
List Price 
Additions@ 

Overcurrent trip ( instantaneous} ® 
Overcu rrent trip (time delay) $ 345 
Instantaneous undervoltage release 360 
Reverse current trip® 1 320 
Auxil iary switch (seven-circuit supplied) 

four additional c ircuits 210 
Control Pa nel® 1 150 

Special Services@ 

1 .  Advance Notification by Carrier 

A $25.00 net s u rcharge wi l l  be made on a l l  
orders ( o n e  s u rcha rge p e r  del ivery) where 
there is a note on the B i l l  of Lading read-
i ng :  "Ca l l  Mr. at telephone 
n u m ber hours before del iv-
e ry." 

2 .  Proof of Del ivery to Ca rrier. 

A $25.00 net surcharge wi l l  be made on a l l  
o rders where a signed B i l l  o f  Lading i s  re­
q u i red as proof of d e l ivery to th e carrier.  A 
certified copy of the shipping o rder  wi l l  be 
s u pp l ied at no c h a rge if req uested in  the 
order notes. 

® Included in price of breaker. 
@ Cannot be supplied on same breaker with either of the 

overcu rrent trip attachments. 
® When sold with breaker. 

Typical Control Panel Layout 

Westing house E lectric Corporation 
Switchgear Division 
East Pittsbu rgh,  Pa. 1 5 1 1 2  

Typical Control Scheme for DR Breaker 

Pas. 

T' 
125Volts o r  
250Volts D e  
6 0 0  D e  Special 
Ac Control Special 

Neg. 8 

Approximate Dimensions in Inches 

Maximum for 
IO,OOOAmps 

D1mensions Without LJndervoltage 
2000-8000 Amps 

w Recommended M i nimum 
24 ®20 

We1ght 1n lbs. 

Breaker 1 550 550 
Panel 220 1 80 

® With barriers between adjacent poles. 

1 0,000 Amps 

Maximum Minimum 
48 24 

550 1 550 
440 220 

One auxil iary Switch-(Seven circuits supplied - maximum eleven). 

When ordering, specify: 
1 .  Type of breaker 
2. Ampere rating 
3 .  Voltage 
4. Control Voltage 

a. De or Ac & Hertz 
b. M a g n itude 

5 .  Attachments 
6.  Pan el width 
7 .  Stud length 1 2" Sta ndard.  

Note: Can be supp l ied spe­
cial from 1 0%" to 1 6".  

8. Top Stud 

8 Changed or added since previous issue. 

With Undervoltage 
2000-1 0,000 Amps 

Maximum Minimum 
24 48 

550 
440 1 550 

220 

Vertical 
Horizonta l 

9. Bottom Stud 
Vertical 
Horizonta l 

1 0. Control panel  

Maximum 
48 

550 
440 
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8 
J u n e  1 ,  1 977 
Su persedes Price List 33-923 P WE A, 
pages 1 -2,  dated J uly 1,  1 975 

Prices effective Ju ne 1 ,  1 977 and 
su bject to change without notice. 
( Refer to Sel l ing Policy 33-700) 
M a i led to : E, D, C/1 958/PL 

Each u n it i ncludes a non-automatic load in­
terru pter, fixed mounted for  mounting in as­
sem bler's enclosu re or  in a floor or  w a l l  
mounted indoor ventilated enclosure; in  
series with the ind icated cu rrent l i m iting 
fuses. 

The 1 200 and 1 600-ampere ratings a re manu­
a l ly closed and tripped by a rotary h a n d l e  on 
the interrupter that  exten ds throug h the door. 
The higher ratings a re closed by a rem ova ble 
club handle stored in  a recess in  th e door, and 
tripped by a pushbutton.  A door interlock 
prevents door being opened u n l ess the inter­
rupter is ope n .  This interlock is suppl ied on 
enclosed units o n ly.  

Al l  ratings can be m ade electrica l ly tripped 
and closed by m eans of a shunt trip and Rec­
tox controlled solenoid. 

S ingle-phase protection is ava i l a b l e  if speci­
fied. 

F l at bar term inals avai lable  on all u n its (cable 
term inals as specified a re extra) .  External 
conn ections should be made so fuses wil l  be 
on the load side of interrupter. 

Ordering Information 

General 
The service entrance protector is designed to 
g ive continuous and rel iable service as the 
protective l i n k  between a source of h ig h  
capacity fault cu rrent and other switchgear 
equipment. The u n it consists of a three-pole 
i nterrupting device with a current I im iting 
fuse connected in series with each pole u n it. 
For safety in  replacing it is recommended that 
the fuses a lways be conn ected on the load 
side of th e i nterrupting un it. 

The base interrupting device is non automa­
tic; that is, manual closing and tripping.  It wil l 
be capable of interrupting fault currents up to 
fifteen times its conti nuous current rating.  
The fuses wi l l  be either the Chase Shawmut 
Amp Traps o r  Bussmann Limitron. Each one 
has a h igh degree of current l im iting a n d  can 
be appl ied on systems with avai lable short 
circuit currents of 200,000 am peres rms 
symmetrical. 

Spring closing w i l l  be standard on 1 600 am­
pere u n its. U n its a bove 1 600 am peres w i l l  be 
straight dependent m a n u a l  cl ose. ( For inde­
pendent c los ing order e l ectric closing.)  A 
m a n u a l  trip button at the front of the u nit and 

() Changed or added since previous issue. 

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh, Pa. 1 51 1 2  

For Appl ication on Circuits 
Up to 200,000 RMS Symm etrical 

List Prices(9 

Price List 
33-923 

Page 1 

Type DBE 
Service Entrance 
Protector 3 Pole 

Maximum Interrupting Ratings CD List Prices: Basic Unit® 
Continuous 
Rating 

RMS Maximum Let-thru Manua l ly Operated, 3 Fuses Electrically Operated, 3 Fuses 

Amperes 
Sym· Current at 480 Volts Dead Front With General Dead Front With General 
met-
rica I 

Peak RMS Switchboard Purpose Switchboard Pu rpose 
Asymmetrical Mounted Enclosure Mounted Enclosure 
Average 480 Volts 480Volts 480Volts 480 Volts 

800 to 1 200 200 94 46 $ 3905 $ 4585 $ 5590 $ 6225 
1 600 200 1 02 50 4085 4845 5740 6415 
2000 200 1 20 59 8600 10,350 12,320 14,015 
3000 200 1 50 74 8870 10.905 12,570 14,370 
4000 200 1 7 5  8 6  13,065 14,650 18,695 21 ,400 

G.::, In thousands of amperes. 
® Incl udes non-automatic interrupter, and single phase protection. 

List Price Additions(9 
Continuous Available Additions Per Protector 
Rating Neutral Undervoltage Shunt Trip 
Amperes Connectio n @  Instantaneous Time Delay Only 

800 to 1 200 $235 $280 
1 600 235 280 
2000 235 280 
3000 680 280 
4000 680 280 

® For encl osed units only. 

a closing handle a re standard equipment. A l l  
u n its c a n  be padlocked i n  the o p e n  position.  

An arrangement can be provided whereby 
the interrupting u nit wil l open in the event 
a ny sing le-phase fuse blows. This scheme 
wi l l  require a shunt trip device. With sing le­
phase protection the switch can not be closed 
u ntil  open fuse is rep l aced. 

Special Services(9 

1 .  Advance Notification by Carrier 

A $25.00 net s u rcharge wil l  be m ade on a l l  
orders (one surc h a rge per del ivery) where 
there is a note on the B i l l  of Lad ing read-
i ng :  "Ca l l  M r .  a t  telephone 
num ber , __ hours before del iv-
ery." 

2.  Proof of Del ivery to Ca rrier. 

A $25.00 net s u rcharge w i l l  be m ade on a l l  
orders where a s igned B i l l  o f  Lading i s  re­
q u i red as p roof of del ivery to th e carrier. A 
certified copy of the sh ipping order w i l l  be 
suppl ied at no cha rge if requested in the 
order notes. 

$435 $280 
435 280 
435 280 
435 280 
435 280 

The following accessories are available at 
additional costs. 
1 .  G eneral pu rpose enclosure - free standing 
No internal  bus-work included.  Remova ble 
entrance plates provided at top, bottom ,  back 
o r  sides for customer convenience so that 
cable or bus-work can be added to cabinet. 

2 .  Electric closing - Electric closing is availa­
ble for a l l  frame sizes. Closing wil l  be ac­
complished by m eans of a d-e closing sol­
enoid. A rectox rectifier w i l l  be fu rnish ed to 
permit a-c closing.  For e l ectric closing, a con­
trol relay and eight point termi n a l  bl ock w i l l  
be provided . 

3. E lectric tripping - Tripping wil l  be ac­
com plished by m ea n s  of a s h u nt trip device. 
Control can be e ither a-c o r  d-e. A fou r  stage 
auxi l iary switch wi l l  be provided with each 
sh u nt trip mechanism . 

4. Undervoltage - An undervoltage trip 
m echan ism can be p rovided.  
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Price List 
33-923 

Page 2 

Provide following information when 
ordering: 
a.  Basic u nit (cross out o ne) 

1 .  Dead front mounting 
2 .  With g en eral  pu rpose encl osu re 

b.  R ating (fi l l  in  num ber) 
1 .  Continuous cu rrent . . . . . . . . . .  Am peres 
2.  System voltage . . . . .  Volts 

3. Interru pting rating 200,000 a m peres 
rms sym metrica l 
4. Phases 3-phase 
5 .  Frequency 60 cycles 

c. Type fuse ( if  preference - cross out one) 
1 .  Chase Shawmut Amp Trap 
2 .  Bussma nn L i m itron 

d .  With general pu rpose enclosure 
1 .  Door Interlock yes ( ) 
2. B u s  Entrance top bus 

l eft s ide ( ) 
top ( ) 
bottom ( ) 
back ( ) 
r ight side ( ) 

e. E l ectric closing 
no ( ) yes ( ) a-c ( ) d-e ( 
Voltage Rating (select 1 )  

f. Shunt trip 
Voltage Rating 

a-c 
230 
460 

Yes ( ) 
(select 1 )  
a-c 
1 1 5 
230 
460 

no ( 
bottom 
( ) 
( ) 
( ) 
( ) 
( ) 

d-e 
1 25 
250 

N o ( 

d-e 
1 25 
250 

g.  U n d e rvoltage 
I nstantan eous ( 

N o ( ) 
Time Delay ( 

h. S ingle  phasing p rotection 
Yes ( ) 

Westinghouse Electric Corporation 
Switchgea r Division 
East Pittsbu rgh, Pa. 1 51 1 2  

N o ( 

Dimensions 
Switchboard Units 

120D and 1600 Amps 

Position Indicator 

--J 5 1--: �Diometer( 6 )  
"T Mounting Holes 
71 4 

Cantin-
uous 
Rating: 
Amps 

1 200 
1 600 
2000 
3000 
4000 

I Dimensions: Inches 

A B c D 

2 % 2 1  1 2% 7/1s 2 1  
2:X 'h 71/2 26 
4 Y. l Y2 26 
4% 1 9% 30Y, 

t. 
--j 5 1-- Ji Diameter ( 6 l .....-:��::::- T Mounting Holes •11 

See Connect1on Det01ls at R1ght -

2000 and 4000 Amps 

Enclosed Units 

n n 
Venti lotio 
and Botto 

t_of Poles 

n Top�-- --- -p 
m L _ _ _ _ _  j Hinged 

Door 

dicator Position In 
Handle Op 
Push to Tr 
Button 

ening 
ip 

· -
r -• 
'-� 

I 
I I ' 

r"--1 
'---?-

� 

-- - -

.r� �� 
�=f 
f � 
J • 

f:f. ft l 

-b 1 't Handle � Door 
Interlock 

WJ ( Pu l l to 
:; Unlock 

' F•u•� 
r--·1-- I-- � 

I �-
-

-6 T 
Breaker a Enclosure 

Amps 

1 200 
2000 
3000 
4000 

nd 
c 

Dimensions: Inches 

A B 

80 505/16 
80 505/16 
80 50511s 
80 505/16 

F{oorline . 

c D 

27Y, 32 Y, 
32Y, 35 
32Y, 35 
37 35 

Note: Remote manual tripping by flexible cable available 
when required. 

3 ! 
1 32� 

A 

[ 

B 

I 

10� ....- 6� 
9 . 4 j6DIO 

++ I� t 
25� (250 Volts) 12DD, 1600 and 2000Amps 

26� (600Volts) 

3000 and 4000 Amps 

(6 ,----
1 " 1  

i l  -

: I t--,t _j-F> 
Qt-.- 0 11-r r] ' F> 

l i  1---
() L.J 

nr "l"U=-:j 1----- D 

Remova ble Top 
Cover 

Removable 
Cover 

Removable Rear 
Cover and Sides 

Venti lotion Sides 
and Rear 

Removable 
Cover 

E 

2:1;2 
23 
281;2 
281;2 
33 
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J u ne 1 ,  1 977 
Su persedes Price List 33-924 P WE A, 
pages 1 -4, dated July 1, 1 975 

Prices effective June 1, 1 977 and 
subject to change without notice. 
( Refer to Sel l ing Pol icy 33-700) 
M a iled to: E, D,  C/1 959/PL 

Westinghouse Electric Corporation 
Switchgear Division 
East Pitts burgh, Pa. 1 51 1 2  

3-Pole Ac, 200,000 Amps Symmetrical 
I nterrupting Rating 
Avai lable  with E lectro-Mechan ica l or Sol id  
State 0. C. Trip Options 

Type DBL-50 Removable Element with 
Current Limiter Shown at Rear 

Rear View DBL·SO Removable 
Element Showing Current 
Limiter Mounted on the DB 
Breaker Element 

Price List 
33-924 

Page 1 

Type DBL Current 
Limiters DBL-25, 
DBL-50, DBL-75 
and DBL-1 00 

Application 
Type D BL cu rrent l i m iters may be used in  
series with standard type DB magnetic a i r  cir­
cu it breakers where ava i l a ble short ci rcuit 
cu rrents exceed the interrupting ratings ofthe 
breakers. ( U p  to 200,000 symmetrical am­
peres maxi m u m . )  

T h e  type D B  circuit breaker w i l l  handle any 
normal overload cu rrents on a time delay 
basis and wi l l  trip instantaneously at 500% to 
1 000% of coi l  rating. For faults above 1 500% 
of the coil rating,  the l i m iter becomes a faster 
i nterrupter than the DB breaker and w i l l  g ive 
protection to the breaker up to 200,000 am­
peres maxim u m .  The l i m iters used with the 
D B L  brea kers include b u i lt-in trigger fuses 
which operate to trip the breaker open should 
any one l i m iter blow, th us p reventing single 
phase operation. These tr igger fuses indicate 
which phase has been opened and they a lso 
keep the circu it breaker trip free unti l  the 
faulted fuse has been rep laced. 

The l i m iters form a n  integ ral part of the 
breaker and a re inaccessib le  u nti l  the breaker 
is comp letely withdrawn from the compart­
ment. The breaker cannot be withdrawn u nti l  
it has been tripped open.  This positive safety 
feature p revents any contact with the l i m iters 
u n less the circu it breaker is open and breaker 
and l i m iters a re completely isolated. 

For steady state loads a bove 1 600 am peres 
and when the short ci rcuit capacity ofthe sys­
tem exceeds the i nterrupting rating of t he 
type DB-75 or DB-100 breakers, h igher  current 
rating l im iters may be put in  series with the 
standard DB-75 or  DB-1 00 breakers. Standard 
d rawout features may be obtained by mount­
ing the l i m iters on a separate d raw out truck 
located in a compartment which is p laced 
a bove the DB-75 or  D B- 1  00 d rawout breaker 
compartment. 
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Price List 
33-924 

Page 4 

Dimensions in Inches Approximate, not for Construction Pu rposes @ 

Type D B L-26 

Type DBL-60 

D 
�-------25�--------� 

@ For DB-75 and DB-1 00 refer to Dimension Section 
33-870. 

Westinghouse E l ectric Corporation 
Switchgear Division 
East Pittsbu rgh, Pa.  1 5 1 1 2  

1 22� 

30 

c 

Cl 

0 

D 

D 

D 

D 

D 

0 

r a 
I a J a 

I � I c 
I c I � 
I � 
L c 

c 

0 
c 
c 
0 
c 
c 
c 
0 
c 
0 
c 
0 
c 
c 
dJ 
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8 
J u ne 1 , 1 977 
S upersedes 33-925 P WE A Price List, 
p ag es 1 -2, dated July 1, 1 975 
Prices effective June 1 ,  1 977; su bject to 
change without notice. 
Sel l ing Policy 33-700 
M ai l ed to : E,  D, C/1 954/PL 

Westinghouse Electric Corporation 
Switchgear Division 
East Pitts bu rg h ,  Pa. 1 51 1 2  

Type DMD, Sem i-High Speed 
Electrica l ly Operated 

Price List 
33-925 

Page 1 

Low-Voltage DC 
Power Circuit 
Breakers 

Application 
Westinghouse Type D M D  b reakers a re de­
signed for steel m i l l, other heavy duty i ndus­
tria l, and rai lway use. They a re extensively 
used as cathode breakers, machine,  feeder, 
and tie breakers on de systems. 

Rating 
250 - 750 - 1 500 volts, de service, s ingle or 
two pole, 2000 - 4000 am peres. 

The type DMD breaker is a de sem i-high 
speed breaker designed for a p pl ication on 
c i rcuits having time-current characteristics 
which meet the l i m its estab l ished by N E MA 
for de breakers of the sem i-high speed 
breaker class, with system short-circuit capa­
bi l ities of u p  to 5 am peres/microsecond rate­
of-rise. 

Consequently, where the system fault cu rrent 
(determ ined without the circuit breaker in  the 
circu it) fa l l s  between 40,000 amperes and 
1 25,000 am peres at a n  instant 0.025 second 
after the beg inn ing of the fau lt current tran­
sient, the type DMD breaker, equipped with 
i nstantaneous series overcu rrent tr ipping, 
wi l l  l i m it the magnitude of fault c u rrent so 
that its crest is passed not l ater than 0.03 sec­
ond after the begi n n ing of the fau It current 
transient. 

However, if the maximum avai lable cu rrent is 
less than 40,000 am peres a t  an instant 0. 025 
second after in itiation of the fau lt, the time at 
which the crest of fault cu rrent is passed m ay 
be g reater than the rated 0.03 second.  

Construction 
The DMD breaker is a self-contained trip-free 
u n it. Included are the arc-quencher, de clos­
ing solenoid, shunt trip or u nder-voltage re­
l ease, instantaneous trip and 2 fou r  pole aux­
i l iary switches. A boot barrier can be suppl ied 
for close multiple mounting. The closing coi l 
and trip coil  a re wired to a terminal  block. A 
control panel,  for separate m o u nting,  can be 
supplied.  It w i l l  consist of a steel panel ,  con­
trol power switch, fuse closing relay and an 
anti-pum p  relay. The breaker can be suppl ied 
for single (or m u ltiple)  pole pedestal mount­
ing. It can a lso be supp l ied d rawout metal en­
closed. Three versions can be suppl ied : 
s ingle pole, s ing le  pole with a negative d is­
conn ect device, and two poles mou nted in  
one truck. The d imensions of the metal  e n­
cl osed cel l a re 26" wide, 90%" high,  a n d  7 2" 
deep. The d i m ensions ofthe pedestal 
mounted cell a re 7%" wide, 48 inches h ig h ,  
and 26" deep. The pedestal mou nted break­
ers can be mounted with boot barriers on 9" 
centers. www . 
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Price List 
33-925 

Page 2 

Net Prices 
Ampere Rating 

1 pole -2000 amperes 
2 pole - 2000 amperes 

1 pole - 4000 amperes 
2 pole - 4000 amperes 

Attachments 

Overcurrent trip (instantaneous) 
Instantaneous undervoltage release 
Auxiliary switch (2-4 circuit supplied) 

four additional circuits 
Control panel® 

Special Services 

1 .  Advance Notification by Carrier 

Net Price 

$ 5965 
12,015 

6185 
1 1,055 

Net Price 
Addition 

® 
$ 340 

210 
1 200 

A $25.00 net su rcha rge wi l l  be made on a l l  
o rd e rs ( o n e  su rcharge p e r  del ivery) where 

Typical Control Scheme for DMD 

Neg. 8 

there is a note on the B i l l  of Lading read- Approximate Dimensions in Inches 
ing : "Ca l l  M r. at te lephone .-=.�--------------------------------, 
n um be r  hours before del iv-
ery." 

2.  Proof of Del ivery to Carrier. 

A $25.00 net su rcharge w i l l  be made on a l l  
o rders where a signed B i l l  of Lading is re­
q uired as proof of del ivery to the ca rrier. A 
certified copy of the sh ipping order w i l l  be 
su ppl ied at no charge if requested in  the 
o rder notes. 

® Included in price of breaker. 
@ When sold with breaker. 

Typical Control Panel Layout 

When ordering, specify: 
1 .  Type of breaker 
2. Am pere rat ing 
3.  Voltage 
4. Control Voltage 

a .  De or ac and Hertz 
b. M a g n itude 

5. Attachments 
6. Both studs horizontal 

- -, I I �:  I 
I 
I 
I 
I 
I 
I 
I 
I 

2.25 Wide Stud 
for 2000A 
4.5 Wide Stud 
for 4000A 1'==�1 10� 
14 

+ 
10 

.562 Dio for 
.50 Dia MTG Bolts 

Westinghouse E l ectric Corporation 
Switchgear Division 
East Pittsbu rgh,  Pa. 1 51 1 2  www . 
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J u ly 1 ,  1 97 5  
Supersedes 33-926 P WE A 
dated September 1 0, 1 974 
Prices effective J u ly 1 , 1 97 5 
subject to change without notice 
E, D, C/1 954, 1 998/ P L  

Westinghouse Electric Corporation 
Switchgear Division 
East Pittsburgh, Pa.  1 51 1 2  

For Application on Circuits up to 1 0, 0 0 0  Amps 
1 00 0  Volts D - e  or 7 0 0 0  Amps, 600 Volts A-c 

33-926 P W E  A 
Price List 

Page 1 

Type DBDS 
Disconnect Switch 
1 or 2 Pole 
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33-926 P WE A  
Price List 

Page 2 

Appl ication 
The type DBDS disconnect switch may be 
used in low voltage, high current applications. 
The switch is opened by means of a trip 
button, and closed with a rotary handle turned 
through 90'. A switch position indicator on 
the front is standard, and an auxil iary switch is 
available for remote indicators. Flat bar termi­
nals are available on al l  units (cable terminals, 
if required, are extra) .  This switch has no 
interrupting capabilities. 

Outstanding features of the type D B DS are 
its ease of operation, compactness, and rear 
connections. 

List Prices 
Ampere Rating List 
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- Price 
-=ccc-----cc=:-=-------o=---:o==---2- Pole 
600 1 000 600 1 000 Switch 
Volts A-c Volts D-e Volts A-c Volts D-e 

3000 
5000 
7000 

3000 
7000 

1 0000 

1 600 
3000 
4000 

List Price Additions 
Equipme nt 

1 600 
3500 
5000 

$1460 
2430 
3645 

List Price 
Addition 

Shunt Trip • . . . . . . . . . . . . . . . . . . . . . . . . . .  $200 
Auxiliary Switch (4 Circuit) . . . . . . . . . . . . . .  1 50 
Key Interlock . . . . . . . . . . . . . . . . . . . . . . . . . 1 82 

D imensions in I nches, Approximate Only, Not for Construction Purposes 

3000 Amp D -e, 3000 Amp A-c. Single Pole Switch --- <t_ofSwitch --

+----+--t--•._..,- �Diameter 

( 4 )  Holes 

24 -lflHI=Ihff!'ii�H-+ffi---'t_ of Handle and Studs --f---Ht--..I.E---?H;H'= 
Trip Button 

1:--..-++--+t:ii+- Handle Shown 10 
Normal Pos1110n 

7000 Amp D -e, 5000 Amp A-c. Single Pole Switch--- 't_ofSwitch --

-iF.I'tBI=i-f--,fflAJ:+ �mtt---<t_ of Handle and Studs --+-+ lt-----'+---,-JH* 

Trip Button 

l}o..---!-l--+t:ii+- Handle Shown in 
Normal Position 

Door and Front Cover (Supplied by Customer) 

1 0000 Amp D -e, 7000 Amp A-c. Single Pole Switch--- <t_ofSwitch --

24 -IF.I+HI±hff!'il"-ll-+ -ttflt---<t_ of Handle and Studs --t-+11-�:---+--t:�-f­
Tnp Button 

1:--..--H--H::ii+- Handle Shown 1n 
Normal Pos1t1on 

:J 
c (/) )> 
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Apr i l  8 ,  1 9 7  5 
Ma i l e d  t o : E , D , C / 1 9 5 5 /DB 

W e s t inghouse E lec t r ic C o rporat ion 
Switchgear D iv i s ion 
E a s t  P i t t sburgh , PA 1 5 1 1 2  

C anc e l lat ion No t ic e  

DB 3 3 - 9 5 0  

Low Vo l tage A ir C ircuit 
Breake r s  

Typ e s  DBW 1 5 , DBW2 5 ,  

DBW50 

E f fe c t ive imme d iate ly ,  De s c r ipt ive B u l l e t in 3 3 - 9 5 0 , dated Dec emb e r , 1 9 64 , is 

c anc e l led and shou l d  be removed from your c at a log and f i le s .  

The in forma t ion c ontained in th is pub l ic at ion is ob s o le t e  and w i l l  be r e i s sued 
in the near future . 
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Westinghouse 

• 
General I nformation 
System Voltage 
Westinghouse Type DB low voltage air cir­
cuit breakers are designed for operation on 
ac systems up to 600 volts and de systems 
up to 250 volts. For higher voltage de sys­
tems, the Types DR and D M  breakers are 
available. 

Normal Load Cu rrent 
The normal load current that flows in a cir­
cuit should be the first consideration in 
selecting the proper current rating of the 
breaker and its trip coil for that circuit. The 
overload capacity of generators, motors and 
transformers should also be considered; 
standard current ratings are given on page 3. 
Short-Circuit Current 
The short-circuit duty imposed on a breaker 
by a given system is probably the most diffi­
cult factor to determine. A knowledge of the 
impedances of cables, buses, generators and 
transformers, together with any motor feed­
back, is necessary to calculate accurately 
the available short-circuit current. The pres­
ence of fault or arc impedance can appre­
ciably reduce the calculated, available 
short-circuit current. H owever, the current 
l imiting effects of fault or arc impedance are 
unpredictable and hence, should not be re­
lied upon to reduce the interrupting duty on 
a breaker. Thus, the required interrupting 
rating of the breakers should be calculated 
on the basis of bolted faults. 
ASA and N EMA standards are based on 
symmetrical interrupting ratings. The rated 
short-circuit current of a low voltage power 
circuit breaker is the maximum value of 
available rms symmetrical current at one­
half cycle after fault inception that the cir­
cuit breaker shall be required to interrupt at 
the rated maximum voltage and rated fre­
quency. Although the rated short-circuit 
current is expressed in symmetrical amperes, 
the circuit breaker shall be able to interrupt 
all values of asymmetrical current as well as 
symmetrical current produced by three­
phase or si'1gle-phase circuits having short­
circuit power factor of 1 5  percent or greater 
(X/ R ratio 6.6 or less) at rated maximum 
voltage. 
Most low voltage power circuit breakers are 
applied on systems where the X/R ratio 
under short-circuit conditions is safely less 
than 6.6. Power supply to the low voltage 
system through a modern liquid-filled or 
ventilated dry-type transformer of not more 
than 2500 Kva insures a safe X/R ratio. 
Sealed dry type transformers of not more 
than 2000 Kva also give safe X/R ratios. The 
appl ication tables on pages 4 through 6 
have been provided for quickly estimating 
the maximum available short-circuit current 
on standard low voltage transformer instal-

lations. The recommended DB breakers 
given in these tables have adequate sym­
metrical and asymmetrical ratings for all 
types of standard liquid and dry type West­
inghouse transformers. 

Where power is supplied to a low voltage 
system from generators, through current­
limiting reactors, from non-standard trans­
formers or from sealed dry-type transformers 
above 2000 Kva, the system X/R ratio under 
short-circuit conditions may exceed 6.6. In 
this event, breakers should not be applied 
on the basis of their symmetrical ratings but 
instead should be applied so that their 
asymmetrical ratings are adequate for the 
asymmetrical fault current available. Calcu­
lation methods and typical apparatus imped­
ance data are given beginning on page 30. 
Caution should be observed in the applica­
tion of low voltage power circuit breakers 
with existing transformers of old designs. 
Many such transformers have X/R ratios 
greater than do modern transformers. If the 
X/R ratio is 6.6 or less, the application rules 
for modern transformers may be used; if the 
ratio exceeds 6.6, asymmetry factors must 
be considered. 

The interrupting ratings, both symmetrical 
and asymmetrical, of standard Type D B  low 

AD 33-760 Page 1 

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

voltage air circuit breakers are given on 
page 3. 
Frequency 
The ratings of low voltage air circuit breakers 
are established for de systems and for ac 
systems of 60 cycles per second. Breaker 
capacities and characteristics at 50 cps are 
essentially the same as at 60 cps and no 
special application considerations are re­
quired. For applications at other frequencies, 
refer to the nearest Westinghouse district 
office. 

May, 1971 
Supersedes AD 33-760 dated November, 1 967 
E, D, C/1954/DB www . 
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A D  33-760 Page 2 

Westinghouse 

• 
Application Data 

S u bject Page Subject Page Subject Page 

General Information 

System Voltage . . . . . . . . . . . . . . . . • •  
Normal Load Current . . . . . . . . • . . . .  
Short-Circuit Current . . . . . . . . . . . . •  

Frequency . . . . . . . . . . . . . . . . . . . . • •  

Standard Ratings of Low-Voltage 
A i r  C i rcuit Breakers - Table A .  . . 3 

Recommended Type D B  A i r  
Circuit Breakers f o r  Typical 
Transformer Installations 

208 Volts - 3 Phase - Table B . . . . . .  4 
240 Volts - 3 Phase - Table C .  . . . . . 4 
480 Volts - 3 Phase - Table D .  . . . . • 5 
600 Volts - 3 Phase - Table E .  . . . . . 6 

System Operating Conditions 

Altitude . . . . . . . . . . . . . . . . . . . . . . . .  7 
Repetitive Duty . . . . . . . . . . . . . . . . . . 7 
Repetitive Duty and Normal 

Maintenance - Table F .  . . . . . . . . . 7 
Ambient Temperature . . . . . . . . . . . . .  7 
Local Electrical Codes . . . . . . . . . . . . 7 
Atmospheric and Unusual Operating 

Conditions . . . . . . . . . . . . . . . . . . . . 7 

Ratings 

Rated Voltage . . . . . . . . . . . . . . . . . . . 8 
Rated Continuous Current . . . . . . . . . 8 
Rated Interrupting Current . . . . . . . . .  8 
Rated Frequency . . . . . . . . . . . . . . . . . 8 
Rated Short- Time Current . . . . . . . . . . 8 

Tripping and Closing Devices 

Series Overcurrent Tripping Devices . . 8 
Tripping Characteristic Curves . . . . . . 8 
Reverse- Current Tripping Devices . . . 9 
Undervoltage Tripping Attachments . . 9 
Shunt Tripping Devices . . . . . . . . . . . 9 
Closing Devices . . . . . . . . . . . . . . . . . 9 
Control Voltages and Operating 

Currents . . . . . . . . . . . . . . . . . . . . . . 1 0 

Other Attachments 

Control Relays . . . . . . . . . . . . . . . . . .  1 0 
Alarm Switches . . . . . . . . . . . . . . . . . .  1 0 
Auxil iary Switches . . . . . . . . . . . . . . . 1 0 
Interlocks . . . . . . . . . . . . . . . . . . . . . .  1 0 

M ountings and Enclosures 

Mountings . . . . . . . . . . . . . . . . . . . . . .  1 0 
Enclosures . . . . . . . . . . . . . . . . . . . . . .  1 0 
Individual Enclosures - Table G . . . . .  1 1  

Selective Tripping 

Requirements . . . . . . . . . . . . . . . . . . .  1 1  
Coordination with Fuses . . . . . . . . . . .  1 2  
Coordination with Relays . . . . . . . . . .  1 4  
Main Transformer Secondary 

Breakers . . . . . . . . . . . . . . . . . . . . . 1 7  
Directly Connected Generation on 

the Low-Voltage System . . . . . . . . 1 7  
Arcing- Fault Protection . . . . . . . . . . .  20 

* Cascade Arrangements 

Fault Current Limits for Cascading -
Table H . . . . . . . . . . . . . . . . . . . . . .  20 

Comparison of Selective Tripping 
and Cascading . . . . . . . . . . . . . . . . 21 

Motor C i rcuit Protection 

Breaker Interrupting Capacity . . . . . . . 21 
Breaker Continuous Current Rating . . 21 
Recommended Breaker Rating -

Table I . . . . . . . . . . . . . . . . . . . . . . .  22 
Maximum Rating or Setting of 

Motor Circuit Breaker - Table J . . . 22 
Breaker Tripping Characteristics . . . . . 23 
Breaker Selection . . . . . . . . . . . . . . . . 24 
Motor Locked - Rotor Protection . . . . . 24 
Reduced-Voltage Starting . . . . . . . . . .  24 
Undervoltage Protection . . . . . . . . . . .  25 

Resistance Welding Appl ications . 25 

Type DBW Breakers for Resistance 
Welding Machine Control - Table K . . 25 

Field Discharge B reakers 
and Resistors 

Fu nctions and Field D ischarge 
Resistors . . . . . . . . . . . . . . . . . . . . . . .  26 
Selection of Field Resistors . . . . . . . .  26 
"M aximum Probable"' Ratios of In-

duced Field Currents - Table L .  . . .  26 
Permissible Transient Crest Voltage -

Table M . . . . . . . . . . . . . . . . . . . . . . 27 
Selection of Field Discharge 

Breakers . . . . . . . . . . . . . . . . . . . . .  27 
Ratings of Type D B F  Field D ischarge 

Breakers - Table N . . . . . . . . . . . . . 27 
Simplified Application Tables . . . . . .  28 
Recommended Field Discharge 

Breakers - Table 0 . . . . . . . . . . . . . 28 
Recommended Values of Field 

Discharge Resistance - Table P . . . 28 

Shunt Capacitor Switching . . • . .  29 

Other Applications 

Lighting Transformers . . . . . . . . . . . . .  29 
Bus Duct Protection . . . . . . . . . . . . . .  29 
Application of Manually Operated 

Circuit Breakers . . . . . . . . . . . . . . . . 29 

Three-Phase Fault Calcu lations . .  30 

System of Units and Base Quantities . . 30 
Type of Faults . . . . . . . . . . . . . . . . . . . 31  
Time of Maximum Fault Current . . . . .  31  
I mpedances . . . . . . . . . . . . . . . . . . . . .  31 
Approximate Transformer Impedances 

- Table Q . . . . . . . . . . . . . . . . . . . . 31 
Average Values of Machine Sub­

transient Reactance - Table R . . . . 31 
Reactance and Resistance of 

Copper Cables - Table S . . . . . . . . .  31  
Single- Phase Reactance and Ac 

Resistance of Single- Phase Conductors 
- Table T . . . . . . . . . . . . . . . . . . . . .  32 

Bus Duct Impedances - Table U . . . .  33 
Bus Bar Reactances - 60 Cycles . . . .  33 
Asymmetry Due to the D - e  

Component. . . . . . . . . . . . . . . . . . . 34 
Sources of Short-Circuit Current . . . . 35 
General Procedure for Fault 

Calculations . . . . . . . . . . . . . . . . . . 36 

S i ng le-Phase Fault Calculations . .  37 

Available Tripping Character-
istics - Table V . . . . . . . . . . . . . . .  39 

* Cascading is no longer a recognized arrangement. 
See ANSI - C 37.1 6 - 1 970. 
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AD 33-760 Page 3 

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

Table A: Standard Ratings of Type D B  Low-voltage Ai r Circuit B reakers 

Breaker Voltage I nterrupting Rating. 30 Cycle Short-Time Frame Size Continuous 
Type Current Measured Rating Without Current Rating of Current 

at I nstant l!. Cycle Series Trip. Amperes Carrying Parts Other Than 
After Fault. Amperes Series Overcurrent 

Tripping Devices 

Ac(J) D-e Asymmetrical® Symmetrical Asymmetrical® Symmetrical Amperes 

DB-1 6 600-481 250 and Below 1 5000 1 4000 1 5000 1 4000 225 
480-241 . . . . . . . . . . . . 25000 22000 1 5000 1 4000 225 
240 and Below . . . . . . . . . . . .  30000 25000 1 5000 1 4000 225 

DB-26 600-481 250 and Below 25000 22000 25000 22000 600 
480-241 · · · · · · · · · · · ·  35000 30000 25000 22000 600 
240 and Below · · · · · · · · · · · ·  50000 42000 25000 22000 600 

DB-50 600-481 250 and Below 50000 42000 50000 42000 1 600 } 
480-241 · · · · · · · · · · · ·  60000 50000 50000 42000 1 600 ® 
240 and Below . . . . . . . . . . . . 75000 65000 50000 42000 1 600 

DB-75 600-481 250 and Below 75000 65000 75000 65000 3000 
480-241 . . . . . . . . . . . . 75000 65000 75000 65000 3000 
240 and Below . . . . . . . . . . . . 1 00000 85000 75000 65000 3000 

D B-100 600-481 250 and Below 1 00000 85000 1 00000 85000 4000 
480-241 · · · · · · · · · · · ·  1 00000 85000 1 00000 85000 4000 
240 and Below . . . . . . . . . . . .  1 50000 1 30000 1 00000 85000 4000 

Trip Coi l Continuous Current Ratings - Amperes® 

Breaker Voltage Trip Coil Continuous Current Ratings- Amperes@ 
Type Range of Coil Ratings Available Range of Coil Ratings Available If Overcurrent Device Has Short-

If Overcurrent Device Has Delay Tripping for Currents Above 1 500% of Coil Rating and With 
Instantaneous Tripping for Short-Time Delay Not To Exceed the Values Below.@ 
Current Above 1 500% of the 0.1 - Second I 0.233-Second I 0.5-Second Coil Rating@ (6 Cycles) ( 14  Cycles) (30 Cycles) 

Ac(J) D-e Min. Band l nterm. Band Max. Band 

DB-1 6 600-481 250 and Below 1 5  to 225 1 00 to 225 1 25 to 225 1 50 to 225 
480-241 . . . . . . . . . . . .  20 to 225 1 00 to 225 1 25 to 225 1 50 to 225 
240 and Below . . . . . . . . . . . . 30 to 225 1 00 to 225 1 25 to 225 1 50 to 225 

DB-26 600-481 250 and Below 40 to 600 1 75 to 600 200 to 600 250 to 600 
480-241 · · · · · · · · · · · ·  1 00 to 600 1 75 to 600 200 to 600 250 to 600 
240 and Below . . . . . . . . . . . .  1 50 to 600 1 75 to 600 200 to 600 250 to 600 

DB-60 600-481 250 and Below 200 to 1 600 350 to 1 600 400 to 1 600 500 to 1 600 
480-241 . . . . . . . . . . . . 400 to 1 600 350 to 1 600 400 to 1 600 500 to 1 600 
240 and Below . . . . . . . . . . . .  600 to 1 600 350 to 1 600 400 to 1 600 500 to 1 600 

DB-76 600-481 250 and Below 2000 to 3000 2000 to 3000 2000 to 3000 2000 to 3000 
480-241 · · · · · · · · · · · ·  2000 to 3000 2000 to 3000 2000 to 3000 2000 to 3000 
240 and Below · · · · · · · · · · · ·  2000 to 3000 2000 to 3000 2000 to 3000 2000 to 3000 

DB-100 600-481 250 and Below 4000 4000 4000 4000 
480-241 . . . . . . . . . . . . 4000 4000 4000 4000 
240 and Below . . . . . . . . . . . .  4000 4000 4000 4000 

(J) The table applies for frequencies 50 to 60 cps. For frequencies less than 50 cps. use the ratings for the 600-481 volt range. 
® On ac systems. the asymm••trical interrupting rating is the average rms asymmetrical current. On the de systems. it is the maximum current that any one pole of the 

breaker can satisfactorily interrupt. 
Q) Standard trip coil ratings areo: 1 5-20-30-40- 50-70-90-1 00-1 25-1 50-1 75-200-225-250-300-350-400-500-600-800-1 000-1 200-1 600-2000-2500-3000-4000 ac or 

de amperes. 
® For special individual enclo!;ures. other than the general purpose ventilated enclosure. the maximum continuous current rating is 1 200 amperes for the DB-50. This does 

not apply to breakers in metal-enclosed switchgear assemblies. 
@ Breakers equipped with series overcurrent tripping devices having short delay can be applied only on systems where the short-time rating of the breaker is equal to or 

greater than the available fault current. 
@ For frame sizes 3000 and 4000 ( DB-75 and D B-1 00). range of coil ratings available if overcurrent device has instantaneous tripping or currents above 1 200% of the 

coil rating. 
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AD 33-760 Page 4 

Westinghouse 

• 
Recommended Type DB Air Circuit Breakers 
For Application with Standard Westi nghouse Transformers ( liquid,  D ry Ventilated and D ry Sealed Types) 

Figure 1 - Selective Trip Systems Figure 2 - Cascade Systems* Figure 3 - Fully-rated Non-selective systems 

Selective *Cascade Fully-Rated 

Transformer Maximum Rated Load Short-circuit Current(!) Selective Cascade Fully-rated Non-
Rating Short Cir- Continuous Rms Symmetrical Amperes Trip Systems Systems* selective Systems 
3 Phase cuit Kva Current Transformer 50% Motor Combined SM SGF F M F or G F  CF M F or G F  
Kva and Available Amperes Alone Load (208v) Selective Selective Feeder Main Feeder Cascaded Main Feeder 
Impedance from 1 00% Motor Main Group Breaker Breaker or Group Feeder Breaker or Group 
Percent Primary Load (240v) Breaker Feeder Feeder Breaker Feeder 

System Breaker Breakers Breakers 

Table B: 208 Volts - 3 Phase® 

300 50000 834 1 4900 1 700 1 6600 DB-50 DB-25 D B - 1 5  DB-50 DB-1 5 D B - 1 5  D B-50 D B - 1 5 
5% 1 00000 1 5700 1 7400 DB-25 D B - 1 5  DB-15  D B - 1 5  DB-1 5 

1 50000 1 6000 1 7700 DB-25 DB-1 5 DB-15  D B - 1 5  DB-1 5 
250000 1 6300 1 8000 DB-25 DB-1 5 DB-15  D B- 1 5  D B - 1 5  
500000 1 6500 1 8200 DB-25 DB-1 5 DB-1 5 D B- 1 5  D B - 1 5  
Unlimited 1 6700 1 8400 DB-25 DB-1 5 D B - 1 5  DB-1 5 D B - 1 5 

500 50000 1 388 231 00 2800 25900 DB-50 DB-50 DB-25 DB-50 DB-25 D B - 1 5  DB-50 DB-25 
5% 1 00000 25200 28000 DB-50 DB-25 DB-25 D B- 1 5  DB-25 

1 50000 26000 28800 DB-50 DB-25 DB-25 DB- 1 5  DB-25 
250000 26700 29500 DB-50 DB-25 D B-25 D B - 1 5  DB-25 
500000 27200 30000 DB-50 DB-25 DB-25 D B- 1 5  DB-25 
Unlimited 27800 30600 DB-50 DB-25 DB-25 D B - 1 5  D B-25 

750 50000 2080 28700 4200 32900 DB-75 DB-50 DB-25 DB-75 DB-25 DB-1 5 DB-75 DB-25 
5.75% 1 00000 32000 36200 DB-50 DB-25 DB-25 DB-1 5 DB-25 

1 50000 33300 37500 DB-50 DB-25 DB-25 DB-1 5 DB-25 
250000 34400 38600 DB-50 DB-25 DB-25 D B-1 5 DB-25 
500000 35200 39400 DB-50 DB-25 DB-25 DB-1 5 DB-25 
Unlimited 36200 40400 DB-50 DB-25 DB-25 DB-1 5 DB-25 

1 000 50000 2780 35900 5600 41 500 DB-75 DB-50 DB-25 DB-75 DB-25 D B - 1 5  DB-75 DB-25 
5.75% 1 00000 41 200 46800 DB-75 DB-50 DB-50 DB-1 5 DB-50 

1 50000 43300 48900 DB-75 DB-50 DB-50 D B - 1 5  DB-50 
250000 45200 50800 DB-75 DB-50 DB-50 DB-25 DB-50 
500000 46700 52300 DB-75 DB-50 DB-50 DB-25 DB-50 
Unlimited 48300 53900 DB-75 DB-50 DB-50 DB-25 DB-50 

Table C: 240 Volts - 3 Phase® 

300 50000 722 1 2900 2900 1 5800 DB-50 DB-25 DB-15  DB-50 DB-15  DB-1 5 DB-50 D B - 1 5  
5% 1 00000 1 3600 1 6500 D B-25 D B - 1 5  D B - 1 5  DB-1 5 DB-15  

1 50000 1 3900 1 6800 DB-25 D B - 1 5  DB-1 5 DB-1 5 DB-1 5 
250000 1 4 1 00 1 7000 DB-25 D B - 1 5  D B - 1 5  DB-1 5 DB-1 5 
500000 1 4300 1 7200 DB-25 DB-1 5 D B - 1 5  DB-1 5 DB-1 5 
Unlimited 1 4400 1 7300 DB-25 DB-15  D B - 1 5  DB-1 5 DB-15  

500 50000 1 203 20000 4800 24800 DB-50 DB-50 DB-15  DB-50 DB-15  D B - 1 5  DB-50 D B - 1 5  
5% 1 00000 21 900 26700 DB-50 DB-25 DB-25 D B - 1 5  DB-25 

1 50000 22500 27300 DB-50 DB-25 DB-25 D B- 1 5  DB-25 
250000 231 00 27900 DB-50 DB-25 DB-25 D B- 1 5  DB-25 
500000 23600 28400 DB-50 DB-25 DB-25 DB-1 5 DB-25 
Unlimited 24100 28900 DB-50 DB-25 DB-25 D B - 1 5  DB-25 

750 50000 1 804 24900 7200 321 00 DB-75 DB-50 DB-25 DB-75 DB-25 DB-1 5 DB-75 DB-25 
� 5.75% 1 00000 27800 35000 DB-50 DB-25 DB-25 DB-1 5 DB-25 

1 50000 28900 361 00 DB-50 DB-25 DB-25 D B - 1 5  DB-25 
250000 29800 37000 DB-50 DB-25 DB-25 D B - 1 5  DB-25 
500000 30600 37800 DB-60 DB-25 DB-25 D B- 1 5  DB-25 
Unlimited 31 400 38600 DB-50 DB-25 DB-25 DB-1 5 DB-25 

• Cascading is no longer a recognized arrangement. Refer to notes on page 5 
See ANSI - C 37.1 6 - 1 970. www . 
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Recommended Type DB Air Circuit Breakers 

AD 33-760 Page 5 

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

For Application with Standard Westi ng house Transformers ( Liquid, D ry Ventilated and D ry Sealed Type) 

Transformer Maximum Rated Load Short-circuit Current<D Selective Cascade Fully-rated Non-
Rating Short Cir- Continuous Rms Symmetrical Amperes Trip Systems Systems* Selective Systems 
3 Phase cui! Kva Current Transformer 1 00% Motor Combined SM S G F  F M F or G F  CF M F or G F  
Kva and Available Amperes Alone Load Selective Selective Feeder Main Feeder Cascaded Main Feeder 
Impedance from Main Group Breaker Breaker or Group Feeder Breaker or Group 
Percent Primary Breaker Feeder Feeder Breaker Feeder 

System Breaker Breakers B reakers 

Table C: 240 Volts - 3 Phase@ (Contmued) 
1 000 50000 2406 31 000 9600 40600 DB-75 DB-50 DB-25 DB-75 DB-25 DB-1 5 DB-75 DB-25 

5.75% 1 00000 35600 45200 D B -75 DB-50 DB-50 DB-1 5 DB-50 
1 50000 37500 47100 DB-75 D B-50 DB-50 DB-1 5 DB-50 
250000 39100 48700 DB-75 DB-50 DB-50 DB-1 5 DB-50 
500000 40400 50000 DB-75 DB-50 DB-50 DB-1 5 DB-50 
Unlimited 41 800 51 400 D B -75 D B-50 DB-50 DB-25 DB-50 

1 500 50000 3609 41 200 1 4400 55600 DB-1 00 DB-75 DB-50 DB-1 00 DB-50 DB-25 DB-1 00 DB-50 
5.75% 1 00000 49800 64200 DB-75 D B-50 DB-50 DB-25 DB-50 

1 50000 53500 67900 DB-1 00 DB-75 DB-75 DB-25 DB-75 
250000 56800 71 200 DB-1 00 DB-75 DB-75 DB-25 DB-75 
500000 59600 74000 DB-1 00 DB-75 DB-75 DB-25 D B -75 
Unlimited 62800 77200 DB-100 DB-75 DB-75 D B -25 D B -75 

Table D ·  480 Volts - 3  Phase@ 
300 50000 361 6400 1 400 7800 DB-25 DB-1 5 DB-1 5 DB-25 DB-1 5 D B - 1 5  DB-25 D B - 1 5  

5% 1 00000 6800 8200 DB-1 5 DB-1 5 DB- 1 5  DB-1 5 DB-1 5 
1 50000 6900 8300 D B - 1 5  DB-1 5 DB-1 5 DB-1 5 DB-1 5 
250000 7000 8400 DB-1 5 DB-1 5 DB-1 5 DB-1 5 DB-1 6 
500000 7100 8500 DB-1 5 DB-1 5 DB-1 5 DB-1 5 DB-1 5 
Unlimited 7200 8600 DB-1 5 DB-1 5 DB-1 5 DB-1 5 DB-1 5 

500 50000 601 1 0000 2400 1 2400 DB-50 DB-1 5 DB-1 5 DB-50 DB-1 5 DB-1 5 DB-50 DB-1 5 
5% 1 00000 1 0900 1 3300 DB-1 5 DB-1 5 DB-1 5 D B - 1 5  DB-1 5 

1 50000 1 1 300 1 3700 DB-1 5 DB-1 5 DB-1 5 DB-1 5 D B-1 5 
250000 1 1 600 1 4000 DB-1 5 D B- 1 5  DB-1 5 DB-1 5 D B - 1 5  
500000 1 1 800 1 4200 DB-25 D B- 1 5  DB-1 5 DB-1 5 DB-1 5 
Unlimited 1 2000 1 4400 DB-25 D B- 1 5  DB-1 5 DB-1 5 DB-1 5 

750 50000 902 1 2400 3600 1 6000 DB-50 DB-25 DB-1 5 DB-50 DB-1 5 DB-1 5 DB-50 DB-1 5 
5.75% 1 00000 1 3900 1 7500 DB-25 DB-1 5 DB-1 5 DB-1 5 DB-1 5 

1 50000 1 4400 1 8000 DB-25 DB-1 5 D B - 1 5  DB-1 5 DB-1 5 
250000 1 4900 1 8500 DB-25 DB-1 5 DB-1 5 DB-1 5 D B-1 5 
500000 1 5300 1 8900 DB-25 DB-1 5 DB-1 5 DB-1 5 D B - 1 5  
Unlimited 1 5700 1 9300 DB-25 DB-1 5 DB-1 5 DB-1 5 D B -1 5 

1 000 50000 1 203 1 5500 4800 20300 DB-50 DB-25 DB-1 5 DB-50 DB-1 5 DB-1 5 DB-50 DB-1 5 
5.75% 1 00000 1 7800 22600 DB-50 DB-25 DB-25 DB-1 5 DB-25 

1 50000 1 8700 23500 DB-60 DB-25 DB-25 DB-1 5 DB-25 
250000 1 9600 24400 DB-50 D B -25 DB-25 DB-1 5 D B-25 
500000 20200 25000 D B-50 DB-25 DB-25 DB-1 5 DB-25 
Unlimited 20900 25700 D B -50 D B -25 DB-25 DB-1 5 DB-25 

1 500 50000 1 804 20600 7200 27800 DB-75 D B -50 DB-25 DB-75 DB-25 DB-1 5 DB-75 DB-25 
5.75% 1 00000 24900 32100 DB-50 DB-50 DB-50 DB-1 5 DB-50 

1 50000 26700 33900 DB-50 D B-50 DB-50 DB-1 5 DB-50 
250000 28400 35600 DB-50 DB-50 DB-50 DB-1 5 DB-50 
500000 29800 37000 DB-50 DB-50 DB-50 DB-1 5 DB-50 
Unlimited 31 400 38600 DB-50 DB-50 DB-50 DB-1 5 DB-50 

2000 50000 2406 24700 9600 34300 DB-75 DB-50 DB-50 DB-75 DB-50 D B - 1 5  D B-75 DB-50 
5.75% 1 00000 31 000 40600 DB-50 DB-50 DB-50 DB-1 5 D B-50 

1 50000 34000 43600 DB-75 DB-50 DB-50 DB-25 DB-50 
250000 36700 46300 DB-75 DB-50 DB-50 DB-25 DB-50 
500000 39100 48700 DB-75 DB-50 DB-50 DB-25 DB-50 
Unlimited 41 800 51 400 DB-75 DB-75 DB-75 DB-25 DB-75 

2500 50000 3008 28000 1 2000 40000 DB-100 DB-50 D B-50 DB-1 00 DB-50 DB-1 5 DB-1 00 DB-50 
5.75% 1 00000 36500 48500 DB-75 D B-50 DB-50 DB-25 DB-50 

1 50000 40500 52500 DB-75 DB-75 DB-75 DB-25 D B -75 
250000 44600 56600 D B -75 D B-75 DB-75 DB-25 D B -75 
500000 48100 60100 D B-75 D B-75 DB-75 DB-50 DB-75 
Unlimited 52300 64300 DB-75 DB-75 DB-75 DB-50 DB-75 

M = Main breaker selected to have adequate interrupting and continuous current ratings. 
SM =Selective main breaker selected to have adequate i nterrupting. short-time and continuous current ratings and equipped with selective series overcurrent tripping 

devices. 
G F= Group feeder breaker selected to have adequate interrupting rating. The breaker is assumed to have adequate continuous current capacity. 

SG F = Selective group feeder breaker selected to have adequate interrupting and short-time ratings. and equipped with selective series overcurrent tripping devices. The 
breaker is assumed to have adequate continuous current capacity. 

F = Feeder breaker selected to have adequate interrupting rating . 
CF =Cascaded feeder breaker. where the available fault current exceeds the breaker interrupting rating. selected to comply with cascade rules in page 2 1 .  
(D=Short circuit currents are calculated by dividing transformer full-load current by the sum of transformer and system impedance expressed in per unit. Motor con­

tribution is assured to be 4 times total motor load. For details see page 32. 
@ =Standard ranges of trip coil ratings are listed in  a table on page 3.  

* Cascading is  no longer a recognized arrangement. See ANSI - C 37.1 6 - 1 970. www . 
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A D  33-760 Page 6 

Westinghouse 

• 
Recommended Type DB Air Circuit Breakers 
For Application with Standard Westing house Transformers ( Li qu id, D ry Ventilated and D ry Sealed Type) 

Figure 1 - Selective Trip Systems Figure 2 - Cascade Systems* Figure 3 - Fully-rated Non-selective Systems 

Transformer Maximum Rated Load Short-circuit Current(!) Selective Cascade Fully-rated Non-
Rating Short Cir- Continuous Rms Symmetrical Amperes Trip Systems Systems* selective Systems 
3 Phase cuit Kva Current Transformer 1 00% Motor Combined S M  SGF F M F or G F  C F  M F or G F  
Kva and Available Amperes Alone Load Selective Selective Feeder Main Feeder Cascaded Main Feeder 
Impedance from Main Group Breaker Breaker or Group Feeder Breaker or Group 
Percent Primary Breaker Feeder Feeder Breaker Feeder 

System Breaker Breakers Breakers 

Table E: 600 Volts - 3 Phase® 

300 50000 289 5200 1 200 6300 D B-25 D B-1 5 D B-1 5 D B -25 D8-1 5 D B - 1 5  D B -25 D B - 1 5  
5% 1 00000 5500 6700 D B-1 5 D B - 1 5  DB-1 5 D B - 1 5  D B - 1 5  

1 50000 5600 6800 D B-1 5 D B - 1 5  D B- 1 5  D B -1 5 D B - 1 5  
250000 5600 6800 DB-1 5 DB-1 5 D B- 1 5  D B -1 5 D B - 1 5  
500000 5700 6900 DB-1 5 DB-1 5 D B- 1 5  DB-1 5 D B - 1 5  
Unlimited 5800 7000 DB-1 5 D B -1 5 D B- 1 5  DB-1 5 D B - 1 5  

500 50000 481 8000 1 900 9900 D B-25 DB-1 5 D B- 1 5  D B-25 D B-1 5 DB-1 5 D B-25 D B - 1 5  
5% 1 00000 8700 1 0600 D B- 1 5 D B-1 5 DB-1 5 DB-1 5 D B - 1 5  

1 50000 9000 1 0900 D B-1 5 D B-1 5 D B- 1 5 DB-1 5 D B-1 5 
250000 9300 1 1 200 DB-1 5 D B-1 5 DB-1 5 D B - 1 5 DB-1 5 
500000 9400 1 1 300 D B- 1 5  D B-1 5 D B-1 5 DB-1 5 DB-1 5 
Unlimited 9600 1 1 500 D B- 1 5  D B-1 5 D B-1 5 D B- 1 5  D B- 1 5  

760 50000 722 1 0000 2900 1 2900 DB-50 D B- 1 5  D B - 1 5  D B-50 D B-1 5 D B - 1 5 D B -50 D B - 1 5  
5.75% 1 00000 1 1 1 00 1 4000 D B- 1 5  D B-1 5 D B -1 5 D B- 1 5 D B- 1 5  

1 50000 1 1 600 1 4500 D B-25 D B -25 DB-25 D B -1 5 D B -25 
250000 1 1 900 1 4800 D B -25 D B -25 DB-25 DB-1 5 D B-25 
500000 1 2200 1 5 1 00 D B-25 D B -25 DB-25 D B- 1 5  D B -25 
Unlimited 1 2600 1 5500 D B -25 DB-25 D B -25 DB-1 5 D B-25 

1 000 50000 962 1 2400 3900 1 6300 D B -50 D B -25 DB-25 D B-50 D B -25 DB-1 5 D B -50 D B-25 
5.75% 1 00000 1 4300 1 8200 D B -25 D B-25 D B -25 D B-1 5 D B -25 

1 50000 1 5000 1 8900 D B -25 D B-25 D B -25 DB-1 5 D B -25 
250000 1 5600 1 9500 DB-25 D B-25 D B-25 D B -1 5 D B-25 
500000 1 6200 20100 DB-25 D B-25 D B-25 D B -1 5 D B-25 
Unlimited 1 6700 20600 DB-25 D B -25 D B-25 D B-1 5 DB-25 

1 500 50000 1 444 1 6500 5800 22300 D B-50 D B -50 D B -50 D B-50 D B-50 DB-1 5 D B -50 D B-50 
5.75% 1 00000 20000 25800 D B -50 DB-50 D B -50 D B -25 DB-50 

1 50000 21 400 27200 D B -50 DB-50 D B -50 D B -25 D B-50 
250000 22700 28500 DB-50 DB-50 DB-50 D B -25 D B-50 
500000 23900 29700 DB-50 DB-50 DB-50 D B -25 D B-50 
Unlimited 251 00 30900 DB-50 D B-50 DB-50 D B -25 D B-50 

2000 50000 1 924 1 9700 7800 27500 D B -75 D B -50 DB-50 D B -75 D B -50 D B-25 D B -75 D B-50 
5.75% 1 00000 24800 32600 DB-50 DB-50 DB-50 D B-25 D B-50 

1 50000 27200 35000 D B -50 D B-50 D B-50 D B -25 D B-50 
250000 29400 37200 DB-50 D B-50 D B-50 D B -25 D B -50 
500000 31 300 391 00 DB-50 D B-50 D B -50 D B -25 D B -50 
Unlimited 33500 41 300 DB-50 DB-50 D B -50 D B -25 D B -50 

2500 50000 2405 22400 9600 32000 DB-75 D B -50 D B-50 D B -75 D B -50 D B -25 D B -75 D B -50 
5.75% 1 00000 29200 38800 DB-50 D B -50 DB-50 D B-25 DB-50 

1 50000 32400 42000 D B -50 D B -50 DB-50 D B-25 D B-50 
250000 35600 45200 D B -75 D B -75 DB-75 D B -50 D B -75 
500000 38500 48100 D B -75 D B -75 D B-75 D B -50 DB-75 
Unlimited 41 800 51 400 DB-75 D B -75 D B -75 D B -50 D B -75 

M = Main  breaker selected to have adequate interrupting and continuous current ratings. 
SM = Selective main breaker selected to have adequate interrupting. short-time and continuous current ratings and equipped with selective series overcurrent tripping 

devices. 
G F = Group feeder breaker selected to have adequate interrupting rating. The breaker is assumed to have adequate continuous current capacity. 

SGF= Selective group feeder breaker selected to have adequate interrupting and short-time ratings. and equipped with selective series overcurrent tripping devices. The 
breaker is assumed to have adequate continuous current capacity. 

F= Feeder breaker selected to have adequate interrupting rating. � CF= Cascaded feeder breaker. where the available fault current exceeds the breaker interrupting rating. selected to comply with cascade rules on page 20. 
(!)= Short-circuit currents are calculated by dividing transformer full-load current by the sum of transformer and system impedances expressed in  per unit. M otor con-

tribution is assumed to be 4 times total motor load. For details see page 30. 
@ � Standard ranges of trip coil ratings ere l isted in a table on oaoe 3. 

* Cascading is no longer a recognized arrangement. See ANSI - C 37.1 6 - 1970. 
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System Operating Conditions 
Altitude 
When the breakers are to be installed at 
altitudes higher than 3300 feet, the voltage 
and current ratings are subject to correction 
factors specified by the AlEE and N EMA 
standards. 

These are as follows: 
Altitude I Correcting Factor 

Voltage Current 

3300 ft. (1 000 meters) 
4000 ft. (1 200 meters) 
5000 ft. ( 1 500 meters l 

1 0000 ft. (3000 meters) 

1 .00 
0.98 
0.95 
0.80 

1 .000 
0.996 
0.990 
0.960 

Multiplying the standard rating of the break­
ers by the above factors gives the rating at 
the altitude indicated. 

Repetitive Duty 
Power operated circuit breakers, when oper­
ating under usual service conditions, shall 
be capable of operating the number of times 
specified in table F, below. The operating 
conditions and the permissible effect of 
such operations upon the breaker are given 
in the notes following the table. 

This table applies to all parts of a circuit 
breaker that function during normal oper­
ation. It does not apply to other parts, such 
as overcurrent tripping devices, that func­
tion only during infrequent, abnormal circuit 
conditions. 

Some typical applications that usually re­
quire an a nalysis of the repetitive duty are: 

plugging 
jogging 
frequent motor starting 
arc furnaces 
annealing furnaces 
reversing mill motor applications 

Applications like plugging, jogging and re­
verse mill motor applications usually require 
contactors for the repetitive switching oper­
ations; however, it should be remembered 
that standard contactors frequently require 
a circuit breaker somewhere in  the circuit 
that is capable of giving short-circuit pro­
tection. 

Notes for Table F Below 
Servicing 
1 .  Servicing shall consist of adjusting, 
cleaning, lubricating, tightening, etc., as 
recommended by the manufacturers. The 
operations listed are on the basis of servic­
ing at intervals of six months or less. 

Circuit Conditions 
2. When closing and opening no load. 
3. When closing and opening currents up to 
the continuous current rating of the circuit 
breaker at voltages up to the maximum de­
sign voltage and at 80 percent power factor 
or higher. 
4. When closing currents up to 600 percent 
and opening currents up to 1 00 percent (80 
percent power factor or higher) of the con­
tinuous current rating (frame size) of the 
circuit breaker at voltages up to the maxi­
mum design voltage. 

O perating Conditions 
5. With rated control voltage. 
6. Frequency of operation not to exceed 20 
in 1 0  minutes or 30 in one hour. Rectifiers 
or other a uxiliary devices may further limit 
the frequency of operations. 
7. Servicing at no greater intervals than 
shown i n  column 2 of table F. 

Conditions of the Circuit B reaker After 
the O perations Shown in the Table 
8. No parts shall have been replaced except 
as qualified by note 1 1 .  
9. The circuit breaker shall be i n  a condi­
tion to meet all of its continuous current, 
and voltage ratings and one opening test at 
rated short circuit current. 
1 0. The circuit breaker shall be in a condi­
tion to meet all its continuous current and 
voltage ratings but not necessarily its inter­
rupting rating. 

Table F: Repetitive Duty and Normal Maintenance(!) (See notes above) 
Breaker Number of 
Type Operations Be-

tween Servicing 

Note 1 

DB-1 5 2500 
D B-25 1 750 
D B-50 500 
D B -75 250 
D B - 1 00 250 

N umber of Operations 
No Load I Full Load I Full Load I Inrush I Inrush 
Mechanical Non-Fault Fault Non- Fault Fault 
Notes 2. 5, 6, Notes 3, 5, 6, Notes 3, 5, 6, Notes 4, 5, 6, Notes 4, 5, 6, 
7, 8 and 9 7, 8 and 1 0  7, 8, 9 and 1 1  7, 8, and 1 0  7, 8, 9 and 1 1  

25000 5000 4000 3500 2500 
25000 3500 2800 2500 1 750 

8000 1 000 800 750 500 
3000 500 400 . . . . . . . .  
3000 500 400 . . . . . . . . 

(j) ASA C37.1 3-9.9 for notes and C37.1 6 for tabulation. 

AD 33-760 Page 7 

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

O peration Under Fault Conditions 
1 1 .  If a fault operation occurs before the 
completion of the permissible operations, 
it is not to be inferred that the breaker can 
afterward meet its interrupting rating or 
complete its number of operations without 
servicing and making replacements if neces­
sary. 

Ambient Temperature 
Westinghouse Type DB low voltage air cir­
cuit breakers are suitable for operation at 
their standard ratings when and where the 
ambient temperature does not exceed 40 
degrees C. When the breakers are mounted 
in individual enclosures (of the ventilated 
type) or in metal enclosed switchgear 
assemblies, the standard ratings are appli­
cable provided the ambient temperature 
outside of the enclosure does not exceed 
40 degrees C. 

Local Electrical Codes 
Type DB low voltage air circuit breakers are 
built to conform to the standards of the 
National Electrical Manufacturers Associa­
tion, publication SG-3. The breakers a nd 
their characteristics are designed so that 
they are applicable where National Electrical 
Code requirements apply. Breakers requir­
ing special characteristics in order to meet 
certain city, state or other electrical codes 
must be referred to the nearest Westing­
house district office. 

Atmospheric and U nusual 
Operating Conditions 
When other than what would be considered 
normal operating conditions exist, special 
precautions should be taken to determine if 
standard apparatus will be satisfactory. The 
following are among the conditions for 
which special attention should be given in 
applying breakers: 
1 .  Exposure to damaging or explosive 
fumes, dust, vapors, etc. 
2. Exposure to excessive or abrasive dust. 
3. Exposure to salt spray, excessive mois­
ture, etc. 
4. Exposure to excessively high or low 
temperatures. 
5. Subjection to abnormal vibration, shocks 
or tilting. 
6. Unusual operating duty such as fre­
quency of operation and installations inac­
cessible for maintenance. 
For some of the above abnormal operating 
conditions, various types of individual en­
closures may be required for safety reasons 
to maintain proper breaker performance. 
Refer to table G, page 1 1 ,  for a list of avail­
able enclosures and the conditions for 
which they are recommended. 
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AD 33-760 Page 8 

Westinghouse 

• 
Ratings 
Rated Voltage 
All DB breakers are designed for 600 volts 
ac and meet the insulation requirements of 
that voltage class. When applied at other 
voltages, they have interrupting ratings per 
table A. The maximum voltages at which 
these i nterrupting ratings apply are l isted 
below: 

Ac Rms I De 
Voltage I Maximum Voltage I Maximum 
Ratings Voltage Ratings Voltage 240 1 250 1 250 I 300 480 500 �:�(l) ���(l) 600 630 
(l) For mining applications. 

Rated Contin uous C urrent 
Circuit breakers are rated upon a maximum 
basis. They are circuit interrupters and pro­
tective devices, and as such, may be called 
upon at all time to successfully remove from 
service other equipment or circuits. Further­
more. after such a circuit i nterruption, their 
current carrying ability may be reduced. Be­
cause of these conditions which differ from 
those for generators, motors, transformers, 
etc., it is not practical to establish overload 
ratings. 

The trip coils used with series over.current 
tripping devices are also rated on a maxi­
mum basis; that is, although the device can 
be set to pick-up at currents in excess of 
1 00 percent of the trip coil rating. the trip 
coil itself cannot carry continuously a cur­
rent in excess of its rating without exceed­
ing the allowable temperature rise. It should 
be remembered however, that breakers 
properly applied will have trip coil ratings 
in excess of the normal continuous load 
current of the apparatus or circuit that the 
breaker is protecting. 

Extended overload settings are provided (up 
to 1 60 percent) and may be required in 
some applications so that the breaker can 
be set to maintain continuity of service 
during load surges that are of such duration 
and magnitude that will not be harmful to 
the circuit or apparatus that the breaker is 
protecting. 

Rated Interrupti ng C urrent 
The interrupting rating of a breaker is ex­
pressed as the maximum current that the 
breaker can interrupt at a specified voltage. 

1 .  In ac circuits, the current is defined i n  
symmetrical rms amperes. The current is 
measured at the instant Y. cycle after the 
fault occurs. 

In a 3- phase circuit, the asymmetrical cur­
rent (total short-circuit current including 

asymmetry due to the ac component) is de­
fined as the average of the rms values of 
asymmetrical currents in the three phases. 

2. In de circuits, it is the maximum value of 
the current flowing during the fault transient. 

The standard interrupting duty cycle of a 
circuit breaker with instantaneous tripping 
for fault currents shall consist of an opening 
operation, followed after a 1 5-second inter­
val by a close-open operation. 

The standard interrupting duty cycle of a 
circuit breaker with delayed tripping for 
fault currents shall consist of an opening 
operation, followed after a 1 5-second inter­
val by a close-open operation, the tripping 
being delayed by the associated tripping 
devices. 

At the end of any performance at or within 
its interrupting rating, the circuit breaker 
shall be in the following condition: 

1 .  Mechanical: The circuit breaker shall be 
in substantially the same mechanical con­
dition as at the beginning. 

2. Electrical: The circuit breaker shall  be 
capable of withstanding rated voltage in 
the open position and of carrying rated 
current at rated voltage for a limited time 
but not necessarily without exceeding the 
rated temperature rise. 

Applications requiring more than the stand­
ard duty cycle, or involving automatic re­
closing, should be referred to East Pitts­
burgh Office. 

Rated Frequency 
This is the frequency (or range of frequen­
cies) for which the other ratings are appli­
cable. The breaker ratings listed are appli­
cable on 25-60 cycle ac systems. 

Rated Short-Time Cu rrent 
This is the value of fault current that the 
breaker can successfully carry for a short­
time interval, based on the following duty 
cycle: 

The standard short-time duty cycle shall 
consist of maintaining rated short-time cur­
rent for two periods of one- half second 
each, with a 1 5-second interval of zero 
current between the one-half second 
periods 

The short-time current is defined in the 
same manner as the interrupting current. 

Breakers equipped with selective over­
current devices, which give time delay trip­
ping for fault currents, must not be applied 
on systems where the available fault current 
can exceed the short-time rating. 

At the end of any performance at or within 
its short-time rating, the circuit breaker shall 

be capable of carrying rated continuous cur­
rent without exceeding its rated temperature 
rise and shall be capable of meeting its 
interrupting rating. 

When low voltage breakers are applied 
without series trips, then the time delay fur­
nished by the relays must be checked to 
ensure that the short-time current rating of 
the breaker is not exceeded. 

Tripping and Closing Devices 
Series Overcu rrent Tripping Devices 
There are three basic overcurrent tripping 
characteristics used on type DB low voltage 
breakers: 

1 .  Long-delay: This characteristic is fur­
nished by a magnetic element which gives 
a delayed tripping in the order of seconds 
and minutes for values of overcurrent only 
a few multiples of the trip coil rating. The 
time delay is obtained by means of adjust­
able valves that control the rate at which air  
enters an expanding air  chamber. Its usual 
function is to furnish overload protection 
for conductors and apparatus. 

Two settings are required to completely de­
fine the long-delay characteristic, namely, 
a pick- up setting and a time-delay setting. 

2. Short-delay: This characteristic is also 
furnished by a magnetic element that gives 
a time delay in the order of cycles for heavy 
currents of fault-current magnitude. The 
time delay is obtained by means similar to 
the long delay except that the valve orifice 
is larger allowing a greater rate of air to 
flow and, hence, giving only a short-time 
delay. Its usual function is to provide a 
short-time delay for fault currents to give 
selectivity with other circuit breakers. 

Two settings are required to completely 
define the short-delay characteristic, name­
ly, a pick-up setting and a time-delay set­
ting. 

3.  Instantaneous Trips: This characteristic 
is furnished by a magnetic instantaneous 
device with no intentional time delay. Its 
usual function is to give short-circuit pro­
tection to load circuits It is also used on 
breakers in cascade arrangements. Only 
pick- up setting is required to define the 
instantaneous characteristic. 

Tripping Characteristic Cu rves 
Long-delay characteristics are usually fur­
nished in conjunction with either short­
delay or instantaneous trip characteristics 
in the same overcurrent device. The com­
bined tripping characteristics are shown by 
reference curves. These curves also show 
the various coil ratings and ranges of ad­
justment of the available devices and the 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



pick-up tolerances of the individual charac­
teristics. For available curves, see table V. 

Special instantaneous trips only or short­
delay characteristics only are also available. 
For these special characteristics, refer to the 
nearest Westinghouse district office. 

Reverse-Cu rrent Tripping Devices 
Reverse-current tripping devices of the in­
stantaneous type are available for the type 
DB breakers for applications on de systems. 
The device will trip for reverse-current 
down to 5 percent of the current rating. The 
range of adjustment is 5 to 25 percent with 
calibrations at 5 and 25 percent. 

To reset the armature of the device after 
tripping, an "a" contact of the breaker 
auxil iary switch is required to open the 
potential coil circuit. 

In the standard arrangement for reverse­
current tripping devices on type DB break­
ers, the device occupies one of the pole 
spaces on a standard 3-pole frame. This 
means that a standard type DB breaker, 
with a reverse-current tripping device, is 
l imited to a two-pole breaker with reverse­
current tripping on one pole. Series over­
current tripping devices can also be sup­
plied on each pole. See Figure 1 .  Other 
special arrangements have been supplied 
in the past; for special requirements, refer 
to the nearest Westinghouse district office. 

Figure 1 :  Standard type DB breaker 
with one reverse-current ( RC )  and 
two series overcurrent ( O C )  tripping 
device 

- - -t- - - - - - - - - - -r- - - , ) ) 

Undervoltage Tripping Attach ments 
An undervoltage tripping attachment acts 
to trip the circuit breaker when the voltage 
on its solenoid operating coil is insufficient 
to retain a spring loaded core. The dropout 
point falls within a band of 30 to 60 per-

cent of nominal coil voltage and is not 
adjustable. 

U ndervoltage attachments are available 
either as instantaneous type or time delay 
type. The time delay type has an extreme 
range of adjustment from 1 to 1 0 seconds 
and its normal setting will give a delay of 
4 to 7 seconds. 

The undervoltage device is automatically 
reset when the breaker opens. The delay 
time of the time delay device is shorter than 
normal for approximately one minute after 
resetting, so that if there are two undervolt­
age operations i n  quick succession there 
may be less time delay on the second than 
on the first. 

Shunt Tripping Devices 
Shunt trip attachments are solenoid mech­
anisms that trip the breaker when energized 
through a control switch contact or relay 
contacts. Shunt trip attachments are re­
quired on al l  electrically operated breakers 
and on breakers that are tripped by relays. 

The shunt trips are designed for intermittent 
duty only and hence, the trip circuit must 
be opened by an auxil iary switch contact. 

Closi ng Devices 
There are three types of closing mechanisms 
available with the DB power circuit breaker: 
dependent manual, electric solenoid and 
independent manual (spring closing). There 
are certain  l imitations to the application of 
the manual closing mechanism. For details 
see page 29. 

The spring closing mechanism is available 
on the D B - 1 5, DB-25, and D B - 50 breakers. 
Breakers equipped with the spring closing 
mechanism can be used with instantaneous 
or selective delayed trips up to the full 
short-time rating of the breaker. The spring 
closing mechanism assures rapid and safe 
closing of the breaker, independent of an 
operator's strength or effort on the closing 
handle, against all possible fault currents, 
which are within  the short-time rating of 
the breaker. 

AD 33-760 Page 9 

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 
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• 
Control Voltages and 
Operating Currents 
Electrically operated air circuit breakers 
should be operated from reliable sources of 
control power. Standard control voltages 

Control Voltages 

Direct Current 
Standard I To Close 
Control 
Voltages 

24 . . . . . . . . .  
48 . . . . . . . . .  

1 25 90 to 1 30 
250 1 80 to 260 

I To Trip 

1 4  to 30(1) 
28 to 60 

70 to 1 40 
1 40 to 280 

<D 24-vo!t tripping is not recommended 

Operating Currents 

Type I No. I Closing C urrent - Volts 
of of 
Breaker Poles 1 25 I 250 I 230 I 460 

De De Ac Ac 

DB-1 5 2, 3 20 1 0  30 1 5  
DB-25 2, 3 23 1 0  35 20 
D B-50 2, 3 20 1 0  20 1 0  
DB-75 2, 3 32 1 8  32 1 8  
DB-1 00 2. 3 32 1 8  32 1 8  

Control power for a c  closing of low voltage 
breakers in metal-enclosed switchgear is 
usually taken from the bus or l ine-side of 
the breaker through current limiting fuses, 
or through standard fuses and current 
limiting resistors. When it is necessary to 
supply closing power through a control 

Other Attachments 
Co ntro l Relays 
A control relay is normally supplied on each 
electrically operated type DB breaker. The 
function of the control relay is to close and 
open the closing solenoid circuit of the 
breaker during a closing operation, so that 
the heavy closing current does not pass 
through the control switch or other initiat­
ing device. 
When the control switch of the breaker is 
closed, it energizes the control relay. A 
contact from the relay completes the closing 
solenoid circuit. When the breaker is closed, 
the breaker closing mechanism mechanical­
ly opens the relay contact which interrupts 
the closing current. 
Alarm Switches 
It may be desirable when a breaker trips on 
a fault or overload to ring an a larm of some 
type. Alarm switches are available on the 
type DB breaker that will close their contact 
when the breaker is tripped by the series 
overcurrent device but which is mechan­
ically blocked from closing when the break-

and ranges for electrically operated low 
voltage breakers are measured at the mech­
anism terminals for solenoid mechanisms 
given below: 

I Alternating Cu rrent 
Standard I To Close 
Control 
Voltages 

1 1 5  
230 

460 

95 to 1 25 
1 90 to 250 

380 to 500 

I To Trip 

95 to 1 25 
1 90 to 250 

380 to 500 

c I Tripping Current - Volts 
48 l 1 2s I 2so 1 1 1  s I 230 
De De De Ac A c 

5 2 1 1 .5 .2 
5 2 1 1 .5 .2 
5 2 1 1 .5 .2 
5 2 1 1 .5 .2 
5 2 1 1 .5 .2 

power transformer, a 3 Kva transformer is 
used for all breaker types and regardless of 
the number of breakers. For tripping power 
only, a 250 va control power transformer is 
adequate for all breaker ratings and regard­
less of the number of breakers. 

er is manually tripped or opened by the 
shunt trip device. Undervoltage tripping 
attachment, when supplied, can also oper­
ate an alarm. 

Auxiliary Switches 
Auxiliary switch circuits are available on 
the type DB breakers in  groups of 4 or 8®. 
These switches are used to control indicat­
ing lamps, shunt trip coil circuits or other 
duties in automatic or manual control 
schemes. 
The switches are contained in molded cases. 
A rotary design moving contact is used with 
a wiping action between contact surfaces. 
The contact faces are silverplated and are 
held against each other by auxiliary spring 
tension when they are engaged in the 
closed position. 
Normally, the auxiliary switches have alter­
nate make and break contact when the 
breaker is in the open or closed position. 
These can be changed, however, to give 

® Twelve auxiliary switch circuits are available on the 
types DB-50. 75 and 1 00 breakers. 

any combination of make and break con­
tacts desired. 

The auxiliary switch contacts have the 
following characteristics: 

Contacts can carry 1 5  amperes contin­
uously or 250 amperes for 3 seconds. 

I nterrupting Capacity: 
Volts I Circuit 

Non-I nductive I Inductive 

1 25 De 1 1  Amperes 6.25 Amperes 
250 De 2 Amperes 1 .75 Amperes 

1 1 5  Ac 75 Amperes 1 5  Amperes 
450 Ac 25 Amperes 5 Amperes 

Interlocks 
I nterlocks can also be supplied to prevent 
the operation of breakers under certain con­
ditions. For example, two breakers may be 
interlocked so that only one may be closed 
at any one time but both may be open at 
any one time. Electric lockout attachments 
or key interlocks are recommended to per­
form these special functions. Key interlocks 
on drawout switchgear are so designed and 
mounted that the interlocking fu nction wil l  
not be defeated by substitution of a different 
breaker in the cell. Mechanical interlocks 
are also available for non-drawout breakers. 

Electric lockout attachments are available 
on the type DB breakers. The lockout pre­
vents closing of the breaker by holding the 
breaker l inkage in the trip-free position. En­
ergizing the lockout coil frees the linkage 
and permits closing the breaker. After the 
breaker is closed, de-energizing the lockout 
coil does not cause tripping. Standard coil 
voltages are 48, 1 25 or 250 de and 1 1 5  
230 or 460 ac. 

Mountings and Enclosures 
Mountings 
The type DB circuit breakers are available 
for dead front fixed mounting or for drawout 
mounting in individual enclosures or in 
metal enclosed switchgear assemblies. 

Enclosu res 
Breakers applied in hazardous locations 
with explosive atmospheres or otherwise 
contaminated atmospheres, should be pro­
vided with proper enclosures to prevent ex­
plosions and to maintain proper breaker per­
formance. Individual circuit breakers of the 
type DB can be supplied with enclosures as 
shown by the following table: 
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Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

Table G: Individual Enclosu res for Types D B- 1 5, 25, 50, 75 and 1 00 Low-Voltage Air Circuit B reakers 
Enclosure 

General Purpose 
(Ventilated) 

Semi Dust-tight 

Dust-tight 

Explosion-proof(!) 

Submersible(!) 

Water-tight 

Weatherproof 

Description 

An indoor enclosure with louvres, designed to enclose 
the breaker so as to prevent accidental contact with the 
enclosed apparatus. 

An indoor enclosure, less louvres, with a gasketed front 
door to limit the amount of dust that may enter the 
enclosure. 

An indoor enclosure, less louvres but suitably gasketed to 
exclude all failing or suspended dust or particles from 
entering the enclosure. 

An indoor enclosure so designed to withstand an internal 
explosion of specified combustible mixtures without the 
emission of flame. 

An outdoor, submersible enclosure designed so that the en­
closed breaker will operate successfully when the en­
closure is submerged in water under specified conditions of 
pressure and time. 

An outdoor enclosure, suitably gasketed and designed to 
protect the breaker when the enclosure is subjected to 
water in the form of a hose stream. 

An outdoor enclosure, suitably gasketed and designed to 
protect the breaker against normal weather hazards such 
as rain, snow and sleet. The enclosure may be provid­
ed with breather vents to eliminate condensation. 

<D These standard enclosures are not available for Type D B-1 5 breaker. 
Refer to the nearest Westinghouse district office for other special enclosures. 

Applications 

Indoor applications with normal atmospheric and service conditions. 

Indoor applications where additional protection against dust or parti­
cles is desired over that provided by the general-purpose enclosure. 

Indoor applications where the atmosphere may be contaminated by 
metal dust (such as aluminum or magnesium) or cement dusts. Also 
required for hazardous locations, classes II and iii as defined by the 
N ational Electrical Code where the atmosphere may be contami­
nated with combustible dusts (such as in coal pulverizer plants, 
flour mills, grain elevators. starch plants. etc.) or atmospheres con­
taminated with combustible fibres (such as i n  cotton, rayon and 
other textile mills). 

Required in hazardous locations, class I. group D, as defined by the 
National Electrical Code where the atmosphere may be contaminated 
by combustible vapors (such as gasoline, naphtha. butane, alcohol. 
lacquers. etc.). Explosion-proof enclosures are not suitable for haz­
ardous locations. class I, groups A. B and C where atmospheres 
contain highly explosive gases such as acetylene, hydrogen gas or 
ethylene. 

For quarries, mines or manholes requiring a submersible enclosure 

Water-tight enclosures may be required such as on ship docks, and 
in dairies, breweries, etc. 

For outdoor applications where the enclosure is subjected to normal 
weather conditions. 

Note: All individual enclosures. except the general purpose ventilated enclosure tend to restrict and prevent adequate ventilation hence the maximum continuous 
current that the enclosed breaker can carry is l imited as follows: 
For type D B -50 the maximum continuous current should not exceed 1 200 amperes. 

Selective Tripping<Z> 
Selective tripping is the application of cir­
cuit breakers in  series so that of the circuit 
breakers carrying fault current, only the one 
nearest the fault opens and isolates the 
faulted circuit from the system. This type of 
system gives maximum continuity of service. 
The following requirements should be 
observed: 
1 .  Each circuit breaker must have an inter­
rupting rating equal to or greater than the 
short-circuit current available at the point 
of application. 
2. Each circuit breaker, equipped with 
selective tripping devices, must have a 
short-time rating equal to or greater than 
the short-circuit current available at the 
point of application. This does not apply to 
feeder breakers having instantaneous over­
current tripping devices. 

® Essential text of related sections of N EMA standard 
SG-3 and AlEE standard No. 20. 

3. The tripping characteristics of each cir­
cuit breaker overcurrent device must be so 
selected that the breaker nearest the fault 
opens to clear the faulted circuit. Breakers 
nearer the source of power should remain 
closed and continue to carry their respec­
tive loads. To accomplish this selectivity, 
the tripping characteristics of the breaker 
overcurrent devices should not overlap. 

4. Dependent manually operated circuit 
breakers shall be limited to applications in  
which the  delayed tripping requirements do 
not exceed 1 4,000 sym. rms amperes. In  
other words, breakers having short-delay 
overcurrent tripping that are applied to sys­
tems where the available short-circuit cur­
rent is above 1 4,000 sym. rms amperes shall 
have electrical ly operated mechanisms or 
independent manual (spring closing) mech­
anisms. 

5. A maximum of four low voltage air cir­
cuit breakers can be operated selectively i n  
series, one of these being a feeder breaker 
with instantaneous overcurrent tripping. 

6. Attention is directed to the fact that 
selective tripping requires coordination 
with the rest of the system; for instance, 
circuit breakers on the low voltage side of a 
transformer bank require proper coordina­
tion with relays or fuses on the high volt­
age side. 

7. It is important that the selective tripping 
requirements be considered in the initial 
design of the system. The distribution of 
load should be such that the relative con­
tinuous current ratings of the various 
breakers (trip coil ratings of their over­
current tripping devices) can give the re­
quired selectivity. To illustrate the point. 
refer to the selective tripping examples on 
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Westinghouse 

• 
pages 1 2, 1 5  and 1 8. Note that the current 
ratings of the largest group feeder and 
feeder breakers were limited to certain 
values in order to obtain selectivity. The 
relative current ratings shown in the ex­
amples may be used as a general guide; 
however, in some cases other ratings may 
be used. 

Figure 2: Transformer bank with pri­
mary fuses 

I 
P r i m a r y� 

T 3- Phase Transformer 

f 
Feeder ) 

'"'"''± -

� ± 
X 

Select ive 
Main 
Secondary 
Breaker 

Coordination with Fuses - See Figure 2 
A fuse current rating of approximately 200 
percent of the transformer rated current 
(based on the transformer self-cooled 
rating) will in general override the trans­
former magnetizing inrush current and pro­
vide adequate fault protection. 

In  a selective trip system, the transformer 
main secondary breaker should be of the 
selective type; that is, equipped with series 
overcurrent tripping devices having long­
and short-delay characteristics. The de­
vices should be selected and set to meet 
the following requirements. 

1 .  Furnish overload protection for the 
transformer. 

2. Furnish short-circuit and arcing-fault 
protection for the bus and feeder breakers. 

3. The transformer main secondary breaker 
should be selective with the feeder or group 
feeder breakers; that is, the time current 
characteristics of their respective series 
overcurrent devices should not overlap. 

4. The secondary main breaker should give 
the best possible coordination with the 
primary fuses. To ensure safe selective trip­
ping between the primary fuse and a main 

secondary breaker (that is, where the break­
er is able to clear a secondary fault before 
there is any risk of damaging the fuse ther­
mally), the total clearing time of the breaker 
should lie below the short-time curve of the 
fuse for all values of current equal to and 
less than the maximum value of symmetrical 
fault current that can flow through the 
transformer to a secondary faulteD. 

If some overlap of the breaker and fuse 
curves cannot be avoided, then it is desir­
able to set the breaker such that the breaker 
will always trip even though the fuse may 
be damaged thermally. This can be accom­
plished by keeping the total clearing time 
of the breaker below the minimum melting 
time curve of the fuse. 

Complete selectivity (that is, no overlapping 
of the characteristic curves) between the 
primary fuses and the secondary main 
breaker is desirable, but is generally difficult 
to obtain because of the extreme differences 
in their characteristic curves. The current 
rating of the fuse should not be arbitrarily 
increased to give complete selectivity at the 
expense of sacrificing adequate protection. 

On applications where some overlap cannot 
be avoided, it is recommended that the pri­
mary fuses should be replaced as a matter of 
operating procedure whenever the second­
ary main breaker trips for a bus fault, as 
there is the possibility of damaging, and 
still not blowing, the fuses. Again, since 
bus faults are rare, particularly in  enclosed 
switchgear assemblies, the probabilities of 
this condition ever occuring are very low. 

Group feeder and feeder breakers off the 
main bus should be selected and set to give 
complete selectivity with the transformer 
primary fuses. 

Selective Tripping, Example 1 :  
Low Voltage Transformer I nstallation 
With Pri mary Fuses 

Assume a 480-volt, low voltage system as 
shown in Figure 3, page 1 3. 

1 .  Continuous Current Ratings: 
a.  Primary Fuse: The transformer rated cur­

rent on the primary side is 1 04 amperes. 
A 200-E fuse would normally be supplied. 

b. Selective Main Secondary Breaker: The 
transformer rated current on the low 

CD The short-time curve of the fuse will lie below the 
main melting time curve and takes into account 
such factors as preloading and gives adequate 
margin for coordination purposes. Some manu­
facturers do not give short-time curves of their 
fuses; in these cases it is recommended that the 
total clearing time of the low voltage breaker not ex­
ceed 75 percent of the time indicated by the mini­
mum melting time curve of the primary fuse. 

voltage side is 900 amperes. A 1 200 
ampere breaker is required; this in­
herently requires a Type D B -50 breaker. 

c. Selective Group Feeder Breakers: It is 
assumed that the largest selective group 
feeder breaker required is rated 600 
amperes. 

d. Feeder Breakers at Control Center Bus: 
It is assumed that the largest feeder 
breaker required is rated 1 50 amperes. 

2. Interrupting and Short-Time C u r­
rent Requi rements: 
a. Primary Fuse: It is assumed that the pri­

mary system short circuit Kva available 
will not exceed approximately 1 50,000; 
hence, a type BA-400 fuse is adequate. 

b. Selective Main Secondary Breaker: From 
Table D. page 5, the combined short­
circuit current at the bus is approximately 
1 8,000 amperes (sym. rms). A type 
D B-50 breaker was selected on the 
basis of continuous current requirements, 
however, both the interrupting and 
short-time current ratings are also 
adequate. 

c. Selective Group Feeder Breaker: The 
type D B - 25 breaker has an interrupting 
rating of 30,000 amperes at 480 volts 
and a short-time rating of 22,000 am­
peres and hence is adequate. Note that 
type D B - 1 5 breakers have an interrupt­
ing rating of 22,000 amperes at 480 volts 
and if equipped with long delay and 
instantaneous overcurrent trip devices, 
the short-time current rating need not be 
considered. Thus, feeder breakers on the 
main bus, equipped with long delay and 
instantaneous trip could be D B - 1 5 
breakers. 

d. Feeder Breakers at Control Center Bus: 
It is assumed that there is sufficient 
cable impedance to l imit the available 
short-circuit current at the control cen­
ter to 1 4,000 amperes. Hence, type AB 
molded case breakers, frame size F and 
larger, are applicable. 
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Figure 3: Selective Tri pping Time-Current Characteristic Curves for the Low Voltage Transformer Installation 
with Primary Fuses 
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3. Tripping Characteristics: 
a.  Primary Fuse: The primary fuse has a 

characteristic band made up of the short­
time and total clearing time curves. The 
fuse gives short-circuit protection to the 
transformer and also gives arcing fault 
protection to the transformer secondary 
and the circuit connection to the low 
voltage switchgear. 

b. Selective Main Secondary Breaker: The 
main secondary breaker should have 
series overcurrent tripping devices of the 
long and short delay type to give selec­
tivity with the group feeder breakers. The 
characteristics were selected so that even 
though there is slight overlapping with 
the primary fuse, the total clearing time 
of the breaker does not exceed the melt­
ing time curve of the fuse. This insures 
that the breaker will always trip for bus 
faults. Note that there is selectivity in the 
range of probable fault currents<D and 
that the only overlap is in  a small range 
of overcurrents that are considerably 
above normal overloads and yet below 
the probable short-circuit currents; hence, 
the overlap is actually insignificant. The 
characteristics were taken from curve 
number 376474. The secondary breaker 
also gives overload protection to the 
transformer as it is set to pick up at 1 400 
amperes, or 1 60 percent of the trans­
former rated current (the National Elec­
trical Code allows a maximum setting of 
250 percent) . The low, short delay pick­
up setting insures quick clearing over a 
large range of fault currents; hence, 
giving good arcing fault protection to the 
bus and group feeder breakers. 

c. Selective Group Feeder Breaker: The 
series overcurrent tripping devices are of 
the long and short delay type to give 
cable protection and selectivity with the 
load breakers. The group feeder breakers 
are completely selective with the primary 
fuses and the main secondary breaker. 
The characteristics were taken from curve 
number 4051 33. 

d .  Feeder Breaker: The characteristics of a 
standard type AB molded case breaker 
are shown as taken from Application 
Data 29-1 60, "De-ion® Circuit Breakers." 

(j) From Table D. page 5. the rms symmetrical current 
from the transformer alone is 1 4.400 amperes. 

At this value of symmetrical current, the total clear­
ing time and the primary fuse short-time curve just 
touch. 

Coordination with R elays ­
See Figure 4 
Normally, one or both windings of the trans­
former will be delta connected; hence, the 
high and low voltage systems will be iso-

lated from the standpoint of ground fault 
currents. Therefore, coordination between 
low voltage breakers and ground relays on 
the high voltage system is generally not 
considered. 

Consideration must be given to the proper 
selection of the current transformer ratios 
and types of available relays. Generally, the 
primary rating of the current transformers on 
the high voltage side should be about 200-
250 percent of the power transformer rated 
current.CZ> Overcurrent relays of the 4-1 2 
(or 4-1 5) ampere range. with 40-1 60 am­
pere range instantaneous trip attachments, 
are usually satisfactory. 

The instantaneous trip attachments provide 
high speed tripping for transformer primary 
faults. The pickup setting of the attachment 
should be sufficiently high@ to override the 
current flowing through the transformer ( in­
cluding asymmetry) during a low voltage 
system fault. 

Figure 4: Transformer Bank with High­
Side Relays 

4 

Primary 
B reaker  
and Relays 

3-Phcse 
Transformer 

""') Select ive 
M a i n  

L Secondary ..C, Breaker 

X 

) Feeder  Breaker 

t -
The main transformer secondary breaker 
should be equipped with series overcurrent 
tripping devices of the long and short delay 
type that meet the following requirements: 

1 . Provide overload protection for the trans­
former. 

2. Provide short-circuit and arcing fault pro­
tection for the bus and feeder breakers. 

3. Furnish selective tripping with the group 
feeder and feeder breakers. 

4. Give the best possible coordination with 
the primary relays. 

® When there is no main transformer secondary 
oreaker. the primary current rating of the current 
transformers should not exceed approximately 200 
percent of the power transformer rated current. 

@ The minimum setting is 1 .6 times the symmetrical 
ac current flowing on the high voltage side (in 
terms of the current transformer secondary) for a 
bolted. 3-phase short-circuit on the low voltage 
side. 
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Selective Tripping, Example 2: 
Low Voltage Transformer Installation 
with Primary Relays 

Assume a 480-volt, low voltage system as 
shown in Figure 5, page 1 6. 

1 .  Continuous Cu rrent Ratings: 
a. Primary Relays: The transformer rated 

current on the high side is 41 .6 amperes. 
Assume a 1 00/5 ratio current transformer 
and 4-1 2  ampere range type CO relays. 

b. Selective Main Secondary Breaker: The 
transformer rated current on the low 
voltage side is 1 200 amperes. thus a 
type D B -50, 1 600 ampere breaker is 
selected. 

c. Selective Bus Tie Breaker: A 1 600 am­
pere, type DB-50 bus t ie breaker is 
selected. 

d. Selective Group Feeder Breakers: It is 
assumed that the largest feeder breaker 
required is rated at 600 amperes. 

e. Feeder Breakers at Control Center B us: 
It  is assumed that the largest feeder 
breaker required is rated at 1 50 amperes. 

2. I nterrupting and Short-Time C u r­
rent Requirements: 

a. Primary Breakers: Based on a projected 
future available short circuit kva of 
500,000, the type 1 50 D H P 500 breakers 
are adequate. 

b. Selective Main Secondary Breakers: From 
Table D, page 5, the combined short­
circuit current at each bus section with 
the bus tie breaker open is 25,000 am­
peres (rms sym.). The interrupting and 
short-time ratings of the D B-50 main 
breakers are adequate. 

c. Selective Bus Tie Breaker: When the bus 
tie breaker is closed, it will not be sub­
jected to fault current in  excess of the 
combined short-circuit current of either 
bus section, namely 25,000 amperes. 
Hence, the DB-50 bus tie breaker has 
adequate interrupting and short-time 
ratings. 

d. Selective Group Feeder Breakers: The 
type DB-50 breaker has an interrupting 
rating of 50,000 amperes at 480 volts 
and a short-time rating of 42,000 am­
peres and hence is adequate, based on a 
normally open bus tie breaker. Note that 
for feeder breakers on the main bus, type 
D B-25 breakers (equipped with instan­
taneous overcurrent trips) would have 
adequate interrupting capacity, and the 
short-time current rating need not be 
considered. Thus, feeder breakers on the 
main bus could be type D B - 25 and 

selective group feeder breakers must be 
type D B - 50. 

e. Feeder Breakers at Control Center B us: 
It is assumed that there is sufficient cable 
impedance or reactors to limit the short­
circuit current at the control center bus 
to 22,000 amperes, which, on this basis, 
allows the use of the type D B - 1 5 feeder 
breakers. 

3. Tripping Characteristics: 
a. Primary Relays: The tap setting was 

chosen to give selectivity with the D B -50 
secondary breaker. On the example 
curve, all currents are referred to the 
480-volt side of the transformer, hence, 
a relay tap setting of 8 amperes, when 
referred to the low voltage side becomes: 

. . primary voltage 
tap settmg x CT rat1o x 

d It seco n ary vo age 

1 00 1 3,800 
= 8 x 5 x � 
=4600 amperes 

The time lever setting was selected to 
give adequate time delay to allow the 
DB-50 secondary breakers to clear low 
voltage faults. However, the time lever 
should be kept low to give the best 
possible arcing fault protection. 

The instantaneous trip attachment on 
the relay is necessary to give high speed 
clearing of faults on the high voltage side. 
The instantaneous trip setting must be 
high enough to override low voltage 
faults (including asymmetry). The setting 
was calculated as follows: 

From Table D, page 5, the short-circuit 
current flowing through the transformer 
is 20,200 amperes. 

To override a low voltage fault, the mini­
mum instantaneous trip setting allow­
able is: 

1 .6 x 20,200 = 32,320 amperes. 

Allowing for a 1 0 percent tolerance, this 
becomes: 

32,320 
=35 900 

.9 ' 

I n  terms of actual relay current, this is: 

35,900 
1 00 1 3,800 

= 62 amperes 

S X 480 

b. Selective Main Secondary B reakers: The 
overcurrent devices were selected with 
long- and short-delay tripping char­
acteristics to obtain selectivity with the 
feeder breakers. The characteristics were 
taken from curve no. 376474. Note that 

A D  33-760 Page 1 5  

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

the low, short delay pickup gives good 
arcing fault protection to the bus and 
feeder breakers. The long-delay pickup 
was set at 1 00 percent of the breaker 
rating ( 1 600A ampere) which corre­
sponds to 1 33 percent of the transform­
er rated current. 

c. Normally Open Bus Tie Breaker: Selec­
tivity between the main transformer 
secondary breakers and the bus tie 
breaker is not always possible to obtain 
without a sacrifice in protection. To 
obtain this selectivity in this example 
would have forced higher pickups and 
longer time delays on both the secondary 
breakers and primary relays. H owever, as 
the bus tie breaker in this case is normally 
open, the selectivity is not considered 
imperative. The tripping characteristics 
were made the same as those of the 
secondary breaker so that the bus tie 
breaker is selective with the group feeder 
breakers whenever it is closed. 

With a normally closed bus tie breaker 
(to have bus tie breaker normally closed, 
the interrupting rating of feeder breakers 
must be adequate), selective tripping be­
tween both the main transformer sec­
ondary breakers, the bus tie breaker and 
group feeder breakers may be desired. 
The continuous current ratings of the 
bus tie breaker and group feeder break­
ers must be selected and l imited to such 
ratings that can give selectivity. If selec­
tivity for transformer faults is also re­
quired, then sensitive directional relays 
on the secondary breakers would be 
required. 
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Figure 5: Selective Tri pping Time-Cu rrent Characteristic Curves for Low-Voltage Transformer I nstallation 

with Primary Relays 
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d. Selective Group Feeder Breakers: Series 
overcurrent tripping devices with both 
long and short delay are necessary to 
give cable protection and selectivity 
with the feeder breakers at the Control 
Center. The characteristics shown were 
taken from curve no. 388630. 

e. Feeder Breakers at the Control Center 
Bus: The type D B-1 5 feeder breaker is 
shown with long delay abd instantan­
eous trip characteristics. The curve was 
taken from curve no. 4051 23. 

Main Transformer Secondary B reakers 
In low voltage transformer installations, the 
need for a main transformer secondary 
breaker is dependent upon both the high 
and low voltage system design and layout. 
The following are some of the more com­
mon conditions for which a main trans­
former secondary breaker is generally rec­
ommended: 

1 .  When the transformer primary protection 
is furnished by fuses. A main transformer 
secondary breaker also facilitates interlock­
ing with primary disconnect switches. 

2. When the transformer primary breaker is 
located a considerable distance from the 
low voltage installation. 

3.  When the low voltage system is con­
nected to other major sources of supply 
such as through a bus tie breaker in double 
ended power centers. 

The condition for which a secondary break­
er would not be necessary would be for a 
low voltage installation fed by a single 
transformer bank with a primary breaker i n  
close proximity. 

Main transformer secondary circuit breakers 
should in general have a continuous current 
rating approximately 25 to 33 percent 
greater than the transformer rated current. 
This is recommended since transformers 
often carry short-time loads above their rat­
ing due to short duty cycles and low ambient 
temperatures. Exceptions to this general 
recommendation are allowed when, in 
order to comply with it, the next larger 
standard frame size breaker is required 
which would result in an increase in space 
requirements and cost. For example, refer 
to Table B, page 4, the full load current of a 
500 kva transformer bank at 208 volts is 
1 388 amperes. A type D B -50 breaker would 
normally be supplied having a current rating 
of 1 600 amperes, i.e., 1 5% greater than the 
transformer rated current. 

Consideration should also be given to 
whether or not the transformer will have in 
the future a continuous forced, air-cooled 
rating. If a future forced, air-cooled rating 

is  anticipated, the breaker current rating 
should be 25 to 33 percent above the con­
tinuous forced, air-cooled rated current. 

D i rectly Connected Generation on the 
Low Voltage System 
Occasionally, the main source of power on a 
low voltage system may be in the form of 
directly connected generation. A typical 
case is the electrical system of ships w here 
the generation, distribution and load are a l l  
at  the  same low voltage. The following 
paragraphs outline the factors that should 
be considered in the selection of the break­
ers and their overcurrent devices. 

The generator breaker current rating should 
be near 1 25 percent of the generator rated 
current. (Note: The breaker current rating 
should not exceed approximately 1 25 per­
cent as to do so, will make adequate short­
circuit protection difficult to obtain). The 
series overcurrent tripping device should 
have both long- and short-time delay char­
acteristics such as shown by curve no. 
376474. 

Long Time Delay Overcurrent Protection: 
Most generators have a 25 percent, 2 hour 
overload rating, hence the current pickup 
setting of the long delay element should be 
between 1 25-1 50 percent of the generator 
rated current to prevent excessive temper­
ature rise of the generator for conditions of 
extreme overload. The time delay setting 
should be selected to give the required 
selectivity with other breakers. 

Short Time Delay and Back-up Fault Pro­
tection: The short-circuit current from a 
generator is initially a large value deter­
mined mainly by the machine subtransient 
reactance and impedance from the genera­
tor to the point of fault. This current decays 
with time and reaches a lower sustained 
value that is dependent on such factors as 
the machine synchronous reactance and the 
characteristics of the excitation system of 
the generator. A curve of short-circuit cur­
rent versus time, showing the initial magni­
tude of fault current, the rate at which it 
decays and its sustained value, is called a 
decrement curve. 

The decrement curve for a particular ma­
chine is generally not available; however, 
the two most important points can be ob­
tained from the machine manufacturer; 
namely, 

1 .  the initial value of short-circuit current 
which is calculated from the machine sub­
transient reactance and which determines 
the circuit breaker interrupting requirements, 

2. the sustained 3-phase short-circuit cur­
rent w hich is important in selecting the 

AD 33-760 Page 1 7  
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proper characteristics and setting for the 
generator overcurrent device. 

The sustained value of short-circuit current 
should be based on the following con­
ditions: 

1 .  3-phase fault 

2. maximum field excitation due to auto­
matic voltage reg ulator action (field forcing 
condition) 

3. field at normal operating temperature 
(hot) 

With the usual generator and excitation 
characteristics, the sustained value of 3-
phase short-circuit current is generally 2.5 
to 3 times the generator rated current. With 
manual voltage control, the value may be 
.8 to 2 times rated current depending on the 
load prior to the fault, however, automatic 
voltage control is the more common con­
dition. 

Note: The sustained value of current for a 
line-to-line fault will be greater than the 
sustained value for a 3-phase fault. Also, 
fault resistance usually has very little effect 
on the magnitude of sustained fault current 
because of the high synchronous reactance 
of the generator 

In view of the above factors, it is usually 
recommended that the short-delay pickup 
setting not exceed approximately 80 per­
cent of the sustained generator fault current 
(as defined above). The time setting should 
be selected to give the required selectivity 
with other breakers. 

When generators are operated in parallel 
with other power sources, they are fre­
quently equipped with reverse power pro­
tective relays. Also, the prime movers are 
usually equipped with overspeed trip de­
vices. Therefore, the generator breaker 
should be equipped with a shunt trip device 
so that either the reverse power relay or the 
overspeed trip device can trip the breaker. 
( Use de battery supply or ac source for 
shunt trip; it is not good to use generator 
exciter voltage, as both prime mover and 
excitation may be lost.) 

When low voltage breakers in excess of 
3000 amperes are required, it is recom­
mended that type COV relays<D, current 
transformers and shunt trips be used. A 2-6 
ampere range relay is  generally satisfactory. 

(j) The type COV relay is a voltage controlled overcur-
rent relay consisting of an induction disk overcur­
rent element and a supervising voltage element. 
The overcurrent element can be set to operate on 
less than generator full-load current when the volt­
age falls below the setting of the voltage element. 
However. the overcurrent element will not operate 
if the voltage is normal or above the predetermined 
value as would be characteristic of load swings or 
the starting of large motors. 
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Selective Tripping, Example 3: 
Low Voltage Generator Installation 
Assume the 450-volt turbine generator in­
stallation as shown in Figure 6,  page 1 9. 

1 .  Continuous Cu rrent Ratings: 

a.  Selective Generator Breakers: Each 750 
Kva generator has a continuous current 
rating of: 

750 

...; x 1 000= 960 amperes 
3 X 450 

Hence, 1 200 ampere rated breakers are 
required. 

b. Selective Group Feeder Breakers: It is 
assumed the largest group feeder breaker 
required is rated 600 amperes. 

c. Feeder breakers at Control Center Bus: 
It is assumed that the largest feeder 
breaker required is rated 1 00 amperes. 

2. Interrupting and Short-Time Cur­
rent Requirements: 

The value of fault current is the sum of the 
fault current contributions of the two gen­
erators and motor feedback from an assum­
ed 1 00 percent motor load. 

a. Selective Generator Breakers: Type D B -
50 breakers were selected o n  the basis 
of the continuous current requirements. 
The breakers also have adequate inter­
rupting and short-time current ratings. 

b. Selective Group Feeder Breakers: Al­
though available symmetrical short­
circuit current is below the short-time 
rating of D B -25 breakers (21 .900 amps 
against 22.000 amps) . this breaker can­
not be used as a selective group feeder 
breaker. because X/R ratio is 20, which 
is much more than 6.6. From figure 1 9  
on page 35 for X/R =20 average asym­
metry factor is 1 .31 . therefore the total 
asymmetrical short-circuit current avail-

able is 1 .31 x 21 ,900 =28.700 asym­
metrical rms amps. This is above the 
asymmetrical short-time rating of D B -25 
breaker, hence D B -50 selective group 
feeder breakers are required. 

Note: Type D B -25 breakers have an in­
terrupting rating of  30,000 amperes at 
480 volts, and if equipped with long de­
lay and instantaneous overcurrent trip 
devices, the short-time current rating 
need not be considered. Thus, feeder 
breakers on the main b us, equipped 
with long delay and instantaneous trips 
may be type D B -25 breakers. 

c. Feeder Breakers at the Control Center 
Bus: It is assumed there is sufficient 
cable impedance to limit the short­
circuit current at the control center bus 
to 1 4,000 amperes, thus allowing the 
use of type AB molded case breakers, 
frame sizes F or larger 

3. Tripping Characteristics: 
a. Selective Generator Breakers: Series 

overcurrent tripping devices of the long 
and short delay type are required to 
give selectivity with group feeder and 
feeder breakers®. In order to set the 
short delay pickup less than the sus­
tained fault current of the generator as 
shown by the generator decrement 
curve, the tripping characteristics were 
taken from curve no. 376474. 

b. Selective Group Feeder Breakers: Long 
and short delay series overcurrent trip­
ping devices are required to give cable 
protection and selectivity with the feeder 
breakers. The characteristics are taken 
from curve no. 376474. 

c. Feeder Breakers: The characteristics of a 
standard type AB molded case breaker 
are shown as taken from Application 
Data 29-1 60, " De-ion Circuit Breakers". 

® Other protective devices or relays may be required 
for generator protection such as differential relays 
or high-speed directional relays for internal fault 
protection. or other relays for loss of field protection 
and anti -motoring protection. The application of 
these relays depend on the degree of protection 
desired. the size of the machine and its relative 
importance in maintaining system operations . 
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Figure 6: Selective Tri p p i ng Time-Cu rrent Characteristic Cu rves Low-Vo ltag e Generator Installation 
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A D  33-760 Page 20 

Westinghouse 

• 
Arcing Fault P rotection 
The presence of fault or arc impedance can 
appreciably red uce the available short­
circuit current of a low voltage system. Be­
cause the current limiting effects of arc 
i mpedance are inconsistent, the reduction 
in short-circuit current cannot be accurately 
predicted. Past experience and testing, 
however, have indicated that arcing fault 
currents may be as low as 50 percent of the 
calculated, bolted short-circuit values; thus 
fault currents on low voltage systems are 
expected to fall in  a range from the maxi­
mum bolted 3-phase short-circuit value 
down to 50 percent of that value. The 
selection and settings of the breaker over­
current tripping devices should be made to 
secure proper protection over this range of 
expected fault currents. 

Adequate arcing fault protection can gen­
erally be obtained from series overcurrent 
tripping devices when the short delay or 
instantaneous trip element is set to pick up 
at approximately 50 percent or less of the 
calculated short-circuit current (symmetrical 
rms value) flowing in the circuit. 

In order to obtain an instantaneous pickup 
setting low enough to provide adequate 
arcing fault protection, breakers used for 
incoming line and transformer secondary 
application have been provided with a 
500% minimum setting instead of the 800% 
minimum usually found on feeder breakers. 

Breakers with the following characteristics 
are considered standard for incoming l ine 
or transformer secondary application in non­
selective systems. 

D B - 1 5 and D B -25 
DB -50 
D B- 75 and D B - 1 00 

curve 351 056 
curve 351 057 
curve 351 058 

Transformer primary fuses and relays must 
furnish adequate arcing fault protection for 
the transformer secondary and the connect­
ing circuit to the low voltage switchgear. 
In  these cases, the fuses or relays should 
operate in as short a time as possible (gen­
erally not more than a few seconds) for 
arcing fault currents as low as 50 percent 
of the calculated short-circuit current (sym­
metrical rms value) flowing through the 
transformer during a low voltage fault. 
Refer to selective tripping examples 1 and 
2, pages 1 3  and 1 6  respectively. 

• Cascading is no longer a recognized arrangement. 
See ANSI - C  37.1 6 - 1 970. 

Cascade Arrangements* 
Cascading is the application of circuit 
breakers in which the breakers nearest the 
source of power have interrupting ratings 
equal to, or greater than, the maximum 
available fault current, and where one or 
more breakers further removed from the 
power source have interrupting ratings less 
than the maximum available fault current 
at the point of their application. 

In the cascade arrangements, circuit break­
ers toward the source of power are pro­
vided with instantaneous tripping for cur­
rents that may flow for faults beyond other 
circuit breakers nearer the load. H ence, the 
main breaker (or group feeder breaker as 
the case may be) may trip for a feeder fault 
and interrupt load on the remaining feeder 
circuits. Such arrangements are used where 
the possible sacrifice in service continuity 
and possible damage to equipment are 
acceptable. 

Cascading is limited to one step as shown 
in the following figures and as outlined in 
the following paragraphs: 

1 .  The interrupting rating of the circuit 
breaker or breakers nearest the source 
should be equal to, or exceed, the maxi­
mum available fault current that it may 
be required to interrupt. 

This a pplies to breakers M, F and GF in  
figure 7.  These breakers must be equip­
ped with instantaneous series overcur­
rent tripping devices. 

2. The source breakers (breakers M and 
G F) must give backup protection to the 
cascaded feeder breakers. To accom-

plish the backup protection, the instan­
taneous series overcurrent tripping de­
vices on the source breakers must be 
set at such a value of current that the 
source breakers are tripped instantane­
ously whenever the fault current through 
the cascaded feeder breaker exceeds 80 
percent of interrupting rating of the cas­
caded feeder breaker. 

3. The cascaded feeder breakers (CF) 
should be selected so that the maximum 
available fault current at that point does 
not exceed the breaker cascade appli ­
cation limit shown in Table H .  The 
breakers should be equipped with in­
stantaneous trips set to override the 
inrush of the load. 

4_ All circuit breakers subjected to fault 
currents in excess of their interrupting 
rating should be electrically operated 

Figure 7: Basic Cascade Arrangements 

M - Main B reaker 

G F - Group Feeder 

Breaker 

F - Fee d e r  Brea k e r  

CF- Coscoded Feeder 
B reek e r  

Table H: Fault  Current Limits for Cascading 
System Breaker Interrupting Rating I limit of Fault Current at 
Nominal Type ' Which Breaker May be Applied 
Voltage(]) When Cascaded 

Asymmet- I Symmet- Asymmet- I Symmet-
rical Rms rica! Rms rical Rms rical rms 
Amperes Amperes Amperes Am peres 

600-481 D B - 1 5  1 5000 1 4000 30000 25000 
D B-25 25000 22000 50000 42000 
D B-50 50000 42000 1 00000 85000 
D B-75 75000 65000 1 00000 85000 
D B - 1 00 1 00000 85000 1 00000 85000 

480-241 D B- 1 5 25000 22000 50000 42000 
D B-25 35000 30000 70000 60000 
D B -50 60000 50000 1 00000 85000 
DB-75 75000 65000 1 00000 85000 
D B - 1 00 1 00000 85000 1 00000 85000 

240 and D B - 1 5 30000 25000 60000 50000 
Below D B -25 50000 42000 1 00000 85000 

I D B -50 75000 65000 1 20000 1 00000 
D B -75 I 1 00000 85000 1 50000 1 30000 
D B -1 00 1 50000 1 30000 i 1 50000 1 30000 

<D For frequencies less than 50 cps use the current value in the 600-481 volt block. 
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trom a remote position only, to provide 
protection for the operator in the event 
of closing into a fault. In switchgear 
assemblies, it is permissible to locate 
the breaker control switch or push 
button on an adjacent unit. 

5. Where cascading is proposed, recom­
mendations shall be obtained from the 
manufacturer in  order to insure proper 
coordination between circuit breakers. 

6. The operation of circuit breakers in ex­
cess of their interrupting rating is limited 
to one interruption, after which inspec­
tion, maintenance, or complete breaker 
replacement may be required. 

7 Molded case circuit breakers are not 
recommended for use in cascade with 
air circuit breakers of a nonmolded case 
design. 

The following formula may be used to 
select the maximum setting of the instanta­
neous trips of the source breaker or 
breakers. 

with contribution of F =-- .8 ( I R )  
( setting of source breaker) F 

fault amperes Total 

F - Fault current contribution from the 
power source being considered (rms sym­
metrical amperes) 

I R  - Interrupting rating of cascaded feeder 
breaker. 

Total - Total fault current (rms sym. am­
peres) which the cascaded feeder breakers 
are subjected to, including motor feedback 
from other feeders on the bus. 

The above formula is particularly helpful 
when there is more than one power source 
contributing fault current such as shown in  
figure 8. 

Figure 8: Example Cascade Arrange­
ment with Two Sou rces 

11 500,000 Kva Available li z  r o n P r i m a r y  I 
v-J..,v 1500 Kva 3121 Tra ns! � 

J 
5.75% Impedance 1 

1 5,000 a. 15,000 a. 1 
I.T. I.T. 

) DB-75 DB-75 ) 
F,=29,800a. Main Main F2= 29,800a. 

DB -50 480 Volts 
Cascaded f) 
Feeder 

Total 
74,000 a. 

In this example, the D B -75 main breaker of 
source no. 1 should have its series instan­
taneous trips set at not more than -

29 800 
-'- .8 (50,000) = 1 6,200 amperes 
74,000 

In this particular case the instantaneous 
trips of D B -75 main breakers should not be 
set higher than 29,800/2 = 1 5,000 A. (See 
arcing fault protection on page 20.) 

Since both sources are identical and the 
fault contributions are the same, both main 
breakers should have the same settings. 

Comparison of Selective Tripping and 
Cascading 
A selective trip system should be recom­
mended where the greatest possible con ­
tinuity of service is required, such as for 
powerhouse auxiliaries, hospitals and con­
tinuous industrial processes. Where con­
tinuity of service is not important, the cas­
cade system is applicable. It should be 
noted that, in general, the in itial cost of a 
cascade system is lower than an equivalent 
selective trip system, as the cascade sys­
tem utilizes breakers with interrupting ca­
pacities below the available short-circuit 
currents. However, in the cascade system, 
consideration should be given to increased 
maintenance costs and the loss of produc­
tion due to a possible shutdown. 

Motor Circuit Protection 
B reaker Interrupting Capacity 
The interrupting rating of the circuit breaker 
should be adequate, based on the available 
short-circuit current at the point of appli­
cation. 

B reaker Continuous Cu rrent Rating 
I n  all cases, the breaker continuous current 
rating must be at least 1 1  5 percent of the 
motor rated full-load current. 

When the circuit breaker is used for motor 
running overcurrent protection, it is recom­
mended that the breaker current rating fall 
in  the range of 1 1 5-1 56 percent of motor 
rated full-load current. Refer to Table I,  page 
22. Where standard breaker ratings do not 
fall in the above range, the next higher 
standard rating may be used. In  all cases, 
the setting of the overcurrent device must 
not exceed 1 40 percent of motor full-load 
current. for 40 degrees C rise motors and 
1 30 percent for al l  other motors. In general, 
a setting of 1 25 percent of motor rated full­
load current is adequate for running over­
current protection.<D 

When used with a motor starter or control­
ler (figure 9), where the starter furnishes 
the motor running overcurrent protection, a 
higher breaker rating and setting are per­
mitted as shown in Table J,  page 22. The 
basic requirements of the breaker when 
used with a motor starter are: (a) that the 
breaker furnish short-circuit protection to 

AD 33-760 Page 21 

Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

the conductors, motor and starter®; and 
(b) that the breaker be capable of over­
riding the motor starting current. Table J 
shows the maximum rating or setting of 
the circuit breaker; however, in many cases, 
a lower value can be used. The current 
rating or setting of the breaker should not 
be selected unnecessarily high, as to do so, 
makes selective tripping with brea kers 
closer to the source more difficult. 

<D Breakers for the protection of fire pump circuits may 
require special consideration; refer to NBFU Pam­
phlet No. 20 for specific requirements. 

® Standard motor starters are capable of interrupting 
only up to 10 times motor full-load current. Also 
fast clearing of heavy short-circuit currents is nec­
essary to prevent damage to motor overload relays 
of the thermal type. These factors do not apply to 
combination Linestarters® equipped with circuit 
bteakers or fuses. 
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A D  33-760 Page 22 

Westinghouse 

• 
Table 1: Recommended B reaker Ratin gs for Full-Voltage Motor Starting and R u n n i ng D uty, 40"C R ise M otors<D® 
Breaker Motor Rated Max. Permissible 
Current Full Load M otor Locked-
Rating Current, Amps Rotor Current, 
Amps Min.  Max. Amps(!) 

1 5  I 9 1 3  1 20 
20 1 3  1 7  1 60 
30 1 9  26 240 
40 26 35 320 
50 32 44 400 
70 45 61 560 
90 58 78 720 

1 00 64 87 800 
1 25 80 1 09 1 000 
1 50 96 1 31 1 200 
1 75 1 1 2  1 52 1 400 
200 1 28 1 74 1 600 
225 1 44 1 96 1 800 
250 1 60 21 8 2000 
300 1 92 261 2400 
350 224 304 2800 
400 256 348 3200 
500 320 435 4000 
600 384 522 4800 
800 51 2 696 6400 

1000 640 870 8000 
1 200 768 1 044 9600 
1 600 1 023 1 392 1 2800 
2000 1 280 1 740 1 6000 
2500 1 600 2180 20000 
3000 1 920 261 0 24000 
4000 2560 3480 32000 

Horsepower Rating of Three-phase Alternating-current Motors 

I nd uction Motors 

220 
Volts 

3 
5 
7.5 

1 0  
1 5  
20 
25-30 

. . . . . . . . 
40 
50 
60 

. . . . . . . . 
75 

· · · · · · · ·  
1 00 

· · · · · ·  . .  

1 25 
1 50 
200 
250 
300-350 
400 
450-500 
600-700 
800-900 

1 000 
. . . . . . . 

440 
Volts 

7.5 
1 0  
1 5-20 
25 
30 
40 
50-60 

. . . . . . . . 
75 

1 00 
. . . . . . . . 
1 25 
1 50 
. . . . . . . .  
200 
250 
. . .  · · · · ·  
300-350 
400 
450-500 
600-700 
800 
900-1 000 
. . . . . . . . 
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  

550 
Volts 

7.5- 10  
1 5  
20-25 
30 
40 
50-60 
75 

. . . . . . . . 

1 00 
1 25 
1 50 

· · · · · · · ·  

200 
· · · · · · · ·  
250 
300 
350 
400-450 
500 
600-700 
800-900 

1 000 
. . . . . . . . 
· · · · · · · ·  

. . . . . . . . 
. . . . . . . . 
. . . . . . . .  

1 00% Power Factor 
Synchronous M otors 

220 
Volts 

. . . 

. . . 

. . . 

. . . 

. . . 
25 
30 
40 
50 
60 

· · -
75 

. . . 
1 00 
. . .  
125  
. . .  
. . . 
. . . 
. . . 
. . . 
. . . 
. . .  
. . .  
. . . 
. . . 
. . . 

440 
Volts 

. . . . . . . . 

. . . . . . . . 
25 
30 
40 
50 
60 
75 

1 00 
· · · · · · · ·  
1 25 
1 50 

. . . . . . . .  
200 

. . . . . . . .  
250 
300 
350-400 
450 
500-600 
700-800 
900 

1 000 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 

550 
Volts 

. . . . . . . .  
25 
30 
40 
50 
60 
75 

1 00 
1 25 
1 50 
. . . . . . . .  
200 
. . . . . . . .  
250 
300 
350 
400 
450-500 
600 
700-800 
900-1 000 
. . . . . . . .  
· · · · · · · ·  
. . . . . . . . 

. . . . . . . . 

. . . . . . . . 

. . . . . . . .  

80% Power Factor 
Synchronous Motors 

220 
Volts 

. . .  

. . . 

. . . 

. . . 

. . . 

. . . 
25 
30 
40 

. . . 
50 
60 

. . . 
75 

. . . 
1 00 
125  
. . .  
. . . 
. . . 
. . .  
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 

440 
Volts 

. . . . . . . . 
· · · · · · · ·  
. . . . . . . . 
25 
30 
40 
50 
60 
75 

. . . . . . . .  
1 00 
1 25 
. . . . . . . . 
1 50 
. . . . . . . . 
200 
250 
300 
350 
400-500 
600 
700 
800-1 000 

· · · · · · · ·  

. . . . . . . .  

. . . . . . . .  
· · · · · · · ·  

550 
Volts 

· · · · · · · ·  
. . . . . . . .  
. . . . . . . .  

25-30 
40 
50 
60 
80 

1 00 
. . . . . . . . 

1 25 
1 50 

. . . . . . . .  
200 

· · · · · · · ·  
250 
300 
350-400 
450 
500-600 
700-800 
900 

1 000 
. . . . . . . . 
. . . . . . . .  
· · · · · · · · 
. . . . . . . . 

<D This table is applicable to circuit breakers with adjustable overcurrent tripping devices calibrated in the range of 80 to 1 60 percent of the breaker continuous-current 
rating. If the locked-rotor currents exceed the values shown. the next higher breaker rating may be used. provided the lowest setting of the breaker overcurrent device 
does not exceed 1 40 percent of motor rated full load current for 40 degree C rise motors or 1 30 percent for all other motors. ® N EMA SG3-3.30 

Figure 9: B reaker and M otor Starter Table J: Maximum Rating or Setting of Motor Circuit B reaker® 
Series (When motor running overcurrent protection is furnished by some other device such as a 

Feeder  C i rcu i t  B reaker  

Motor Star ter  

Motor 

starter) 
Type a nd M ethod of Starting 

For Motors with a Code Letter: 
All ac single-phase and polyphase squirrel-cage and 
synchronous motors with a full -voltage, resistor or 
reactor starting. 
All ac squirrel-cage and synchronous motors with 
autotransformer starting. 

For M otors without Code Letters: 
Single-phase, all types. 
Squirrel-cage and synchronous motors (full-voltage, 
resistor and reactor starting). 
Squirrel-cage and synchronous motors 
(autotransformer starting) . 
H igh  reactance, squirrel-cage motor: 
Not more than 30 amperes 
More than 30 amperes 
Wound-rotor motor or direct-current motor. 
Sealed (hermetic type) refrigeration compressor 400 
kva locked-rotor or less. 

Motor 
Code 
Letter(s) 

A 
B to E 
F to V 
A 
B to V 

M ax. Rating 
or Setting in 
Percent Motor 
Full- Load 
C urrent 

1 50® 
200® 
250® 
1 50® 
200® 

250(1) 
250® 

200® 

250® 
200® 
1 50® 

1 75® 
(]) These allowances may be increased u p  to 400 percent of motor full-load current if  not satisfactory for start­

ing; however. lower values can often be used. 
® This value may be increased to 225 percent if necessary to permit starting. 
@ National Electrical Code Sections 430-52. 430-1 52 and 430-1 53. 
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When used as a f&eder for a group of 
motors, the rating or setting of the circuit 
breaker must not exceed the largest rating 
or setting for any motor load breaker in the 
group, plus the sum of the full - load currents 
of the other motors of the group. For large 
capacity installations where heavy capacity 
feeders are used to provide for future load 
increases, the group feeder breaker rating 
may be based on the current carrying ca­
pacity of the feeder conductors. If two or 
more motors are started simultaneously, it 
may be necessary to install larger feeder 
conductors and, correspondingly, group 
feeder breakers with larger ratings. 

F igure 1 0: B reaker Feedi n g  a G roup 
of Motors 

1 i ) Group Feeder Breaker 

f 

Motor 
S t a r ters 

Motors 

B reaker Tripping Characteristics 
Series overcurrent tripping devices with 
long delay and instantaneous trip charac­
teristics are generally recommended for 
motor breakers used for starting and run­
ning duty. The proper selection of the 
characteristics is dependent upon the motor 
starting current and the total accelerating 
time of the motor and its connected load. 

The motor breaker must have sufficient long 
time delay to override the current during 
the motor starting period. Based on the 
motor locked rotor current, the total accel­
erating time of the motor and its connected 
load must lie below the resettable delay 
curve<D of the breaker. Refer to figure 1 1 .  

The current drawn by a motor on starting 
is usually several times the full - load value. 
It is initially the locked · rotor current.® 
The current decays slightly as the motor 
accelerates and finally drops to a steady 
state value corresponding to the load on 
the motor. 

F igure 1 1 :  Coordination of M otor 
Starting-Current with Motor B reaker 

Time 
Lood..-A 
Current 

g����/th�r��eristics 
Long Delay and 
Instantaneous Trip 

Total Clearing Time 
Reset table Delay 

Total 
Accelerating 
Time 

Motor ____.­
Star t i ng  
Current  

• t Current 
Motor Locked__j Asymmetr ical 
Rotor Current C u r r e n t  Due to 

Start ing Inrush 
Transient 

(j) The resettable delay curve shows the allowable 
duration of current flow for which the breaker will 
not trip if the current subsides within that time to 
80 percent or less of the breaker long delay pickup 
setting. If the duration of current flow exceeds the 
time indicated by the resettable delay curve. the 
breaker overcurrent device may not reset and may 
eventually trip the breaker. 

@ Approximate motor locked rotor current from motor 
nameplate code letter. The locked kva code letter 
appearing on the nameplate of squi rrel cage in­
duction motors is an indication of the kva input 
per hp with locked rotor as shown by the following 
table. t 

Code Kva/Hp with Code Kva/Hp  with 
Letter Locked-Rotor Letter Locked-Rotor 

A 0 - 3.1 4 L 9.0 - 9.99 
B 3.1 5 - 3.54 M 1 0.0 - 1 1 .1 9  
c 3.55 - 3.99 N 1 1 -2 - 1 2.49 
0 4.00 - 4.49 p 1 2.5 - 1 3.99 
E 4.50 - 4.99 R 1 4.0 - 1 5.99 
F 5.00 - 5.59 s 1 6.0 - 1 7.99 
G 5.6 - 6.29 T 1 8.0 - 1 9.99 
H 6.3 - 7.09 u 20.0 - 22.39 
J 7.1 - 7.99 v 22.4 - and up 
K 8.0 - 8.99 
The maximum locked-rotor current at motor rated 
voltage and frequency is: 

(kva/hp) (motor-rated hp) x 1 000 ILR= -'--:::==--'-'--'------'-'-----.,J 3(motor rated line-line voltage) 
where the ratio (kva/hp) is the higher value in the table 
above for any given code letter. 
t Section 430-7 of National Electrical Code (1 959 

edition). 
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Type DB Air Circuit 
Breakers 

For Applications up to 600 Volts Ac 

Motor breakers with series overcurrent trip­
ping devices such as shown in curves no. 
4051 23, no. 388530 and no. 405230, are 
usually adequate for the general industrial 
applications. These devices allow total 
accelerating times of approximately 1 3  
seconds for types D B - 1 5 and D B - 25 
breakers and 8 seconds for type DB-50 
breaker. Where the total accelerating time 
exceeds these values, an analysis is required 
to select an overcurrent device with ade­
quate time delay that will allow the motor 
to come up to speed. H igh inertia loads, 
such as fans®. certain types of pulverizers 
and M - G  sets with large flywheels have 
long starting times and hence, may require 
motor breakers with appreciable time delay. 

The full voltage starting (sometimes re­
ferred to as across-the-line starting) of 
large motors on a "weak" system can cause 
a serious low voltage condition during the 
starting period due to the excessive voltage 
regulation. The starting current of the motor 
decreases but the accelerating or starting 
time of the motor increases as a result of 
the low starting voltage. The actual starting 
current and time may be estimated from the 
formulas on page 24 for reduced voltage 
starting. The long-time delay setting of the 
breaker overcurrent device should be based 
on the actual or corrected starting current 
and time. 

The instantaneous trip element of the over­
current device provides short-circuit pro­
tection for the motor and conductors, but 
must be set to override the motor starting 
current, including asymmetry. The recom­
mended minimum pickup setting is 1 .5 
times the motor locked rotor current (at 
rated voltage). 

® Certain types of fans. due to the accumulation of 
dirt on the blades. require an appreciably longer 
time to start than when clean. The fan manufacturer 
should be consulted for an estimate of the increased 
starting time. The required time delay of the breaker 
can be determined accordingly. 
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Westinghouse 

• 
Motor Breaker, Example 1 :  
B reaker for Motor Starting and R u n ­
n i n g  Duty 
Motor Data: 

1 25 hp, 3-phase, 440-volt, 1 200 rpm 
induction motor open type, 40 degree C 
rise, full voltage started. 

full -load current = 1 60 amperes 

locked rotor current = 984 amperes 

total accelerating time with connected 
load = 9  seconds 

frequency of starts = 4  per day 

System Data: 
Available short-circuit current on motor 
circuit is 1 2,500 amperes (rms sym­
metrical). 

B reaker Selection 
1 .  Interrupting Rating: The type D B - 1 5  has 

an interrupting rating of 22,000 amperes 
and hence is adequate. 

2. Repetitive Duty: Four starts per day is 
eight operations per day under inrush 
and nonfault conditions. Table F, page 
7, shows 3500 operations without major 
servicing. Note that the number of oper­
ations listed in the table is based on 
closing currents up to 600 percent of 
the breaker frame size (225 amperes 
for type D B - 1 5) which is 1 350 amperes. 
The motor l ocked rotor current is 984 
amperes, hence a greater number of 
operations may be expected before 
major servicing. 

3. Current Rating: A 200 ampere rated trip 
coil is selected as it is 1 25 percent of 
the motor rated full-load current a nd is 
in  the recommended range of 1 1 5  to 
1 56 percent. 

4. Tripping Characteristics: The breaker 
should be equipped with series over­
current devices with long delay and in­
stantaneous tripping characteristics. I n  
this case. t h e  breaker is t o  furnish motor 
running overcurrent protection; h ence. 
the long delay pickup should be set at 
approximately 1 25 percent o f  the motor 
rated full-load current. or 

1 25 
1 00 

x 1 60 = 200 amperes 

This value corresponds to a setting of 1 00 
percent in terms of the trip coil current 
rating. 

The motor locked rotor current of 984 am­
peres in  terms of the tr ip coil  rating is  

984 --x 1 00% = 492% 
200 

Referring to the tripping characteristics of 
a type D B - 1 5 breaker with a long delay 

and instantaneous overcurrent device as 
shown in  curve no. 4051 23, the time delay 
for locked rotor current as determined by 
the resettable delay curve is 9 .6 to 1 4  
seconds depending o n  the long delay time 
setting. A 20-second long delay time set­
ting is adequate to override the 9 -second 
starting period. 

The instantaneous element must be capable 
of overriding the maximum starting inrush 
current including asymmetry. The minimum 
permissible pickup settin g  that will  over­
ride the starting inrush is 1 .5 times the 
motor locked rotor current. This would be 
1 .5 x 984 

x 1 00 = 74�% of the trip coil 
200 rating 

Taking into account the ± 1 0  percent toler­
ance in the pickup setting, the minimum 
setting becomes 

740% 
-

.9
- =822% 

As shown on the curve, the instantaneous 
element is adjustable with calibrated points 
at 800 and 1 200 percent of the trip coil 
rating; hence. the device can be accurately 
set to override the starting inrush current. 

Motor Locked Rotor Protection 
Motor locked rotor protection can be ob­
tained when the total clearing time of the 
breaker for locked rotor current is less than 
the maximum permissible locked rotor time 
® as furnished by the motor manufacturer. 

Complete locked rotor protection cannot 
always be guaranteed in  all applications; 
however, a reasonable degree of protection 
can generally be obtained when the long 
delay time setting is set to such a value 
that the motor starting time and locked 
rotor current correspond to a point on the 
resettable delay curve of the breaker over­
current device. This setting gives the best 
possible protection that the device is 
capable of furnishing. In some installations 
the motor is in sight of the breaker so that 
the operator can visually detect a locked 
rotor condition. It should be realized, how­
ever. that locked rotor conditions are rare 
and many loads are of such a nature that 
locked rotor conditions are, for practical 
purposes, not possible. 

® The motor design determines the maximum per­
missible locked rotor time. which. in some cases. 
may be even less than the normal sta"ing time of 
the motor. For such cases. locked rotor protection 
cannot be furnished by any protective device that 
functions on motor current alone. 

Reduced Voltage Starting 
Large motors are sometimes started at re­
duced voltage to limit starting torques or 
inrush currents. Series reactors or a uto­
transformers are commonly used for re­
duced voltage starting. 

Figure 1 2: Series Reactor Reduced 
Voltage Starting 

Reactor 

.A.. 
1' 

# I ) 
± 

Star t i ng  and 
Runn ing  

Runn ing 

Start ing Sequence 
C lose # t  
Close # 2  

M Motor 

Figure 1 2  shows a typical scheme for re­
duced voltage starting. The selection of 
breaker no. 1 for starting and running duty 
is governed by the same factors as previous­
ly discussed. Additional consideration, how­
ever, should be given to the motor starting 
current and time as modified by the re­
duced voltage conditions. 

The starting current drawn from the line and 
the starting time for series reactor, reduced 
voltage starting may be estimated from the 
following formula: 

. 
I 

(V) 
startin g  current= LR x 

1 00 

time=TRv x ( 1�0) 2 

ILR = motor locked rotor current in amperes 
at motor rated voltage (may be estimated 
from the motor locked kva code Jetter) . 

V = m otor terminal voltage at starting in  
percent of  motor rated voltage. 

TRv =starting time in seconds at motor 
rated voltage. 

.�· 
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The modified starting current and time 
should be used to determine the long-time 
delay setting needed to start the motor 
under reduced voltage conditions. The set­
ting of the instantaneous element must still 
be set to override the locked rotor current 
for rated voltage so as to prevent false trip­
ping during motor feedback to a fault. 

The interrupting and continuous current 
ratings of breaker No. 2 for shorting the 
reactor must be the same as that of breaker 
No. 1 .  Series overcurrent tripping devices 
are normally omitted from breaker No. 2. 

U ndervoltage Protection 
It is recommended that motors be auto­
matically disconnected from the line when 
voltage fails. The reasons being; 
a. To prevent damage to equipment and 
danger to personnel due to an unexpected 
start when voltage is restored and to pre­
vent a large group of motors from attempt­
ing to start at the same time. 
b. The simultaneous starting of a large 
group of motors may cause low voltage 
conditions which may result in the faulty 
starting of some motors. 

Low voltage a i r  circuit breakers used for the 
protection of i ndividual motor circuits 
should be equipped with undervoltage trip­
ping attachments of the time delay type. 
The time delay is desirable to prevent u n ­
necessary tripping o f  the breaker d u e  to 
momentary dips in system voltage. When 
the breaker is used in  series w th a motor 
starter (or controller) and when the starter 
provides undervoltage protection, then 
undervoltage tripping of the breaker can 
be omitted. 
U ndervoltage trip attachments may be 
omitted on breakers in metal enclosed 
switchgear assemblies where undervoltage 
tripping is obtained by means of shunt trip 
devices and undervoltage relays. 

Resistance Welding 
Low voltage air circuit breakers can also be 
applied on welding machine circuits for 
short-circuit protection of cables and weld­
ing equipment. Breakers of these applica­
tions should meet the following require­
ments: 
1 .  The interrupting rating of the breakers 
should be equal to or greater than the avail­
able short-circuit current of the system at 
the point of application. 
2 The breaker must have sufficient thermal 
capacity to prevent excessive overheating 
based on a given welding application. 
3. The breaker should have instantaneous 
trip characteristics that can be set to over-

but yet capable of instantaneous tripping 
under short circuit conditions. 

Welding breakers are equipped with only 
instantaneous trips, adjustable over a wide 
range to override the heavy welding cur­
rents. ( Long delay cannot be used because 
the element would pick up on every weld 
and quickly wear itself out. Besides it 
would be very noisy.) 

The proper breaker for a given application 
can be selected from the curves and table 
on the next page. It is necessary to know 
the "during weld amperes" (or the "during 
weld kva"(j)) and the percent duty cycle. 

The "during weld amperes" is the primary 
current drawn from the supply circuit dur­
ing each welding operation. 

The percent duty cycle is the percentage of 
the total time not exceeding 5 minutes 
during which the welder is loaded, or 

percent duty cycle = 
weld time 

1 00 
weld time+ "off" time

x 

For a given welding current and duty cycle, 
and for a given system short-circuit current, 
select the breaker(s) having adequate ther­
mal capacity and interrupting rating from 
Figure 1 3. Then select the breaker from the 
table having the proper range of instantan­
eous trip adjustment on the basis that the 
instantaneous trip setting should be 1 .5 
times the maximum rms welding current 
than can be expected for the given welding 
application. 

{j) ' ' During weld kva·· is not the kva rating of the 
welder and must be obtained from the welder 
manufacturer. The ''during weld amperes" may 
be derived from the following: 

"during weld kva"x 1  000 
"During weld amperes" 

rated pnmary voltage 

AD 33-760 Page 25 _  

Type DB Air Circuit 
Breakers 
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Breakers for welders having series capaci­
tors for power factor correction should be 
equipped with an instantaneous under­
voltage device arranged with the timer 
cabinet door interlock to cause tripping of 
the breaker when the door is opened, thus 
protecting personnel from high voltages 
within the cabinet. 

Resistance Welding Example; 
1 .  Welder Data: 440 volts, 60 cycles 
"during weld amperes" = 500 
weld time = 1 5  cycles 
welds per minute = 20 

2. System Data: Available short-circuit cur­
rent = 20000 amperes (rms sym.) 

3. Breaker Selection: 

a. Percent duty cycle = 
1 5  X 20 _ 0 
60 X 60 

X 1 00 - 8.3 Yo 

b From the curve, for a "during weld" cur­
rent of 500 amperes and a duty cycle of 
8.3 percent. types DBW-1 5A, 1 5B or 
25A are applicable. 

c. The system short-circuit current is 20000 
amperes, hence, the DBW-1 5A and 1 5B 
have adequate interrupting ratings. 

d. A trip setting of 1 .5 times 500 amperes, 
or 750 amperes, is required, hence, select 
a type DBW-1 5A welding breaker having 
an instantaneous trip range of 300-900 
amperes. 

Table K: Typ e  D BW B reakers for Resistance Welding Control 
Breaker Continuous ! I nterrupting Rating Rms Symmetrical I nstantaneous Pick· 
Type Current (Amperes) up Calibration 

Rating 
600 1 480 1 240 

Range and I nter-
(Amperes) 

Volts Volts Volts 
mediate Mark 

DBW-1 5A 225 1 4000 22000 25000 300-600-900 
D BW-1 5 B  225 1 4000 22000 25000 800-1 600-2400 
DBW-25A 225 22000 30000 42000 400-800-1 200 

D BW-25B 600 22000 30000 42000 600-1 200-1 800 
D BW-25C 600 22000 30000 42000 2000-4000-6000 
D BW-50A 600 42000 50000 65000 600-1 200-1 800 

D BW-50B 800 42000 50000 65000 1 200-2400-3600 
DBW-50C 800 42000 50000 65000 2500-5000-7500 

DBW-50D 1 200 42000 50000 65000 1 600-3200-4800 
D BW-50E 1 200 42000 50000 65000 4000-8000-1 2000 

D BW-50F 1 600 42000 50000 65000 2000-4000-6000 
D BW-50G ' 1 600 42000 50000 65000 5000 - 1 0000-1 5000 

ride the normally heavy welding currents The instantaneous trips for welding applications are calibrated at three points. covering the ful!  range of adjustment 
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• 
Fig ure 13: B re aker Selection Maxi­
mum Loading Curves 
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Field Discharge Breakers and 
Resistors 
Functions of Field Discharge Breakers 
and Resistors 
The function of a main field discharge 
breaker is  to apply and remove excitation to 
the main field of a generator, motor or syn­
chronous condenser. Main field breakers 
are usually required where there is more 
than one source of excitation. A main field 
breaker is also required for the starting of 
synchronous motors and condenserS(!) to 
apply excitation and remove the starting 
resistor from the circuit when the proper 
moment for field application arrives. 

The function of an exciter field breaker is to 
apply a nd remove excitation to the field of 
an exciter. Exciter field breakers are some­
times used instead of main field breakers 
where there is only one source of excitation 
or where it is desired to make the main field 
circuit leads as short as possible by not 
using a breaker in the main field circuit. 

A discharge resistor must be used with the 
field breaker to limit induced voltages when 
the breaker is opened while current is flow­
ing in the field circuit. When the field 
breaker is opened, the discharge contacts 
of the field breaker short circuit the field 

through the discharge resistor at the instant 
preceding the opening of the circuit breaker 
main contacts. Thus, the field current 
(stored magnetic energy) is discharge d 
through the discharge resistor and decays to 
zero. A main field breaker with proper d is­
charge resistor can produce a more rapid 
decay of current in the field of a machine 
than an exciter field breaker used in  the 
field of the exciter of the machine. The rate 
of decay of field current during a f ault in the 
armature of the machine is a factor in  limit­
ing damage at the point of fault. 

The field discharge resistance is an impor­
tant factor in limiting the field breaker inter­
rupting duty and the insulation stress in the 
excitation system; therefore. recommenda­
tions for the selection of field discharge 
resistors are also included. 

Selection of Field Discharge Resistors 
The maximum value of the field discharge 
resistance may be determined from equa­
tions 1 and 2 below: 

Equation 1 
recommended permissible transient 

crest voltage® 
Rd = ------

K:-:-0
-

x--:1
=-
t -----

Equation 2 (max. interrupting voltage) _ 
E rating of field breaker 

Rd = Kdc x It 

where Rd = ohmic value of the discharge 
resistor. 

It = maximum continuous field cur­
rent in  amperes (at maximum 
hydrogen pressure, if a hydro­
gen cooled machine). 

E = excitation source rated voltage. 

Kdc = maximum ratio of the de com­
ponent of induced field current 
to the maximum continuous 
field current ( If). measured at 
0.1 second after the inception 
of a fault in the armature circuit. 
See Table L for "maximum prob­
able" values. 

K0 = maximum ratio of the crest value 
of induced field current to the 
maximum continuous field cur­
rent ( If), measured at 0.1 sec­
ond after the inception of a 
fault in the armature circuit. See 
Table L for"maximum probable" 
values. 

The ohmic value of the discharge resistor 
should not exceed the lower of the two val­
ues calculated from equations 1 and 2, nor 
should the resistance be less than that of 

the field winding of the machine. To com­
ply with this recommendation requires the 
selection of a field discharge breaker that 
has an adequate "maximum interrupting 
voltage rating." 

Note for Synchronous Motors: Synchronous 
motors require a resistor across the field 
winding during starting to l imit induced 
voltages in the field circuit and to obtain 
specific starting and pull - in  torque charac­
teristics. The resistor is usually selected by 
the motor designer and often ranges from 
5 to 20 times the resistance of the motor 
field winding. In some instances, the same 
resistor may also be used for discharge duty 
if its resistance does not exceed either value 
calculated from equations 1 and 2. To re­
duce the value of resistance for discharge 
duty, an auxiliary contactor shorting scheme 
may be used to short circuit a portion of the 
resistor for discharge duty after the motor 
has started. 

Table L: " Maximum P robable" Ratios 
of Induced Field C u rrents of Synchro­
nous M achines and De Exciters 

Type Machine 

Conventional 3600 rpm 
turbo-generators . . . . . .  

"I nner-cooled" or similar 
turbine-generators . . . .  

4 -pole turbo and salient-
pole generators . . . . . . .  

De exciters for syn-
chronous machines . . . .  

Kc 

Max. Ratio 
of the 
Crest Value 
of Induced 
Current to 
the Max. 
Continuous 
Field Cur­
rent@ 

5.5 

3 to 4® 

3.5 

1 .3 

Kdc 
M ax. Ratio 
of the De 
Component 
of I nduced 
Current to 
the Max. 
Continuous 
Field Cur­
rent@ 

4 

2.3 to 3 @)  

3 

1 .3 

(j) Self-starting synchronous condensers are started a; 
induction motors and either a main-field or an ex­
citer-field breaker may be used. 

® The "recommended transient crest voltage"is based 
on the field circuit insulation and may be obtained 
from the machine manufacturer Table M .  

@ Measured a t  0 . 1  second after the  inception of a 
fault in the ac circuit of the synchronous machine. 

® Range to show variations for machines made by 
different manufacturers: the lower values apply to 
Westinghouse machines. 
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Table M: Recommended Permissi ble Transient Crest Voltages Based on M achine 
Field Circuit Insulation 
Exciter Nameplate 
Rated Voltage I Westinghouse Standard Manu-

facturing 60-cycle Test Voltage 

Rms I Crest 

Transient Crest Voltage I Recommended Permissible 

1 25 I 2500 
250 I 2500 
375 I 3750 
500 5000 

These values were selected on the basis 
that they would not cause undue risk of 
failure of a field which has deteriorated in  

Selection o f  Field Discharge Breakers 
The circuit breaker duty under normal con­
ditions and also during fault conditions 
must be considered in the selection of the 
breaker. Attention must also be given to 

3540 2 1 00 
3540 21 00 
5300 2470 
7070 2830 

insulation strength but which is capable of 
continued safe operation at normal opera­
ting voltages. 

service conditions such as ambient temper­
ature, vibration and contaminated atmos­
pheres. The ratings of type D B F  field dis­
charge breakers are listed in  table N. 

Table N: Ratings of Type D B F  Field Discharge Breakers 

Rated continuous voltage, (volts, de) 

Rated short-time voltage, (volts, de) 

I Type Breaker 

D B F-6 I D B F-1 6 D BF-40 

High potential test voltage rms, 60 cps for 1 -minute (volts) 

375 

525 

3750 

375 

525 

3750 

500 

700 

5000 

Main Contacts 

Rated continuous current. (amperes, de) 

Maximum circuit inductance (millihenries) 

600 

1 .5 

1 600 4000 

.9 .4 
Rated interrupting current at rated short time voltage and with 

max. inductance (amperes, de) 
6000 1 6000 40000 

Rated maximum interrupting voltage (volts, de) 1 500 21 50 2700 

Rated interrupting current at rated maximum interrupting voltage 
and with max. inductance (amperes, de) 

3000 8000 1 5000 

Discharge Contact 

R ated closing current (peak amperes) 

Rated 1 5-second short time current (amperes de) 

Rated %-second short time current (amperes, de) 

3300 

1 200 

2700 

8800 1 6000 

3200 

7200 1 4000 

Rated interrupting current at rated continuous voltage ­
(amperes de) 

600 1 600 4000 

1 .  Exciter nameplate rated voltage: The 
rated continuous voltage of the field dis­
charge breaker should equal or exceed the 
nominal field circuit voltage. The common 
nominal field circuit voltages are 1 25, 250, 
375 and 500 volts de. 

2. Excitation ceiling voltage: There are a 
number of conditions that can cause exci­
tation ceiling voltage to exist for short 
periods of time. Ceiling voltages are gener­
ally less than 1 40% of the exciter rated 
voltage at rated speed and generally exist 
for only a few seconds. The rated short­
time voltage of the field discharge breaker 
should equal or exceed the excitation 
ceiling voltage. 

3. Maximum continuous field current: The 
rated continuous current of the field dis­
charge breaker main contacts should equal 
or exceed the maximum continuous field 
current of the machine. Ambient tempera­
ture and unusual service conditions should 
be considered in their effect on the current 
carrying capability of the breaker. 

4. Interrupting current duty due to short 
circuits in the field circuit: The rated inter­
rupting current of the main contacts (at 
rated short-time voltage) should equal or 
exceed the maximum short-circuit current 
from the excitation source (while at ceiling 
voltage). In a coordinated unit excitation 
system, the excitation source ratings are 
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matched to the machine excitation require­
ments, and the maximum short-circuit cur­
rent will seldom exceed 1 0 times the source 
rated current(]). The total inductance of the 
excitation source circuit to the point of 
fault should not exceed the inductance on 
which the rated interrupting current is based. 

5. Interrupting induced field current duty 
during faults in the armature circuit of the 
machine: Faults in the armature circuit of a 
machine can cause relatively high induced 
transient field currents. A typical oscillo­
gram of induced transient current in  the 
field of a 3600 rpm turbine generator for a 
3-phase short-circuit at its terminals is 
shown in figure 1 4. The interrupting current 
duty on the main contacts is the sum of the 
de component of induced field current at 
the instant of parting plus the current taken 
by the discharge resistor when the discharge 
contact closes before the main contacts 
part. The interrupting current duty may be 
calculated from equation 3 where the terms 
used are previously defined. 

Time of Foult Inception 

De Component of Field Curren t =  

' 

i jTime at 
;Which Discharge Contacts 
' C lose Main C o n t a cts Open 

F igure 1 4. Typical induced transient 
current in the field of a 3600 rpm tur­
bine generator for a 3 phase short­
circuit at its terminals 

Equation 3. I nterru pting Current Duty = 
Kdc x It + E/Rd 

The rated interrupting current of the field 
breaker main contacts at rated maximum 
interrupting voltage should equal or exceed 
the interrupting current duty at the de re­
covery voltage of the circuit. For synchro­
nous machines the interrupting current duty 
for an ac circuit fault will seldom exceed 5 
times the maximum continuous field current 
of the machine. The total inductance of the 
excitation source (including the leads to 
the field breaker) plus the inductance of 
the discharge resistor should not exceed 
the inductance on which the rated inter­
rupting current is based.(%) 
(]) Attention must be given to machine fields con­

nected to high capacity excitation buses where 
the ava i lable de fault current may be greater than 
that obtained from a coordinated unit excitation 
system. 

� Series overcurrent tripping devices are omitted from 
field breakers as they respond to overcurrents in the 
field circuit due to disturbances on the ac system of 
the machine. which could cause undesirable trip­
ping of the breaker. 
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6. De recovery voltage duty during a fault Table 0: R ecommended Field Discharge B reakers(]) 
in the armature circuit of the machine: The 
de recovery voltage is the de voltage that 
appears across the open contacts of a 
breaker at the instant immediately following 
interruption of current by those contacts. 
Opening the field breaker immediately fol ­
lowing a fault in the armature circuit of a 
machine can result in high circuit recovery 
voltages due to the relatively high voltage 
drop across the discharge resistor. This 
voltage is determined by the field circuit 
parameters and may be calculated from 
equation 4 where the terms used are pre­
viously defined. 

Equation 4. De Recovery Voltage Duty = 
(Kdc X It) Rd + E  

The rated maximum interrupting voltage of 
the field breaker main contacts should equal 
or exceed the de recovery voltage duty of 
the circuit. The recovery voltage duty may 
be reduced by decreasing the discharge 
resistance ( Rd); however. the resistance 
should not be made less than that of the 
field winding of the machine to avoid ex­
cessive transient armature current. 

7. Discharge contact duty and ratings: The 
current and voltage duties on the discharge 
contact of field breakers generally are low 
and do not influence the selection of the 
field breaker. 

Simpl ified A pplication Tables for the 
Selection of Field Discharge B reakers 
and Discharge Resistors 

Table 0 and P have been prepared to sim­
plify and coordinate the application of field 
discharge breaker and discharge resistors. 
The information needed to select the proper 
field breaker and discharge resistor is the 
nominal field voltage, the maximum con­
tinuous field current and the type syn­
chronous machine. 

Table 0, which shows recommended field 
discharge breakers, is applicable u nder the 
following conditions: 

(a) for coordinated unit excitation systems, 

(b) where the discharge resistor has been 
selected from table 0. 

Table P, which shows recommended values 
of field discharge resistance, is based on the 
use of field discharge breakers as listed in  
table 0. The values are based on equations 
1 and 2, page 26, and limit the crest voltages 
in the field circuit to values equal to or less 
than the recommended permissible voltages 
(table M),  and also limit the recovery volt­
age duty on the breaker to values equal to or 
less than the maximum interrupting voltage 
rating of the breaker (table N ) .  

Exciter Max. Main-Field Breaker and Type Exciter-
Name- Cont. Synchronous Machine Field 
plate Field Conv. ''Inner Salient Sync h. Breakers 
Rated Current for 
Voltage Amperes 3600 Cooled" Pole Motors Synch. 

® Rpm Turbo- Gen .or @ Machine 
Turbo- Gen. Synch . Exciters Gen. Condenser 

1 25 0-600 D B F-6 ® D BF-6 D B F-6 D B F-6 
601 -1 600 D B F- 16  ® D B F-1 6 ® ® 

250 0-600 DBF-6 ® D B F-6 D B F-6 D B F-6 
601 -1 600 DBF- 16  ® D B F- 16  ® ® 

1 601 -4000 ® D B F-40 @ ® ® 

375 0-600 D B F-1 6 @ DBF-1 6 @ D B F-6 
601 -1 600 D B F-16  ® D BF-1 6  ® ® 

1 601 -4000 ® DBF-40 @ ® @ 

500 0-4000 ® DBF-40 ® @ ® 

(j) Table may be used only for coordinated unit excitation systems where the field discharge resistance has been 
selected from table P. If the field discharge resistor has been selected by some means other than table P. the 
adequacy of the field discharge breaker should be examined by use of equation 4. 

@ Field breakers for the type machine having field voltages and currents as shown are uncommon. 
@ May require auxiliary contactor. 
@ For hydrogen cooled machines. use the maximum continuous field current at maximum hydrogen pressure. 

Table P: Recommended Values of Field Discharge Resistance Expressed as a 
M u ltiple of the Ratio 

Nominal field circuit voltage 
M aximum continuous field current <D 

Exciter For the Main Field of Synchronous Machines For the Field 
Nameplate Conv. ! Inner-Cooled I Salient Pole I Synch. of An Exciter 
R ated Voltage Used with 3600 Rpm Turbo-Gen. Gen. or Motor Sync h. Turbo-Gen. Synch. Cond. Machines 

125 2.8 . . . 3.7 3.7 8.5 

250 1 .3 2.8 1 .7 1 .7 3.9 

375 1 .2 2.2 1 .6 . . .  2.3 

500 . . .  1 .9 . . . I . . . . . . 
(j) Table may be used only for coordinated unit excitation systems where the field discharge breaker has been 

selected from table 0. If a field discharge breaker other than shown in table 0 is used. the field discharge re­
sistance should be selected as outlined on page 26. using equations 1 and 2. 
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Shunt Capacitor Switching 
The major factors to be considered in the 
application of low voltage breakers for 
capacitor switching are as follows: 
1 .  Fault current contribution from energized 
capacitor banks. 
2. I n rush current to switched isolated 
banks or parallel banks. 
3. Transient overvoltage incident to switch­
ing with or without restrikes. 
4. Continuous current requirements. 
5. Overcurrent tripping characteristics. 

Fault Current Contribution Fro m  
Energized Capacitor Banks 
The short-circuit current contributed by an 
energized capacitor bank is usually of short 
d u ration and has a natural frequency 
greater than the fundamental frequency of 
the system. The maximum short-circuit 
current contributed by a n  energized capac­
itor bank flows when the fault occurs at a 
voltage crest. The capacitor bank contri­
bution may be added to the system short­
circuit current of fundamental frequency to 
determine the total interrupting duty of the 
circuit breakers; however, the capacitor 
contribution is generally of such short 
duration that it is neglected in selecting the 
breaker. 

Inrush Current to Switched Isolated 
Banks or Parallel Banks 
Inrush currents d u ring switching of capac­
itor banks should be considered in their 
effect on the abil ity of the breaker to close 
and latch against the forces developed by 
the i n rush current. The i n rush currents for 
isolated capacitor banks d o  not impose 
duty on the breaker in excess of its capa­
bilities; however, parallel bank switching 
may require special consideration. The crest 
of the i n rush current for parallel bank switch­
ing may be calculated from the following 
formula: 
I crest = 2 ...j2 EL- N� �� 

where EL - N  = normal rms, 60 cycle l ine to 
neutral voltage 

C = equivalent capacitance 
(microfarads) ofthe energized 
bank 

L = equivalent ind uctance (micro-
henries) of the circuit being 
switched, including the i n ­
ductance o f  t h e  energized 
bank, bus and breaker 

l!l Based on the bank being switched fully charged. 

The i n rush for parallel capacitor bank switch­
ing may be reduced by spacing the parallel 
banks far enough apart to obtain sufficient 
inductance between the banks, or by re­
ducing the kva rating of the banks. 

Transient Overvoltage I ncident to 
Switching With o r  Without Restrikes 
High transient overvoltaged d u ring switch­
ing can occur if the breaker restrikes d u ring 
opening.  Experience indicates that switch­
ing of  low voltage capacitor banks does not 
result in excessive overvoltages. 

Continuous Cu rrent Requirements 
The continuous current rating of the breaker 
should be at least 1 35% of the capacitor 
bank rated current. This is to al low for 
harmonic currents that may flow i n  addition 
to the current of fundamental frequency, 
and also to al low for operation of the capac­
itors at 1 0% above rated voltage. 

Overcurrent Tripping Characteristics 
Series overcurrent tripping devices are 
generally used on breakers for capacitor 
banks to provide short-circuit protection. 
The devices usually have long delay and 
instantaneous tripping characteristics. The 
setting of the instantaneous trip must be 
sufficiently high to override the inrush cur­
rents d u ring switching. Because of the 
short d uration of the inrush current ( usually 
a fraction of a cycle), instantaneous trip 
settings of 8-1 0 times the breaker rating 
have usually proven satisfactory for switch­
ing isolated banks. 

Other Applications 
Lighting Transformers 
Frequently on 480 and 575 volt systems, 
transformers wil l  be employed to reduce the 
voltage to a value convenient for l ighting 
loads. The low voltage air circuit breaker 
that supplies a lighting transformer should 
have a continuous current rating at least 
1 25 percent of the transformer rated ful l­
load current. The breaker should also be 
equipped with series overcurrent devices of 
the long delay and instantaneous type as 
shown by curve no. 4051 23 and curve no. 
388530. The setting of the instantaneous 
element must be high enough to override 
the transformer magnetizing i n rush current 
that flows when the transformer is ener­
gized. A pickup setti ng of approximately 
1 2  times the transformer rated ful l - load 
current is usually satisfactory. 

Bus Duct Protection 
Bus duct is  usually used i n  industrial distri­
bution systems to supply a relatively large 
number of small loads. The i nrush current of 
the individual  loads is usually small com-

AD 33-760 Page 29 

Type DB Air Circuit 
Breakers 

For Applications u p  to 600 Volts Ac 

pared to the rating of the bus duct and 
breaker. This means that breaker protecting 
the bus duct can and should have a low 
instantaneous trip setting (or low short 
delay pickup setting if selective tripping is 
applicable), thus giving the required arcing 
fault protection. 
Series overcurrent devices for bus duct 
breakers should be selected so that the 
pickup current of the instantaneous trip (or 
short delay) can be set low, but set to over­
ride the largest expected load i n rush. Pickup 
setti ngs as low as 5 times the trip coil rating 
are common. 

Application of Manually O perated 
Circuit B reakers 
Manual ly operated circuit breakers shall  be 
l imited to applications which d o  not pre­
sent a safety hazard to operating personnel 
when standing directly in front of the circuit 
breaker. 
1 .  For this reason, low voltage air circuit 
breakers shall  have electrically operated 
mechanism or independent manual (spring 
closing) mechanism if the following condi­
tions exist: 
a. For dead front and i ndividually enclosed 

breakers equipped with instantaneous 
trip devices where the interrupting re­
quirements exceed 42000 symmetrical 
rms amperes. 

b. For dead front and i ndividual ly enclosed 
breakers equipped with instantaneous 
trips, where the maximum instantaneous 
trip setting exceed 1 5000 symmetrical 
rms amperes. 

c. For all circuit breakers equ ipped with 
selective overcurrent trip devices where 
the delayed tripping requirements exceed 
1 4000 symmetrical rms amperes (selec­
tive tri p ) .  

d.  F o r  a l l  circuit breakers without d irect 
acting overcurrent trip devices where the 
interrupting requ i rements exceed 1 4000 
symmetrical rms amperes. 
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Fault Calculations-Three- Phase Figure 1 5: Fully Asymmetrical Short-Circuit Cu rrent 
Tables A through D, pages 3, 4, 5 and 6 are 
intended mainly for the quick estimating of 
short-circuit currents and required breaker 
types. The tables are, generally, sufficiently 
accurate to establish the breaker i nterrupt- Rms Va lue of 

ing requirements for breakers located near Asymme trical  Current 

the transformer. This section is  devoted to 
the more accurate calculation of the short­
circuit currents on low voltage systems, 
which may be required when: 

1 .  There is a "borderline" case and it is 
necessary to verify the adequacy of the 
interrupting rating of a particular breaker. 

2. The accurate short-circuit current at a 
remote point in the system is required, 
where the fault current is limited by cables 
or buses or where the system X/R ratio to 
the point of fault is more than 6.6. 

3. Cases exist that are not covered by the 
tables, such as fault currents from low volt­
age generators or the accurate calculation 
of fault currents from large motors. 

Associated with a short circuit or a fault on 
an ac system is the flow of abnormally high 
currents that may be many times the normal 
load current of the circuit. The magnitude 
of the short-circuit current is dependent 
upon basic factors that are common to any 
electrical circuit; namely, the voltage sources 
and the circuit impedances. 

The power source(s) that normally feed the 
system load will, in general, contribute the 
major portion of the total short-circuit cur­
rent. However, all rotating machines, in­
cluding induction and synchronous motors, 
that are connected to the system at the time 
of the fault will also contribute short-circuit 
current and therefore, should be included in 
the calculation. 

The sudden application of a short circuit on 
a n  ac system results in  a de component in 
addition to the ac component mentioned 
above. When added, they result in an offset 
or asymmetrical current. See figure 1 5. 

Although the de component decays rapidly, it is generally significant during the first few 
cycles (time on 60-cycle basis) after the inception of the fault. The existence of the de 
component increases the interrupting duty on the circuit breakers. 

System of Units and Base Quantities 
The base current and percent values must 
all be referred to a common base kva. When 

the base voltage and kva have been selected, 
the following equations should be used: 

B I 
base kva x 1 000 

1 .  ase current, s = --:==---�..:....:....:..._ ___ _ 

-./3 x base l ine-line voltage 

2. The value of any resistance, reactance or impedance in ohms can be converted to 
percent by: 

Base kva X ohms X 1 o• Percent value on base kva - (Base line-line voltage)• 
3. To change a percent value from one base kva to a new base kva: ( Percent value ) = ( Percent value ) x New base kva 

on new base kva on old base kva Old base kva 
4. To change a percent value from one base voltage to a new base voltage: ( Percent value on) = ( Percent value on) x (Old base voltage )2 

new base voltage old base voltage New base voltage 
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Type of Faults 
It is logical to base the selection of low 
voltage breakers on the most severe fault 
conditions that the system can produce. This 
is represented by a 3-phase, bolted short 
circuit<D. Fault or arc impedance is not con­
sidered in  the calculations as the current 
l imiting effects are unpredictable. 

Time of Maxi mum Fault Current 
The short-circuit calculations should be 
based on the %-cycle current value using 
subtransient current and impedance values­
Tests indicate that low voltage breakers of 
the type DB are capable of beg inning cur­
rent i nterruption between % to 1 -cycle after 
the fault occurs; hence, the interrupting 
duty on low voltage air circuit breakers is 
based on the current flowing %-cycle after 
the inception of the fault. 

Impedances 
The impedance, Z, of a circuit made up of 
resistance R, and reactance X, is given by: 

Z = �R2 + X2 = X� 1 + (XJR) 2 

The impedance of breaker series trip coils is  
generally negl ig ible but  may be included if  
desired. I n  determining the interrupting 
capacity of a breaker for a particular point 
in the system, the i mpedance of that breaker 
trip coil should be omitted in the calcu la­
tions. (The reason for this is that the breakers 
are rated and tested on the basis o{ the 
short-circuit current that flows without the 
breaker in the test circuit.) Trip coil imped ­
ances of other breakers in the system may 
be included in the calculations. 
The following tables give typical impedance 
data for apparatus commonly used on low 
voltage systems. This data is approximate 
and should only be used when exact data 
is  not available. 
<D A possible exception to this would be a phase to 

neutral short-circuit on a delta wye grounded 
neutral transformer with little or no connected 
motor load. The zero sequence impedance from the 
fault to the transformer might be less than the total 
positive sequence impedance. This case is very 
unusual because motor feedback almost invariably 
makes the effective positive sequence impedance 
less than the zero sequence impedance. 
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Table Q: Approxi mate Values of Resistance, Reactance, I m pedance and X/ R 
Ratios of 600 Volts or Less, 60 Cycles, 3- Phase, Westinghouse Standard Trans­
formers 
(Values in percent on rated kva as base) ( Primary Voltage - 1 5  kv or  less) 
Kva 

% Resistance % I mpedance I Percent 

DT3 ASL I % Reactance 
DT3 ASL DT3 ASL I X/R Ratio 

DT3 ASL 

Liquid Filled. Self- Cooled 

1 50 1 .37 3.75 4.0 2.74 
225 1 .57 4.21 4.5 2.68 
300 1 .48 4.77 5.0 3.22 
500 1 .30 4.83 5.0 3.71 
750 1 .28 5.60 5.75 4.37 

1 000 1 .21 5.62 5.75 4.64 
1 500 1 .06 5.64 5.75 5.32 
2000 1 .00 5.66 5.75 5.66 
2500 .97 5.67 5.75 5.85 

Dry Type. Ventilated 

1 50 2.5 1 .84 1 .26 4.65 2.8 5.0 .504 2.53 
225 2.1 6 2.04 4.28 4.57 4.8 5.0 1 .98 2.24 
300 2.01 2.40 5.64 4.39 6.0 5.0 2.8 1 .83 
500 1 .65 2.23 5.77 4.5 6.0 5.0 3.49 2.02 
750 1 .54 1 .94 5.8 5.41 6.0 5.75 3.76 2.79 

1 000 1 .70 5.49 5.75 3.23 
1 500 1 .63 5.51 5.75 3.42 
2000 1 .63 5.51 5.75 3.42 
2500 1 .42 5.57 5.75 3.93 

Dry Type, Sealed 

300 1 .86 4.64 
500 1 .58 4.74 
750 1 .32 5.59 

1 000 1 .08 5.64 
1 500 1 .05 5.65 
2000 .945 5.67 
2500 .855 6.1 8 

Table R: Average Values of Subtran­
sient Reactance of 600 Volts or Less. 
60-Cycle Rotating Apparatus 
(Values in  percent on rated kva and voltage as base) 

Range I Mean 

Small turbine generators 
625-2500 kva . . • . . . . • . • • . .  7 - 1 4  

Salient-pole generators 
(with dampers) • • . • • • . . . . . .  1 3-35 

Synchronous motors . . • • . . . . • .  1 3-35 

Induction motors • • • • • • . • • . • .  1 2-30 

® For motors. the rated kva may be taken as: 

..J3x (rated l ine-to-line) x (full load 

1 0% 

20% 

20%® 

20%® 

voltage amperes of motor) 

1 000 

5.0 2.49 
5.0 3.0 
5.75 4.23 
5.75 5.21 
5.75 5.38 
5.75 6.01 
6.25 7.24 

Table S: Reactance and Resistance of 
3-Conductor Stranded Copper Cables 
O hms per 1 00 Feet at 60 Cycles 

Size of Con- I Resistance per I Reactance per 
ductor AWG or Phase@ at 25 Phase@ (up 
Circular Mils Degrees C to 1 -kv lnsu· 

lation) 

6 .0420 .0035 
4 .0265 .0033 
2 .0166 .0031 

0 .0106 .0029 
0000 .0053 .0025 

250000 .0045 .0024 

350000 .0032 .0024 
500000 .0023 .0023 
750000 .001 6 .0023 

@ The resistance values may be used for any frequen · 
cies. 60 cycles or below. 

@ The reactance at any frequency is f/60 times the val­
ues above. The resistance and reactance values ap­
ply for cables in non-magnetic duct. For magnetic 
duct. the same resistance values may be used and 
approximate reactance values may be obtained by 
increasing the values above by a factor 1 . 1 5. 
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Reactors 
The X/R ratios for type MSP current-l imiting 
reactors range from a pproximately 6 to 24. 
The low value corresponds to low-current, 

low-i mpedance designs, and the h igh value 
to h igh-current and h igh- impedance de­
signs. 

Table T: Single-Phase Reactance and Ac Resistance O hms per 1 00 Feet of Stranded Copper Single-Conductor 
60 Cycles(!) 
Size of Resistance in Reactance in Ohms Per 1 00 Feet of Each Conductor of a Single- Phase or a Symmetrical Three- Phase Circuit 
Conductor Ohms Per 1 00 @Symmetrical Spacing (D) of Conductors in Inches 
AWG or Feet of Single 3 1 4 1 5 1 6 1 7 I 8 1 9 I 1 0  I 1 1  I 1 2  Circular Conductor at I Mils 25 Degree C I 

(77 Degree F) I i i 60 Cycles I I 
6 0.041 0 0.0088 0.0094 0.0099 0.01 03 0.0107 0.01 1 0  0.01 1 3  O.Q1 1 5  O.Q1 1 7  0.01 1 9  
4 0.0259 0.0082 0.0089 0.0094 0.0098 0.0102 0.0105 O.Q108 0.01 1 0  0.01 1 2  0.01 1 4  
2 0.0162 0.0077 0.0084 0.0089 0.0093 0.0097 0.0100 0.0103 O.Q1 05 0.0107 0,0109 

1 0.0129 0.0074 0.0081 0.0086 0.0090 0.0094 0.0097 0.0099 0.0102 O.Q1 04 0.0106 
0 0.0102 0.0071 0.0078 0.0083 0.0087 0.0091 0.0094 0.0096 0.0099 0.01 01 0.0103 

00 0.0081 0.0069 0.0076 0.0081 0.0085 0.0089 0.0092 0.0094 0 .0097 0.0099 0.01 01 

000 0.0064 0.0066 0.0073 0.0078 0.0082 0.0086 0.0089 0.0091 0.0094 0.0096 0.0099 
0000 0.0051 0.0063 0.0070 0.0075 0.0079 0.0083 0.0086 0.0088 0.0091 0.0093 0.0095 

250 0.0043 0.0062 0.0069 0.0074 0.0078 0.0082 0.0085 0.0087 0.0090 0.0092 0.0094 
300 0.0036 0.0060 0.0067 0.0072 0.0076 0.0080 0.0083 0.0085 0.0088 0.0090 0.0092 
400 0.0027 0.0055 0.0062 0.0067 0.0071 0.0075 0.0078 0.0080 0.0083 0.0085 0.0087 

500 0.0022 0.0052 0.0059 0.0064 0.0068 0.0072 0.0075 0.0077 0.0080 0.0082 0.0084 
750 0.0014  0.0047 0.0054 0.0059 0.0063 0.0067 0.0070 0.0072 0.0075 0.0077 0.0079 

1 000 0.001 1 0.0044 0.0051 0.0056 0.0060 0.0064 0.0067 0.0069 0.0072 0.0074 0.0076 

<D The reactance at any frequency, f. is f/60 times the reactance at 60 cycles. 

1 5  

O.Q1 24 
0.01 1 9  
O.Q1 1 4  

O.o1 1 1  
O.Q1 08 
0.01 06 

0.0104 
0.0100 

0.0099 
0.0097 
0.0092 

0.0089 
0.0084 
0.0081 

@ For any 3-phase arrangement of conductors. 0 = ..J ABC, where A. B. and C are the spacings between conductors. This resolves itself into D = A. B. or C for symmQtrical 
triangular spacing. and into D = 1 .26A (or B) for regular flat spacing. 
for any other size condutor. of d iameter d .  the 60-cycle reactance in  ohms per 1 00 ft.. at symmetrical spacing D. may be computed from the formula. 
X =0.000575 + 0.00529 log1 0  ( 2 0

d
- d ) 

Table TA : Resistance and Reactance of Type D B  Circuit B reakers@ 
Breaker I Trip Coil I R I X I Breaker 

1 00 540 1 450 
1 25 420 1 070 
1 50 310  740 

DB-25 200 200 470 DB-50 
225-300 1 40 270 
350-500 90 1 20 
600 60 30 

DB-75 2000-3000 1 4  85 DB-100 

I Trip Coil I R 

200-225 324 
250 250 
300 1 70 
350-400 1 1 5  
500-600 90 
800-1000 50 
1 200-1600 40 

4000 1 1  

I X  
31 40 
2300 
1 600 
1 000 

580 
260 

60 

75 

@ Resistance and Reactance values listed are in micro ohms and are applicable to 60 cycles per second currents of shon circuit magnitude. For 50 cycle per second cur­
rents, multiply Reactance values by 5/6, and use Resistance values without modification. 

/ 
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Table U :  Bus Duct Im pedances Average Values - O h ms Per Phase Per 1 00 Feet Plug-In Bus D uct 

Ampere Rating I 225 I 400 I 600 I 800 I 1 000 
Number and Size of Bars • . . . . . • • . . . . . • .  1 1 (% x �) I 1 (14 x 1 %) 1 1 (14 x 2) 1 1  (14 x 3) 1 1  (14 x 4) 
Resistance .  . . . . . . . • • . . . • . . . • • . . . . . . • • 0.009 I 0.0029 0.0024 0.001 7 0.001 2 
Reactance (60-Cycle) . .  . • • . . . . • • • • . • • . . 0.007 0.006 0.0053 0.0042 0.0034 
Low-Impedance Bus Duct (Ventilated) 

Ampere Rating I 600 I 800 1 000 1 350 1 600 
Number and Size of Bars • • • . . . . . . • . . . . .  1 2(14 x 1 )  1 2(14 x 1 %) 
Resistance .  . . . . . . . . . . • . . . . . . • • . . . . . . . 0.0020 0.001 3 
Reactance (60-Cycle) . . . . . .  . . . . . . . . . . . . 0.0023 0.001 6 
Ampere Rating 3000 4000 
N umber and Size of Bars • . • . . . . . • • • . . • .  ) 2(14 x 6) 1 4(14 x 4) 
Resistance . . • . . . • • . . . . . . • • • . . . • . • • . . •  1' 0.00033 0.00027 
Reactance (60-Cycle) . .  . . . • . . • • . . . . . . • • 0.00046 0.00036 
The reactance of any frequency. f. is f/60 times the values above. 

Bus Bar ReactancesCD 60 Cycles 
CD For estimating purposes. the values of resistances 

may be assumed the same as those given for bus 
duct for the same number and size of bars per 
phase. 

Figure 1 6  

1 00 I J l  ] I  . 1 1  lfiT 1 

9 0  

e---1-- � � 
I I  ! I l l  I 

e---1-- �� B a r  3 X 1/4 
r--1-- 1 s r- B a rs 3 X '14 

) 

1 2(14 X 2) 
0.001 0 
0.0013  
5000 
4(14 X 5) 
0.00022 
0.00028 

1/4 A p a r t  

'· v � I B a r  6 X l f 4  

2(14 X 214) 
0.00088 
0.00095 

ll1 2 B a rs 6 X '14 '14 A p a r t  

� eo 
2 u ::0 "" c 0 u 
.c: 

70 u 0 w 
� 
.2 
� 

� .. 
60 Q. 

.. 
E .c: 0 .., I 
Q 

50 .; u 
c 
2 u 0 "' 0:: 

40 

30 

20 

J I I lj I Jfl lj 'I J I 1/. Cur ves of Reactance at 60 C yc l es I v vs S p a c i ng , far 3 X '14 B a rs a n d  far 

II lh 6 X 1/4 B a r s ,  in Face w i s e  A r r a n g e m e n t .  

IJI v Ohms per Ft at E a c h  Conductor 
at  a D i s t a nce S From Return Cond uctor . 

v I. In a B a l a nced 3 - Phase C i rcu i t ,  

II fl t h e  M e a n  Reactance per Ft  at E a c h  
Conductor i s  Determ i ned Appro x i m a t e l y  

IJIJ J for t h e  M e a n  S pa c i n g .  

II s = <s ,  s2 S3 l 113 

II W h ere 
S r = Center S p a c i ng Between r1 Phases I a n d  2 
S2 = Center Sp a c i n g  Between 

P h ases 2 and 3 

ll S3 = Center S p a c i ng Between 

II P h ases I a n d  3 
D i m .  i n  I n c h e s  

II 
II 
1/ 

II 

2 3 4 5 6  7 8  10 1 5  20 30 40 506070 

I nches Cen ter Spa c i n g  S 

2(14 X 3) 
0.0006 
0.00090 

1 250 1 500 
1 (14 X 5) 1 (14 X 6) 
0.0009 0.0008 
0.0030 0.0027 

2000 2500 
2(14 X 4) 2(14 X 5) 
0.0005 0.0004 
0.00065 0.00054 
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Figure 1 7  
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From Retu rn  C o nductor .  I I n  a Ba lanced 3- Phase 

I I  Circu i t ,  t h e  Mean Reactance 

Il l per Ft of Each Canducto r is 
De termined Approx i m a t e l y  
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lh l,i r/ 

IJIJ I V  "3 
S =  ( S I  SeS3) 

IJ VJ 
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S1 = Center Spacing Bet ween I Phases I and 2 
II S2 Center  Spac ing  ·Between --

'II P hoses 2 and 3 
S3 Center Spacing Be twe.en IJII Phases 1 and  3 
Dim.  in I nches  

v 

v 4 Bars 4 X  '14 C= 2 
, 4 Bars 4X 1/4 C=3 T 20 2 3 4 5 6 8 10 15 20 30 40 5060 eo 100 

I nches Center Spacing S 

Asymmetry Due to the De Component 
Any sudden change in  a n  electrical circuit 
is initially opposed by the inductance of the 
circuit. In other words, the current cannot 
change instantaneously. However, at the 
instant the fault occurs. an ac component of 
current must flow as determined by ac 
voltage and impedance of the system. The 
net result is  that: 

1 .  An ac component of short-circuit current 
flows as determined by the ac voltage and 
impedance of the system. This is referred to 
as the symmetrical short-circuit current. See 
figure 1 8. 

2. The de component flows to satisfy the 
inductance effect; that is, that the current 
cannot change instantaneously. This de 

component is initially equal in magnitude 
and of opposite instantaneous polarity to 
the ac component of fault current. Note that 
the addition of the ac and de components at 
time equal zero gives zero current, hence, 
satisfying the inductance effect. 

As there is no de driving voltage main­
tained after the fault occurs, the de com­
ponent decays to zero. The rate at which it 
decays is a function of the X/R ratio of the 
system to the point of fault. X is the react­
ance and R is the resistance. 

3. The resultant short-circuit current is the 
sum of the ac and de components. Note 
that it can be offset due to the de com­
ponent and, hence, is  referred to as the 
asymmetrical short-circuit current. The rms 

value of the asymmetrical current can be 
calculated from the following formula: 

lasym. rms = .Y (Isym)2 + ( ld-c) 2 
I sym = rms value of the symmetrical current (a-c 
component) 
Id-e = value of the d-e component 

Figure 1 8: Typical Curves of Ac and De 
Components Resu lti ng i n  a Fully 
Asymmetrical S hort-Circuit Current 
for One Phase of a 3-Phase System 
Zero Cu rrent Prior Fault 

: :�1 4t---A------A-----A--- ��7h���� _/_j J \ j \ Component 0 +--+--:l-+\jj-:-1 -+----1\j),....,-2-+-�\3 Time in 
2 , : ' Cycles - 1 . 0  • : : :_ - 1 .4 14 : ' : : i i (AIA·C : ' 

�:"!:rf=U ;�;.� � 
1 .0 
0 

-1.0 

l Component : : 
: : 

i : 
Rms Value 
of lhe 

i Asymmetrical - --1 Current 

""=�-\-i-�-+-i.--1�-\�; Time in 
3 Cycles 

(C)Asymmet r ical Current 

The initial magnitude of the de component 
will depend on the point of the voltage wave 
at which the short circuit occurs and the 
presence of load current. The maximum rms 
value of asymmetrical current can be as 
high as 1 .73(!) times the symmetrical current 
(rms) at the instant the fault occurs; how­
ever, due to the decay of the de component, 
the rms value of the asymmetrical current is 
considerably reduced at the *-cycle time. 

On 3-phase systems, the de component, and 
hence the asymmetry, is not the same on all  
phases. For instance, w hen the de com­
ponent is a maximum on one phase, it is 
only half that value on the other two phases. 

The interrupting ratings of low voltage air 
circuit breakers are expressed in rms sym­
metrical amperes at the rated voltage. The 
symmetrical current of the rating is defined 
as an ac component of the total short circuit 
current at the instant * cycle after the short 
circuit occurs. According to N EMA stand­
ards the breaker however shall be able to 

CD The rms value of the asymmetrical current for the 
phase that has maximum asymmetry may actually 
exceed even 1 .73 times the symmetrical component 
depending on load conditions prior to the fault in 
the particular circuit under consideration. 
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interrupt the rms symmetrical current as 
well as every degree of asymmetry up to an 
X/R ratio of not less than 6.6. For a 3- phase 
circuit, the average rms asymmetrical cur­
rent is defined as the average of the rms 
values of the asymmetrical currents (ac 
plus de components) in three phases, meas­
ured at the instant V.. cycle after the short 
circuit occurs. This value will be referred to 
as the average rms asymmetrical current ( in 
other literature sometimes referred to as 
the 3-phase average total rms current) and 
should be used in  selecting the required 
breaker rating wherever the X/R ratio of 
the circuit is more than 6.6. In these cases, 
the asymmetrical rating of the breaker (they 
are given in table A on page 3 along with 
the symmetrical ratings) has to be larger 
than the average rms asymmetrical current 
available at the point of application of the 
breaker. 

To calculate the average rms asymmetrical 
current, the ac component or symmetrical 
current can be multiplied by an average 
asymmetry factor, F, that: 

1 .  Takes into account the value of the de 
component at the V..-cycle time. 

2. Averages the rms values of the asym­
metrical currents in the three phases. This 
average asymmetry factor depends on the 
X/R ratio of the total impedance to the 
point of fault and may be taken directly 
from figure 1 9, hence: 

lavg rms asym = F x lsym 

As an example, if the calculated rms sym­
metrical short-circuit current is 21 900 am­
peres, and the X/R ratio of the circuit is 20, 
then from figure 1 9  the average asymmetry 
factor is 1 .31 and the average rms asym­
metrical current would be 21 900 x 1 .31 = 
28700 amperes. Therefore, the required 
asymmetrical interrupting rating of a low 
voltage breaker at that point in the system 
has to be higher than 28700 rms asym­
metrical amperes. 

When sufficient data is not available to cal­
culate the actual X/R ratio for a particular 
breaker application, and there are indica ­
tions that the X/R ratio is more than 6.6 
(large sealed dry type transformers) it is 
recommended that the average asymmetry 
factor of 1 .25 corresponding to X/R ratio 
of 1 1 .76 should be used in calculating the 
available rms asymmetrical current. 

The use and derivation of average rms 
asymmetry factors is based on one phase 
being, initially, fully asymmetrical. This 
means that the short-circuit current that the 

particular pole of the breaker must interrupt 
is greater than the average rms asymmetrical 
value. Therefore, it should be clearly under­
stood that although low voltage air circuit 
breakers are rated in terms of rms sym­
metrical current, any one of the poles in the 
breaker must be capable of interrupting a 
current that was initially fully asymmetrical. 
The rms value of this current through that 
particular pole the instant V.. cycle after the 
fault occurs, is obviously higher than the 
rms value of its ac component. It is also 
higher than the average rms asymmetrical. 
Corresponding to the X/R ratio of 6.6 is an 
average asymmetry factor of 1 .1 7  and a 
maximum asymmetry factor of 1 .33 for the 
one phase that was initially fully asym­
metrical. 

Figure 1 9: Average and M axi mum 
Asymmetry Factors 
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Sources of Short-Circuit Cu rrent 

1.39 

The sources of short-circuit current on low 
voltage systems may be any combination of 
supply transformers or generators, including 
feedback from motors on the system at the 
time of the fault. 

1 .  Supply Transformers: This is by far the 
most common form of power supply for low 
voltage systems. The transformer impedance 
is generally the major factor in  determining 
the short-circuit current. 

The voltage impressed on the primary of the 
transformer during a low voltage fault will 
be less than the rated value because of the 
impedance of the high voltage system. 
Hence, the magnitude of the low voltage, 
short-circuit current will be less than the 
value based on the transformer impedance 
alone. The minimum, equivalent subtran­
sient impedance of the high voltage system, 
to which the transformer primary is con -

A D  33-760 Page 35 
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nectecl, should be included in the calcula­
tions. The capacity of power systems is 
continually growing and for this reason it 
is good practice to calculate the minimum 
equivalent subtransient impedance based 
on the projected future, available short cir­
cuit kva of the primary system, or on the 
interrupting rating of the transformer pri­
mary breaker or fuse if more exact data is 
not available. 

The symmetrical value of fault current flow­
ing through one<D transformer to a bolted, 
3-phase short circuit at its low voltage 
terminals is: 

l b 
lsym = 2 +Z x 1 00 

p t 
where, lsym = rms value of symmetrical 3-
phase short-circuit current in amperes. 

lb = Base current on the low voltage side 
in amperes (note, that it is usually con ­
venient to select the transformer self­
cooled rated kva and line-to-l ine low 
voltage as the base u nits since, when 
this is done, base current becomes the 
transformer rated current). 

Z1 =Transformer impedance in percent. 

Zp = Minimum equivalent subtransient im­
pedance of the primary system which 
is: 

%Z = 
base kva 

0 P primary available S-C kva 
x 1 00 

Note: The base current and impedances 
must be on the same kva base. Also, Zp and 
Z1 must be added vectorially; that is: 

Zp + Z1 ="\} (rp + r1) 2 + (xp + x1) 2 

where r and x are the resistance and react­
ance, respectively. 

The total resistance (rp + r1) and total react­
ance (Xp + x1) should be used to determine 
the proper average asymmetry factor F. The 
average rms value of asymmetrical short­
circuit current is: 
lavg rms asym = Fx lsym 
where F may be determined from figure 1 9, 
page 35. 

<D For transformers in parallel. the impedance of each 
transformer should be converted to a common kva 
base. The impedances should then be paralleled 
(vectorially) and the resultant equivalent imped­
ance should be used for Z. in the formula. 
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• 
2. Low-voltage generators: The in itial 
value of short-circuit current is dependent 
upon the machine subtransient reactance. 
This initially high current decays to a con­
siderably lower, sustained value that is con­
tingent upon the machine synchronous 
reactance and the characteristics of the 
generator excitation system. However, at 
% cycle after the fault, the symmetrical value 
of fault current for a bolted 3-phase short­
circuit can be calculated by using the ma­
chine subtransient reactance as shown 
below. 

I a lsym =xd" +Ze 
x 1 00 

lsym = rms value of symmetrical short-circuit 
current in amperes. 

Ia = Generator rated current in amperes, 
the generator rated kva and voltage 
are the base units. 

� .. = Generator subtransient reactance is 
percent. 

Ze = Generator lead impedance in percent. 

The X/R ratio of generators is usually high® 
hence, the typical, average asymmetry fac­
tor of 1 .1 7  may not be applicable. Cables 
and cable connections from the generator to 
the switchgear can considerably reduce the 
total X/R ratio a nd, therefore, should be i n ­
cluded in  t h e  calculations. 

3. Motor Feedback: During a short circuit, 
both induction and synchronous motors 
that were connected to the system when the 
fault occurred will act as equivalent gener­
ators and feedback current to the point of 
fault. 

General Case : I n  many cases, actual data 
on the motors will not be readily available. 
Moreover, it is not possible to predict the 
exact percentage of the total motor load 
that will be connected to a system w hen a 
fault occurs. Therefore, in the general case 
and in the absence of more exact data, the 
following procedure should be used to 
calculate motor feedback. 

1 . For 240- to 600-volt systems - assume 
1 00 percent motor load. 

For 1 20/208-volt systems - assume 50 
percent motor load. 

® The X/R ratio for determining the average asym­
metry factor is the ratio X2/ra where Xz is the nega­
tive sequence reactance of the generator and ra is 
the d-e resistance of the armature (phase-to· 
neutral value). The values of X1/ra depend on the 
machine design and rating and may range from 1 0-40 for the type of machines usually encountered 
on low-voltage systems. External reactance and 
resistance should be added to Xz and r a· respec­
tively. 

2. The symmetrical value of short-circuit 
current contributed by the motors will be 
approximately tour times the load current 
drawn by the assumed motor load. This 
approximation is representative of the aver­
age low voltage industrial system com­
posed predominantly of induction motors 
but with some synchronous motors. It also 
takes into account the rapid decay of fault 
current from the induction motors and the 
average effects of the motor leads. 

3. The average rms value of asymmetrical 
current contributed by the motors may be 
calculated as 4.7 times the load current 
drawn by the assumed motor load. This is 
equivalent to using a n  approximate average 
asymmetry factor of 1 .1 7  for motor feedback. 

General Procedure for Fault Calcula­
tions 
Step 1 . Select a base kva and calculate al l  

impedances accordingly. 

Step 2. Determine the base current on the 
selected base kva. 

Step 3. Calculate the symmetrical short­
circuit current contributions to the 
point of fault from all  sources in­
cluding motor feedback. 

Step 4. Determine the X/R ratios from each 
source. If none of them is more 
than 6.6, as would be the case with 
most of the transformer installa­
tions. take the sum of symmetrical 
current contributions from all sourc­
es. In this case (X/R less than 6.6) 
select breakers by their symmetrical 
ratings. 

Step 5. If some of X/R ratios are more than 
6.6, determine the asymmetry fac­
tors based on the total X/R ratios 
from each source to be applied to 
each symmetrical current contri­
bution. 

Step 6. Calculate the average rms asym­
metrical current contribution from 
all sources (using the average 
asymmetry factors in step 5) and 
take their sum at the point of fault. 
Select the breakers by their asym­
metrical ratings. 

Fault Calculation Example: With modern 
Westinghouse transformers of standard de­
sign, it is not often required that the asym­
metrical fault current be calculated since 
the X/R ratio is nearly always less than 6.6 
(refer to Table Q on page 31 ). Modern 
transformers of special design, and many 
older transformers, may have higher X/R 
ratios and hence require breaker application 
based on asymmetrical ratings. The fault 
calculation example which follows shows 
the procedure tor determining asymmetrical 
fault currents in a system. 

Figure 20: System D iagram for Fault 
Calculation 

1 
I sym =3 1050 a. T 
IAvg Rms Asym 1 ) 
= 39430 o. t 

Fault  
l sym = 40670 o. 
IAvg Rms Asym =50680 o. 

13,800 Vo lts 
150 DH 150 Bkr. 
100,000 Kvo S.C. Available 
2000 Kvo -30-60 Cycles 
Sealed Dry Type 
13,800/480 Volts 
5.75% Impedance 

f lsym = 9620 o. 
I Avo Rms Asym :z: 

M l l250 a. 

Equivalent Source Representing Feed back From 
an Assumed 100°/0 Motor Load :  2000 Kvo 

Step 1 .  Select a 2000-kva base and calcu­
late impedances accordingly: 
a Transformer I %R I %X I %Z I Comments 
Circuit 

Primary System Neglect 
Transformer 0.45 

2.00 2.00 <D 
5.70 5.75 ® ---------1------1---
7.70 7.75 Z= 

"'R•+x• 
Step 2. Base current. 

Ia 
Base kva x 1 000 

..J 3 x (normal l ine- line voltage) 
2000 X 1 000 

V 3 X (480) 
=2406 amperes 

<D The resistance of the primary system was assumed 
negligible compared to the reactance hence, the 
magnitude of the reactance is equal to the imped­
ance for all practical purposes. 

base kva x 1 00 2000 %Z S-C kva = 1 00000 x 1 00=2·0% 
(%) Refer to table 0. page 3 1 .  for transformer data. The 

impedance of the connection between the trans­
former and the switchgear was assumed negligible. 
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Step 3. Symmetrical short-circuit current 
contributions: 

a .  Transformer circuit, 
l e  lsym =z +Z x 1 00 

p t 
2406 

=
7.75 

X 1 00 

=31 050 amperes 

b. Motor feedback, 
lsym =4 x 2406 

= 9620 amperes 

Step 4. X/ R ratios 
a. Transformer circuit: 

5.70 
X/R = 

0.45 
= 1 2.9 

which is larger than 6.6. Therefore, it is 
necessary to go to steps 5 and 6. 

Step 5. Average asymmetry factors: 
a. Transformer circuit from figure 1 9, 

page 36, for X/ R = 1 2.9, the aver­
age asymmetry factor is 1 .7 2. 

b. Motor feedback: an approximate 
average asymmetry factor of 1 .1 7  
is used. 

Step 6. Average rms asymmetrical short­
circuit current contributions: 

Transformer 
Circuit 

Motor 
Feedback 

Total at 
Main Bus 

lsym 
Symmetri­
cal Cur­
rent 
Amperes 

31 050 

9620 

40670 

Average 
Asym­
metry 
Factor 

1 .27 

1 .1 7  

lavg rms asym. 
Average Rms 
Asymmetrical 
Current 
Amperes 

39430 

1 1 250 

50680 

It should be noted that in the example of 
figure 20, by using symmetrical fault cur­
rents available at the 480 volts bus, one 
could use D B -50 selective trip breakers 
because the total available short-circuit 
current is less than 42000 rms symmetrical 
amperes (symmetrical rating of D B -50 
breaker). Actually, one has to use D B-75 
selective trip breakers because the total 
asymmetrical short-circuit current is 50860 
rms asymmetrical amperes, which is above 
the 50000 asymmetrical rating of D B-50 
breakers. 

In most cases the breaker selected by the 
symmetrical rating (even with X/R of the 
system larger than 6.6) satisfies also the 
asymmetrical rating requirements, but it 
should be remembered that this is not 
always true, as the example of figure 20 and 
the example 3 from page 1 8  illustrate. 

Fault Calculations - Si ngle Phase 
The calculation of short-circuit currents on 
single phase ac systems is basically the 
same as for 3-phase systems as outlined in 
the preceding sections. The most common 
form of single phase supply consists of a 
single phase transformer connected to a 
3-phase system. 

Figure 21 : Typical Single- Phase Trans­
former Supply 

3-Phose 
H i g h ­
Voltage 
System 

1- Phose 
Low-Voltage 
System 

u ' '"' ''"'"'" ll Transfor m e r  

) ) Secondary 

1 f ... , . ., 

The steps for making the required calcula­
tions for such a system are outlined below: 

Step 1 .  Select as a base kva the rating of 
the single- phase transformer. Calculate al l  
impedance in percent. 

Step 2. Calculate the base current le on the 
selected base kva 

Base kva x 1 000 
le ..J 3(rated l ine-line voltage of 

the single-phase low-volt­
age system) 
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Step 3. Calculate the symmetrical short­
circuit current through the transformer to a 
low-voltage fault by means of the following 
formula: 

1 .73 X l e X 1 00 lsym 2Z +Z +Z p t c 

The derivation of the formula is omitted. 

Where Is is the base current as calculated 
in (2). 

Zp = Primary system subtransient impedance 
in percent®. 

Zt = Transformer impedance in percent. 

Zc = I mpedance of cables or bus runs from 
the transformer to the point of fault, in­
cluding the return path. 

Note: Zp. Zt and Zc must be added vectori -
ally. 

Step 4. Determine the X/R ratio of the trans­
former and if it is less than 6.6 select the 
breakers by symmetrical ratings. It should 
be remembered that motor feedback should 
be added to the transformer contribution 
in calculating total short circuit current 
available. 

Step 5. If the X/ R ratio is more than 6.6 
determine the average asymmetry factor, 
from figure 1 9  on page 35, based on the 
total X/R ratio. Although the average asym­
metry factor curve is applied to 3-phase 
systems (as it averages the asymmetrical 
currents in the three phases) it can be used 
for single- phase applications). 

@ Just as in 3-phase system calculations. the primary 
subtransient impedance is based on the available 
short-circuit kva and is equal to 

. 
base

_
kva . x 1 00 available short-circuit kva on pnmary 
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Figure 22: Typical Si ngle-Phase Transformer Supply with a Tapped Low-Voltage 
Winding 

HI 

H2 

Step 6. The average rms asymmetrical short­
circuit current through the transformer is the 
average asymmetry factor from step 5 times 
the symmetrical current calculated in step 3. 
Motor feedback should be added to the 
fault contribution from the transformer. 
Select breakers according to their asym­
metrical rating. 

When the single phase transformer has a 
tapped low voltage winding or two low 
voltage windings, such as commonly used 
for 1 20/240 volt 3-wire service, the short­
circuit current that can flow for a fault from 
X1 - X2 or X3 - X4, see Figure 22, may be 
equal to, or may be almost twice as much 
as a fault on the full secondary from X1 - X4. 
The exact value will depend on the trans­
former design. The method for calculating 
the fault current for a fault across the full 
secondary winding (X1 - X4) is the same 
as outlined in  the preceding paragraphs. 

To calculate the fault current for a half 
winding fault from X1 - X2 or X3 - X4, the 
following modifications should be made in  
the  preceding steps: 

In Step 2. Base current, I s. should be based 
on the half winding voltage (X1 - X2 or 
X3 - X4) and the full kva base. 

In  Step 3.  The transformer leakage imped­
ance from the full primary winding ( H 1 - H2) 
to the X1 - X2 or X3 - X4 winding should 
be used for Z in  the equation. This value 
should be on the full kva base and must be 
obtained from the transformer manufacturer 
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Table V: Tri pping Characteristics of Series Overcurrent Tri p Devices ( Preferred Characteristics are in Bold Print)4 

Breaker Long Delay(!) I nstantaneous Short Delay 
Type Calibrated Marks Calibrated Marks Calibrated Marks 

Seconds I At % of Pick-up@ Pick- up@ 
Trip U nit % % 
Rating 

DB-1 5 & D B-25 25-1 00@ 1 65 200-350 or 250-400 
1 2-20 500 800-1 200 
20-30 500 800-1 200 
20-30 500 500-1 000 
30-40 500 500-1 000 
40-60 500 500-800 
25- 1 00@ 1 65 200-350 or 250-400 
1 2-20 500 500-750-1 000 
20-30 500 500-750-1 000 
30-40 500 500-750-1 000 
40-60 500 500-800 

D B-50 25-1 50® 1 65 200-350 or 250-400 
1 2-20 600 800-1 200 
20-30 600 800-1 200 
20-30 600 500-1 000 
30-40 600 800-1 200 
40-60 600 500-1 000 
25-1 50® 1 65 200-350 or 250-400 

6-1 20@ 300 300-425® 
1 2-20 600 I 500-750-1 000 
20-30 600 500-750- 1 000 
30-40 600 I 500-750-1 000 
40-60 600 i 500-750- 1 000 

6-1 20® 500-700® 

D B -75 & D B -1 00 1 2-20 700 800-1 200® 
20-30 700 800-1200@ 
20-30 700 500-1 000® 
30-40 700 800-1 200® 
40-60 750 800-1 200® 
25-1 50® 1 65 200-350 o r  250-4000® 
1 2-20 700 500-750-1 000® 
20-30 700 500-750-1 000® 
30-40 650 500-750-1 000® 
40-60 750 500-750-1 000® 

_.. Preferred characteristic curves ( in bold print) are contained in envelope AD 33-760-A. 
(j) Long delay pickup setti ngs are adjustable with calibrated marks at 80%. 1 00%, 1 20%. 1 40%. and 1 60% of trip unit rating. 
® Non preferred characteristics (shown in light print) are available on special order only. 
Q) Standard for feeder breaker. 
@ Standard for transformer secondary and incoming line breakers. 

Curve No.® 

I Delay 
Cycles 

40541 0 
4051 22 
4051 23Q) 
351 056@ 
4051 24 
405 1 26 

6-1 4-30 351 054 
6-1 4-30 4051 32 
6-1 4-30 4051 33 
6-1 4-30 4051 34 
6-1 4-30 4051 36 

376475 
388520 
388530Q) 
351 057@ 
388540 
388560 

6-1 4-30 376474 
@ 53691 5 
6-1 4-30 388620 
6-1 4-30 388630 
6-1 4-30 388640 
6-1 4-30 388660 
@ 62851 1 

405220 
405230Q) 
351 058@ 
405240 
405260 

6-1 4-30 458957 
6-1 4-30 405320 
6-1 4-30 405330 
6-1 4-30 405340 
6-1 4-30 405360 

@ In choosing instantaneous or short delay pickup settings on these devices. consideration should be given to the minimum as well as the maximum values of the available 
short-circuit current. This is to make sure that proper protection is provided under all system conditions. For details see paragraph on arcing fault protection on page20. 

® One calibrated mark between 25-1 50 seconds (specify mark) at 1 6 5% of trip unit rating. 
CZJ Minimum short delay of 2000 amp trip unit is 2 50%. 
@ Minimum instantaneous pickup is 1 0000 amperes. higher in  some ratings. 
® Minimum short delay pickup is 5000 amperes 
® Specify any two adjacent long delay timing points listed (see curve). 
® Specify one short delay pickup point between 300-425%. A second point will  be cali brated at 1 .5 times the short delay pickup point selected. 
@ Specify one short delay pickup point between 500-700%. A second point will be calibrated at 1 .5 times the short delay pickup point selected. 
@ Specify 6 and 14 cycles or  1 4  and 30 cycles. 
® One calibrated mark between 2 5 - 1 00 seconds (specify mark) at  1 65% of trip unit rating. 
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Westinghouse Electric Corporation 
Switchgear D ivision, East Pittsburgh, Pa. 1 51 1 2  
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