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RATINGS, ALL STANDARD KVA RATINGS tI PRIMARY, 2.4 THROUGH 13.8KV l 

tI SECO NDARY, 208 / 120 THROUGH 600 VOLTS II INDOOR OR OUTDOOR 1:1 WITH OIL OR ASKAREL-IMMERSED. VENTILATED 

OR SEALED-DRY TRANSFORMERS. 
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Personnel and equipment are protected at all times. AI! 
live parts are insulated and the entire structure is com­
pletely metal enclosed. No fences or rails are necessary. 

No lost time replacing component parts. Overloads and 
faults will affect only a small portion of the system. The 
affected breaker can be reset in seconds. 

Appl ica tion and engineering of all components are com· 
pletely coordinated by I·T·E under one roof. No loose 
ends for purchaser to tie together. All components are 
manufactured in one plant and shipped at one time . 

.: I..> 

Neat, compact, functiona l ly- designed units requiring 
much less space than separately -connected indiv idual 
assemblies. They may be instal led anywhere-indoors, 
outdoors, on balconies, in basements, etc. 

Econom ica l initial investment together with reduced 
power costs by bringing high voltages direct to load areas. 
This also effects greater savings in conductor costs, 

Future expansion may be accomp lished by two means. 
The secondary switchgear may have blank or future com­
partments built right in. Also, additional structures may 
be added at the ends that will completely match and 
line up with the original installation. 

_ ,_,v _.-~. 

On e order, completely coordin.ated from one supplier is 
assembled. tested and shipped as a unit ready for imme· 
diate installation. 

Better voltage regulation for machinery and lighting by 
red ucti on of voltage drops inherent in long low voltage 
cable runs. 

.. -.- . . ~ 
Simplified sections or parts are easily assembled in the 
desired location according to your floor plan. Final con­
nections to the primary and the secondary leads com­
plete the job. 

Great variety of primary dev ices, transformers and sec­
ondary switchgear permits adaptability to any application. 

. ' 
Once installed, an I-T-E substation requires little or no 
maintenance to give years of trouble·free service . 

'--------------------------------------------------------------
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BUILDING-BLOCK SUBSTATIOru [)ESIG~J AllOWS YOU TO saEeT 
THE RIGHT COMPONENTS TO FIT YOUR EXACT REQUIREMENTS 

1. SELECT THE SYSTEM 

RADIAL 

Th is type has a single incoming primary device, a 
single transformer and an outgoing section of one 
or more low·voltage power circuit breaker feeders. 

SECONDARY SELECTIVE 

This type has two incoming primary devices and 
two transformers, each connected to their own 
outgoing section of one or more low.voltage power 
circuit breaker feeders. These breakers are joined 
by a bus which contains a normally-open tie breaker. 

• 
PRIMARY SELECTIVE 

This type contains two primary sources (one or 
more devices), a single transformer and an out­
going section of one or more low- voltage power 
circu it breaker feeders. 

2. SElECT THE COMPO [NTS 

~ 

( 
PRIMARY DEVICES- INCOMING 

m INTERRUPTER SWITCH (fUSED DR UNfUSED) 

AIR INTERRUPTER SELECTOR SYlITCH (fUSED DR UNfUSED) 

AIR TERMINAL CHAMB ER 

LIQUID INTERRUPTER DR DISCONN ECT SWITCH 

OIL CUTOUTS (fUSEO OR UNfUSEO) 

METAL·CLAD SWITCHGEAR 

TRANSFORMERS 
lIQUID·IMMERSED (ASKAREl) 

LIQUID' IMMERSED (OIL) 
VENTILATED· DRY 

SEALED'DRY, GAS 

SECONDARY DEVICES-OUTGOING 

LOW· VO LTAGE POYlER CIRCUIT BREAKERS 

fUSED LOIY·VDlTAGE POWER CIRCUIT BREAKERS 
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1. AIR INTERRUPTER SWITCH-
FUSED OR UNFUSED 

The I-T-E type HPL-C air interrupter switch is a 3-pole, ( 
2-position device which utilizes a snap-action quick­
make, quick-break blade in combination with an arc chute 
for safe closing and interruption. Visual indication thru 
tile safety glass front window and on the handle 
mechanism shows the blade position. 

Fused switches are interlocked to prevent opening of the 
fuse door while the switch is in the closed position . I-T-E 
type CL current-limiting fuses are used. 

The switches are available with or without lightning 
arresters, can be equipped with cable lugs or potheads 
and can be entered from top or bottom. 

Duplex switches are available, consisting of two key-inter­
locked switches located side by side. 
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Cutaway of 3-pole selector 
switch shows blade posi­
tions for connection of one 
incoming line. 

( 

Air Interrupter Selector Switch consists of a rear mounted 3 
pole, 2- position selector device in series and interlocke.d with C 
the interrupter switch . An interlock prevents switching of 
lines while under load. It has a fron t mounted handle mecha-
nism which visually indicates Line lor Line 2 . 

--. _. -.- ._----------
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2. AIR TERMINAL CHAMBERS 

Full·height floor·mounted air terminal chambers equipped 
with cable lugs or potheads are directly connected to 
th'e transformer. Top or bottom entrance and indoor or 
outdoor construction are available. 

3. LIQUID INTERRUPTER OR 
OISCONNECT SWITCH 

These devices can be provided on liquid·immersed t rans· 
formers only. They are three·pole, two·or three·pos ition 
units. The switch enclosure is welded or bolted to the 
transformer tank. When oil filled, they are interrupter 
switches that can interrupt load currents up to 400 
amperes. When askarel filled, they have no interrupting 
capacity but can be used as disconnect switch to break 
magnetizing currents up to 10 amperes five times, after 
which the askarel must be changed. Potheads are always 
provided. Liquid is shipped in separate container to 
avoid draining the switch to make cable connections. 

4. OIL CUTOUTS-FUSED OR UNFUSED 

Oil cutouts are supplied mounted in a terminal chamber 
and have provisions for terminating one 3·phase feeder 
cable. They may be used within rating limits of 300 kva 
at 2400 volts and 500 kva at 4160 volts. They can also 
be used unfused as disconnects up to 750 kva at 2400 
volts or 1000 kva at 4160 volts. Values are based on 
applying fuses at twice the full-load current rat ing of the 
transformer. Available for indoor or outdoor installation. 

5. METAL-CLAD SWITCHGEAR 

For the ultimate in primary protection, type HK metal· 
clad switchgear with stored· energy air-magnetic power 
circuit breakers is available. They are drawout elements 
mounted in full-height compartments complete with all 
standard accessories. 

For complete information on metal·clad switchgear see I·T·E 
Bulietin 2800·2B. 
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Compare these features with 
other transformer designs r/ 

TYPE 

Liquid-
Immersed 

Oil 
Askare l 
65 ·c 
Rise 

Vent.- Dry 
150 C 

Rise 

Sealed'Dry 
Gas 

Filled 
150 C 

Rise 

VENTILATED - DRY 
Moisture-resistant insulating materials 
Low sound levels 
Reduced size and weight 
Increased impulse and dielectric level 
Logical-sequence-assembly enclosure 

STANDARD TRANSFORMER RATINGS· 

SECONDARY 
KVA KVA Primary VOLTAGE 

3-Phase 3'Phase Voltage 
Self Forced Air Delta 208Y/f20 480Y!22J Cooled Cooled 

240 delta 480 delta 

112112 - X X 
150 - I 2400 X X 
225 - 4160 X X 
300 - 4800 X X 
500 - 6900 X X 
750 862 7200 X X 

1000 1150 12000 X X 
1500 1725 13200 X 
2000 2300 , 13800 X 
2500 2875 X 

112'!.! -

1
2400 X X 

150 - X X 
225 - 4160 X X 
300 - 4800 X X 

2400 
500 - 4160 X X 
750 1000 4800 X X 

1000 "1333 , 6900 X X 
1500 2000 7200 X 
2000 . 2666 12000 X 
2500 3333 13200 X 

13800 

300 2400 
X X 4160 500 4800 X X 

750 6900 X X 
1000 7200 X X 
1500 12000 X 
2000 13200 X 
2500 13800 X 

55 C or 55/65 C. rise liquid-immersed oil or askeral. 80 Crise 
ventilated-dry type and 150 C nitrogen-filled sealed-dry type 
transformers are available as non-standard. For information 
consult your nearest I-T-E District Office, 

( 
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LIQUI D- IMMERSED 
~ 1S%-lighter weight 
, 2S%-less floor space 
. 10%-lower height 

New radiator design 
New insulation system 
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TRANSFORMER SECTION 
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SEALED - DRY 
Fluorocarbon gas 
Higher dielectric 
Higher impu lse levels 
Faster heat transfer 
lighter weight 
More compact 

J 

TA3LE 2. COMPARISON OF CHARACTERISTICS OF LIQUID-IMMERSED AND DRY- TYPE TRANSFORMERS 

1500 KVA. 15 KV to 480 volts, Oil -immersed transformer as base. 

LIQUID·I MM ERSED VENTILATED-DRY SEALE D - DRY 

CHARACTERtSTtCS 65 C 1~0 C 150 C 

OIL AS KAR EL GAS (C,F,) 

Insulation Type Class A Class A Class H Class H 

Irnpulse Strength 110 kv 110 kv 65 kv 95 kv 

Losses @ 75 C, 
No Load 100% 100% 155% 155% 
Full Load 100% 100% 117% 100% 

Maximum Voltage Class . 15 kv 15 kv 15 kv 15 kv 

Temperature Ratings; 
150 150 Average Rise, C 65 65 

Hottest Spot Rise, C 80 80 180 180 

Sound Level 100% 100% 108% 106% 

Weights 100% 120% 80% 100% 

Dimensions: 
Floor Space 100% 100% 130% 120% 
Height 100% 105% 103% 103% 

Application : Indoor (vault only) Indoor Indoor 
Indoor, Outdoor Outdoor Outdoor Indoor Outdoor t 

-
Fire, Explosion, 
and Toxic Resistant No No Yes Yes 

Maintenance: 
Liquid Yes Yes No No 
Cleaning (Internal) No No Yes No 

(External) Normal Normal Occasionally Minimum 

Precautions before 
energizing after 
shutdown to dry 
insulation None None None None 

Note: Values stated are approximate average and subject to variation with KVA size, KV rating, etc. 
tApplicable for all types of installations assuming no exposure to lightning, and assuming adequate'protection against impulse 

voltage. 
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STANDARD ElECTRICAL TESTS 
LJ Winding- resistance test 
C Ratio test 
C Polarity and phase-relation test 
C No-load loss test 

_ Exci ting current test 
Impedance and load loss test 
Applied potential test 

_ Induced potential test 

_.- -----.----
STANDARD ACCESSORIES ON UNIT SUBSTATION TRANSFORMERS: 

LIQUID-IMMERSED TRANSfORMERS (ALL KVA r-ATINGS: 

C Magnetic liquid-level gauge 
e Thermometer in closed well with maximum 

indicat ing hand 
o Pressure-vac uum gauge 
C Pressure-vac uum bleeder 
C Pressure-relief device (askarel only) 
C Combination drain valve, lower-filter connection and 

sampling ·yalve 
C Upper-filter connection 
C Sampling device at top-liquid level (askarel only) 
C Skid base with jacking and towing provisions 
C Transformer lifting hooks 
C Cover lifting eyes 
c Ground pad located on LV end 
c No load, externally-operated tap changer 
C I-inch vent plug in cover 

- ./ :'jA 

l _______ _ 

------------------~ . 
!:J Hand-hole in cover 
~ Diagrammatic nameplate 
C Sealed tank with welded cover 

VE NTILATED -DRY TRANSFORMERS (ALL ;(V,.~ATI NG S) 

Cl Skid base with provision for jacking or towing 
C Flexible l inks for changing taps 
IJ Ground pad 

SEAL ED DRY TRANSFORMERS 

C Pressure test and fil li ng valve 
Cl High-low pressure·alarm device with contacts 
C Pressure-vacuum gauge 
C No-load externall),-operated tap changer 
e Ground pad on LV side 
e Skid base with provision for jacking and towing 
IJ Transformer lifting hooks 
Cl Cover lifting eye 
Cl Hermetically-sealed bushings . 
IJ Diagrammatic nameplate 
C Pressure re lief valve 

Li fting eyes on upper core clamp 
C Diagrammatic nameplate 

I fJ \~ll 
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OPTIONAL ACCESSORIES ARE AVAILABLE AS FOllOWS: 

C Winding temperature equipment 
C Gas absorbers for askarel filled transformers 

FAN PROVISIONS: 

All liquid-filled and ventilated - dry transformers , 750 
KVA and above have provision for the future addition 
of cooling fans. 
This provision for forced air cooling will include: 

1. Capac ity in all current-carrying parts, includ ing 
bushings for the forced - cooled rating. 

2. Provision for mounting in the field, the balance of 
the equipment required. 

t:: Tap changer interlocks 

3. Provision for the future automatic control of the 
fans as follows : 
a. Liquid- filled units-provision for incorporating 

the thermometer relay for control of the future 
fans from top liquid temperature. 

b. Ventilated - dry units-provis ion on ly for mount­
ing winding -temperature relay for control of 
future fans from winding temperature. 

/ 
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TRANSFORMER SECTION 

DETAilS OF CO STRUCT!ON 

The core of each transformer is made of non-aging, high 
permeability, grain-oriented, cold - rolled, silicon steel 
specifically processed for consistently low losses. 

The thin-gauge laminations are sheared with special high 
quality shear blades in such a manner that the flux path 
will be aligned with the axis of highest permeabil ity in 
the steel. Each lamination is flat and free from bu rrs 

and is inorganically insulated on both surfaces to mini­
mize eddy-current loss. 

Laminations are hand stacked on a specially des igned 
table which ensures flatness and prevents the introduc­

tion of bending stresses while the finished core is being 
set in an upright position. Careful positioning of each 
lamination produces close fitt ing lap and butt joints to 
further minimize core .loss and noise. 

Core legs are assemblies of laminations of various widths, 

thereby approximating circular cross sections to accom­

modate the coils with the optimum combination of high 
space factor and coolant flow. 

The upper and lower core yokes are rigidly clamped by 
welded assemblies of structural steel members con­
sistant with bracing and supporting requirements. Core 
clamps are steel grit blasted to remove mill scale and 
slag and to assure that only clean, bright metal wi ll 
be in contact with the cooli ng liquid. On ventilated·d ry 

type transformers. the entire core assembly is painted to 

insure against oxidation. Core clamps and all structural 

parts are insulated to prevent local Ci rculating currents 

and are ~olidly bonded to ground and to the core to pre­

vent development of potential in any part . 

I·T·E regards the coils as the most important part of 
the transformer. No fixed rules are followed for their 
construction. They may be barrel helical, disk or 
sheet wound depending on rating, current and volt­
age. Regardless of the construction used, the follow· 
ing requirements must be met : 

1. STRESSES, Primary and secondary coils must be 
concentric to eliminate interaction of forces caused 

by short-circuit stresses. I-T-E coils are, therefore, 
wound with the secondary coil nearest the core and 

supported by a strong insulating cylinder. The pri ­
mary coil is then wound on top of the secondary coil. 

A suitable insulating full · length barrier is pro· 
vided between the two coils, consisting of spacers 
and sheet insulation tiuilt up to the proper thick· 
ness. The coil wire is wound tightly and uni · 
formly thru a tension device to insure maximum 
strength. 

2. COOLING, The coils must be equipped with cooling 
channels in order to dissipate the heat generated in 
the coils. This is accomplished by insertion of spacer 
sticks at suitable intervals between the layers of 
the coil. 

Core and Coils-Ventilated Dry Type / 
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3. CURRENT CARRYING ABILITY, The current density 
in the individual strands of the coil must not be 
greater than permitted by the proper cooling of the 
coil. Heavy current coils are made of multi·conduc­
tors properly transposed to minimize eddy currents 
and to obtain equal current distribution in the 
conductor. 

Core and Coils- Liquid-Immersed Type 

4. CONDUCTORS: I·T·E coils are wound from con· 
tinuous wires to eliminate joints; taps are silver 
brazed to the coils at the proper locations. 

Core and Coils-Sealed-Ory Type 

All insulating materials used have been thoroughly 
tested and proven with respect to their electrical and 
mechanical characteristics and are stable at operating 
temperatures and compatible with the cooling medium. 

In liquid·filled transformers. the insulation system l.s 
thermally upgraded. It is chemically modified to resist 

the effects of high temperature. The improved insulation 
enables the new, compact transformers to mainta in full 
load·carrying ability at their higher operating temperature 
Without affecting life expectancy. 

Thermally,upgraded pressboard insulation is used for 

coil spacers, both longitudinal and radial, as well as ends. 
It is also used between layers and between high and low­
voltage coils. The porosity of the insulating materials per· 

mits the insulating liquid to penetrate the insulating 
materials giving it a high dielectric strength . 

The figure below compares the absolute value of tough­
ness, measured in inch-pounds, of thermally- upgraded 
insulation and untreated electrical-grade kraft. 

As shown by the curve, the initial toughness of the new 
insulation after drying and oil impregnating is 97% 

higher than that of electrical-grade kraft, and a substan­
tial improvement in toughness is maintained during aging 
at 150 C. 
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Figure l - Comparison of absolute values for toughness 
of new thermally-upgraded insu lation vs elect rical-grade 
kraft. 

The superstructure consists of the'secondary bus bars 

with their associated connections to the secondary coil 
leads, the tap changer and the supporting channels for 
the primary leads. Secondary bus bars are held in 
alignment by pressboard spacers. Non-magnetic through-



- IMMERSED TRANSFORMERS 

o bolts in an insulating tube bind the spacers securely 
together, The primary leads are supported in pressboard 
channels. 

The complete superstructure is pre·assemb led and in· 
stalled on the transformer. 

TAP CHAr-IS'::-; 

~ 
) .. 

.J 

The tap changer is the in· line type, consisting of an in· 
s:..; l o:~c bar on which are mounted three· sets of six sta · 
twm:ry contacts. Bridging two stationary contacts of each 

set are two self· aligning spring·loaded movable contacts. 

The movable contacts are driven by a common insulated 

bar by means of a gear train thru an externally-operated 

tap-changer handle. 

_" J CO. 
An important step in the manufacturing process of liquid 
filled transformers is the drying of the coil and core 
assembly prior to tanking. The coil and core is heated 
in an oven to 100 C. 

During the drying, the insulating materials give up mois· 

ture and therefore shrink in dimensions. While the core 
and coil are still hot, all coil clamping screws are tight­
ened with torque wrenches. All other bolts and nuts are 

also tightened and the transformer is then lowered into 
the tank. The connections between coil and core and 

tank are then made. The braces to the tank are secured 
and the tank is filled with liquid while the transformer 
is still warm. The cover is welded in place and the trans­

former is ready for tests. 

The transformer tank is fabricated of heavy, hot-rolled, 
steel plates. A minimum number of plates are used to 
reduce the number of welded seams_ 

TRANSFORMER SECTION 

The tank base is fabricated of formed steel to receive 
and transmit the core and coil weight to the mounting 
pad or foundation and provides for skidding or roll ing in 
any direction . Facilities for jacking are at the corners of 
the base. 

Formed structural members are welded to the side 
walls so that the complete tank will be sufficiently 
reinforced to withstand a test of 10 Ibs. pressure or 
10 Ibs. vacuum. This will prevent tank distortion 
during operation or pressure testing. The top of the 
tank is further strengthened by a flange which is 
used as a welding ring for securing the tank cover. 
An asbestos·type gasket is provided between the 
reinforced cover and the top flange and is com­
pressed during the welding operation to prevent weld 
spatter from entering the tank. Lifting hooks are 
provided at the corners of the tank to permit the 
finish ed transformer, complete with liquid, to be 
handled by a crane . 

------- ---

i ~ 
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Adequate radiation surface is provided by new plate 
type radiators to assure that the temperature rise of 

the cooling liquid will not exceed the specified limit 
when the transformer is continuously operated at rated 
full load. The combination of the plate principle and 
special design features assures maximum cooling sur­

face in compact form. 

The entire tank is steel-grit blasted before painting to 
remove mill scale and rust. Each tank is painted with a 
rust inhibiter prime coat and two finish coats in accord­

ance with ASA standards. The tank base is thoroughly 
undercoated with a rubber-base coating. 
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DRY -TYPE TRANSFORMERS 
INSULATING MATERIAL 
All insulating materials used have been thorough ly tested 
and proven with respect to their electrical and mechanica l 
characteristics and are stable at operating temperatures 
and compatible with the cooling medium. In dry·type 
150 C transformers, the wire is film insulated. Spacers 
and packout are silicon glass except with disk coil can· 
struction where key spacers are ceramic. Layer insulation 
is glass and mica cloth. These insulation materi als will 
withstand the high operating temperature permitted in this 
type of transformer. 

IMPREGNATION OF COILS 
All coils are first dried in spring-loaded compression fix ­
tures in temperature controlled Qvens to relieve stresses 
and assure proper dimensions. They are next impregnated 
with silicon varnish under vacuum. The vacuu m helps 
avoid tiny air pockets where corona might start, or where 
moisture and dirt might penetrate the coils and coil in ­
sulation. It gives the highest dielectric strength possible. 
Finally they are returned to the ovens to give the varnish 
a thorough curing. 

SEALED· DRY TYPE 
BUS ASSEMBLY 
A superstructure, mounted on the transformer upper core 
clamp, conta in s all of the secondary and ;:>rimary bus 
and associated insulators and connection? to the high 
and low voltage coil leads. Both high and low voltage bus 
ends are brazed to the transformer bushings . 

TAP CHANGER 
The tap changer is the in-line type similar in construction 
to that used on liquid-immersed transformers. It is oper­
ated thru an externally-operated tap-changer cover. 

I ":V. FLUOROCARBON GAS 
The new fluorocarbon gas has a dielectric strength of 
approximately 2 .8, compared with air as a base of 1.0. 
Thi s higher dielectr ic strength results in higher basic 
impulse levels than nitrogen-filled or ventilated-dry type 
units. 
As a heat·transfer medium, the higher molecular weight 
and lower viscosity of fluorocarbon make it more efficient 
than nitrogen . This results in faster heat transfer from 
the transformer core and coils to the tank walls and per­
mits a lighter, more compact design. 

The tank on the sealed-dry transformer is similar in con­
struction to the liquid·immersed type. It, however, is de­
signed to withstand 15 Ibs. pressure or vacuum. Other 
features inc lude: protected instrumentation, external stiff­
eners and hermetically-sealed glass bushings, which are 
jig welded to a non-magnetic bushing panel to prevent dis-
tortion during assembly: . 

VENTILATED · DRY TYPE 

- -, 
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SUS ASSEMSL Y 
Th e low voltage bus is mounted to the upper core clamp 
of the transformer. The primary connections from the high 
voltage compartment are made directly to the coil ends. 

Tap connections are changed manua lly. 

( 

( 
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TRANSFORMER SECTION 

J-T-E . :, I.! .... - ...... . , 

o ASSEMBLY FOR VENTILATED -D~Y TYPE TRANSFORMER ENCLOSURES 

o 

Saves installation time, money and floor space. Instead t he connections in tight quarters, then assembling it 
of shipping the enclosure already assembled around aga in. Installation is faster, easier, more economical-
the transformer, I-T-E ships it ready to assemble. and you have a far better assurance of good results. 

You unpack the components in a logical sequence for Rigging is simplified and the transformer can more 
easy assembly. That way you don't have to do the easily be moved under pipes, through doors, onto eleva -
double work of taking the enclosure apart, making tors and into position . Just follow these simple steps. 

. 4 Connect 10'.'1 ,,,,~t(j;:-~ 
• groun d. 

8. " r.J ".~: .';;~' u~c 

.':1 (; ,U;;')l::,n€~). 9 A:..<;c>!Y:nte li . 

2. 

.11 6. -.:. Tl",rC ,01 

10. ,'. 

---...... 
I 

I~t voltage. 
~i . ;:5. 

7 M.S ...... :,ble +Jp cross 
• . r,.:.I~S . 
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.:::J\ TdRliIlG TI~ljE -TESTED, COMPACT, MET Al- ( 
~iCLJSm DRAWOUT SWITCHGEAR WITH 
:fl .. mm [..rm ELECTRICAL STORED -ENERGY 
/ -Uf,:::'" CIRCUIT BREA'tERS 

TABLE 3 INTERRUPTING CAPACITY SYMMETRICAL AMPERES 

Breaker Type 600 Volts 480 Volts 240 Volts 

K·115 14,000 22,000 25,000 
K·600 22,000 30,000 42,000 
K·1600 42,000 50,000 65,000 
K·3000 65,000 65,000 85,000 
K·4000 85,000 85,000 130,000 
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I·T-E low-voltage po~er switchgear is the most compact 
available. Circuit breakers rated up to 600 amperes can 
be mounted four high. In addition, the I·T·E design 
offers a significant reduction in weight through the use 
of recently developed materials with high strength·to· 
weight ratios. Notice also that the semi·flush circuit 
breaker handles do not project into the aisle. Hence, 
there is less risk of accidental breakage or false tripping. 

Complete isolation of front compartments. Versatility 
of compartment sizes and hardware allow auxiliary 
devices or multiple breaker ratings according to your 
exact requirements. 

/ • 



o The switchboards are assemblies of individual fr~mes . 

Each frame is welded in a fixture. Manufacturin g dupli· 
cates assure complete interchangeability in the fjeld. Eac h 
frame is a strong, sturdy unit built to protect as well as 
support switching equipment. Frames are erected and 
securely bolted to each other. This type of constrtJction 
perm its versatility in selecting unit sizes for shipm ent. 

Louvered grills are scientifically designed to allow full 
air circulation. Hinged doors are flanged for greater rig id­
ity. Door hinges are completely concea led by being 
mounted inside the enclosure and are easily ad justed 
for perfect door alignment. Panel screws fit easi ly into 
float ing nut blocks for quick easy alignment. A co in wil l 
fit easily into the slotted head of the screw for easy 
tightening without use of tools. 
Control- separable contacts are tiered, upper and lower, 
so you can mount twice as many within the narrower 
dimensions-as many as 32 in each compartment. This 
means more auxiliary circuits for your use. Standardized 
wiring of specific breaker devices to particular terminal s 
makes maintenance far easier. Notice also that the con­
trol contacts are located at the bottom where they are 
safe and accessible. 

Any compartment may be converted to a circuit-breaker 
compartment by the installation of a cradle. A crad le 
comprises power and control -separable contacts and 
all other drawout mechanisms in a complete jig welded 
rigid assembly. No dependence upon switchboard frame 
for any critical alignment. 
Versatility assured. With anyone of the five K-Line 
breaker sizes, the cradle can easily be inserted into the 
K-3000 or K-4000 compartment. Anyone of three sizes 
can be inserted into the K-J600 compartment and two 
sizes into the K-600 compartment. 

Interchangeability assured. The cradle is secured only by 
bottom bolts , not side or top. Any slight misalignment of 
switchboard frame which may result from extreme trans­

portation or installation abuse will not affect the al ignment 
of the breaker. 
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The circuit-breaker compartment door need never be 
opened while moving the K-Line circuit breaker from 
completely disconnected through test or into completely 
connected positions. Unique construction reduces the 
switchgear to three basic components; breaker, enclos­
ure and removable cradle on which the breaker rolls 
for drawoul. The mechanism permits racki ng the 
breaker into connected, test and disconnected pos it ions 
without ever opening the compartment door. It facili­
tates testing and maintenance and promotes safety. A 
lift shutler is provided on the breaker escutcheon which 
permits insertion of a racking crank to move the 
breaker. It is completely interlocked, i.e., the shutler 
cannot be lifted while the circuit breaker is closed and 
the circuit breaker cannot be closed while the shutter 
is lifted. When open, the breaker can be padlocked in 
connected, test or disconnected positions. When pa d-

'1 
"1 
~ '--___ ~,.-J 

locked, the breaker cannot be closed or moved to any 
other position. 

The extendable escutcheon mounted on the circuit 
breaker slides through an opening into the compartment 
door while the spring-loaded cover plate surrounding the 
escutcheon is held in place by the door. Visual indica­
tion denotes all three breaker positions. Compartment 
doors may be opened, jf desired, when the breaker is 
in any position. To remove the breaker from its com­
partment, it must be racked to the fully-disconnected 
position, the door opened and the breaker pulled manu­
ally to the fu lly-withdrawn position while it is supported 
by extending sliding rails. At this point the breaker may 
be li fted directly from the rails by means of an over­
head lifting device or transfer truck or combination 
lift ing device and transfer truck. 

l 
It) 
I 
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SHUTTER must be raised to insert 
breaker racking crank. Can not be 
raised when breaker contacts are 
closed. 

INSERT CRANK to move breaker be­
tween positions. Crank cannot be 
inserted without raising shutter. 

READ BREAKER POSITION from tar­
get on side of escutcheon. When 
breaker is in disconnected, test or 
connected pOSitions, shutter will 
close. Breaker contacts cannot be 
closed unti I shutter is closed. 

IT: 
I 

OPEN-CLOSED INDICATOR visually 
shows position of breaker contacts 
directly on front of escutcheon. 

-~. ---tJ 
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SPRING CHAR GED INDICATOR vis­
ually shows condition of stored·energy 
spr ings on electrica lly - operated 
breakers and all 3000 and 4000 
amp breakers. 
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SPRING DISCHARGE DEVICE auto­
matica lly discharges stored - energy 
springs as the breaker exits or enters 
the compartment. Standard on 3000 
and 4000·amp breakers, optional on 
other electrically-operated breakers. 
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OUTGOING SECTION 
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RAil LATCH prevents breaker from 
rolling off track when breaker is fully 
withdrawn. Latch must be released 
to lift breaker from rai Is. 

L 
---- --------.. 

PADLOCKS - Breaker, when open, 
can be padlocked (with up to three 
Jocks) in all three pOSitions. When 
padlocked, breaker cannot be closed 
or moved to any other position. 

J 
PRIMAR Y, SECO N OARY AND 
GROUND CONTACTS on the circuit 
breaker mate sequentially in a 
straight - li ne motion with counter· 
parts within the switchboard insur­
ing proper operation at each position. 

1~~~2 ' " .. - '.~':-' 

AUTOMATIC TRIP INDICATOR gives 
visual indication when the breaker 
has tripped from a fault or overcur­
rent. 

i 

KIRK" KEY INTERLOCKS offer an 
unlimited number of interlocking 
arrangements between all compon­
ents of the switchgear. Particularly 
adaptable to sequential operations or 
prevention of unauthorized operation. 

~ 
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INTERFERENCE KEY on the breaker 
mates with slot on cradle allowing 
only the proper rat ing breaker to be 
inserted into the compartment. It is 
virtually impossible to insert a lower 
rating into any compartment. 

,/ 
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MANUAL STORED ENERGY 
GIVES QUICK-MAKE 

QUICK-BREAK OPERATION 
-------------.------------~~p~-~~ ~ 

~"-- -_. '----- j 
t 

t -- -----
--'r - ... ---, 

t:: 
r 

l 
~ 

LESS UPKEEP, LONGER CONTACT LIFE 

Manually -charged stored -energy breakers offer many 
advantages to its users. Of primary importance is t he 
added safety for operating personnel. This quick-make 
mechanism also provides longer conta.ct and breaker l ife 
and increases the scope of application for manual 
breakers. K-Line breakers cannot be teased into the 
closed position. A pair of powerful springs actually close 
the contacts. The operator simply supplies energy to 
the device by pulling the semi-flush closing handle 
downward to approximately 100°. The initial 90° fu lly 
charges the closing springs and the remaining motion 
re leases the spring energy to drive the contacts into 
the closed posi tion by a smooth cam action. The fully 
charged springs develop sufficient energy to close and 
latch the breaker safely under any conditions within the 
breaker rating. A flush-mounted manual trip button is 
located on the easi ly-accessible breaker escutcheon. 
It is also equipped with a hand - reset automatic tri p 
indicator which provides for visual indication of auto­
matic trip operation. 

I 

SIMPLIFIED SKETCHES SHOWING HOW MECHANISM 
OPERATES: 

1. Energy is being stored in 
heavy springs. 

3. Cam closes contacts. 
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2. At crossover point, 
springs will release energy. 

o 

4. Contacts are closed. 
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SPRINGS CHARGING 
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The K-Line overcurrent trip device offers maximum load 
flexibility and service continuity. Each overcurrent trip 
device has a much greater range of continuous cu rrent 
capacity compared with conventional units. When the 
power load grows, you simply increase the current rating 
of the circuit breaker by changing the setting of the trip 
unit. . In these few minutes, you are spared the costs of 
new trip devices, installation and service down time . 
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EASY TO ADJUST 
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Trip devices are clearly visible and within easy reach 
from the front. Even on electrically operated circuit 
breakers, they are readily accessible to the operator for 
quic." e" sy adjustment. 

OUTGOING SECTION 

ELECTRICAL OPERATION 
All K-Line circuit breakers are also available with 
motor-charged stored-energy closing mechanisms to be 
used when remote control or local electrical control is 
required . The normal control power required by this 
mechanism is only a taction of the requirements of a 
powerful solenoid closing mechanism. 
Fractional -horsepower motor with enclosed speed-reduc­
tion gears provides the closing energy. The high-torque. 
high - speed output easily charges the powerful closing 
springs. The springs are retained in a fully-charged can· 
dition until the energy is required for closing. Upon 
tripping: the springs are again recharged automatically 
by the mechanism. An emergency charging handle is 
provided for manual charging if control power is lost. 
Manual breakers may easily be converted to electrical op­
eration in the field. 

I·T·E trip units are available in any combination of three 
elements, long and short time delay and instantaneous 
tripping. The genera l- purpose device provides the 
standard combination of long time delay and instantan· 
eous trip while the selective-trip device provides long 
time delay and short time delay trip characteristics. 
Each unit is individually calibrated at the factory di· 
rect ly in amperes. Setting is simple and you have assur­
ances of complete accuracy. 
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EASY TO SERVICE 
The overcurrent trip device assembly is mounted on a 
one -piece impact-resistant molding on smaller sizes 
and, on larger sizes, they consist of three individual 
units. If repair or replacement is required, the assem· 
bly is easily removed from the back of the breaker. 
Associated devices need not be disturbed. 
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FAST-ACTING ARC (WENCHER 

K-line arc quenchers employ a unique des ign whic h 
provides improved arcing extinction in a minimum 
amount of space_ A unique system of baffles and deflec­
tors confine the interruption to the arc quencher an d 
control the discharge of gaseous arc products after they 
have cooled and deionized. Resulting interruption is 
very fast and efficient. Since no external display is seen 
at even the highest short circuits, the breaker req uires 
very little overhead clearance. The arc quenchers are 
easily removed from the front of the breaker for contact 
inspection without removing the breake - f rom the 
cubicle. 

K-DON® CURRENT-LIMITING CIRCUIT BREAKER 

200,000 AMPERES INTERRUPTING CAPACITY WITH COMPLETE 

RANGE OF OPERATION OF K·LlNE LOW-VOLTAGE CIRCUIT BREAKERS 

T~.ELc .::. 

CIRC UIT fRAM E MAXIMUM MAXiliUM 
CONTINUOUS INm,RU PTING BREAKER SIZE CURRENT RATI NG TYPE AMP ERES AMPERES sm. Ali.PER ES 

K-DON-600 600 600 200,000 

K-DON-1600 1600 1600 200,000 

The K-Don circuit breaker is a compact - versat ile pra­
tective device which incorporates ali of the featu res of 
the 'K-Line circuit breaker and the current- limiting 
characteristics of the Amp-trap " . It is essentially a 
K-Line circuit breaker with such proven featu res as 
expanded- range overcurrent trip, manual or electrical 
stored-energy closing, undervoltage trip, shunt t rip, aux­
iliary switches, etc. Physically connected in series to 
the line side at the rear are standard Amp-trap current 
lim it ing fuses. 

EASilY-MAINTAINED CONTACT STRU CTURE 
The breaker con tact structure on the smalier model is 
mounted on a one-piece impact-resistant molding which 
serves as an insu lated barrier between the current car­
ryi ng parts and the grounded f rame. Forged contact 
ca rrying arms are 30% stronger than conventional ones. 
Contacts are made of high - temperature alloys which 
combine high conductivity with improved durability and 
arc - resistant properties. A uniq ue pressure - hinged 
arrangement has eliminated the need for flexible con­
ductors. On larger units, three single moldings are 
emp loyed. 
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The circuit breaker performs its normal funct ions of 
t ime delay and instantaneous tripping throughout its 
entire range of interrupting capacity. At any selected ;' 
po int either below or at the interrupting rating of the 
circuit breaker the fuse takes over giving protection up 
to 200,000 amperes. The fuse never blows below the 
pre-selected area thus saving nuisance replace­
ments. This system affords vast flexibility in applying 
pinpointed protection to any type of electrical appa­
ratus. 

For complete information on K-Don equipment see Bulletin No. 4300·1A -----------------------
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r-------------------------- OUTGOING SECTION _._------, 

TYPE K·225 I"AN . OPER. 

TYPE K-600 REAR VIEW 

TYP E K-l SOC ~L cv. 02: .. ,. 

FEATURES OF STORED·ENERGY K·lINE BREAKERS 

STANDARD FEATURES INC LUDE, 
MANUALLY OPERATEO, 
Springs charged and breaker closed wi th manual handle 
Springs charged only with manual handle 
Manual close lever 

Springs charged indicator 
Amp-trap CiHrent.limit ing fuses 
ELECTRICAlLY OPERATEO, 
Springs cha(ged with motor- after trip 
Electrical cloSing release 
Shunt trip device 
Control relay 
Charging-motor disconnect switch 
Springs charged indicator 
Secondary disconnects (operating & test pos ition) 
4·Contact auxili ary switch (l spare) 
8·Contact auxiliary switch (4 spare) 
Closing push-button (on escutcheon-test position only) 
Provision for manual spring charge 

Amp-trap current limiting fuses 
MANUALLY OR ELECTRICALLY OPERATEO, 
Manual trip button 
'Breaker contact position indicator 
Breaker racking position indicator 
Racking in terlock (breaker mL!st be open prior to racking) 
Positive racking stops . 
Padlock hasp- up to three locks (locks brea ker trip-tree and in position) 
Breaker inte ichangeability interlock 
Direct·acting overcurrent trip devices (dual magnetic, dual selective, 

other combinations) 
Automatic trip indicator (overcurrent and un dervoltage trip) 
Primary disconnects-(operal in;:, position only) 
Ground disconnect-(operating and test position only) 
Manual slow close provis ion 
Actua tor to discharge springs 011 withdrawal from switchboa rd 

AOOITIONAl OPTIONAL fEATU RES, (LO. or M.D. except as noted) 
Manual close lever-door closed-E.D. only 
Loca l electrical trip button-ten escutcheon) 
Shunt tr ip with 4-contact auxiliary swit ch (2 spares)* -M.D. only 
Mechanical lockout on automatic trip (reset by indicator) 

-Overcurrent and unde rvoJtage trip 
-Overcurrent alone (special trip undervo!tage) 

Alarm switches-l N.D. and I N.C. (reset by indicator) 
Overcurrent and und ervoltage trip 
-Overcurrent alone (spe cia l trip for undervol tage) 

Auxiliary switches-spares 
-4 Contacts-LO. only 

-8 Contacts, LO. only 
-4,8 or 11 Contacts-M.D. only 

Undervoltage trip device 
-Instantaneous 
- Ti me delay 

Anti-single-phase dev ice 
Operation counter 
Remote electrical· close release ~M.O . only 
Wiring change to charge springs when breaker closes 
Hinged door interfock-door locked wh en breaker closed 
Direct-acting overcurrent trip device alarm switch 
MeChanical transfer interlock- two breakers using flexible 

cable arrangement 
Additi onal secondary disconnects up to 32 maximum 
Secondary disconnects-operati ng and lor te st position only 
Key interlocks-switchboard mOl.nted- 2 maximum 

STANDARD ACCESSORIES, 
Racking crank 
Lifting yoke 
Maintenance spring·charge handle- E.O. only 
Slow-close bracket 

OPTIONAL ACCESSORIES, 
1 ransfer and lift truck 
Overhead sliding hoist-(standard outdoor) 
Floor dolly 

K' 225 
K-600 
K-1600 

X 
No 
No 

No 
No 

X 
X 
X 
X 
X 
X 
X 
X 
No 
X 
X 

(Door Open) 
No 

X 
X 
X 
X 

No 
X 
X 
X 

X 
X 
X 
X 

Opt ion 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X 
X 

No 
X 

No 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
No 

X 
X 
X 

K·3000 

K' 4000 

No 
X 
X 

(Door Closed) 
X 
No 

X 
X 
X 
X 
X 
X 
X 

No 
X 
X 
X 

(Door Closed) 
No 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Std 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X 
X 

No 
X 
X 
No 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
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K-Don-
600 

1600 

X 
No 
No 

No 
X 

X 
X 
X 
X 
X 
X 
X 
X 

No 
X 
X 

(Door Open) 
X 

X 
X 
X 
X 

No 
X 
X 
X 

X 
X 
X 
X 

Option 

X 
X 
X 

X 
X 

X 
X 

X 
(1600 only) 

No 
X 

(
4.onIY-600A) 
4 or 8 only-

1600A 

X 
X 
X 
X 

No 
X 
X 
X 

X 
X 
X 
X 
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BUS & CABLE COMPARTMENTS 
Single-main horizontal bus and vertical risers are located 
as close to front of switchboard as possible, provid in g 
large area for auxiliary equipment and cable m~ keup. 

Vertical mounting of bus provides maximum ventilat ion. 
The top sheet of each frame is removable to facilitate in­
stallation of overhead conduit and cable. Smal l wi ring 
when required is contained neatly ' and safely i r:1 wiring 

troughs. Inserts between compartments prevent abrasion 
of wires . Wide-opening hinged rear door permits easy ac­
cess to cable and bus compartments. No bolts to remove 

or heavy steel panels to lift. 
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Aluminum bus is silver-plated over its entire area an d is 
braced against movement in any direction under all 
possible short -circuit conditions, Bus taps extending 
between vertical risers are insulated with polyester 
glass. All joints are bolted. Pre-slotted mounting mem­
bers permit flexibility to add mounting supports when 
requ ired in the field for incoming cables, etc. 
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I-T-E bushing current transformers utilizing high -perme­
ability, low- loss cores and toroida l windings are em­
ployed in this switchgear. They are small in size and 
high in accuracy. They are slipped over the bus and are 
rigidly mounted and brpced to withstand maximum short 
circuit forces. 
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Terminal blocks for secondary and control wtnng are 
located uniformly in each frame. These termi nations 
are kept at a safe distance from the main buses and 
are readily accessible from the back of the switchboard. 
Vertical stacking of terminal blocks simpl ifies customer's 
connections. Fuses are mounted on a separate acces­
sible panel, 
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LIFTING DEVICE 
For ease of handling K-line circuit breakers, 
a traveling lifting device can be provided. 
This device is supported from the front s'ee­
tion of the assembly and will not affect any 
incoming power or control cables at the rear 
bus section. The hoist can be moved the 
full length of the switchboard and with the 
aid of a lifting yoke. the breaker can be 
lifted from the floor or from the completely 
withdrawn breaker cradle. Lifting power is 
provid~d through a removable hand crank. 
worm·driven mechanism and sturdy flexible 
cable. Although the driving mechanism is 
designed for easy hand operation, the weight 
of the breaker will not allow the load to move 
even when the crank is unattended or re­
moved. 

WEATHERPROOF WALK-IN CONSTRUCTION 

'--__ I 

Weatherproof wa lk-in construction provides al lv.e3ther 
protection when the switchboard must be located out 
of doors. The same arrangement principles are used in 
weatherproof as in standard indoor constructi on, ,nclud­
ing the all ·positions·with·door·closed feature. In addition , 
this construction provides approximately three feet of ais le 
space on the breaker side to protect equipment and per­
sonnel from inclement weather. Also provided are large 
areas at the top and bottom of each frame for cable entry. 
Large working area is provided in the rear compa rtment 
for pulling and connecting cables. 
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OUTGOING SECTION 

ACCESSORIES 
Each factory-a ssembled switch­
board is shipped with circu it 
breaker rac king crank and lifting 
yoke as standard accessories. A 
maintenance handle is included 
on electrically-operated breakers 
only. 

The standard arrangements provided, 

1. Manually-operated lifting device. 
2. Fil te red louvers and screened vents, front and rear. 
3 . Strip heaters to prevent condensation. 
4. Convenience outlets and interior lighting. 
5. Weatherproof gasketing throughout. 

A control - power transformer may be mounted in an 
auxil iary compartment. if required. to furnish power to 
outlets and strip heaters. 
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WEIG~lTS 

TABLE II A - INCOMING HIGH-VOlTAGE SECTION 
PRIMARY DEVICES 

PRIMARY ENTRANCE DEPTH 1-3/C O~ 

HPl-C SW. FRAME INDOOR OUTDOOR 3-1JC 

INCL. SODA SW. 
INeL. TRANSIT FUSES POT-

sa" 68" 58" 68" HEAD 
S!(V Unfused 900 1000 1350 150 
15~V UIIII/sed 1200 1300 18CO 1950 20ll 

SKY Ulllused 1100 1200 1550 150 with SeL SW. 
lSKV Ulliused 1500 2250 200 100 wltll Sel. SW . 

HEIGHTS 
FULL HEIGHT 

" " 70 " so 100 110 AI R TERMINAL 
CHAMBER 5 240 280 290 320 340 

15 280 280 310 340 330 360 
Oi l Fused 

.00 Cutouts 

TABLE 12 - TRANSFOR MER SECTION 
TR;'NSFORMER 

TYPE 

VENTILATED·DRY 

SEALED · DRY 

TABLE 13A- OUTGOI~G LOW·VOLTAGE SECTION 
S'NI1CKGEII.R 

DEPTH 
TYPE FRAME tNDOOR OUTDDD: WIDTH 

Sa:" fi8" is'' 

BREAKER j/.!25 
18 

750 850 1300 
UNITS K-:~( '00 1000 1.:50 

INCL BUS o"\-16ZI 24 1000 1200 1650 DOES NOT 
INCLUDE K-3C!')O :w 1550 1750 2300 
BREAKER j( ~:-J 1600 1800 2350 

1000 
END PANElS PER 

SW6D 
TRAVELIN G 100 

LIFTING PER 
DEVICE SWBD 

l. A. 

35 

" 35 

" 
os ,. 

l~e" 

1420 
!~7D 

IB30 
25J5 
?5S5 
1125 
PER 

<::""'60 

lBS . 

TABLE 11B 
METAL·CLAD SWITCHGEAR 

I I 

5HK-Potential transformer drawout unit with J 
prs-2i6 Ibs. 

15HK-Potential transformer drawout unit with 
3 prs-SIS Ibs. 

5 & 15KV-.$talio nary mounted contro l power 
transformers to 15 KVA-305 Ibs . 

SHK-Drawout fuse unit-I60 Ibs. 
15HK-Orawout fuse I1nit-295 Jbs. 

TABLE 13B - CIRCUIT BREII.KERS 
TYPE Man. 0 u. [tet. Oller. 

,(-225 103 113 
KfiOO 112 1~2 

K-l5CY.l ISS ':5 
K-3000 650 .0 

K·4{)OO 7UO 
K-DON-6QO 158 ., 
K·OO\-I600 296 2:f. 
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TABLE 14, AIR INTERRUPTER SWITCHES (FUSED OR UNFUSED) 

VOLTAGE RATING CURRENT RATI NG I INTERRUPTI NG LIFE ON 
ClOSE·OPEN DUTY CYCLE 

10 Cycl, 4 Sec. Short· , NUI,tBER OF INTERRUPTIONS 
Max. Withstand Con tin. Momentary Time 

Nom. Design 60 Cyct, Impulse Current At Rms Asym. Rrr.s Sym. I ! Power 
KV KV KV KV A KV M KA i<V I F:ctor 20DA 400A 

5.5 19 60 
600 5.5 I 5.5 

I 
1

1000 4.8 
1200 

1000 
61 38 -----i 

17.2 / 13.8 14.5 36 95 
600 

15 
, ,5 

I 0.8 800 400 1200 I I 

POWER FUSE SELECTION I-T-E TYPE CL CURRENT- LI MITING 
TABLE 15A, (50/60 CYCLES) NON-DISCONN~CT TYPE 

FAULT ClDSIIIG WITH 
SPRING OPERATOR 

UNFUSED FUSED 
60DA Rms Asym. KA 

300 Fuse 
40 Inter-

300 
rupting 
Rating 

SYSTEM INTERRUPTING RATING SYSTEM INTERRUPTING RATING 
KV FUSE 

MVA KA KV L·L SYM ASYM 

2.4 150 57.6 2.4 & 4.8 

4.16 216 48.0 2.4 & 4.8 

4.16 216 48.0 4.8 

4.8 250 48.0 2.4 & 4.8 

4.8 250 48.0 4.8 

6.9 335 44.8 7 .2 

TABLE 15B 

SYSTEM 
KV 2.' 4.16 ,.S 
L·L 

TRANSf I MIN 133% MAX I MI. 13l..,., MAX I MIN 
KVA F.l. FU FU FU F.l. FU FU FU F.l. FU 

112.5 27.1 40E 40E , 65E 15.6 15E 15E 40E 13.6 lDE 

115 54.1 80E 80E 115E 31.1 40E 50E 65E 17.1 40E 

300 71.1 lODE lODE 150E 41.6 50E 65E lODE 36.1 50E 

SOD 110 125E 100E 250£ 69.4 80E 100£ 150£ 60 SOl 

750 180 1100E I 150E I,OOE 104 115E 150E lODE 90 lODE 

1000 141 300E 
- 1

300E 139 150E lODE 110A 110 115E 

1500 361 1 - - - 108 110A 300E 300E 180 lODE 

1000 411 - - - 178 300E - 361A 141 150E 

1500 602 - - - 348 - - - 300 361A 

E-NEMA standard fuse 30 C ,iS6 above 40 C avera ge ambien t 
A-50 C rise above 40 C average ambien t 

i(V I _-L 

7.2 

" -~ ... ::> 

12.0 

12.47 

13.2 

13 .8 

6.9 - 7.2 

1Jl~i:o MAX I MIN FU MAX 
FU FU f.L. FU 133 ...... FU 

10E 30E 9.41 15E 15E 15E 

40E 65E IS:J 30E 30E 40E 

50E 80E 15.1 40E 40E SOE 

SOE l2SE 41.3 50£ 6SE 65£ 

.15E l50E 51.8 - - -
,ODE 200E 83.8 - - -

;IOA 300E 116 - -- -

:61A 300E 167 - - -

- 361A 110 - - -

Min imum fuse sizes shown will carry transformer full load continuously and will pass inrush. 
Maximum f use sizes shown wi l l protect transformer from secondary bolted fau lts. 

FUSE 
MVA KA KV 
SYM ASYM 

350 44.8 7.2 

499 40.0 13.8 

520 40.0 13.8 

540 40.0 13.8 

573 40.0 13.8 

600 40.0 13.8 

11.5 -12.41 13.2 - 13.8 

I MIN 133% MAX I MI. 1330k MA 
n. FU FU FU f.L- FU FU fU 

5.65 IDE IDE 15E 4.93 IDE IDE 15E 

11.3 10E 10E 30E 9.85 10E 10E 15E 

15 .1 15E 15E 30E 13.1 10E 10E 30E 

15.1 40E 40E SCE 21.9 30E 30E SOE 

37.7 50E 50E 80E 31.8 ~OE SOE 6SE 

50.1 65E SOE lODE 43.7 SOE 65E 80E 
50E 6SE 

75.3 80E leGE !25E 135.6 SOE lODE 115E 

100 11SA 156A '17.;,.':" 37.5 lODE 115E Il0A 
lODE I 

116 115E 170A !lOA 109 115E 155A 170A 

( 

( 

o 
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METAL-CLAD SWITCHGEAR 

CIRCUIT BREAKER TYPE SNK·7S SNK·lSO SNK·JSO 7.SN K·SOO lSN il·500 lSNK·7S0 

Current Ratings 1200A 1200 & 
(Continuous) 2000A 

Rated MVA.(Sym} 75 250 
Current, Momentary 20000A 60000A 
Current, 4 Sec, 12500A J7500A 
Voltage, Rated KV 4.16 4.16 
Voltage , Max. Design KV 4.76 4.76 
Voltage, Min. at Rated MVA 3.5 185 
I.e. at Rated KV 10500A 35000A 
I.C. at Max. KV 9100A 30100A 
I.C. ,t Min. KV 12500A 37500A 

t 60,000 Amp Momentary Available 

t SD,OOO Amp Momentary Available 

1200. 1200 & 1100 & 
2000 & 2000A 2000A 
3000A 
350 500 500 

80000A 70000A 40000At 
50000A 44000A 25000A 

4.16 7.2 !18 
4.76 8.25 15.0 
4.0 6.6 11.5 

48600A 40000A 21000A 
41400A 35000A 19000A 
50000A 44000A 25000A 

T ,l.8LE 17 . STANDARD TRANSFORMER RATINGS 

1200, 
2000 & 
1500A 

750 
60000Al 
37500A 

13.8 
15.0 
11 .5 

33000A 
29000A 
37500A 

HElIA 
<VA '" SECONDARY SQ~~~ LtveUIt 

TYPE 3Phm 3 PhaS! Primary VOLTAGE Sbndard Self Fl~S 
Self hrted Air Voltage 208Y/12D 48(lY /221 ImJle~ute CD~led Ru:;· 

Cealed Cooled Delta 240 delu 480 delu inr 

112Y2 - X X 4.5 55 -
150 -

l'~ 
X X 4.5 55 -

UQuid- 225 - 4160 X X 4.5 55 -
Immersed 300 - 4800 X X 5.0 55 -

Oil 500 - 6900 X X 5.0 56 -
Askare! 750 862 7200 X X 5.75 58 67 
65 C 1000 1150 12000 X X 5.75 58 67 
Rise 1500 1725 13200 X 5.75 60 67 

2000 2300 13800 X 5.75 61 67 
2500 2875 X 5.75 62 67 

1121f./ - X X 3.0 50 -
150 - { 240Q X X 3.5 50 -
225 - 4160 X X 4.5 55 -
300 - 4800 X X 5.0 55 -

Vent: Dry 
150 C 

1"00 
Rise 500 - 4160 X X 5.0 60 -

750 1000 4800 X X 5.75 64 67 
1000 1333 6900 X X 5.75 64 68 
1500 2000 7200 X 5.75 65 69 
2000 2666 12000 X 5.75 66 71 
2500 3333 13200 X 5.75 68 71 

13800 

300 ) 2400 X X 5.0 57 -
Sealed-Dry 500 4160 X X 5.0 59 -

G" 750 4800 X X 5.75 63 -
Filled 1000 6900 X X 5.75 63 -
150 C 1500 ( 7200 X 5.75 64 -

Rise 2000 12000 X 5.75 65 -
2500 13200 X 5.75 66 -13800 

CIRCUIT BREAKER TYPE SHK 7.5&lSNK 
lSNil·l000 

1200 & 
60 Cycle Withstand 19 KV 36 KV 
S.Ll . 60 KV 95 KV 

3000A Interrupting Time (0-100% Ie) 5 cycles 5 cycles 
Average Closing Time 6.5 cycles 10 cycles 

1000 
80000A 
50000A 

Average Trippin~ Time 1.8 cycles 1.8 cycles 
Spring Charging ime-Max 2 seconds 2 seconds 

13.8 
15.0 
11.5 

43500A 
38500A CONTROL POWER REQUIREMENTS 
50DOOA Closing Coil Tripping Coil Charging Motor 

Voltage Voltage Voltage Avg 
Control Range Current Range Current Range Current 
Voltage Volts Amps Volts Amps Volts Amps 

48 V. D·C 35-50 10.7 28-00 10.7 - -
125 V. D·C 90-130 6.7 70-14 6.7 90-130 7.0 
250 V. D·C 180-260 2.2 140-28 2.2 180-260 3.5 
115 V. A·C 95-125 4.5 95-12 4.5 95-125 11 
230 V. H 190-250 2.3 190-150 2.3 190-250 5.5 

DIELECTRIC TESTS: 

Applied 
Basic Impulse levels Test Induced Test 

Trans· Voltage 60 Cycles (1.5 x 40 Full Wave) 7100 Cycles 
forme r Class All KVA 500 KVA 501 KVA All KVA 
Type (KV) Ratings and below and above Ratings 

1.2 10 kv 30 kv 45 kv Twice 

Liquid· 
2.5 15 kv 45 kv 60 kv normal 
5.0 19 kv 60 kv 75 kv voltage 

Immersed 8.66 26 kv 75 kv 95 kv 
15.0 34 kv 95 kv 110 kv 

ALL KVA RATINGS 

1.2 4 kv 10 kv Twice 
Venti - 2.5 10 kv 20 kv normal 
lated ' 5.0 12 kv 25 kv voltage 
Dry 8.66 19 kv 65 kv 

15.0 31 kv 65 kv 

1.2 10 kv 30 kv Twice 

Sealed- 2.5 15 kv 45 kv normal 

Dry 5.0 19 kv 60 kv voltage 
8.66 26 kv 75 kv 

15.0 . 34 kv 95 kv 

STANDARD TAPS on I·T·E unit substation 
transformers are as follows: 

NORMAL 
VOLTAGE TAPS 

2400 2520 2460 2340 2280 
4160 4360 4260 4055 3950 
4800 5040 4920 4680 4560 
6900 7245 7070 6730 6555 
7200 7560 7380 7020 6840 

12000 12600 12300 11700 11400 
13200 13860 13530 12870 12540 
13800 14400 14100 13500 13200 

/ 
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TAB LE 20 RATINGS- LOW-VOLTAGE POWER CIRCU IT BREAKERS 

I DIRECT-ACTING TRI P DEVICES 
ASYMM ET RICAL SYMMETR ICAL MIN IMUM PICKU P SETTI NG WITH 
INTERRUFT1N C INTERRU PTi NG ASYM · SYM- ASni· SYM· 
RA TI NG WITH RATI NG WITH METRIC t. liMl LICAl MErt:Cll.l METr:JCAl DELAY ED TRIP 

30 30 f A:.:lT fAULT 
CYCLE I;YCLE CUR:;,JlT CURRENT MAXI- TYPE Of 

INSTAN · IHSTAN - SHORT ;HnT 1I:: .T w,m MUI.' INSTAN- M[NI - MAX I· OPERA TI ON 
f RAME TANEO US DELAYED TANEO US DELAYED R1Vt,~c I fi~~1:7G 2·$1::P 2-STEP COIL TAN EO US MUM INTE R MUM (MANUA L 

'"' SIZE TRI P TRIP TRIP TRIP CASCrOE CAS~AOE RATlilC TRIP BAND BAN D BAND OR 
VOLTS AMP ERES AMP ERES AMPERES AMPE RES AMPERES AMPERES "~lPERES AI:'; EllES AMPERES AMPERES AMP EIl ES M.1P ERES AMPERES AMPERES ELECTRICAL) 

115 30,000 15,000 15,000 14,000 15,000 I 14,000 6(,cOO' 50,OGO 115 10 71 71 130 M or E 
108 600 50,000 15,000 41,000 11,000 15,000 :'2,000 10C".00: 85,000 600 130 130 130 100 M or E 
arid 1,600 75,000 50,000 65,000 41,000 SO,OOO ·11.COO 120,;:00 1CO,OOO I 1,600 400 140 140 400 M orE 
140 3,000 100,000 75,000 85,000 65 ,000 75,000 55,000 15C'. ~u }~O.Q20 ?,O~O 1,600 1,600 1,600 1,600 MorE 

4,000 150,000 100,000 130,000 85,000 100,000 ';S.OCJ 1 50.,,~j ~JO,,,,,J .. ,0('0 3,100 3,100 3,100 3,100 M or E 

115 15,000 15,000 11,000 14,000 15,000 I .;,0[;3 5..J,. ~.) ';2,G~0 115 11 71 71 130 M orE 
4 600 35,000 15,000 30,000 22,000 15,000 .2,CSJ 7C,,,UO sO,aoo G~u 70 130 130 100 M orE 
8 l,6CO 60 ,000 50,000 50,000 41,000 50,000 I ,1.e,0 lOe,tOO 85.0CO 11,600 150 140 140 400 MorE 
0 3,000 75,000 75,000 65 ,000 65,000 75,000 ,;5,(.10 100,000 85,000 3,000 1,600 1,600 1,600 1,600 M or E 

4,000 100,000 100,000 85,000 85,000 100,OCO "nc 10~,,03 85,COO 4,000 3,1CO 3,1CO I 3,100 3,100 M or E 
, 

115 15,000 15,000 14,000 14,000 15,00J -1 SJO 32 ;0 15,COO I 215 11 71 72 130 M or E 
6 600 15,000 15,000 11,000 11,000 15,OG, _U-...U 5e :0 42,CJO 600 10 '30 

I 

l30 100 M or E 
0 1,500 50,000 50,000 42 ,000 41,000 50,000 _ COG 100, CO 85,000 1,600 130 140 240 400 M or E 
0 3,000 75,000 75,000 65,000 05,000 75,000 5,000 10C.:00 I 85,CW 1 3,000 1,600 1,600 1,600 1,600 M or E 

4,000 100,000 100,000 85,000 85, 000 100,000 ,5,000 100,C,0 85,000 4,000 3,100 3,100 3,100 3,100 M or E 

Series Coil Ratings; 20, 40, 70, 125, 225, 400, 600, SOO, 1600, 3000 , 4000. For 5000 or 6000 ampere breakers refer to Home Office. 

Recommended maximum continuous current rating of largest feecer breaker in per cent of transformer (self-cooled) rated current, when primary 
power fuses are included is 40% for Current limiting type and 50°'0 for non-current limitin& type . 

.. -. -r , ;:. ..."':' t ~I 

Selection of Breaker Tripping Characteristics 
The degree of service continuity available from a low 
voltage distribution system depends on the degree of 
coordination between circuit - breaker tripping char-
acteristics. . 

Three methods of tripping coordination are in general 
use, each representing a different degree of service con­
tinuity and of initial cost. 

These methods, or systems, combine breaker ratings and 
tripping characteristics as follows: 

Fully,Rated System 
A fully-rated system is one in which both the mein 
and the feeder breakers have adequate interrupting 
capacity for the fault current available at the point 
of application, 

All breakers are equipped with long time delay and 
instantaneous overcurrent trips. Ordinarily only the 
breaker nearest the fault 'will open. The ma in 
breaker will trip, however, when. the fault current 
exceeds its instantaneous trip setting, and service 
continuity may be lost 

Cascade System 
A cascade system is one in which only the ma in 
breaker has adequate interrupting capacity, Feeder 
breakers with inadequate interrupting capacity may 
be used provided the main breaker trips instantane­
ously to protect them when the fault current reaches 
a dangerous level. 

All breakers are equipped with long time delay and 
instantaneous trips, The main (back-up) breaker is 

set to trip instantaneously when t he faUlt current 
through the feeder (backed-up) breaker exceeds 
80% of the feeder breaker interrupting capacity. 

The cascade system offers a minimum initial cost 
when maximum continuity of service is not required. 

Selective System 
A selective system is one in which both the main 

. and feeder breakers have adequate interrupting 
capacity for the fault current available at the point 
of application. 

The main breaker is equipped with long time delay 
and short time delay t rips. The feeder breakers are 
equipped with long t ime delay and instantaneous 
trips unless they are required to be se lective with 
other protective devices nearer the load. In thIS 
case, the feeders -are equ ipped with long t ime delay 
and short time de lay trips. 

In a selective system, on ly the breaker nearest the 
fault trips, Service continuity is thus maintained 
through all other breakers. 

The main breaker trips only on a bus fault. 
The selective system offers a maximum of service 
continuity, with a slightly higher first cost than the 
other systems described. 

Selection of Breaker Type 
These three basic factors determine the selection of a 
breaker after a decision has been reached on the type 
of system required: 

System voltage and frequency 

( 
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Continuous current 
Available fault current 

Use of Application Tables 
Appl ication Ta bles 21A, Band C provide for proper selec­
tion of the c ircui t- breaker type required. They should be 
used as follows, 

Use Table 21A for a fully-rated system 
Use Table 21B for a cascade .system 
Use Table 21C for a selective system 

Having chosen the right table, refer to that part of 
it which covers the system voltage. 

Look for the horizontal line li sting an available 
fault cu rrent nearest the one required at the point 
of appl ication (Jet the nearest one be higher, rather 
than lower than the exact fa ult current needed). 

Then select the circuit-breaker type listed where the 
Available Fault Current line crosses the vertical col­
umn headed with the wording, Continuous Current 
Rating. 

TABLE 21-P. FULLY RATED SYSTEM , 

Note 1. M;:mualJy · charged stored 
ener~ closed circuit breakers may 
be Olpplied within their 600 v, 480 v, 
or 240 II interrupting rating, pro­
vided thei r instantaneous trips are 
set below their short time" ratings. 

Auil .. bl. 
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sv., .... C~".M 
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SEC OND-STEP CASCADE SYSTEM 
(first Step Cascade System-same as fu lly Rated) 

r 

Note 2. Circuit breakers subjected 
to fault currents in excess of their 
interrupting ratings are to be elec­
trically operated and are to be con­
trolled from a position other than 
in front of the breaker to provide 
protection for the operator when 
tne breaker is closing against a 
fault current. 

f\;c.te 3. The manwal~:t - charged 
stcred-energy cto5ed circuit break­
ers with delayed trip may be ap­
plied within their short time· 
ratings. 

A~.ilc>l;l. , ... ;, 
SV.,· ... C .. ,"'", --V.It.,. 31'10." • .. , A~ ••• ~. 

"·"~·"'V sv"' ... ·,,,· .. ! 
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"11·600 BOOO 

25·00C1do .nooo 
15000 

2~ 1. ~'0 "2000 
50·60 C,.I. 600eO 

1$000 
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Up '0 2.0 "OCO 
50.60C,do '5000 

1000eo 
130000 
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22000 
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"20CO 
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"'The short time rating is eQual to the 600 v interrupting ratin g. 

I Co~" .... o ... C ....... , lo,.n, 

" ~ ~ ~ , ~ 0 
~ 3 0 

~ ~ ~ ~ ~ . - , 
" 

I(·n$ 1(·600 

, 1(·600 
1(·1600 

e--- 1(·:25 1(·600 
It·oOO 

"·225 1(·600 
1t·600 

I 1(·600 

SELECTIVE SYSTEM 

I 
~h.', T,m o 

O.'.V 
I .. nol 0 0 0 g 0 0 

0 - " 
, 

I M_,,_ 

M ••• _"~ 
1 M ... .,. 

", 
I "'~~"-, 
.... _"-
M~"_ 

M •. 
M~_",,: .. ,,--

0 § 0 0 0 

~ ~ ~ ~ 

~ 
0 

~ ~ ~ ~ 

1(·1000 
1(·1600 

1(·1600 
1(·\600 

1(.\600 
1(·1600 
1(·1600 
1t·1600 

1(·1600 

I 

~ ~ 
0 

~ 

00 

~ ~~ 

~ . 

0 g 

0 

~ 

I 

§ 

§ 

g , . 

o 
g , 



,. K-225, K-SOO, AND K-1S00 CIRCUIT- BREAKER CONTROL POWER REQUIREMENTS 

Nominal Average Shunt CLOSING RELAY Und~r Voltage Clos ing Circllit Trip Circllit Under Voltage 
Control Closing Motor Trip Current Trip Current Voltage v:;:~~e R~~i:e Voltage Current (amperes) (amperes) Anti rump tlelease (iimperes) Range 

11Sva-c 10 2.3 .15 1.5 .6 95-125 95-125 35-69 
230 v a-c 5 l.l5 .075 .75 .3 190-250' 190-250 69-138 
48 v d·c - 3.14 .15 1.33 .47 36-52 28-60 14-29 

125 v doc 10 1.4 .06 .56 .2 90-130 70-140 38-75 
250 v doc 5 .7 .03 .28 .1 180-260 140-280 75-150 

.- , K-3000 AN D K-4000 CIRCUIT - BREAKER CONTROL POWER REQUIREMENTS 

Nominal Average Shunt CLOSING RELAY Trip Current Closing Circuit Trip Circuit Under Voltage 
Cantrlll Closing Motor Trip Current CURRENT·A MPER ES Under Voltage Voltage Voltage Trip 
Voltage Current (ampe res) (amperes) Anti Pump Release (amperes) Range Range Range 

115 v a-c II 4.5 .15 4.5 .6 95-125 95-125 35-69 
230 v 3-C 5.5 2.25 .075 2.25 .3 190-250 190-250 69-138 
125 v doc 7.0 2.3 .06 2.3 .2 90-130 70-140 38-74 
250 v doc 3.5 l.l5 .03 l.l5 .1 180-260 140-280 75-150 

LI, L,": EXPANDED RANGE DUAL MAGNETIC DIRECT ACUG OVERC UR~ENT TRIP DEVICES FOR K-LiNE CIR CUIT BREAKERS 

I-T-E I-T-E I-T-E I 
Maximum Adjustable Adjustable 

BREAKER Continuous long Time Instantaneou:i 
TYPES Coil Ratings Delay Pickup POin!3 

(amperes) Pickup Points 

I-T-E I-T-E I I-T-E 
Maximum Ad just .. :.. Adjustable 

BREAKER Continuous Long Tir,'. ,j lnstantaneous 
TYPES Coil Ratings Delay F';ckup Points 

(amperes) Pickup Poir: .... 

12 75 15 
K-225 20 18 125 

20 200 
25 300 

250 ! K-60C 400 300 2000 

1350 4000 
K-1600 < 400 6000 

500 

32 

20 150 
K-225 25 250 
K-600 

40 30 400 40 600 50 
40 250 

K-225 50 500 
K-600 70 60 750 70 1100 90 

70 450 
K-225 90 800 
K-600 125 100 1200 125 

160 1900 

, 400 2500 
K-600 600 500 4000 

6QO 6000 
750 9000 
400 2500 500 5000 K-1600 800 '600 7500 800 10000 1000 
800 5000 1000 10000 K-1600 1600 1200 15000 1600 20000 2000 

1600 
130 

K-225 150 750 
225 175 1500 

K-600 200 2400 
K-1600 225 3400 

2000 10000 
2400 20000 

K-3000 3000 3000 30000 
4000 40000 
4800 

285 3200 - 4000 20000 
K-4000 4000 4800 40000 

5600 60000 
6400 

RATINGS- K-OON CIR CUIT BREAKERS 

MAXIMUM MAXIMUM CI RCUIT AMP·TRAP 
C:,~:~IT FRAME VOLTAGE CONTINUOUS INTERRUPTING BREAKER CO NTINUOUS 
E .. ::... .. a SIZE A-C CU RRENT RATING COi l RATING AMPERES AMPERES AMPERES RATI NG AMPERES AMPERES 

- -
_n-600 600 up to 600 600 200,000 20-600 400-2000 

~on-1600 1600 up to 600 1600 200,000 130·1600 400-3000 
'---



o TABLE 25-A_ LOW VOlTAGE POIVER CIRCUIT BREAKER APPLICATION 480 VOlTS 

Maximum 
Trans_ Short 
former Circuit Normal 

Shert·Circuit Minimum FrOlme Size Air Circuit 
Rating KVA load 

Current Total Breaker Recommended 
3.ph KVA Available Continue 

RMS Symmetrical Amperes M' C 
and from ou. I S 

Impedance Primary Current Transformer 100% Main Cascaded Feeder with Feeder with 
Per Cent System Amperes Alone Motor Load Combined Breaker Feeder Instant. Trip Selective Trip 

50,000 2 ,B60 3 .360 / 
100,000 2,920 3,420 

112_5 "- 150,000 135 2,940 500 3,440 K-225 K-225 K-225 K-225 
4.5% 250,000 2,9BO 3,4BO 

500,000 3,000 3,500 

50,000 3,600 4,300 
100,000 3,B60 4,560 

150 150,000 1BO 3,910 700 4 ,610 K-225 K-225 K-225 K-225 
4.5% ... 250,000 3,930 4 ,630 

500,000 3,970 4,670 

50,000 5,460 6,560 
100,000 5,720 6,B20 

225 150,000 271 5,BOO 1100 6,900 K-600 K-225 K-225 K-225 
4.5% ... 250,000 5,900 7,000 

500,000 6,790 7,B90 

50,000 6,4BO 7,BBO 
100,000 6, BOO 8,200 

300 150,000 361 6,960 1400 B,360 K-600 K-225 K-225 K-225 
5.0% 250,000 7,040 B,440 

o 500,000 7,120 B, 520 

50,000 10,000 12,400 
100,000 10,960 13,360 

K-600 500 150,000 601 11,280 2400 13,680 K-1 600 K-225 K-225 
5.0% 250,000 11,600 14,000 

500,000 l1,B40 ll~,240 , 

50,000 12,400 16,000 
100,000 13,B40 17,440 

750 150,000 902 14,4BO 3600 18,OBO K-1600 K-225 K-225 K-600 
5_75% 250,000 14,960 18,560 

500,000 15,360 IB,960 

50,000 15,600 20,400 
100,000 17,920 22,720 

K-225 K-600 K-1600 1000 150,000 1203 IB,BOO 4BOO 23,600 K-1600 
5_75% 250,000 19,600 24,400 

500,000 20,240 25,040 

50,000 20,640 27,B40 K-600 
100,000 24,960 32,160 K-1600 

1500 150,000 I B04 26,800 7200 34,000 K-3000 K-225 K-1 600 K-1600 
5_75% 250,000 2B,4BO 35,6BO K-1600 

500,000 29,840 37,040 K-1600 

50,000 24,720 34,320 K-225 K-1600 1(-1 [,00 
100,000 30,560 40,160 K-GOO K-1GOO K-lGOO 

2000 150,000 2406 34,OBO 9600 43,680 K-3000 K-600 K-1 600 K-3000 
5.75% 250,000 36,720 46,320 K-600 K-1600 K-3000 

500,000 3B,960 48,560 K-600 K-3000 K-3000 

50,000 27,900 39,900 K-225 K-1600 K-1600 
100,000 36,300 4B,300 K-600 K-1600 K-3000 

2500 150,000 3010 40,400 12000 52,400 K-4000 K-600 K-3000 K-3000 
5.75% 250,000 44,500 56,500 K-600 K-3000 K-3000 

500,000 4B,100 62,100 K-600 K-3000 K-3000 

* Th e transformer main secondary breakers are in most cases determined by continuous current instead of fault current. For this reason breakers 
in the M column are usually larger than those listed in the I column. The values listed in the M column allow a breaker continuous rating 
approximately 25% above the transf()rmer self-cooled fu ll load current. If the transformer has a fan cooled rating a main secondary breaker 
larger than indicated by column M may be required. 

... Short·ci rcuit currents are calculated with impedances shown applying to liquid immersed transformers only . 
Refer to Table 17 for ventilated dry type impedances. 



240 VOlTS 
( 

TABLE 25-B_ 

Maximum 

I Trans - Short 
former Circuit Normal I Minimum Fr;:.me Size .... it Circuit Short·Ci:.,;u:t Rating "VA Load 

C urren~ -.. ):.;.11 I E:reakcr Rec~mrr.;,;r:C:cd 
3-ph KVA AVailable Continuo 

RMS Symmetric.; Amlleres I ,nd from 'us •• 1" C I S 

Impedance Primary Current Transformer 100% I :.~t!i.1 CasC:lded Fc~C::.;r \",'jth Feeder w ith 
Per Cent System Amperes Alone Motor LOJd Com !J n;;:J , 8rc:::;er t=ceder I In~~:..;",t . Trip Selective Trip 

50,000 4,800 5, ;JO 
100,000 5,840 6, S·~-J 

112.5 ... 150,000 271 5,920 1100 7, J20 K-600 K-225 K-225 K-225 
4.5% 250,000 5, 960 7,eGO 

500,000 6,010 I 7, 110 I 
50,000 7,520 

I 

8,£20 
100,000 7,740 9,140 

150 150,000 361 7, 840 1400 9. 240 K-600 K-225 K-225 K-225 
4.5% A 250,000 7,880 9,230 

500,000 7,960 I 9,3,,0 

50,000 11,120 13,320 

225 
100,000 11,640 13,840 
150,000 541 1l,840 2200 14,040 K-600 K-225 K-225 K-600 

4.5% .4 250,000 12,020 14,220 
500,000 12,160 14,360 ( 

50,000 12,880 15,730 
100,000 13,600 16,500 

300 150,000 722 13,920 2900 16,820 K-1600 K-225 K-225 K-600 
5.0% 250,000 14,080 16,980 

500,000 14,320 17,220 

34 

50,000 20,080 24,880 
100,000 21,840 26,640 

500 150,000 1203 22,560 4800 27 ,360 K-1600 K-225 K-6CO K-1600 
5.0% 250,000 23,120 27,920 

500,000 23,600 28,400 

50,000 24,960 32, 160 
100,000 27,760 34,960 

750 150,000 1804 28 ,880 7200 36,080 K-3000 K-225 K-600 K-1600 
5.75% 250,000 29,920 37, 120 

500,000 30,640 37,840 

50,000 31,120 40,720 K-225 
100,000 35,680 45,280 K-225 

1000 150,000 2406 37,520 9600 47,120 K-3000 K-225 K-1600 K-3000 
5.75% 250,000 39,120 48,720 K-600 

500,000 41,360 50,960 K-600 

.. Tnc transformer main secondary breakers are in most cases determined by cor.tinuous current instead of fault current. For this reason breakers 
in the M column are usually larger than those listed in the I column. The va]ues listed in the M column allow a breake r continuous rating 
approximately 25% above the transformer self-cooled full load current. If the transformer has a filn cooled rating a main secondary breaker 
lar,zer tha n indicated by column M may be required. 

- Short-circuit currents are calculated with impedances sh own applying to liquid immersed transformers only. 
Refer to Table 17 for ventilated dry type impedances_ 
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o 208 VOlTS 

TABLE 2S·C. 

Maximum 
Trans- Short 
form er Ci rcuit Normal Minimum Frame Size Air Circuit 
R3ting KVA Load Sh ... r. ·C:rcuit 

Breaker Recommended 
3-ph KVA AV:1ilJblc Continu o Currt;llt Total 

,nd from ou, RMS Symmc.ricar..c..mp{:,,"s 
I M- e I S 

Impedance 
- ----, 

Prim.:lry Current Tra nsformer :;;:.;0::" ,~~:li,. Cascaded Feeder with Feeder with 
Per Cent S)'st.:m Amperes Alone Mo:o , Load Cc:-nt .. :c:! I Z;e::::kct I Feeder Instant. Trip Selective Trip 

50,('h:l) 6,580 7,:: 30 
100,000 6,740 7,: '0 I 

112.5 ... 150,000 312 6,820 ~ 1,) 7/?O I K,600 K·225 K·225 K·225 
4.5% 250,000 6,880 "// dO 

500,000 6,920 /,~20 I 
50,000 7,520 I d,220 

100,000 7,720 
I 

o,520 , 

150 150,000 416 7,760 tClO 8,550 K·600 K·225 K·225 

I 
K·225 

4.5% A 250,000 7,880 3,680 
500,000 8,000 3,SUO 

o 
50,000 12,640 

, 
.3,8c,0 

225 ... 
100,000 13,120 14,320 
150,000 625 13,360 1230 1-+,550 K·1600 K·225 K·225 K·600 

4.5% 250,000 13,600 148JO 
500,000 13,760 :,<960 

50,000 14,880 16,580 
100,000 15,680 17,380 

300 150,000 834 16,000 1700 17,700 K·1600 K·225 K·225 K·600 
5.0% 250,000 16,240 ,7,940 

500,000 16,400 18,100 

50,000 23,120 25,920 
100,000 25,200 28,000 

500 150,000 1388 26,000 2800 28,800 K·1600 K·225 K·600 K·1600 
5.0% 250,000 26,640 29,440 3 

500,000 27,200 30,000 

50,000 28,640 32,840 
100,000 32,000 36,200 

750 150,000 2080 33,360 4280 37,560 K·3000 K·225 K·600 K·1600 
5.75% 250,000 34,400 38,600 

500,000 35,280 39,4BO 

50,000 35,840 41 ,440 K·225 
100,000 41,120 46,720 K·225 

1000 150,000 2780 43,360 5600 48,960 K·4000 K·600 K·1600 K·3000 
5.75% 250,000 45,200 50,800 K·600 

500,000 46,720 52,320 K·600 

* The transformer main secondary breake rs are in most cases de~ermined by continuous current inste2d of fa:.Jl t current. For this reason breakers 
in the M column arc usually larger than those listed in tne I column. The values listed in the M colul':ln n!!ow a breaker continuou s rating 
approximately 25% above the transformer se lf·cooled full loa d current. If th e transformer has a fan cooled rating a main secondary brc<lker 
larger than indica ted by column M may be required. 

" Short· circuit currents are calculated with impedances shown applying to liquid immersed transformers only. 
Refer to Tab le 17 fer ventilated dry type impedances. 
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GUIDE SPECIF CATIONS FOR SECONDARV U IT SUBSTATIONS 
NOTE: 

• 
• 
• 
SCOPE 

These specificat ions cover a complete 
secondary unit substation from the incoming line ter­
minals to the outgoing feeder terminals. 

SECTIONS 

The substation will have the following sect ions; 
1. Incoming line section with incoming primary 

circuit 
2. Transforming section consisting of transfer· 

m" 
3. Outgoing section which will provide for out-

going feeders provided with low-voltage power circu it 
breaker 

GENERAL ARRANGEMENT 
The accompany ing sketch No. indicates 
orientation of equipment only, not construction detail s. 

RATINGS 

The rat ings of the substation will be: 
Self-Cooled rating 
Fan-Cooled rating 
Frequency .... . 
Number of Phases 

incoming 
outgoing 

-wire circuit 
-wire circuit 

INCOMING LINE SECTION 

Air Interrupter Switch 

k" 
~a 

60 cycles 

3 
k' 
volts 

This section shall consist of a floor-mounted, forrnoJd 
we lded meta l enclosure 

to the transformer sec-

tidn and equipped with: 

, , 

size cable to enter from 

terminate in 

and 

' . 
'. 

Liquid Switch 

size cable to enter from 
terminate in 
Pothead to be provided with 

and 
pothead 

fitting for cab les 

with the following specifications: KV size, 
insulation, 0.0. over insulation, 

0.0. conductor, 0.0. overall. 

Oil Fuse Cutouts 

This section shall consist of 3·gang -operated oil fuse 
cutouts , mounted in an air~fil1ed term inal chamber di. 
rectly connected to the transformer tank wall. Cutouts 
are to be 2'position and rated amperes con-
tinuous at kv. 

size cable to enter from 
terminate in 

Air Terminal Chamber 

and 

This section shall consist of a full-height air terminal 
chamber directly connected to the high.voltage side of 
the transformer. It shall be rated KV. 

size cable to enter from 
terminate in 

Metal-Clad Switchgear 

1 - Metal-clad switchgear unit. 
1 - kv air circuit breaker, 

and 

amp, 3-pole, electrically-operated stored -energy. 
1 - Set of insulated main bus, amp. 
3 - Current transformers, -5 ratio. 
3 - Overcurrent relays, instantaneous and time over­

current. 
1 - Breaker control switch with red and green indi­

cating lights. 
1 - Ammeter, 0- scale. 
1 - Ammeter transfer switch. 

size cable to enter from and 
terminate in clamp -type lugs per phase or 

pothead Pothead 
to be provided with fitting for cables with the 
fOllowing specifications: KV size, in· 
sulation, 0.0. over insulati on, 0.0. 
conductor, 0.0. overal l. 

TRANSFORMER SECTION 

Ventilated -D ry Typ e-
Transformer shall be a ventilated - dry type, metal-en­
closed indoor construction, 3-phase, 60 cycles, 

exceed 
Rated 

with a temperature rating not to 
a 150 C rise above 30 C average ambient. 

KVA, with a delta primary of KV 
and a secondary of volts 
Provide four (4) approximately 2112% full capacity taps 
in the high-vol tage wind ing. two above and two below 
normal, brought out through studs, complete with bolted 
flexible links for deenergized tap-changing operation. 
made accessible through a removable panel on the 
transformer enclosure. 
Transformer base construction to be of the fabricated 
type and suitable for using rollers or skidding in any 
direction. 

( 
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Transformer to be factory tested as prescribed by ASA 
and NEMA Standards. All NEMA standards accessories 
are to be provided. 

Gas·Fi lied Sealed -Dry Typ e-AA 

Transformer shall be sealed·dry type, gas·filled, 3·phjlse, 
60 cycles, self·cooled, wIth a temperature rating not to 
exceed a 150 C nse above a 30 C average ambient. 

Rated KVA, with a delta pr imary of 
KV and a secondary of volts 

Provide four (4) approximately 2if2% full capacity taps 
in the high-voltage winding, two above and two below 
normal, brought out to an externally- operated , deener· 
gized tap changer. Tap changer cover to be capable of 
being bofted in any tap position. 

Transformer base construction to be of the fabricated 
type and suitable for using roilers or skidding in any 
direction. 

Transformer to be factory tested as prescribed by ASA 
and NEMA Standards. All NEMA standard accessories 
are to be provided. 

l iquid - Immersed Types (0:1) (t.<:\J~~~ , .... 

Transformer shall be ,c ~' insulated, 3·pha se, 
60 cycles, .~ 1 with a temperature 
rating not to exceed a 65 C rise above 30 C average 
ambient. 
Rated KVA. with delta primary of KV 
and a secondary of volts Pro­
vide four (4) approximately 21f2% full capacity taps in 
the high-voltage winding, two above and two below nor· 
mal, brought out to an externally-operated, deenergized 
tap changer. Tap changer handle to be capable of being 
locked in any tap position. 
Transformer base construction to be of the fabricated 
type and suitable for using roliers or Skidding in any 
direction. 

", 

OUTGOING SECTION 
This section shall consist of one metal-enclosed 

switchgear assembly, drawout type, rated 600 v 
a< and arranged for volt service on a 
volt 3 -phase -wi re sys-
tem. It shall be designed. factory assembled and tested 
in accordance with the latest applicable AlEE, NEMA 
and ASA standards. 

SWITCHBOARD 
Switchboard shall consist of sufficient vertical frames 
to house the number of ci rcuits specified below, with a 
minimum number of empty spaces remaining. Each 
individual frame shall be divided into a f ront breaker 

section and a rear bus section isolated by steel panels. 
In addition , each circuit-breaker compartment shall be 
completely isolated from adjacent compartment by steel 
panels. 

Switchboard shali be of the walk-in weatherproof type 
with gasketing tnroughout. Sufficient filtered louvers 
and screened vents shall be provided to afford adequate 
ventilat ion. Suff:cient strip heaters shall also be in· 
cluded to prevent condensation. Interior lighting and 
convenience outlets shall be furnished in ·the aisle 
space. A manually-operated lifting device running the 
fu ll length of the walk-in aisle shall be provided for easy 
handling of breakers. Suitable undercoating shall be 
applied to prevent corrosion. Finish shall be dark gray 
baked synthetic enamel . 

BUS 
A single·main bus shall extend through all frames of the 
switchboard, with interconnections to the circuit break. 
ers in each individual frame. The bus shall be com. 
pletely silver.plated aluminum and of the same current 
rating as the main Circuit breaker or the power source. 
It shall be braced to withstand stresses resulting from 
the maximum short-circuit current available, minimum 
braCing to be 42,000 amp symmetrical. 
DISCONNECTING DEVICES & DRAWOUT MECHANISM 
The breakers shall be of the drawout type, provided with 
self-aligning disconnecting devices, with the disconnect­
ing fingers mounted on the breaker for ease of mainte· 
nance. The drawout mechanism shall hold the circuit 
breaker rigidly in the fully connected, test and fully dis· 
connected positions. Int~rJocks shall be provided that 
will prevent moving the circuit breaker from the fully 
connected, test or fully disconnected positions, unless 
the breaker is open. Interlocks shall prevent closing the 
breaker between any of these positions. Provision shall 
be made for padlocking the breaker open and in any of 
tne positions noted above. 
CIRCUIT BREAKERS 
Air circuit breakers shall be pole. each pole 
equipped with a direct-acting dual - magnetic overcur­
rent tripping device providing adjustable overcurrent and 
instantaneous short - circuit protectIon. All 

operated ·breakers shall be equipped with 
charged stored-energy closing mechan· 

Ism to provide Quick·make operation. 
The drawout mechanism shall ba designed so that the 
breaker can be racked to any position without opening 
tne door, for maximum protection to operating person· 
nel. 
A hasp on the breaker escutcheon sh;;;11 be provided that 
can receive up to three padlocks when the breaker is in 
the open position, positively preventing unauthorized 
closing or racking of the breaker. A manual t rip button 
and externa l breaker position indicator shall be provided. 
The FOllowing Equipment Shall Be Supplied: 

main secondary breaker amp maxi-
mum continuous current, 
pacityat vac 

tie breaker 
tinuous current, 

vao 
feeder breaker 

(muous current, 
v.c 
feeder breaker 

tinuous current, 
vac 

amp 

amp interrupting ca -
operated. 

amp maximum con· 
interrupting capacity at 

operated. 
amp maximum can · 

amp interrupting capacity at 
operated. 

amp maximum con · 
amp interrupting capacity at 

operated. 
space for future breaker maxi-

mum continuous current, ::Imp interrupting ca · 
pacityat vac operated . 

control - power transformer for electrically 
ope rated breaker '. 
Transformer Secondary Meterina: 

" 

Feeder Metering 

.. 

,. 
" , I' ,t 




