
Westinghouse 

• 
General Information 
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 Current 
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. 
S hort-Circuit Current 
The short-circuit duty imposed on a breaker 
by a given system is probably the most diffi ­
cult factor to determi ne. 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 
u npredictable a nd hence, should not be re­
lied upon to reduce the interrupting duty on 
a breaker. Thus, the requ i red 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 i nterrupt 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 single-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 
u nder short-circuit conditions is safely less 
than 6.6. Power supply to the low voltage 
system through a modern l iquid-fi l led or 
ventilated dry-type transformer of not more 
than 2500 Kva i nsures a safe X/ R ratio. 
Sealed dry type transformers of not more 
than 2000 Kva also give safe X/R ratios. The 
application tables on pages 4 through 6 
have been provided for quickly estimating 
the maximum available short-circuit current 
on standard low voltage transformer i nstal -

lations. The recommended D B  breakers 
given in these ta bles have adeq uate sym­
metrical and asymmetrical ratings for all 
types of standard l iquid and dry type West­
i nghouse transformers. 

Where power is su pplied to a low voltage 
system from generators, through current­
l imiting reactors, from non -standard trans­
formers or from sealed dry-type transformers 
above 2000 Kva, the system X/R ratio u nder 
short-circuit conditions may exceed 6.6. I n  
this event, breakers should not b e  applied 
on the basis of their symmetrical ratings but 
i nstead should be applied so that their 
asymmetrical ratings are adequate for the 
asymmetrical fault current avai lable. Calcu­
lation methods and typical apparatus imped ­
a nce data are given begi nning 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 i nterrupting ratings, both symmetrical 
and asymmetrical, of standard Type DB low 
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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 n o  
special application considerations are re­
quired. For appl ications at other frequencies, 
refer to the nearest Westinghouse district 
office. 

May, 1971 
Supersedes AD 33-760 dated November, 1967 
E, D, C/1954/DB www . 
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Westinghouse 

• 
Application Data 
Su bject P a g e  Subject Page Subject Page 

G eneral Information 

System Voltage . . . . . . . . . . . . . . . . • •  

Normal Load Current . . . . . . . . • . . • •  

Short-Circuit Current . . . . . . . . . . . . •  

Frequency . . . . . . . . . . . . . . . . . . . . .  . 

Standard Ratings of Low-Voltage 
Air C i rcuit B reakers- Table A . . .  3 

Recommended Type D B  A i r  
Circuit B reakers for Typical 
Transformer I nstal lations 

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 Cond itions 

Altitude . . . . . . . . . . . . . . . . • . . . . . . .  7 
Repetitive Duty . . . . . . . . . . . . . . . . . . 7 
Repetitive D uty 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 I nterrupting Current . . . . . . . . . 8 
Rated Frequency . . . . . . . . . . . . . . . . . 8 
Rated Short- Time Current . . . . . . . . . . 8 

Tri pping 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 O perating 

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

Other Attachments 

Control Relays . . . . . . . . . . . . . . . . . .  1 0 
Alarm Switches . . . . . . . . . . . . . . . . . .  1 0 
Auxiliary Switches . . . . . . . . . . . . . . . 1 0 
Interlocks . . . . . . . . . . . . . . . . . . . . . .  1 0 

M ou ntings 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 

M otor C i rc u it Protection 

Breaker I nterrupting 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 
M otor Locked- R otor Protection . . . . . 24 
Reduced-Voltage Starting . . . . . . . . . .  24 
Undervoltage Protection . . . . . . . . . . . 25 

Resistance Welding Appl ications . 25 

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

Field D ischarge B reakers 
and Resistors 

Functions and Field D ischarge 
Resistors . . . . . . . . . . . . . . . . . . . . . . .  26 
Selection of Field Resistors . . • . . . . .  26 
"Maximum Probable" Ratios of In-

d uced 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 Discharge 

Breakers - Table N . . . . . . . . . . . . .  27 
Simplified Appl ication Tables . . . . . . 28 
Recommended Field D ischarge 

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

Discharge Resistance - Table P . . .  28 

Shunt Capacitor Switching . . • . .  29 

Other Appl ications 

Lighting Transformers . . . . . . . . . . . . .  29 
Bus Duct Protection . . . . • . . . . • • . . .  29 
Applicatipn of Manually Operated 

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

Three- Phase Fault Calculations . . 30 

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

- 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 D uct I mpedances - 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 

Sing le-Phase Fault Calcu lations . .  37 

Avai lable Tri pping Character-
istics -Table V . . . . . . . . . . . . . . .  39 

* Cascading is no longer a recognized arrangement. 
See ANSI - C 37. 16-1970. 
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Type DB Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

Table A: Standard Rati ngs of Type D B  Low-voltage Air  C i rcuit B reakers 

Breaker Voltage 
Type 

Ac(!) 

DB-1& 600-481 
480-241 
240 and Below 

D 8-2& 600-481 
480-241 
240 and Below 

D 8-&0 600-481 
480-24 1 
240 and Below 

D B-7& 600-481 
480-241 
240 and Below 

D 8-100 600-481 
480-241 
240 and Balow 

D-e 

250 and Below 
. . . . . . . . . . . .  
.. . . . . . . . . . . 

250 and Below 
. . . . . . . . . . . .  
. . . . . . . . . . .. 
250 and Below 
.. . . . . . . . . . . 
. . . . . . . . . . . . 
250 and Below 
. . . . . . . . . . . .  
. . . .  · · · · · · · ·  

250 and Below 
. . . .. . . . . . 
. . . . . . . . 

. . 
.. 

Interrupting Rating. 
Current Measured 
at Instant Y.. Cycle 
After Fault, Amperes 

Asymmetrical(%) 

15000 
25000 
30000 

25000 
35000 
50000 

50000 
60000 
75000 

75000 
75000 

100000 

100000 
100000 
150000 

Trip Coil Conti nuous Cu rrent Rati ngs -Amperes® 

30 Cycle Short-Time Frame S ize Continuous 
Rating Without Current Rating of Current 
Series Trip, Amperes Carrying Parts Other Tha n 

Series Overcurrent 
Tripping Devices 

Symmetrical Asymmetrical(%) Symmetrica l Amperes 

14000 15000 14000 225 
22000 15000 1 4000 225 
25000 15000 14000 225 

22000 25000 22000 600 
30000 25000 22000 600 
42000 25000 22000 600 

42000 50000 42000 1600 l 
50000 50000 42000 1600 ® 
65000 50000 42000 1600 

65000 75000 65000 3000 
65000 75000 65000 3000 
85000 75000 65000 3000 

85000 100000 85000 4000 
85000 1 00000 85000 4000 

130000 1 00000 85000 4000 

Breaker Voltage Trip Coil Continuous Current Ratings- Amperes@ 

Type 

Ac(j) 

DB-1& 600-481 
480-241 
240 and Below 

DB-2& 600-481 
480-241 
240 and Below 

DB-50 600-481 
480-241 
240 and Below 

DB-75 600-481 
480-241 
240 and Below 

DB-100 600-481 
480-241 
240 and Below 

D-e 

250 and Below 
. ... . . . . . . . .  
· · · · · · · ·  . . . .  

250 and Below 
. . . . . . . . . . . . 
. . . . . . . . . . . . 

250 and Below 
. . . . . . . . . . . .  
. . . . . . . . . . . . 

250 and Below 
· · · · · · ·  . . . . .  

. . . . . . . . . . . . 
250 and Below 
. . . . . . . . . . . . 
. . . . . . . . . . . .  

Range of Coil Ratings Available 
If Overcurrent Device Has 
Instantaneous Tripping for 
Current Above 1500% of the 
Coi l  Rating@ 

15 to 225 
20 to 225 
30 to 225 

40 to 600 
100 to 600 
1 50 to 600 

200 to 1600 
400 to 1600 
600 to 1600 

2000 to 3000 
2000 to 3000 
2000 to 3000 

4000 
4000 
4000 

Range of Coil Ratings Available If Overcurrent Device Has Short 
Delay Tripping for Currents Above 1500% of Coil Rating and With 
Short-Time Delay Not To Exceed the Values Below.� 
0.1 - Second I 0.233-Second I (6 Cycles} ( 1 4  Cycles} 
Min. Band lnterm. Band 

100 to 225 125 to 225 
1 00 to 225 125 to 225 
100 to 225 125 to 225 

175 to 600 200 to 600 
175 to 600 200 to 600 
175 to 600 200 to 600 

350 to 1600 400 to 1600 
350 to 1600 400 to 1600 
350 to 1 600 400 to 1600 

2000 to 3000 2000 to 3000 
2000 to 3000 2000 to 3000 
2000 to 3000 2000 to 3000 

4000 4000 
4000 4000 
4000 4000 

0.5-Second 
(30 Cycles} 
Max. Band 

150 to 22 
1 50 to 22 
150 to 22 

5 
5 
5 

250 to 60 0 
0 
0 

250 to 60 
250 to 60 

500 to 160 0 
0 
0 

500 to 160 
500 to 160 

2000 to 300 
2000 to 300 
2000 to 300 

4000 
4000 
4000 

0 
0 
0 

(!) 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 asymmetrical interrupting rating i s  the average rms asymmetrical current. On the de systems. it is the maximum current that any one pole of the 

breaker can satisfactorily interrupt. a> Standard trip coil ratings are: 15-20-30-40-50-70-90-1 00-1 25-1 50- 1 7 5 -200-2 25-250-300-350-400-500-600-800- 1 000-1 200-1 600-2000-2500-3000-4000 ac or 
de amperes. 

®For special individual enclosures. 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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Westinghouse 

• ·"""""· 

Recommended Type DB Air Circuit Breakers 
For Appl ication with Standard Westin g house Transformers (Liquid, D ry Venti lated and Dry 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 R ms 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 
I mpedance from 1 00% Motor Main Group B reaker Breaker or Group Feeder B reaker or Group 
Percent Primary Load (240v) Breaker Feeder Feeder Breaker Feeder 

System B reaker B reakers Breakers 
Table B: 208 Volts- 3 Phase® 

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

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

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

1 50000 26000 28800 DB-50 DB-25 DB-25 DB-1 5 DB-25 
250000 26700 29500 DB-50 DB-25 DB-25 DB-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 D B-25 DB-1 5 DB-25 

7 60 50000 2080 28700 4200 32900 D B-75 DB-50 DB-25 D B-75 DB-25 DB-1 5 DB-75 D B-25 
5.75% 1 00000 32000 3 6200 DB-50 DB-25 DB-25 D B - 1 5  D B - 25 

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

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

1 50000 43300 48900 DB-75 DB-50 D B-50 D B - 1 5  D B-50 
250000 45200 50800 DB-75 DB-50 DB-50 DB-25 D B-50 
500000 4 6700 52300 DB-75 DB-50 D B-50 DB-25 DB-50 
Unlimited 48300 53900 DB-75 DB-50 DB-50 DB-25 DB-50 

Tabla C: 240 Volta- 3 Phase® 

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

1 50000 1 3900 1 6800 D B -25 DB-1 5  D B - 1 5  D B -1 5  D B-1 5 
250000 1 41 00 1 7000 DB-25 DB-1 5  D B - 1 5  DB-1 5 D B-1 5 
500000 1 4300 1 7200 DB-25 D B - 1 5  D B-1 5 D B - 1 5  D B - 1 5  
Unli mited 1 4400 1 7300 DB-25 D B - 1 5  D B -1 5  D B - 1 5  DB- 1 5  

600 50000 1 203 20000 4800 24800 DB-50 DB-50 D B -1 5  DB-50 D B - 1 5  D B - 1 5  D B-50 D B - 1 5  
5 %  1 00000 21 900 26700 D B-50 DB-25 DB-25 DB-1 5 D B-25 

1 50000 22500 27300 D B-50 DB-25 D B-25 D B - 1 5  D B-25 
250000 231 00 27900 DB-50 DB-25 DB-25 D B - 1 5  D B-25 
500000 23600 28400 DB-50 DB-25 DB-25 D B - 1 5  DB-25 
Unlimited 241 00 28900 DB-50 DB-25 DB-25 D B - 1 5  DB-25 

750 50000 1 804 24900 7200 32100 D B -75 DB-50 DB-25 DB-75 DB-25 DB-1 5 DB-75 DB-25 
5.75% 1 00000 27800 35000 D B -50 DB-25 DB-25 DB-1 5 DB-25 � 

1 50000 28900 36100 DB-50 DB-25 DB-25 D B - 1 5  D B-25 
250000 29800 37000 DB-50 DB-25 DB-25 DB- 1 5  DB-25 
500000 30600 37800 DB-50 D B-25 DB-25 D B - 1 5  D B-25 
Unlimited 31 400 38600 D B -50 DB-25 D B-25 D B - 15 DB-25 

• Cascading is no longer a recognized a rrangement. 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 D B  Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

For Appl ication with Standard Westinghouse Transformers ( Liquid, Dry Venti lated and Dry 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 100% Motor Combined SM SGF F M F or G F  C F  

---
M F or G F  Transformer 

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) 

1000 50000 2406 31000 9600 40600 DB-75 DB-50 DB-25 DB-75 DB-25 DB-15 DB-75 DB-25 
5.75% 100000 35600 45200 DB-75 DB-50 DB-50 DB-15 DB-50 

150000 37500 47100 DB-75 DB-50 DB-50 DB-15 DB-50 
250000 39100 48700 DB-75 DB-50 DB-50 DB-15 DB-50 
500000 40400 50000 DB-75 DB-50 DB-50 DB-15 DB-50 
Unlimited 41800 51400 DB-75 DB-50 DB-50 DB-25 DB-50 

500 50000 3609 41200 14400 55600 DB-100 DB-75 DB-50 DB-100 DB-50 DB-25 DB-100 DB-50 
5.75% 100000 49800 64200 DB-75 DB-50 DB-50 DB-25 DB-50 

150000 53500 67900 DB-100 DB-75 DB-75 DB-25 DB-75 
250000 56800 71200 DB-100 DB-75 DB-75 DB-25 DB-75 
500000 59600 74000 DB-100 DB-75 DB-75 DB-25 DB-75 
Unlimited 62800 77200 DB-100 DB-75 DB-75 DB-25 DB-75 

TableD: 480 Volts-3 Phase® 

300 50000 361 6400 1400 7800 DB-25 DB-15 DB-15 DB-25 DB-15 DB-15 DB-25 DB-15 
5% 100000 6800 8200 DB-15 DB-15 DB-15 DB-15 DB-15 

150000 6900 8300 DB-15 DB-15 DB-15 DB-15 DB-15 
250000 7000 8400 DB-15 DB-15 DB-15 DB-15 DB-15 
500000 7100 8500 DB-15 DB-15 DB-15 DB-15 DB-16 
Unlimited 7200 8600 DB-15 DB-15 DB-15 DB-15 qB-15 

500 50000 601 10000 2400 12400 DB-50 DB-15 DB-15 DB-50 DB-15 DB-15 DB-50 DB-15 
5% 100000 10900 13300 DB-15 DB-15 DB-15 DB-15 DB-15 

150000 11300 13700 DB-15 DB-15 DB-15 DB-15 DB-15 
250000 11600 14000 DB-15 DB-15 DB-15 DB-15 DB-15 
500000 11800 14200 DB-25 DB-15 DB-15 DB-15 DB-15 
Unlimited 12000 14400 DB-25 DB-15 DB-15 DB-15 DB-15 

750 50000 902 12400 3600 16000 DB-50 DB-25 DB-15 DB-50 DB-15 DB-15 DB-50 DB-15 
5.75% 100000 13900 17500 DB-25 DB-15 DB-15 DB-15 DB-15 

150000 14400 18000 DB-25 DB-15 DB-15 DB-15 DB-15 
250000 14900 18500 DB-25 DB-15 DB-15 DB-15 DB-15 
500000 15300 18900 DB-25 DB-15 DB-15 DB-15 DB-15 
Unlimited 15700 19300 DB-25 DB-15 DB-15 DB-15 DB-15 

000 50000 1203 15500 4800 20300 DB-50 DB-25 DB-15 DB-50 DB-15 DB-15 DB-50 DB-15 
5.75% 100000 17800 22600 DB-50 DB-25 DB-25 DB-15 DB-25 

150000 18700 23500 DB-60 DB-25 DB-25 DB-15 DB-25 
250000 19600 24400 DB-50 DB-25 DB-25 DB-1 5 DB-25 
500000 20200 25000 DB-50 DB-25 DB-25 DB-15 DB-25 
Unlimited 20900 25700 DB-50 DB-25 DB-25 DB-15 DB-25 

500 60000 1804 20600 7200 27800 DB-75 DB-50 DB-25 DB-75 DB-25 DB-15 DB-75 DB-25 
5.75% 100000 24900 32100 DB-50 DB-50 DB-50 DB-15 DB-50 

150000 26700 33900 DB-60 DB-50 DB-50 DB-15 DB-50 
250000 28400 35600 DB-50 DB-50 DB-50 DB-15 DB-50 
500000 29800 37000 DB-50 DB-50 DB-50 DB-15 DB-50 
Unlimited 31400 38600 DB-50 DB-50 DB-50 DB-15 DB-50 

2 000 50000 2406 24700 9600 34300 DB-75 DB-60 DB-50 DB-75 DB-50 DB-15 DB-75 DB-50 
5.75% 100000 31000 40600 DB-50 DB-50 DB-50 DB-15 DB-50 

150000 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 41800 51400 DB-75 DB-75 DB-75 DB-25 D B -75 

2 500 50000 3008 28000 12000 40000 DB-100 D B-50 DB-50 DB-100 DB-50 DB-15 DB-100 DB-50 
5.75% 100000 36500 48500 DB-75 DB-50 DB-50 DB-25 DB-50 

150000 40500 52500 DB-75 DB-75 DB-75 DB-25 DB-75 
250000 44600 56600 DB-75 DB-75 DB-75 DB-25 DB-75 
500000 48100 60100 DB-75 DB-75 DB-75 DB-50 DB-76 
Unlimited 52300 64300 DB-75 DB-75 DB-75 DB-50 DB-76 

M =Main breaker selected to hav e 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 trippin g  

devices. 
G F=Group feeder breaker selected to have adequate i nterrupt ing 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 in  page 21. 
(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 detai ls 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 37.16- 1970. www . 
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AD 33-760 Page 6 

Westinghouse 

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

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

Transformer Maximum Rated Load 
Rating Short Cir- Continuous 
3 Phase cuit Kva Current 
Kva and Available Amperes 
Impedance from 
Percent Primary 

System 

Table E: 600 Volta- 3 Phase(%) 

300 5 0000 
5% 1 0  0000 

0000 1 5  
25 
50 
Un 

0000 

500 5 
6% 1 0  

0000 
limited 

0000 
0000 
0000 1 6  

25 
50 
Un 

0000 
0000 
limited 

760 6 
6.76% 1 0  

0000 
0000 
0000 1 6  

25 
60 
Un 

0000 
0000 
limited 

1000 5 
5.76% 1 0  

0000 
0000 
0000 1 5  

26 
50 
Un 

0000 
0000 
limited 

1 !100 5 
5.76% 1 0  

0000 
0000 
0000 1 5  

25 
50 
Un 

0000 
0000 
l imited 

2000 5 
6.75% 1 0  

0000 
0000 
0000 1 5  

25 
50 
Un 

0000 
0000 
l imited 

2600 5 
5.76% 1 0  

0000 
0000 
0000 1 5  

25 
50 
Un 

0000 
0000 
limited 

289 

481 

722 

962 

1 444 

1 924 

2405 

Short-circuit Current(!) Selective 
Rms Symmetrical Amperes Trip Systems 

Transformer 1 00% Motor Combined SM SGF 
Alone Load Selective Selective 

Main Group 
Breaker Feeder 

Breaker 

5200 1 200 6300 DB-25 DB-1 5 
5500 6700 DB-1 5 
5600 6800 DB-1 5 
5600 6800 DB-1 5 
5700 6900 DB-1 5 
5800 7000 DB- 1 5  

8000 1 900 9900 DB-25 DB-1 5 
8700 1 0600 DB-1 5 
9000 1 0900 DB-1 5 
9300 1 1 200 D B - 1 5  
9400 1 1 300 DB-1 5 
9600 1 1 500 DB-1 5 

1 0000 2900 1 2900 DB-50 DB-1 5 
1 1 1 00 1 4000 DB-1 5 
1 1 600 1 4500 DB-25 
1 1 900 1 4800 DB-25 
1 2200 1 51 00 DB-25 
1 2600 1 5500 DB-25 

1 2400 3900 1 6300 DB-50 DB-25 
1 4300 1 8200 DB-25 
16000 1 8900 DB-25 
1 6600 1 9500 DB-25 
1 6200 201 00 DB-25 
1 6700 20600 DB-25 

1 6500 5800 22300 D B-50 DB-50 
20000 25800 DB-50 
21 400 27200 DB-50 
22700 28500 DB-50 
23900 29700 DB-50 
251 00 30900 DB-50 

1 9700 7800 27500 D B-75 DB-50 
24800 32600 DB-50 
27200 35000 DB-50 
29400 37200 DB-50 
31 300 39100 DB-50 
33500 41 300 DB-50 

22400 9600 32000 D B-75 DB-50 
29200 38800 DB-50 
32400 42000 DB-50 
35600 45200 DB-75 
38500 481 00 DB-75 
41 800 51 400 DB-75 

M =Main breaker selected to have adequate interrupting and continuous current ratings. 

Cascade 
Systems* 

F M F or G F  
Feeder Main Feeder 
Breaker Breaker or Group 

Feeder 
Breakers 

D B-1 5 DB-25 DB-1 5 
D B - 1 5  DB-1 5 
DB- 1 5  DB-1 5 
DB-1 5 DB-1 5 
DB-1 5 DB- 1 5  
DB-1 5 DB- 1 5  

DB-1 5 D B -25 D B-1 5 
DB-1 5 DB- 1 5  
DB-1 5 DB-1 5 
DB-1 5 DB-1 5 
D B - 1 5  D B-1 5 
DB-1 5 DB-1 5 

DB-1 5 DB-50 DB- 1 5  
D B - 1 5  DB-1 5 
DB-25 DB-25 
DB-25 DB-25 
DB-25 DB-25 
DB-25 DB-25 

DB-25 D B-50 DB-25 
DB-25 DB-25 
DB-25 D B-25 
DB-25 DB-25 
DB-25 DB-25 
DB-25 DB-25 

DB-50 DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 

DB-50 DB-75 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-50 DB-50 

DB-50 DB-75 DB-50 
DB-50 DB-50 
DB-50 DB-50 
DB-75 DB -75 
DB-75 DB-75 
DB-75 DB-75 

CF 
Cascaded 
Feeder 
Breaker 

D B - 1 5  
DB- 1 5  
DB-1 5 
D B-1 5 
DB-1 5 
DB-1 5 

DB- 1 5  
DB- 1 5  
DB-1 5 
DB- 1 5  
D B - 1 5  
DB- 1 5  

D B-1 5 
DB-1 5 
D B-1 5 
DB-1 5 
DB- 1 5  
DB- 1 5  

DB-1 5 
DB-1 5 
DB-15 
DB-1 5 
DB- 1 5  
DB-1 5 

DB-1 5 
DB-25 
DB-25 
DB-25 
DB-25 
DB-25 

DB-25 
DB-25 
DB-25 
DB-25 
DB-25 
D B-25 

DB-25 
DB-25 
DB-25 
DB -50 
DB-50 
DB-50 

Fully-rated Non-
selective Systems 

M 
Main 
Breaker 

D B-25 

DB-25 

D B-50 

DB-50 

DB-50 

DB-75 

D B -75 

F or G F  
Feeder 
or Group 
Feeder 
Breakers 

D B-1 5 
D B-1 5 
DB-1 5 
DB-1 5 
D B-1 5 
D B-1 5 

D B - 1 5  
DB- 1 5  
DB- 1 5  
DB-1 5 
DB-1 5 
DB-1 5 

DB-1 5 
DB-1 5 
DB-25 
D B-25 
DB-25 
D B -25 

DB-25 
DB-25 
DB-25 
DB-25 
DB-25 
D B-25 

DB-50 
DB-50 
DB-50 
DB-50 
DB -50 
DB-50 

DB-50 
D B-50 
DB-50 
DB-50 
DB-50 
DB-50 

DB -50 
D B-50 
DB-50 
DB-75 
DB-75 
D B-75 

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

GF=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. Motor con­

tribution i s  assumed to be 4 times total motor load. For details see page 30. 
(%>=Standard ranges of trip coil ratings are l isted 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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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 A lEE  and N EMA 
standards. 

These are as follows: 
Altitude 

3300 ft. (1 000 meters) 
4000 ft. (1200 meters) 
5000 ft. (1500 meters) 

1 0000 ft. (3000 meters) 

Correcting Factor 
Voltage Current 

1.00 
0.98 
0.95 
0.80 

1.000 
0.996 
0.990 
0.960 

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

Repetitive D uty 
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 analysis 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 fo r Table F Below 
Servicing 
1 .  Servicing shall consist of adjusting, 
cleaning, lu bricating, tightening, etc., as 
recommended by the manufacturers. The 
operations listed are on the basis of servic­
ing at intervals of six months or less. 

C i rcuit Conditions 
2. When closing and opening no load. 
3. When closing and opening currents up  to 
the conti nuous 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. 

Operating 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 auxil iary devices may further limit 
the frequency of operations. 
7. Servicing at no greater intervals than 
shown in column 2 of table F. 

Conditions of the Circ u it B reaker After 
the Operations Shown in the Table 

8. No parts shall have been replaced except 
as qualified by note 1 1 .  
9 .  The circuit breaker shall be in a condi­
tion to meet al l  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 D uty and Normal Mai ntenanceCD (See notes above) 

Breaker Number of 
Type Operations Be-

tween Servicing 
Note 1 

D B-15 2500 
DB-25 1750 
D B-50 500 
D B-75 250 
DB-100 250 

N umber of Operations 
No Load I Full Load I Mechanical Non- Fault 
Notes 2, 5, 6, Notes 3, 5, 6, 
7, 8 and 9 7, 8 and 10 

25000 5000 
25000 3500 

8000 1000 
3000 500 
3000 500 

CD ASA C37.13-9.9 for notes and C37.16 for tabulation. 

Full Load 
Fault 
Notes 3. 5, 6, 
7,8. 9 and 11 

4000 
2800 

800 
400 
400 

! I nrush ! Inrush 
Non- Fault Fault 
Notes 4, 5, 6, Notes 4, 5, 6, 
7, 8, and 10 7, 8, 9 and 11 

3500 
2500 

750 
. . . . 
. . . .  

2500 
1750 

500 
. . .. 
. . . . 

AD 33-760 Page 7 

Type DB Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

Operation U nder 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 and 
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 Cond itions 
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 rea�ons 
to maintain proper breaker performance. 
Refer to table G, page 1 1 ,  for a l ist of avai l ­
able enclosures and the conditions for 
which they are recommended. 
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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 interrupting ratings apply are listed 
below: 

Ac Rms I De 
Voltage I Maximum Voltage I Maximum 
Ratings Voltage Ratings Voltage 

240 1 250 I 250 1 300 
480 500 275(j) ���(D 600 630 

(j) For mining applications. 

Rated Conti nuous C urrent 
Circuit breakers are rated upon a maximum 
basis. They are circuit i nterrupters and pro­
tective devices, and as such, may be called 
upon at al l  time to successfully remove from 
service other equipment or circuits. Further­
more. after such a circuit interruption, their 
current carrying abil ity 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 al lowable temperature rise. I t  should 
be remembered however, that breakers 
properly applied wil l  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 Interrupting C urrent 
The interrupting rating of a breaker is ex­
pressed as the maximum current that the 
breaker can interru pt at a specified voltage. 

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

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

asymmetry due to the ac component) is de­
fined as the average of the rms values of 
asymmetrical currents i n  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, fol lowed 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 l imited 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 appl i­
cable. The breaker ratings l isted are appl i­
cable on 25-60 cycle ac systems. 

Rated Short-Time C u 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. 

B reakers 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 contin uous 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 Overcurrent Tri p p i n g  Devices 
There are three basic overcurrent tripping 
characteristics used o n  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 setti ng. 

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 .  I nstantaneous 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 C u 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 . 
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pick-up tolerances of the ind ividual 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- C u 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 wil l  trip for reverse-current 
down to 5 percent of the current rating. The 
range of adjustment is 5 to 25 percent with 
cal ibrations 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 im ited 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 D B  breaker 
with one reverse-current (RC) and 
two series overcurrent (OC) tripping 
device 

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

RC 

Undervoltage Tripping Attachments 
An u ndervoltage tripping attachment acts 
to trip the circuit breaker when the voltage 
on its solenoid operating coil is  i nsufficient 
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 u ndervoltage 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 in quick succession there 
may be less time delay on the second than 
on the first. 

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

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

Closing 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, D B - 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 fu!! 
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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Westinghouse 

• 
Control Voltages and 
Operating C urrents 
Electrically operated air circuit breakers 
should be operated from reliable sources of 
control power. Standard control voltages 

Control Voltages 

D irect Cu rrent 
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<D 
28 to 60 

70 to 1 40 
1 40 to 280 

<D 24-volt tripping is not recommended 

Operating Currents 

�rpe I �t I Closing C urrent -Volts 

Breaker Poles 1 25 I 250 I 230 I 460 
De De Ac Ac 

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

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

Other Attachments 
Control 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 in itiat­
ing device. 
When the control switch of the breaker is 
closed, i t  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 alarm 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 C urrent 
Standard I To Close 
Control 
Voltages 

1 1 5  95 to 1 25 
230 1 90 to 250 

460 380 to 500 

Tri pping C u rrent - Volts 
48 1 1 25 I 250 1 1 1 5 
De De De Ac 

5 2 1 1 
5 2 1 1 
5 2 1 1 
5 2 1 1 
5 2 1 1 

I To Trip 

95 to 1 25 
1 90 to 250 

380 to 500 

230 
Ac 

.5 

.5 

.5 

.5 

.5 

460 
Ac 

.2 

.2 

.2 
.2 
.2 

power transformer. a 3 Kva transformer is 
used for al l  breaker types and regardless of 
the n umber of breakers. For tripping power 
only, a 250 va control power transformer is 
adequate for al l  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 su pplied, can also oper­
ate an alarm. 

Auxil iary Switches 
Auxiliary switch circuits are available on 
the type D B  breakers in  groups of 4 or 8<I>. 
These switches are used to control i ndicat­
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 auxil iary spring 
tension when they are engaged in the 
closed position. 
Normally, the auxi l iary 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 auxil iary switch contacts have the 
following characteristics: 

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

I nterrupting Capacity: 
Volts Circuit 

Non-Inductive 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 

I nterlocks 
Interlocks can also be supplied to prevent 
the operation of breakers u nder certa in con­
ditions. For example. two breakers may be 
interlocked so that only one may be c losed 
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 i nterlocking function wi l l  
not  be defeated by substitution of  a different 
breaker in the cell . Mechanical interlocks 
are also available for non-drawout breakers. 

E lectric lockout attachments are avai lable 
on the type D B  breakers. The lockout pre­
vents closing of the breaker by hold ing the 
breaker l inkage in the trip-free position. En­
ergizing the lockout coi l  frees the l inkage 
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 
M ountings 
The type D B  circuit breakers are avai lable 
for dead front fixed mounting or for drawout 
mou nting in individual enclosures or in 
metal enclosed switchgear assemblies. 

Enclosures 
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. I ndividual circuit breakers of the 
type DB can be supplied with enclosures as 
shown by the following table: 

-
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Type D B  Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

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

General Pu rpose 
(Ventilated) 

Semi Dust-ti g ht 

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 falling or suspended dust or particles from 
entering the enclosure. 

An indoor enclosure so designed to withstand an mternal 
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 enclosuro 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. 

(j) 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 I l l  as defined by the 
National 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 in 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 limited 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 l imited 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 electrically operated mechanisms or 
independent manual (spring closing) mech­
anisms. 

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

6. Attention is d irected 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
t ion 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) ca n give the re­
quired selectivity. To i l lustrate the point. 
refer to the selective tripping examples on 
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pages 1 2, 1 5  and 1 8. Note that the current 
ratings of the largest group feeder and 
feeder breakers were l imited 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 ma r y� 

T 3- P h a s e  Transfo r m e r  

t 
Fe e d e r  ) '"0'"± 

-

s ± 
X 

S e lect ive 
M a i n  
Secondary 
Breaker 

Coord i nation 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 coord ination 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 fault<D. 

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 
stil l  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 n stal lation 
With Primary Fuses 

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

1 .  Conti nuous Current Rati ngs: 
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 

<D The short-time curve of the fuse will lie below the 
main matting 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 G roup Feeder Breakers: It is 
assumed that the largest selective group 
feeder breaker required is rated 600 
amperes. 

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

2. I nterrupting and Short-Time Cur­
rent Requ i rements: 
a. Primary Fuse: It is assumed that the pri­

mary system short circuit Kva available 
wil l  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 i nterrupt­
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 
i nstantaneous 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. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



AD 33-760 Page 1 3  

Type DB Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

Figure 3: Selective Tri pping Time-Cu rrent Characteristic C urves for the Low Voltage Transformer Installation 
with Pri mary Fuses 
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3. Trip p i n g  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 wil l  always trip for bus 
faults. N ote 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 al lows a maximum setting of 
250 percent) . The low, short delay pick­
up setting insures quick clearing over a 
large range of fault cu rrents; hence, 

giving good arcing fault protection to the 
bus and group feeder breakers. 

c. Selective G roup Feeder B reaker: 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 14.400 amperes. 
At this value of symmetrical current. the total clear­
ing time and the primary fuse short-time curve just 
touch. 

Coordi nation with Relays ­
See Fig ure 4 
Normally, one or both windings of the trans­
former will be delta connected; hence, the 
high and low voltage systems will be iso-

fated 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.(%) 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 H ig h ­
S i d e  R e l ays 
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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 Instal lation 
with Primary Relays 

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

1 .  Continuous C u 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 D B -50 bus tie 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 Bus: 
It is assumed that the largest feeder 
breaker required is rated at 1 50 amperes. 

2. I nterrupti ng and Short-Time C u r­
rent Requi rements: 

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 B reaker: 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. 
H ence. the DB-50 bus tie breaker has 
adequate interrupting and short-time 
ratings. 

d.  Selective G roup 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 Bus: 
It is assumed that there is sufficient cable 
impedance or reactors to l imit the short­
circuit current at the control center bus 
to 22,000 amperes, which, on this basis, 
allows the use of the type DB -1 5 feeder 
breakers. 

3. Tri pping Characteristics: 
a. Primary Relays: The tap setting was 

chosen to give selectivity with the DB-50 
secondary breaker. On the example 
curve, al l  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 '"48Q 

=4600 amperes 

The time lever setting was selected to 
give adequate time delay to allow the 
D B - 50 secondary breakers to clear low 
voltage faults. H owever, 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 tr ip setting allow­
able is: 

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

Allowing for a 1 0 percent tolerance, this 
becomes: 

32,320 -
3 00 -.-9 - - 5,9 

In terms of actual relay current, this is: 

35,900 

1 00 1 3,800 = 62 amperes 

5 
X 

480 

b. Selective Main Secondary Breakers: 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. N ote that 

AD 33-760 Page 1 5  

Type D B  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 B reaker: 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 Ti me-Current Cha racteristic C u rves for Low-Voltage Transformer Instal lation 
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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 B reakers at the Control Center 
B us: 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. 

M a i n  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 i s  
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 in 
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 
req uirements 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 wil l  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 where 
the generation, distribution and load are all 
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. { N ote: 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 i mpedance 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 requi rements, 

2. the sustained 3- phase short-circuit cur­
rent which is important in selecting the 

AD 33-760 Page 1 7  

Type D B  Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

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 regulator 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. 

N ote: The sustained value of current for a 
l ine-to-l ine fault wil l  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 h igh 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. 

<D 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 swing& or 
the starting of large motors. 
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Selective Tripping, Example 3: 
Low Voltage Generator I nstallation 
Assume the 450-volt turbine generator in­
stallation as shown in Figure 6,  page 1 9. 

1 .  Cont i n uous C u rrent Ratings: 

a. Selective Generator Breakers: Each 750 
Kva generator has a continuous current 
rating of: 

750 
��- ·  x 1 000 =960 amperes 
V 3 X 450 

Hence, 1 200 ampere rated breakers are 
required. 

b. Selective G roup Feeder Breakers: I t  is 
assumed the largest group feeder breaker 
requi red is rated 600 amperes. 

c. Feeder breakers at Control Center Bus: 
It is assumed that the largest feeder 
breaker requi red is rated 1 00 amperes. 

2. I nterrupting and Short-Time C u r­
rent R eq u i rements: 

The value of fault current is the sum of the 
fault current contributions of the two gen­
erators and motor feedback from an assum ­
e d  1 00 percent motor load. 

a. Selective Generator Breakers: Type D B -
5 0  breakers were selected on t h e  basis 
of the continuous current requirements. 
The breakers also have adequate inter­
rupting and short-time current ratings. 

b. Selective G roup 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 avai l -

able is  1 .3 1  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 equ ipped with long de­
lay 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 trips 
may be type D B -25 breakers. 

c. Feeder Breakers at the Control Center 
B us: It is  assumed there is  sufficient 
cable impedance to l imit 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.  Tri pping 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 breakersC2>. 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 G roup Feeder B reakers: Long 
and short delay series overcurrent trip­
ping devices are requi red 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 Tripping Time-Cu rrent Characteristic Cu rves Low-Voltage Generator Installation 
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Arci n g  Fau lt Protection 
The presence of fault or  arc impedance can 
appreciably reduce the available short­
circuit current of a low voltage system. Be­
cause the current l imiting effects of arc 
impedance are inconsistent, the reduction 
in short-circuit current cannot be accurately 
predicted. Past experience and testi ng, 
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 a p pl ication i n  non­

selective systems. 

D B - 1 5 and D B -25 
DB-50 
DB-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 appl ication 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, th& 
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 l imited 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 applies 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 l imit 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 

Source � CF t"'-Ar--M '"""':-\r­e F  

So u rce ---� t7-Ar--�� tcr_ty--

M - M o i n  B reaker 

GF - G r o u p  Feeder 
B r e a k e r  

�� 
F- Fee d e r  B r e a k e r  

CF- Cascaded Feeder 

B reaker 

Table H :  Fault C u rrent Limits for Cascading 
System Breaker I nterrupting Rating Limit of Fault Current at 
Nominal Type Which Breaker May be Applied 
Voltage(!) When Cascaded 

Asymmet- I Symmet· Asymmet- I Symmet-
rical Rms rical Rms rical Rms rical rms 
Amperes Amperes Amperes Amperes 

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 DB-1 5 25000 22000 50000 42000 
D B-25 35000 30000 70000 60000 
D B-50 60000 50000 1 00000 85000 
D B-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 DB-25 50000 42000 1 00000 85000 

D B-50 75000 65000 1 20000 1 00000 
D B-75 1 00000 85000 1 50000 1 30000 
DB-100 1 50000 1 30000 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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from a remote position only, to provide 
protection for the operator in the event 
of closing into a fault. In switchgear 
assemblies, if is permissible to locate 
the breaker control switch or push 
button on an adjacent un it. 

5. Where cascading is proposed, recom­
mendations shall be obtained from the 
manufacturer in  order to insure proper 
coord ination between circuit breakers. 

6. The operation of circuit breakers in ex­
cess of their interrupting rating is l imited 
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 o f  source breaker) F 

fault amperes Total 

F - Fault current contribution from the 
power source being considered (rms sym­
metrical amperes) 

I R  - I nterrupting 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 

111 500,000 Kva Available ll 2  r on P r i m a r y  I 
� 1500 Kva 30 Transf � 

J 
5. 75% Impedance 1 1 5,000 a. 15,000a. 1 
I.T. I.T. 

) DB-75 DB-75 ) 
F,=29,800 o. M o i  n F2= 29,800a. 

DB-50 4 8 0  Valls 
Cascaded i) 
Feeder 

Total 
74,000 0 

I n  this example, the D B -75 main breaker of 
source no. 1 should have its series i nstan­
taneous trips set at not more than -

29 800 
74:000 

.8 (50,000) = 1 6,200 amperes 

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 
arcin g  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 Tri pping and 
Cascading 
A selective tr ip system should be recom­
mended where the greatest possible con­
tinuity of service is  required, such as for 
powerhouse auxil iaries, 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 initial cost of a 
cascade system is lower than an equivalent 
selective trip system, as the cascade sys­
tem util izes breakers with interrupting ca­
pacities below the available short-circuit 
currents. H owever, 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 appl i ­
cation. 

B reaker Continuous C u rrent Ratin g  
In  al l  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 ful l- 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 al l  cases, 
the setting of the overcurrent device must 
not exceed 1 40 percent of motor ful l- 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 breakers 
closer to the source more difficult. 

<D Breakers for the protection of fire pump circuits may 
require special consideration; refer to N B F U  Pam­
phlet No. 20 for specific requirements. 

® Standard motor starters are capable of interrupting 
only up to 1 0  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 
breakers or fuses. 
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AD 33-760 Page 22 

Westinghouse 

• 
Table 1: Recommended B reaker Ratings for F u l l-Voltage Motor Starting and R u n n i n g  D uty, 4o•c R ise M otors<D<%l 
Breaker Motor Rated Max. Permissible 
Current Full  Load Motor Locked-
Rating Current, Amps Rotor Current, 
Amps Min. Max. Amps(j) 

1 5  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 46 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 5 1 2  696 6400 

1 000 640 870 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 21 80 20000 
3000 1 920 261 0 24000 
4000 2560 3480 32000 

Horsepower Rating of Three-phase Alternating-current Motors 

Induction 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 

7.5-1 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 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . .  

I I 
1 00% Power Factor 
Synchronous Motors 

220 
Volts 

. . . 

. . . 

. . . 

. . . 

. . .  
25 
30 
40 

50 
60 

. . . 
75 

. . . 
1 00 
. . .  
1 25 

. . . 

. . . 

. . .  

. . . 

. . .  

. . . 

. . . 

. . . 

. . . 

. . . 

. . .  

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 

1 25 
. . .  
. . . 
. . .  
. . . 
. . . 
. . . 
. . .  

. . .  

. . . 

. . . 

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 ;n the range of 80 to 1 60 percent of the breaker continuous-current 
rating. I f  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 Motor Starter Table J: M axi mum Rating or Setting of M otor C i rcuit B reaker® 
Series (When motor running overcurrent protection is furnished by some other device such as a 

Feeder  Circui t  Breaker 

Motor  S t a r t e r  

Mot o r  

starter) 
Type and Method of Starting 

For M otors 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, a l l  types. 
Squirrel - cage and synchronous motors (full-voltage, 
resistor and reactor starting ) .  
Squirrel -cage a n d  synchronous motors 
(autotransformer starting ) .  
H i g h  reactance, squirrel-cage motor: 
Not more than 30 amperes 
More than 30 amperes 
Wou nd-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 

Max. Rating 
or Setting in 
Percent Motor 
Ful l - Load 
Current 

1 50crJ 
200crJ 
250<Ii 
1 50<Ii 
200<Ii 

250<l> 

250<Ii 

200@ 

250@ 
200® 
1 50<Ii 

1 75@ 
@ These allowances may be tncreased up to 400 percent ot motor full-load current if not satisfactory tO< start­

mg: however, lower values can often be used. 
@ This value may be increased to 2 2 5  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 feeder 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 ful l- load currents 
of the other motors of the group. For large 
capacity installations where heavy capacity 
feeders are used to provide for future load 
i ncreases, 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. 

Figure 1 0: B reaker Feeding a G ro u p  
of M otors 

l i ) Group Feeder Breaker 

f 
Motor 
S t a r ters 

Motors 

B reaker Tri pping Characteristics 
Series overcurrent tripping devices with 
long delay and instantaneous trip charac­
teristics are generally recommended for 
motor breakers used for starting and ru n ­
ning duty. The proper selecti on 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 l ie below the resettable delay 
curve(]) of the breaker. Refer to figure 1 1 .  

The current drawn by a motor on starting 
is usually several times the ful l- load value. 
It is in itially 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. 

Figure 1 1 :  Coordination of M otor 
Start i n g - C u rrent with M otor B reaker 

Time 

Total 
Accelerating 
Time 

Starting 
C u r r e n t  

_j l Curre n t  
Motor Locked Asymmet r ica l 
Rotor Current C ur r e n t  Due to 

S ta r t ing Inrush 
Transient 

(]) 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 squirrel cage in­
duction motors i s  an indication of the kva input 
per hp with locked rotor as shown by the !allowing 
table. + 

Code Kva/H p  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 
D 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: 

1LR= 
(kva/hp) (motor-rated hp} x 1 000 

.J 3 (motor rated line-line voltage) 
where the ratio (kva/hp} is the higher value in the table 
above tor any given code letter. 
+ Section 430-7 of National Electrical Code ( 1 959 

edition ) .  

AD 33-760 Page 23 

Type D B  Air Circuit 
Breakers 
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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 D B - 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. High inertia loads, 
such as fans@, certain types of pulverizers 
and M - G  sets with large flywheels have 
long starting times and hence, may requi re 
motor breakers with appreciable time delay. 

The full voltage starting (sometimes re­
ferred to as across-the-l ine 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 motot 
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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• 
Motor Breaker, Example 1 :  
B reaker for M otor Starting and R u n ­
ning Duty 
Motor Data: 

1 25 hp, 3- phase, 440-volt, 1 200 rpm 
induction motor open type, 40 degree C 
rise, full  voltage started. 

ful l- 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 i s  
eight operations per d a y  under inrush 
and nonfault conditions. Table F, page 
7, shows 3500 operations without major 
servicing. Note that the number of oper­
ations l isted 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 locked 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 ful l- load current and 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. In  
th is  case, the  breaker is to furnish motor 
running overcurrent protection; hence, 
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 trip coi l  rating is 

984 
200 

X 1 00%=492% 

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 setting that wil l  over­
ride the starting inrush is 1 .5 times the 
motor locked rotor current. This would be 
1 .5 x 984 

x 1 00 = 740% of the trip coil 
200 ratmg 

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. 

M otor Locked Rotor P rotection 
M otor locked rotor protection can be ob­
tained when the total clearing t ime 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 i n  al l  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 t ime 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 starting 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 l imit starting torques or 
inrush currents. Series reactors or auto­
transformers are commonly used for re­
duced voltage starting. 

Figure 1 2: Series Reactor Reduced 
Voltage Starting 

.)... 
1' 

# i ) ± 
Sta r t i ng and 
R u n n i n g  

R e a c t o r  R u n n i ng 

S t a r t i n g S e q u e n c e  
C lo s e  ti- t  
C l o s e  tt- 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 d iscussed. 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) 
startmg current = LR x 

1 00 

. 
T 

( 1 00 ) 
time = RV X V 2 

I LR = motor locked rotor current in amperes 
at motor rated voltage (may be estimated 
from the motor locked kva code letter) . 

V = motor terminal voltage at starting in 
percent of motor rated voltage. 

T RV = starting time in seconds at motor 
rated voltage. www . 
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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 
u nder 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 air  circuit breakers used for the 
protection of individual 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  t h e  breaker due to 
momentary dips in system voltage. When 
the breaker is used in series with a motor 
starter (or controller) and when the starter 
provides undervoltage protection, then 
undervoltage tripping of the breaker can 
be omitted. 

Undervoltage 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 i nterrupting rating of the breakers 
should be equal to or greater than the avai l ­
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 

\li\) t\\orac\etis\ics \\\a\ can be set to o'let­
�\de \\\e nmma\\� \\ea'Jy welding cuttents 

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 weldi ng 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 
'Neld kva"<D) 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 i nterrupting 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 
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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 
60 X 60 

X 1 00 = 8.3% 

b. From the curve, for a "during weld" cur­
rent of 500 amperes and a duty cycle of 
8.3 percent, types D BW-1 5A, 1 5B or 
25A are applicable. 

c. The system short-circuit current is  20000 
amperes, hence, the D BW-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 D BW-1 5A welding breaker having 
an instantaneous trip range of 300-900 
amperes. 

Table K: Type D BW B reakers for Resistance Weldi n g  Control 
Breaker Continuous Interrupting Rating Rms Symmetrical Instantaneous Pick-
Type Current (Amperes) up Calibration 

Rating 600 1 480 1 240 Range and Inter-
(Amperes) Volts Volts Volts mediate Mark 

D BW-15A 225 1 4000 22000 25000 300-600-900 
D BW-1 58 225 1 4000 22000 25000 800-1 600-2400 
DBW-25A 225 22000 30000 42000 400-800-1 200 

DBW-258 600 22000 30000 42000 600-1 200-1 800 
DBW-25C 600 22000 30000 42000 2000-4000-6000 
DBW-50A 600 42000 50000 65000 600-1 200-1800 

D BW-508 800 42000 50000 65000 1 200-2400-3600 
D BW-50C 800 42000 50000 65000 2500-5000-7500 

DBW-500 1 200 42000 50000 65000 1 600-3200-4800 
DBW-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 

"The instantaneous trips for welding applications are calibrated at three points. covering the lull range ol adjustment 
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Figure 1 3: B reake r Selection M axi­
m u m  Loadi n g  C urves 
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Field Discharge Breakers and 
Resistors 
Functions of Field Discharge B reakers 
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 requ ired 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 appl ication arrives. 

The function of an exciter field breaker is to 
apply and 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 �he breaker is _opened while current is flow­mg m the field circuit. When the fi ld breaker 1s opened th d. h 

e 
f h 

· ' e ISC arge contacts o t e field breaker short circuit the field 

through the d ischarge resistor at the i nstant 
preceding the opening of the circuit brea ker 
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 dis­
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 l imit­
ing damage at the point of fault. 

The field discharge resistance is an impor­
tant factor in l imiting 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 i ncluded. 

Selection of Field D ischarge Resistors 
The maximum value of the field discharge 
resistance may be determined from equa­
tions 1 and 2 below: 

Equation 1 
recommended permissible 

crest voltage® 

Kc x It 
Equation 2 

transient 

( max. interrupting voltage) -
E rating of field breaker 

Rd 
Kdc x I t 

where Rd = ohmic value of the discharge 
resistor. 

11 = 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 ( 1,) , measured at 
0.1 second after the inception 
of a fault in the armature circuit. 
See Table L for "maximum prob­
able" values. 

Kc = 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 val­ues calculated from equations 1 and 2 should the resistance be less than th�t
"�; 

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 pul l - 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 auxil iary contactor shorting scheme 
may be used to short circuit a portion of the 
resistor for discharge duty after the motor 
has started. 

Table L: " M ax i m u m  Probable" Ratios 
of I n duced Field C u rrents of Synchro­
nous M achi nes and De Exciters 

Type Machine 

Conventional 3600 rpm 
turbo-generators . . . . . .  

"Inner-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 

Max. Ratio 
of the De 
Component 
of Induced 
Current to 
the Max. 
Continuous 
Field Cur­
rent@ 

4 

2.3 to 3@ 

3 

1 .3 

<D Self-starting synchronous condensers are started as 
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 at 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 Machine 
Field C i rc u it Insulation 
Exciter Nameplate 
Rated Voltage I Westinghouse Standard Manu­

facturing 60-cycle Test Voltage 

Rms I Crest 

Recommended Permissible 
Transient Crest Voltage 

1 25 
250 
375 
500 

2500 
2500 
3750 
5000 

These values were selected on the basis 
that they would not cause undue risk of 
fa i lure of a field which has deteriorated in  

Selection of Field Discharg e  B reakers 
The circuit breaker duty u nder normal con­
ditions and also during fault conditions 
must be considered in  the selection of the 
breaker. Attention must also be given to 

3540 
3540 
5300 
7070 

2100 
21 00 
2470 
2830 

i nsulation 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 l isted i n  table N. 

Table N: Ratings of Type D B F  Field D i scharg e  B reakers 

Rated continuous voltage, (volts, de) 

Rated short-time voltage, (volts, de) 

I Type Breaker 

DBF-6 I D B F-1 6 

375 

525 

375 

D BF-40 

500 

High potential test voltage rms, 60 cps for 1 -minute (volts) 

Main Contacts 

3750 

525 

3750 

700 

5000 

Rated continuous current, (amperes, de) 600 1 600 4000 

Maximum circuit inductance (mil l ihenries) 1 .5 .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. i nductance (amperes, de) 

3000 8000 1 5000 

Discharge Contact 

Rated closing current (peak amperes) 3300 8800 1 6000 

Rated 1 5-second short time current (amperes de) 1 200 3200 

Rated \>-second short time current (amperes, de) 2700 7200 1 4000 

Rated interrupting current at rated continuous voltage ­
(amperes de) 

600 1 600 4000 

1 .  Exciter nameplate rated voltage: The 
rated conti nuous 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 ceil ing voltage: There are a 
number of conditions that can cause exci­
tation ceil ing 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 
ceil ing 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 u nusual service conditions should 
be considered in their effect on the current 
carrying capabil ity of the breaker. 

4. I nterrupting 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 cei l ing 
voltage). I n  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 d uty 
during faults in the armature circuit of the 
machine: Faults in  the armature circuit of a 
machine can cause relatively high i nduced 
transient field currents. A typical osci l lo­
gram of i nduced transient current in  the 
field of a 3600 rpm turbine generator for a 
3-phase short-circuit at its terminals is 
shown in f igure 1 4. The i nterrupting 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 Fau l t  Inception 

jTime at 
Which Discharge Conta c t s  

' C lose M a i n  C o n t a c t s  O p e n  

F i gure 1 4. Typical induced transient 
cu rrent i n  the field of a 3600 rpm t u r­
bine generator for a 3 phase short­
c i rcuit at its terminals 

Equation 3. I nterrupting Current Duty = 
Kdc X I t + 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 i nter­
rupting current is based.® 
<D Attention must be given to machine fields con­

nected to high capacity excitation buses where 
the available 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. www . 
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6. De recovery voltage duty during a fault Table 0: Recommended Field Discharge B reakers(!) 
i n  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 i mmediately fol ­
lowing a fault in  t h e  armature circuit o f  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. 

Simplified Application Tables for the 
Selection of Field Discharge B reakers 
and Discharg e  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 under 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 l isted in 
table 0. The values are based on equations 
1 and 2, page 26, and l imit 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 Synch. Breaken 
Rated Current for 
Voltage Amperes 3600 Cooled .. Pole Motors Sync h. 

@) Rpm Turbo- Gen .or @ M achine 
Turbo- G en. Synch . Exciters Gen. Condenser 

1 25 0-600 D BF-6 @ D B F-6 D B F-6 D B F-6 
601 -1 600 D B F - 1 6  @ D B F - 1 6  @ � 

250 0-600 D B F-6 @ D B F-6 D B F-6 D B F-6 
601 -1 600 DBF-1 6 @ D B F-1 6 @ @ 

1 601 -4000 @ DB F-40 @ @ @ 

375 0-600 D B F-1 6 @ D B F-1 6 @ D B F-6 
601 -1 600 D B F - 1 6  ® DBF-1 6 @ ® 

1 601 -4000 ® D B F -40 @ ® @ 

500 0-4000 ® D B F-40 ® ® ® 

(!) 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 
Maximum continuous field current

(!) 

Exciter For the Main Field of Synchronous Machines For the Field 
Nameplate Conv. ! Inner-Cooled I Salient Pole Synch. of An Exciter 
Rated Voltage Used with 3600 Rpm Turbo-Gen. Gen. or Motor Synch. Turbo-Gen. Synch. Cond. Machines 

1 25 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 
(!) 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 ban ks. 

2. Inrush current to switched isolated 
banks or parallel banks. 

3. Transient overvoltage incident to switch­
ing with or without restrikes. 

4. Conti nuous current requirements. 

5. Overcurrent tripping characteristics. 

Fault C urrent Contri bution From 
Energ ized Capacitor Banks 
The short-circuit current contributed by an 
energized capacitor bank is usually of short 
duration and has a natural frequency 
greater than the fundamental frequency of 
the system. The maximum short-circuit 
current contributed by an 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. 

I nrush Cu rrent to Switched Isolated 
Banks or Paral lel  Banks 
Inrush currents during 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 inrush current. The inrush currents for 
isolated capacitor banks do not impose 
duty on the breaker in excess of its capa­
bilities; however, parallel bank switching 
may require special consideration. The crest 
of the inrush 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) of the energized 
bank 

L = equivalent inductance (micro-
henries) of the circuit being 
switched, including the in­
ductance of the energized 
bank, bus and breaker 

(!) Based on the bank being switched fully charged. 

The inrush for parallel capacitor bank switch­
ing may be reduced by spacing the parallel 
banks far enough apart to obtain sufficient 
i nd uctance between the banks, or by re­
ducing the kva rating of the banks. 

Transient Overvoltage Incident to 
Switching With or Without Restrikes 
High transient overvoltaged during switch­
ing can occur if the breaker restrikes during 
opening. Experience indicates that switch­
ing of low voltage capacitor banks does not 
result in excessive overvoltages. 

Conti n uous Cu rrent Req u i rements 
The contin uous 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 in addition 
to the current of fundamental frequency, 
and also to allow for operation of the capac­
itors at 1 0% above rated voltage. 

Overcurrent Tri pping Characteristics 
Series overcurrent tri pping 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 during switching. Because of the 
short duration 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 l ighting 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 a nd instantaneous type as 
shown by curve no.  4051 23 a nd curve no. 
388530. The setting of the instantaneous 
element must be high enough to override 
the transformer magnetizing inrush current 
that flows when the transformer is ener­
gized. A pickup setting of approximately 
1 2  times the transformer rated ful l - load 
current is usually satisfactory. 

Bus D uct Protection 
Bus duct is usually used in  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-
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pared to the rating of the bus duct a nd 
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 inrush. Pickup 
settings as low as 5 times the trip coil rating 
are common. 

Application of Manual ly O perated 
Circuit Breakers 
Manually operated circuit breakers shall be 
l imited to applications which do 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 individually enclosed 
breakers equi pped with instantaneous 
trip devices where the interrupting re­
quirements exceed 42000 symmetrical 
rms amperes. 

b. For dead front and individually enclosed 
breakers equipped with instantaneous 
trips, where the maximum instantaneous 
trip setting exceed 1 5000 symmetrical 
rms amperes. 

c. For all circuit breakers equipped with 
selective overcurrent trip devices where 
the delayed tripping requirements exceed 
1 4000 symmetrical rms amperes (selec­
tive trip) .  

d. For al l  circuit breakers without direct 
acting overcurrent trip devices where the 
interrupting requirements exceed 1 4000 
symmetrical rms amperes. 
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Fault Calculations-Three- Phase 
Tables A through D, pages 3, 4, 5 and 6 are 
intended mainly for the quick estimating of 
short-circuit currents and req uired breaker 
types. The tables are, generally, sufficiently 
accurate to establish the breaker interrupt­
ing requirements for breakers located near 
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 "borderl ine" 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 requ i red, 
where the fault current is l imited 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 l arge 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 i mpedances. 

The power source(s) that normally feed the 
system load will, i n  general, contribute the 
major portion of the total short-circuit cur­
rent. However, al l  rotating machines, i n ­
cluding i nduction a n d  synchronous motors, 
that are connected to the system at the time 
of the fault wil l  also contribute short-circuit 
current and therefore. should be included in 
the calculation. 

The sudden application of a short circuit on 
an ac system results in  a de component i n  
addition t o  t h e  a c  component mentioned 
above. When added, they result in an .offset 
or asymmetrical current. See figure 1 5. 

Figure 1 5: Fully Asymmetrical Short- C i rcuit Cu rrent 

Rms Va lue  of 
Asymmel r � co l  C u rrent  

Time 

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 U nits and Base Quantities 
The base current and percent values must 
al l  be referred to a common base kva. When 

the base voltage and kva have been selected, 
the following equations should be used: 

base kva x 1 000 
1 .  Base current, I s =  --.==-------------

.../3 x base l ine- l ine voltage 

2. The value of any resistance. reactance or impedance in ohms can be converted to 
percent by: 

Percent value on base kva= Base kva x ohms x 1 05 
(Base lme-line voltage)2 

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 Fau lts 
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 i n  the calculations as the current 
l im iting effects are unpredictable. 

Time of Maximum Fault C u rrent 
The short-circuit calculations should be 
based on the %-cycle current value using 
subtransient current and i mpedance values. 
Tests i ndicate that low voltage breakers of 
the type D B  are capable of beginning cur­
rent interruption between Y:z 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. 

I mpedances 
The impedance, Z, of a circuit made up of 
resistance R, and reactance X, is given by: 

Z =  �R2 + X2 = xf + (X)R) 2 

The i mpedance of breaker series trip coils is 
generally negligible but may be included if 
desired. In determining the i nterrupting 
capacity of a breaker for a particular point 
in the system, the impedance of that breaker 
trip coil should be omitted in the calcula­
tions. (The reason for this is that the breakers 
are rated and tested on the basis at the 
short-circuit current that flows without the 
breaker in  the test circuit.) Trip coil i mped­
ances of other breakers in  the system may 
be i ncl uded in the calculations. 

The following tables give typical impedance 
data for apparatus commonly used on low 
voltage systems. This data is approximate 
and s hould only be used when exact data 
is not available. 

(j) A possible exception to this would be a phase to 
neutral short-circuit on a delta wye grounded 
neutral transformer with l ittle or no connected 
motor l oad. 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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Type DB Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

Table Q: Approximate Values of Resistance, Reactance, Im pedance and X/R 
Ratios of 600 Volts or Less, 60 Cycles, 3 - Phase, Westingh ouse Standard Trans­
formers 
(Values in percent on rated kva as base) ( Primary Voltage - 1 5  kv or less) 
Kva 

% Resistance % Impedance 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 

D ry 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 
2000 1 .63 5.51 
2500 1 .42 5.57 

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 I 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 

I nduction motors . . . . . . . . . . . . 1 2-30 

1 0% 

20% 

20%@ 

20%@ 

5.75 3.42 
5.75 3.42 
5.75 3.93 

5.0 2.49 
5.0 3.0 
5.75 4.23 
5.75 

I 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 h ms per 1 00 Feet at 60 Cycles 

Size of Con- Resistance per 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 .01 66 .0031 

0 .0106 .0029 
0000 .0053 .0025 

250000 .0045 .0024 

350000 .0032 .0024 
500000 .0023 .0023 

@ For motors. the rated kva may be taken as: 

..f3x (rated l ine-to- l ine) x (full load 
voltage amperes of motor) 

750000 .001 6 .0023 

1 000 @ The resistance values may be used for any frequen­
cies. 60 cycles or be low. 

@) 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 M S P  current-limiting 
reactors range from approximately 6 to 24. 
The low value corresponds to low-current, 

low-impedance designs, and the h igh value 
to h igh-current and high- impedance de­
signs. 

Table T: Sing le- Phase R eactance and Ac Resistance Ohms per 1 00 Feet of Stranded Copper S i ngle-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 I 5 1 6 1 7 1 8 I 9 1 1 0  1 1 1  I 1 2  Circular Conductor at 
Mils 25 Degree C I (77 Degree F) 

60 Cycles 

6 I 0.041 0 0.0088 0.0094 o.oog9 0.0103 0.0107 I 0.01 1 0  0.01 1 3  0.01 1 5  0.01 1 7  0.01 1 9  
4 0.0259 0.0082 0.0089 0.0094 0.0098 0.01 02 0.0105 O.D108 0.01 1 0  0.01 1 2  0.01 1 4  
2 0.01 62 0.0077 0.0084 0.0089 0.0093 0.0097 0.0100 0.0103 0.01 05 0.0107 0.0109 

1 0.01 29 0.0074 0.0081 0.0086 0.0090 0.0094 0.0097 0.0099 0.0102 0.0104 0.01 06 
0 0.01 02 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 0.0101  

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 0.001 4 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 

(j) The reactance at any frequency. f. is f/60 times the reactance at 60 cycles. 

1 5  

0.0124 
0.01 1 9  
0.01 1 4  

0.01 1 1  
0.0108 
0.0106 

0.0104 
0.0100 

0.0099 
0.0097 
0.0092 

0.0089 
0.0084 
0.0081 

<%1 For any 3-phase arrangement of conductors. D = .Y ABC.  where A. B.  and C are the spacings between conductors. This resolves itself into D =A. B.  or C for symmotrical 
triangular spacing. and into D = 1 .26A (or B) for regular flat spacing. 
for any other size condutor. of diameter d. the 60-cycle reactance in ohms per 1 00 ft . . at symmetrical spacing D. may be com puted from the formula. 
X = 0.000575 + 0.00529 log1 0 

( Z D
d
-d ) 

Table TA : Resistance and Reactance of Type D B  C i rcuit B reakers@ 
Breaker I Trip Coil I R I X I Breaker 

1 00 540 1 450 
1 25 420 1 070 
1 50 31 0 740 

D B-25 200 200 470 D B -50 
225-300 1 40 270 
350-500 90 1 20 
600 60 30 

DB-75 2000-3000 1 4  85 DB-1 00 

I Trip Coil I R 
200-225 324 
250 250 
300 1 70 
350-400 1 1 5  
500-600 90 
800-1 000 50 
1 200-1 600 40 

4000 1 1  

I X 
3 1 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  short 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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Type DB Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

Table U: B u s  Duct I mpedances Average Values - O h ms Per Phase Per 1 00 Feet P l u g - I n  Bus D uct 
Ampere Rating I 225 I 400 I 600 I 800 I 1 000 
N umber and Size of Bars . . . . . . . . . . . . . . .  l 1 (% x %) 

1
1 (% x 1 l!.) 1 1 (% x 2) 1 1 (% x 3) 1 1 (% x 4) 

Resistance . . . . • . . . . . . . . . . . . . . . . . . . . .  . 0.009 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 B u s  Duct (Venti lated ) 
Ampere Rating I 600 
Number and S ize of Bars . . . . . . . . . . . . . . .  1 2(% x 1 )  
Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0020 
Reactance (60-Cycle) . . . . .  . . . . . . . . . . . . . 0.0023 
Ampere Rating 3000 
Number and Size of Bars . . . . . . . . . . . . . . .  1 2(% x 6) 
Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.00033 
Reactance (60-Cycle) . . . . . . . .  . . . . . . . . . . 0.00046 

800 
2(% X 1 \!,) 
0.001 3 
0.001 6 
4000 
4(% X 4) 
0.00027 
0.00036 

1 000 1 1 350 
2(% X 2) 1 2(% X 2%) 
0.001 0 0.00088 
0.001 3 0.00095 
5000 
4(% X 5) 
0.00022 
0.00028 

The reactance of any frequency, f. is f/60 times the values above. 

Bus Bar Reactances<D 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. 

F igure 1 6  

1 00 r--.-r- I I  
r-- - � � -f-

9 0  -r- --j s �  

I I  Il l !  
I I  ! I l l  

V.l Bar 3 X 1;4 
1;4 A p o r t  r;2 B a rs 3 X 1;4 

_) 
v -:"'f- 1 B a r  6 X l f4 /l1 v-2 B a rs 6 X 1;4 1;4 A p a r t 

80 
0 u ::0 '0 c: 0 u 
.c 

70 u 0 w 

.2 
u:: 
;;; 60 0. 

"' 
E .c 0 ID I 
Q 

50 .; u c: 
E u 0 
., cr: 

40 

30 

20 

J ,.;.o  
II 1/ 
I vv 

I J'l 
If 'I 

If /, C u r ves of Reacta nce at 60 C yc l es I 'j vs S pa c i n g ,  for 3 X 1/4 B a rs a n d  f o r  

11 I! 6 X 1/4 B a r s ,  in Fo c e w i se A r r a ngement . 
Ohms per Ft of E a c h  Cond uctor IJf '/ at a D i sta nce S From Ret u r n  C onductor.  

1/ !J In a B a l a n ced 3- Phose C i rcu i t ,  

II (/ t h e  M e a n  Reactance per Ft of Each 
Conductor  i s  Determi ned Approx i m a t e l y  

Ill/ I for t h e  M e a n  S pa c i n g .  

II S = (S I  S2 S3 l 113 

II W h e r e  
S 1 = Center S p a c i ng Between 'I Phases I a n d  2 
S2 = Center Sp a c i n g  Between 

P h ases 2 and 3 
S3 = Center S p a c i n g  Between 

I P hases I a n d  3 
D i m . i n  Inches  LJ. 

1/ 

v 

2 3 4 5 6  7 8  10 1 5  20 30 40 506070 
I nches Cen t e r  Spa cing S 

1 600 1 2(% X 3) 
0.0006 
0.00090 

1 250 1 1 500 
1 (% X 5) 1 1 (% X 6) 
0.0009 0.0008 
0.0030 0.0027 

2000 2500 
2(% X 4) 2(% X 5) 
0.0005 0.0004 
0.00065 0.00054 
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Figure 1 7  
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J I j 1/ IJ 
I IJII 
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Jfl 

I 1-'I 
v 

IJ rTJ Jll Where 

I St = Center Spacing Between 
Phases I and 2 77 S2 Center Spac i n g  Be tween 

'VI Phases 2 and 3 
S:s Center Spac ing Between Ill Phases 1 and 3 
Dim.  In Inches 

v 

4 Bars 4 X  '14 C= 2 

4 Bors 4 X 1/4 C = 3  

20 2 3 4 5 6 8 10 15 20 30 40 5060 80 100 
I nches Center Spacing S 

Asymmetry D u e  to the De Component 
Any sudden change in an electrical circuit 
is initially opposed by the i nductance 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 i s  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 
figu re 1 8. 

2. The de component flows to satisfy the 
inductance effect; that is, that the current 
cannot change instantaneously. This de 

component is i nitially 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 = V ( lsym) Z + ( ld-c) Z 
I sym = rms value of the symmetrical current (a-c 
component) 
Id-e = value of the d-e component 

Figure 1 8: Typical C u rves of Ac and De 
Components Resulting in a F u l l y  
Asymmetrical Short- C i rcuit C u rrent 
for One Phase of a 3 - Phase System 
Zero C u rrent Prior Fault 
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,�:��� �� \ J \ Com pone n !  

_ ,oo +--1-.,-�-\-m-:, --1----tm�\-+-+r-=-�, ����.·; - 1 4 14 : v v \. . : : (A) A-C : : 

I 0 i : i ! 1 4 1 4�! j component i i 

0 �i��
e
�n 

2 ! (BI B-C i ! 

1 .0  

0 

-1 .0 

: Component : : 
� i : Rms Value 

(C ) Asymme f r i c o l  C u rrent 

of the 
Asymmetrical 
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 V..-cycle time. 

On 3- phase systems, the de component, and 
hence the asymmetry, is not the same on all 
phases. For instance, when 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 V.. cycle after the short 
circuit occurs. According to N E MA stand­
ards the breaker however shal l  be able to 

(j) 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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i nterrupt 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 % 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  %-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 appl ication, 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, i nitially, 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 % 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. 

F igure 1 9: Average and Maximum 
Asymmetry Factors 

---t--t---t-+-t� 1 =A��era�e I 
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Sou rces o f  Short- C i rcuit Cu rrent 
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 

Type DB Air Circuit 
Breakers 
For Applications up to 600 Volts Ac 

nected, 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(]) transformer to a bolted, 
3- phase short circuit at its low voltage 
terminals is: 

lb 
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 
i n  amperes (note, that it is usually con­
venient to select the transformer self­
cooled rated kva and line-to-line low 
voltage as the base un its since, when 
this is done, base cu rrent becomes the 
transformer rated current). 

Zt =Transformer impedance in percent. 

Zp = Minimum equivalent subtransient im­
pedance of  the  primary system which 
is: 

01 _ 
base kva toZp - . . 1 bl S 

X 1 00 pnmary ava1 a e -C kva 

Note: The base current and impedances 
must be on the same kva base. Also, Zp and 
Zt must be added vectorially; that is: 

Zp +Zt =� (rp + rt) 2 + (xp + xt) 2 
where r and x are the resistance and react­
ance, respectively. 

The total resistance (rp + rt) and total react­
ance (xp +xt) 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. 

(j) For transformers in  parallel. the i mpedance 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 i nitial 
value of short-circuit current is dependent 
upon the machine subtransient reactance. 
This in itially 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. H owever, 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. 

� . .  = G enerator subtransient reactance is 
percent. 

Ze = Generator lead im pedance 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 and, 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 wil l  act as equivalent gener­
ators and feedback current to the point of 
fault. 

General Case : In  many cases, actual data 
on the motors will not be readily available. 
M oreover, it is  not possible to predict the 
exact percentage of the total motor load 
that will be connected to a system when 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. 

Q) The X/R ratio for determin ing the average asym­
metry factor is the ratio x.tra where x. 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 X2/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 X2 and ra. respec­
tively. 

2. The symmetrical value of short-circuit 
current contributed by the motors will be 
approximately four 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 i nduction 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 an 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 instal la­
tions, take the sum of symmetrical 
current contributions from all sourc­
es. In th is 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 ). M odern 
transformers of special design, and many 
older transformers, may have higher X/R 
ratios and hence requi re breaker application 
based on asymmetrical ratings. The fault 
calculation example which follows shows 
the proced ure for determining asymmetrical 
fault currents in a system. 

Figure 20: System D iag ram for Fault 
Calculation 

1 
l sym = 3 1050 a. T 
!Avo Rms Asym / ) 
= 39430 a. + 

Faul t  
1 Sym = 40670 a.  
IAvg R m s  Asy m = 50680 a. 

13,800 Va i l s  
1 5 0  O H  1 5 0  Bkr  
100,000 Kvo S . C .  Avai l a b l e  
2000 Kva - 3 11)- 60 Cycles 
Sealed Dry Type 
13,800/480 Vol t s  
5.75% Impedance 

f lsym = 9620 a. 
l Avg Rms Asym = 

M 1 1 2 50 a. 

Equivalent Source Representing Feed b a c k  From 
a n  A s s u m e d  100°/0 Motor Load=  2000 Kva 

Step 1 .  Select a 2000-kva base and calcu­
late impedances accordingly: 
a Transformer I %R 
Circuit I %X I %Z I Comments 

Primary System Neglect 2.00 2.00 <D 
Transformer 0.45 5.70 5.75 ® 

Zp+Zt 0.45 7.70 7.75 Z = 
V R2 + X• 

Step 2. Base current, 
Base kva x 1 000 

l a = �=-------------------­..[3 x (normal l ine-l ine voltage) 
2000 X 1 000 

- fi
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 far a l l practical purposes. 

base kva x 1 00 2000 
%Z 

S-C kva = 1 00000 
x 1 00 = 2·0% 

® Refer to table 0. page 31 . 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, 
I s lsym =

zp + Zt 
x 1 00 

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  

I avg 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 tr ip 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  i l lustrate. 

Fault Calculations - Single 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 S i n g l e - Phase Trans­
former Su pply 

3- Phose -------------
H , g h ­
Vo l t age 
S y s t e m  

1- Phose Low-Voltage 
System 

u "'' ''"'"'" ll Transformer 

) ) Secondary 

f 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 Ia on the 
selected base kva 

Base kva x 1 000 
I a  = ..J 3 ( rated l ine- l ine 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: 

lsym 
1 .73 x 1 8  x 1 00 

2Zp +Zt + Zc 

The derivation of the formula is omitted. 

Where Ia 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. 

N ote: 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). 

<I> J ust 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 avaolable short-CirCUit kva on pnmary 
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Figure 22: Typical Single-Phase Transformer S u pply with a Tapped low-Voltag e  
Winding 

H I  _:..:..X :....I __ _,,-.. 

HZ 

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 i n  
the preceding steps: 

In Step 2. Base current, l e. 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 ful l  primary winding ( H 1 - H 2) 
to the X1 - X2 or X3 - X4 winding should 
be used for Z i n  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 Trip Devices ( Preferred Characteristics are i n  Bold Print)4 

Breaker Long Delay<D Instantaneous Short Delay 
Type Calibrated Marks Calibrated Marks Calibrated Marks 

Seconds At % of 
Pick - u p@ 

Pick- u p@ 
Trip Unit % 

% 
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 2-20 600 500-750-1 000 
20-30 600 500-750 - 1  000 
30-40 600 500-750-1 000 
40-60 600 500-750-1 000 

6-1 20@ 500-700® 

D B-75 & D B- 1 00 1 2-20 700 800-1 200@ 
20-30 700 800-1 200@ 
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 or 250-400cr>® 
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® 

4 Preferred characteristic curves (in bold print) are contained in envelope AD 33-760-A. 
<D Long delay pickup settings 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. 
<l) Standard for feeder breaker. 
@ Standard for transformer secondary and incoming line breakers. 

C u rve N o.� 

Delay 
Cycles 

40541 0 
4051 22 
4051 23Q) 
351 056® 
4051 24 
4051 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 
4052300) 
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 

@ I n  choosing instantaneous or short delay pickup settings o n  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 2 5 - 1 50 seconds (specify mark) at 1 65% of trip unit rating. 
CD Minimum short delay of 2000 amp trip unit is  250%. 
@ 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 wil l  b e  calibrated a t  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 1 4  cycles or 1 4  and 30 cycles. 
® One calibrated mark between 25-1 00 seconds (specify mark) at 1 65% of trip un it rating. 
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Westinghouse Electric Corporation 
Switchgear Division, East Pittsburgh, Pa. 1 51 1 2  
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