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Application

Westinghouse Porcel-line type DHP metal-
clad switchgear with remavable circuit
breakers provides centralized control and
protection for generators, moters, trans-
formers, capacitors, and all types of feeder
circuits. It is available in ratings of 4.16,
7.2 and 13.8 Kv with maximum interrupting
capacities of 350 MVA, 500 MVA and
1000 MVA, respectively. It is available with
air magnetic or vacuum circuit breakers for
both indoor and outdoor applications.

Typical Applications

Electric utility systems, industrial plants,
commercial buildings, municipal pumping
stations, transportation systems, pipe line
stations, unit substations.
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Metal-Enclosed Group Phase
(Non-Segregated Phase)

Medium Voltage Bus, Indoor or Qutdoor
Service

Group Phase Bus Run
Meets ANSI standard for metal-enclosed
non-segregated phase bus run with insu-
lated bus conductor and connections.
Nominal Voltage Class

4.16 Kv 13.8 Kv
Rated Maximum Voltage

4.76 Kv 15 Kv
Kv BIL
60 o

Rated Continuous Current Amperes
1200, 2000, 3000, 4000, 5000
Conductor Material
Aluminum
Copper conductor available
Bus Supports
Glass Polyester
Porcelain bus supports available
Temperature Rise Above 40° Ambient
65°C
Momentary, 10 cycle
58 Ka rms Asym.
78 Ka momentary available to match
rating of attached equipment.

Application

Bus runs are designed for use on circuits
whose importance requires greater relia-
bility than power cables provide. Typical of
such applications are the connections from
metal clad switchgear to transformers, gen-
erators and tie connections to other switch-
gear assemblies.

The length of bus run sections are eight
feet or less. Standard provisions for sup-
porting bus runs are:

Type Support

Service. Approx. Spacing
Indoor Hanging Rod 4 Ft.
Outdoor Support Frame 8 Ft.

Hangers or supports are not supplied with
the bus run.

Where required, wall flange and vapor bar-
riers for indoor to outdoor bus runs and
expansion joints in all straight bus runs at
approximately 50 foot intervals are pro-
vided.

Refer to page 17 for information on space
heaters for bus runs.

Termination

Bus run terminations are available for most
requirements. Bus run termination can be
flexible shunts, potheads, cable lugs, porce-
lain bushings or bar extension.

The connected equipment termination must
be bus bar or spade type bushings. If con-
nected equipment has stud type bushings,
they must be furnished with spade type
connectors.

When ordering bus run, furnish:

1. ldentification of equipment to be con-
nected by bus run. If of Westinghouse
manufacture give reference to G.0. and
S.0. numbers. For other manufacture,
furnish outline drawing complete with
flange and termination details.

2. Plan view drawing or sketch giving
locating dimensions or clearance dimen-
sions where required. Indicate elevation
of equipment bases or include side view
with locating dimensions.

3. When applicable, furnish system single
line or three line drawing with angular
displacement and connection.

Approximate Weight & Dimension in Inches

32-262 AWEA
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Guide Specification

1—Set (indoor-outdoor) metal-enclosed
group phase bus with insulated
(aluminum-copper) conductor for
( ) Kv, 3 phase, 60 hertz service to
connect metal-clad switchgear unit ( )to
(Identify connected equipment)

Bus run to include:
( )—Feet ( ) ampere bus

( )—{ ) A elbows
(}—1{ ) Atees
1—( ) A termination to switchgear

1—( ) A termination to (transformer-
generator-switchgear)

Optional Items

1—Set uninsulated ground bus

1—Set { ) ampere insulated neutral bus

1—Set (230-115) ac space heaters

1—Thermostat for above

1—Set bolted disconnect links for
(describe purpose and location)

Bus Run 3 Phase, 3 Wire 3 Phase, 4 Wire

Ampere Wt. (lbs) with Insulated Neutral
Rating per ft. Fig. A B [of A B C
Aluminum Conductor - S

1200 55 1 20 15.38 7.12 26 15.38 7.12
2000 65 1 20 17.38 8.12 26 17.38 8.12
3000 95 2 35.75 15.38 7.12 35.75 19 7.12
4000 105 2 35.75 17.38 8.12 35.75 19 8.12
Copper Conductor

1200 65 1 20 15.38 7.12 26 15.38 7.12
2000 85 1 20 17.38 712 26 17.38 7.12
3000 100 1 20 17.38 712 26 17.38 7.12
4000 150 2 35.75 17.38 8.12 356.75 19 8.12
5000 170 2 35.75 17.38 8.12 35.75 21 8.12
Notes:

1. Heaters and ventilators for outdoor bus runs and indoor as required by customer conditions.

2. Hanger rods to be 34" diameter rods located 24" from each end of each bus length.

3. Position for uninsulated ground bus, if required.

4. Position for insulated neutral bus, if required.

5. Removable covers on the bottom are standard for indoor and outdoor bus. For covers on top

(available indoor only) dimensions A and B increase approximately .25 inch and dimension C

increases 1.38.
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Type DHP Porcel-line® Metal-Clad Switchgear
Type 50 DHP 250 or 50 DHP 75

Aisle-Less

ar

36.38

g

&

i

1200 or 2000
Ampere
Breaker

g Breaker Unit (3)

Auxiliary Unit (3)

Shelter for-M

I i A

S

-‘.Ll.Akv..; )=

Approximate Weight and Dimensions in Inches

Ampere Wt. (Lbs.) Width Depth Height Aisle

Rating Unit Less of Minimum
Breaker Unit

Indoor

Aux. 2200 26 62 90.38 36

1200 1600 ®

2000 1800 ®

Outdoor Aisle-Less

End Panel 300 1.5

Aux. 2550 26 82.62 107 59

1200 1950 ®

2000 2150

Outdoor Shelterfor-M

End Panel 900 15

Aux., 2750 26 151.5 111.75 73.5

1200 2150 ®

2000 2350

Outdoor Common Aisle Shelterfor-M

End Panel 1200 1.5

Aux. 5200 26 228 111.75 72

1200 4000

2000 4400 ®

Ampere Wt. (Lbs.) Type Circuit Breaker

Rating Breaker

1200 600 50 DHP 75

1200 800 50 DHP 250

2000

1200 800 H 50 DHP 250

2000

(@ Foundation supports for Indoor Switchgear supplied by purchaser, steel channel
recommended.

@ Opening for main cables.

@ Opening for secondary conduits, 2 inch maximum.

@ Customers terminal blocks.

® For full height instrument panel on all units add 8 inches.

® Indoor add 8 inch extra depth line compt. where required.
Outdoor add 12 inch extra depth line compt. where required.

@ Optional PT location, access door front.

® Front accessible CT location.

® CT location.

@ Side view unit same as indoor except space for two sets potheads.

@ Tie down clips supplied for purchasers foundation bolts.

Common Aisle Shelter for-M

L
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Type DHP Porcel-line® Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 50 DHP 350 Ampere Wt. (Lbs.) Width Depth Height Aisle
. " — ’ Rating Unit Less of Minimum
Breaker Unit
Indoor
Aux. 2200 26 70 90.38 46
1200 1600 ®
2000 1800 ®
3000 2400 36
QOutdoor Aisle-Less
End Panel 300 15 90.62 107 68
Aux. 2550 26 ®
1200 1950
2000 2150
3000 2800 36 80
Qutdoor Shelterfor-M
End Panel 900 15
Aux. 2750 26 159.9 111.75 735
1200 2150 ®
2000 2350
1200 or 3000 3100 36
2000 f
Ampere ™ Outdoor Common Aisle Shelterfor-M
Braaker i End Panel 1200 15
-1 Aux. 5200 26 244 111.75 72
b 1200 4000 ®
i 2000 4400
ot} 3000 5800 36
‘.Tl
H Ampere Wt. (Lbs.) Type Circuit Breaker
! Rating Breaker
1200 900 50 DHP 350
2000
3000 1500

(@ Foundation supports for Indoor Switchgear supplied by purchaser, steel channel
recommended.

@ Opening for main cables.

@ Opening for secondary conduits, 2 inch maximum.

@ Customers, terminal blocks.

(® For full height instrument panel on all units add 8 inches.

i )
%, Breaker Unit @ ] @ Indoor add 8 inch extra depth line compt. where required.
Outdoor add 12 inch extra depth line compt. where required.
Auxiliary Unit @ @ Optional PT location when main cables exit bottom, access door rear.
@ Front accessible CT location 1200/2000A breakers.
@ CT location.

@ Side view unit same as indoor except space for two sets potheads.
@ Tie down clips supplied for purchasers foundation bolts.

Aisle-Less Shelter for-M Common Aisle Shelter for-M

L.
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Type DHP Porcel-line® Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 150 DHP 500 or 75 DHP 500 Ampere W, (Lbs.) Width Depth Height Aisle
oy = o 3 Rating Unit Less of Minimum
. - Breaker Unit
Indoor
Aux. 2800 36 78 90.38 49
1200 2000 ®
2000 2200 ®
3000 2400
Outdoor Aisle-Less
End Panel 300 1.5
Aux, 3200 36 100.62 107 80
1200 2400 ®
2000 2600
3000 2800
Outdoor Shelterfor-M
End Panel 900 1.5
Aux. 3500 36 169.5 111,76 73.5
1200 2700 ®
2000 2900
1200 or : 3000 3100
0
ggooo or Outdoor Common Aisle Shelterfor-M
Smn;rﬂ . End Panel 1200 1.5
thsmd ; : Aux. 6600 36 264 111.75 72
1200 5000 ®
2000 5400
3000 5800
Ampere Wt. (Lbs.) Type Circuit Breaker
Rating Breaker
1200 1400 75 DHP 500
2000 150 DHP 500
3000 1500 H 150 DHP 500

@ Foundation supports for Indoor Switchgear supplied by purchaser, steel channel
recommended.

@ Opening for main cables.

@ Opening for secondary conduits, 2 inch maximum.

@ Customers terminal blocks.

® For full height instrument panel on all units add 8 inches.

® Indoor add 10 inch extra depth line compt. where required.
Outdoor add 12 inch extra depth line compt, where required.

o (@ Optional PT location when main cables exit bottom, access door rear.

Xili i B Lo ® Front accessible CT location.

Auxiliary Unit @ . - ® CT location.

@ Side view unit same as indoor except space for two sets potheads.

@ Tie down clips supplied for purchasers foundation bolts.

Yy Breaker unit (3

Aisle-Less Shelter for-M Common Aisle Shelter for-M
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Type DHP Porcel-line®@ Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 150 DHP 750 or 150 DHP 1000 Ampere Wit. (Lbs.) Width Depth Height Aisle
; > Rating Unit Less of Minimum
Breaker Unit
Indoor
Aux, 2800 36 94 90.38 55
1200 2000 ®
2000 2200 ®
3000 2400
Outdoor Aisle-Less
End Panel 300 1.5
Aux. 3200 36 108.62 107 85
1200 2400 ®
2000 2600
3000 2800
Outdoor Shelterfor-M
End Panel 900 1.5
Aux. 3500 36 185.5 111.75 815
1200 2700 ®
2000 2900
1200 or 3000 3100
gggg or Qutdoor Common Aisle Shelterfor-M
Ampere f End Panel 1200 15
Breaker Aux. 6600 36 288 111.75 80
- 1200 5000 ®
2000 5400
3000 5800
Ampere Wt. (Lbs.) Type Circuit Breaker
Rating Breaker
1200 2200 150 DHP 750
2000 H 150 DHP 750
3000 2300
1200 2350 150 DHP 1000
2000
3000 2450
@ Foundation supports for Indoor Switchgear supplied by purchaser, steel channel
i . : recommended.
g Breaker Unit @ @ Opening for main cables.
: (@ Opening for secondary conduits, 2 inch maximum.
P @ Customers terminal blocks.
Auxiliary Unit @ : ® Full height instrument panel on all units.

® Indoor add 10 inch extra depth line compt. where required.

Outdoor add 12 inch extra depth line compt. where required.
@ Optional PT location when main cables exit bottom, access door rear.
@® Front accessible CT location.
® CT location.
@ Side view unit same as indoor except space for two sets potheads.
@Tie down clips supplied for purchasers foundation bolts.

Aisle-Less Shelter for-M Common Aisle Shelter for-M

11

el 75.25 —ele26.1 2-]
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Vacuum Porcel-line® Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 150 DVP 500 or 150 DVP 750 Ampere Wt. (Lbs.) Width Depth Height Aisle
g Rating Unit Less of Minimum
Breaker Unit
Indoor
Aux. 2800 36 78 90.38 49
1200 2000 ®
2000 2200 ®
QOutdoor Aisle-Less
End Panel 300 1.5
Aux, 3200 36 100.62 107 80
1200 2400 ®
2000 2600
[ ® Outdoor Shelterfor-M
End Panel 900 1.5
28 Aux. 3500 36 169.5 111.75 735
28.75 1200 2700 ®
i @ 2000 2900
r QOutdoor Common Aisle Shelterfor-M
End Panel 1200 1.5
1200 or Aux, 6600 36 264 111.75 72
s 2000 1200 5000 ®
Ampere P | 2000 5400
Breaker [ e
1 i'"l [an Ampere W1, (Lbs.) Type Circuit Breaker
N Rating Breaker
[ I
bd |bed 1200 900 150 DVP 500
4 ," Vi 2000
> 1|7
! H 1200 950 150 DVP 750
; . 2000
= (@D Foundation supports for Indoor Switchgear supplied by purchaser, steel channel
recommended.
@ Opening for main cables.
@ Opening for secondary conduits, 2 inch maximum.
@ Customers terminal blocks.
® For full heightinstrument panel on all units add 8 inches.
® Indoor add 10 inch extra depth line compt. where required.
Outdoor add 12 inch extra depth line compt. where required.
@ Optional PT location when main cables exit bottom, access door rear.
i @ ® Front accessible CT location.
iy Breaker Unit @ ® CT location.
@ Side view unit same as indoor except space for two sets potheads.
. @ Tie down clips supplied for purchasers foundation bolts.
Auxiliary Unit (3)
Aisle-Less Shelter for-M Common Aisle Shelter for-M

le— 67.26—ofa26.1 z-l o 77.25—<h—67.25 —4o26.12-l l-zs.12-|-— 67.25 —ela— 77.25 — ol 67.25 ——ere26.1 2-‘|
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Type DHP Porcel-line® Metal-Clad
Switchgear with Type 150 FSP
Load Interrupter Switch

Application

The 150 FSP load interrupter switch with
current limiting fuses is applied in 500, 750
or 1000 Mva class switchgear for protection
of transformer loads where economics does
not require circuit breaker protection. The
ratings listed are for the unfused switch
which may bé applied only with 37 Ka or

58 Ka close and latch capability switch-
gear. Refer to Application Data 36-661

A WE A High Voltage current limiting power
fuses for fuse application.

Current Limiting Fuses

Inter-
rupting

Rating

Service Rating Type rms Sym.

13.8 Kv  30E, 40E, 50E, 66E CLE-1 85 Ka
80E, 100E, 125X CLE-2 85 Ka

160E, 175/200X CLT-2 50 Ka

6.9 Kv 30E to 125E CLE-1 50 Ka
150E, 200E CLE-2 40 Ka

Approximate Weight & Dimension in Inches

Type 150FSP

32-262 AWEA
Application Data
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Ratings
Nominal Voltage Class 13.8 Kv
Rated Maximum Voltage 15 Kv

Rated Continuous Current at 60 Hz 1200 A

Load Break Rating 600 A
No. of Load Break Operations
600 Ampere 80% P.F. 100

1200 Ampere 80% P.F. 10
Magnetizing Current Break Yes
Momentary 10 Cycle 61 Ka rms Asym.
3-Second Short-time

Carrying Capability
Fault Closing Capability

38 Ka rms Sym.
61 Ka rms Asym.

Operating Mechanism

The standard manual operating mechanism
is quick-make, quick-break. Optional stored
energy manually operated mechanism and
optional stored energy electrically operated
mechanisms are also available.

In Lineup With

Type 150DHP500 or 75DHP500 Type 150DHP750

150DVP500 or 150DVP750

or 150DHP1000

28
J_ @I: 28.75
1200A
5 150 FSP -
Fused | M
L HHRC
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[
Eaf
[l i
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. ]
1 Pl
D 28.75
o 11 S
" 1200A
150 FSP
> Fused v 13 1 |
P G
2 N fau]
il
N
1 (b
ooy
> 1
L 1 T ’
. Switch Unit (3)

P Mt e o E o
—

Ampere Wt. (Lbs.) Width Depth Height Aisle Depth Height Aisle
Rating Unit Less of @ Minimum Minimum
Switch Unit
Indoor Figure 1 Figure 2
1200 2000 36 78 90.38 55 94 90.38 55
® ®
®
Outdoor Aisle-Less
End Panel 300 36 100.62 107 90 108.62 107 90
1200 2400 1.5 ® ®
Outdoor Shelterfor-M
End Panel 900 36 177.5 111.75 81.5 185.5 111.75 81.5
1200 2700 1.5 ® @®
Qutdoor Comman Aisle Shelterfor-M
End Panel 1200 1.5 272 111.75 80 288 111.75 80
1200 5000 36 ® ®
Ampere Wit. Type
Rating (Ibs.) Switch
1200 1050 150FSP

@ Foundation supports for Indoor Switchgear supplied by purchaser, steel channel recommended.

@ Opening for main cables.

@ Opening for secondary conduits, 2 inch maximum.

@ Customers terminal blocks.

® 150FSP with 500 MVA units, add 8 inches to depth of all units where switch must have both

disconnect and operating positions.

® Indoor add 10 inch extra depth line compt. where required.
Qutdoor add 12 inch extra depth line compt. where required.
@ Optional PT location when main cables exit bottom, access door rear.

@® Front accessible CT location.
@® CT location.

@ 150FSP unit depth determines depth of switchgear lineup. Side view outdoor same as indoor

except space for two sets of potheads.
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Grounding and Testing Devices

A grounding and testing device is a drawout
element that may be inserted into a metal-
clad switchgear housing in place of a cir-
cuit breaker to provide access to the pri-
mary circuits to permit the temporary con-
nection of grounds or testing equipment to
the high voltage circuits. High potential
testing of cable or phase checking of cir-
cuits are typical tests which may be per-
formed. The devices are insulated to suit
the voltage rating of the switchgear and will
carry required levels of short circuit current.
Before using grounding and testing devices
it is recommended that each customer de-
velop detailed operating procedures con-
sistent with safe operating practices. Only
qualified personnel should be authorized to
use grounding and testing devices.

Manual Device: The manual grounding and
testing device includes six bushings for
connection to primary circuits and a ground
bar for connection to the switchgear ground
bus. All circuit elements are separated from
each other by insulating barriers. For

grounding, cables are connected between
either the bus side terminals or the line side
terminals of the device and the device’s
ground bar while the grounding and testing
device is outside the switchgear. The device
is then inserted into the connected position
in the selected housing. For testing, a simi-
lar procedure is followed with customer’s
test cables connected to appropriate termi-
nals of the device.

Complete Device: The complete grounding
and testing device includes six bushings for
connection to primary circuits, a sliding
contact assembly for connection to the
switchgear ground bus, a three-pole two-
position manually operated primary selector
switch and a stored energy operated
grounding switch. Shuttered test ports are
provided for access to primary circuit test
terminals. Test probes for use with cus-
tomer’s test cables are provided for con-
nection to the test terminals. All primary
elements are separated from each other and
from ground by insulating barriers. Inter-

locks are provided to insure proper operat-
ing sequences. The stored energy mecha-
nism operated grounding switch is capable
of closing and latching against a “"live”’ cir-
cuit. Power to operate the grounding switch
mechanism is supplied through a discon-
necting secondary plug. The selector switch
is manually operated while the grounding
and testing device is outside of the switch-
gear, and its selected position cannot be
changed after the device is inserted into the
housing. To ground the selected primary
circuit after the device is inserted into the
housing, the grounding switch is electrically
closed using a pushbutton at the end of a
remote control cable supplied with the de-
vice. To remove the ground, the grounding
switch is manually tripped. To test the se-
lected primary circuit, appropriate test port
shutters are manually unlocked and opened.
The customer’s testing cables are then con-
nected to the test terminals within the test
ports by means of the probes supplied.
Access to all six test terminals can be ob-
tained for phase checking tests.

Complete
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Type DHP Medium Voltage Porcel-line® Switchgear

Maximum Panel Equipment: Typical Arrangement

Indoor

. Figure A B C

Indoor & Shelterfor-M Aisle-less
@ FT-11 Minimum. Full Height
@ FT-21 Ampere Depth Unit Instr. Panel
Type of Unit Rating Panel Figure Number
@}(-221 listrument 50 DHP 75 1200 ry D D
50 DHP 250 1200
® WL Relay 2000
® W-2 Switch 50 DHP 350 1200 B
2000
o o Indicating Lites 3000 E E
=3 Circuit Nameplate 75 DHP 500 150 DVP 500 1200 C
150 DHP 500 150 DVP 750 2000 F
@ W-2 Control Switch 3000
. . ) 150 DHP 750 1200 F
) 2000
3000
150 DHP 1000 1200
2000
3000
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Standard Sections: 5 Kv
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Standard Sections: 7.5 and 15 Kv
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Standard Upper Rear Modules
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Industry Standards

The following industry standards apply for
the application, design, manufacture, and
test of Westinghouse porcel-line medium
voltage metal-clad switchgear.

ANSI American Nationai Standards
Standard Institute

C37.010 Application guide for ac high-
voltage circuit breakers rated on a
symmetrical current basis

C37.100 Definitions for power switchgear
C37.04

Rating structure for ac high-
voltage circuit breakers

C37.06 Preferred ratings for ac high-
voltage circuit breakers rated on a

symmetrical current basis

C37.07 Factors for reclosing service

C37.09 Test Procedure for ac high voltage

circuit breakers

C37.11 Power circuit breaker control

C37.20 Switchgear assemblies including
metal-enclosed bus

C37.24 Guide for evaluating the effect of
solar radiation

NEMA  National Electrical Manufacturers

Standard Association

5G-4

Power Circuit Breakers

5G-5 Power Switchgear Assemblies

Service Conditions

Usual service conditions for operation of
metal clad switchgear at the nameplate rat-
ing are as follows:

Altitude does not exceed 3300 feet
(1000 meters)

Ambient temperature within the limits of
minus 30°C and plus 40°C (Minus 22°F
and plus 104°F)

System frequency is 60 Hz.

Applications of metal clad switchgear at
other than standard altitude, ambient tem-
perature or 60 Hz frequency require special
consideration. Other unusual service condi-
tions that may affect design and application
include:

Exposure to salt air, hot or humid cli-
mate, excessive dust, dripping water,
falling dirt, or other similar conditiens.

Unusual transportation or sterage con-
ditions.

Switchgear assembilies when used as the
service disconhnecting means.

Installations accessible to the general
public.

32-262 AWEA
Application Data
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Seismic Application

The switchgear Division has done extensive
seismic testing to demonstrate the seismic
capability of metal-clad switchgear for the
nuclear industry. Nuclear Class 1E switch-
gear must be capable of withstanding the
force resulting from earthquakes and con-
tinue to function.

Earthquake motion is filtered and amplified
by the foundation, building or other struc-
tures. Therefore, it is recommended that
critical equipment be located on the jower
ficors where the amplification is lower.
Floor response spectra based upon a 5%
equipment damping factor must be fur-
nished for the metal-clad switchgear loca-
tion as a part of the user's requirement to
permit evaluation of the application.

Seismic requirements are also being speci-
fied for other than nuclear applications, al-
though continuity of function is usually not
a requirement in these cases. Floor re-
sponse spectra may also be needed in order
to properly evaluate these applications,

Drawings furnished for a switchgear order
far seismic application will specify loca-
tion and strength or rigidity required where
necessary to permit user to complete design
of foundations, floor steel, anchoring, sup-
ports for bus run, etc.
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Surge Protection

Surge equipment is an excellent investment
for the protection provided, since its cost

is low, life expectancy long, and mainte-
nance requirements minimal. Although
lightning storms are the primary source of
voltage surges in a power system, voltage
surges can be caused by other system con-
ditions, such as, the switching of capacitor
banks. either isclated or back-to-back; the
switching of shunt reactors or long cables;
and the switching of unloaded transformers
by means of a vacuum breaker. Many such
applications may require special consider-
ation.

Lightning arresters are given a maximum
rms veltage rating which must not be ex-
ceeded. The arrester must both discharge
a surge current and interrupt the power fol-
low current to function properly, If the sys-
tem voltage across the arrester terminals is
above the arrester rating, interruption fol-
lowing a surge discharge might not occur,
resulting in possible failure of the arrester.
Therefore, caution must be used in select-
ing the proper arrester rating, to be sure
that the system line-ground voltage during
all system conditions will not exceed the
arrester maximum rms voltage rating.

The typical lightning arrester application
table included applies only to the most com-
mon type of systems and operating volt-
ages. The manutfacturers’ catalog sections
for the various types of available lightning
arresters will give complete information for
other voltages and types of systems.

If the supply transformer to a system is pro-
tected by arresters and the low voltage sec-
ondary system does not have lightning ex-
posure, the secondary.system will not re-
quire arresters. An isolated system where
there is no exposure to lightning also will
not require arresters.

Adequate surge protection for metal-clad
switchgear and associated system equip-
ment will, as a minimum, require:

1-—Surge capacitors and lightning arresters
be located at the terminals of all rotat-
ing ac machines to provide surge pro-
tection for the turn-to-turn and conduc-
tor-to-ground insulation.

2-—When switching a unloaded transformer
with a vacuum circuit breaker, the ap-
plication of surge capacitors on the
transformer terminals or the added
capacitance of a length of cable be-
tween the switch and transformer to
minimize overvoltages.

3—Ventilated dry type transformers be pro-
vided with lightning arresters in the
transformer case, These are generally
provided as standard.

4—Lightning arresters rmust be provided at
the junction of cables connected to
lines exposed to fightning.

5-—Coordination of arrester location with
apparatus insulation level.

Typical Lightning Arrester Application

Impedance

Operating Grounded or Solidly
Voltage Ungrounded Grounded
Kv System System
2.4 3 Kv 3 Kv
4,16 6 or 4.5 Kv 3 Ky

6.9 9 or7.5Ky 6 Kv
12.0 15 Kv 9 Kv
13.8 15 Kv 12 Kv

The location of arresters at the junction of
cables connected to exposed line may also
protect equpiment. The following table
shows typical maximum cable lengths
which can be protected by riser pole arrest-
ers, based on typical assumed system pa-
rameters and on the full range of known
arrester types and makes. Where cable
length to equipment exceeds the maximum
listed, it is recommended that arresters also
be located at the equipment.

Suggested maximum cable length, in feet,
between riser pole arresters and protected
equipment:

Lightning Station Inter~ Oistri-
Arrester Type mediate bution
RAating Arrester Type Type
To 60 Kv BIL MetakClad Switchgear

3 Ky NL NL NL

4.5 Kv NL NL X

& Kv NL NL 70
To 95 Kv BIL Metal-Clad Switchgear

6 Kv NL. NL NL

7.5 Kv NL NL X

9 Ky NL NL 1680
12 Kv NL 240 70
15 Ky 110 80 S
To 60 Kv BIL Liquid or Gas-Filled Transtormer

3 Kv NL NL NL

4.5 Kv NL NL X

6 Kv NL NL NL
Ta 75 Kv BIL Lguid or Gas-Filled Transformer

3 Ky NL NL NL

68 Kv NL NL NL

7.5 Kv NL NL X

9 Kv NL NL 90
To 95 Kv BIL Liquid or Gas-Filled Transformer

9 Kv NL NL NL
12 Kv NL NL 120
15 Kv NL 130 70

NL means no limit to cable length
X means nct applicable
S means cable length too short to consider
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Circuit Breaker Control

The DHP cirguit breaker has a motor
charged spring type stored energy closing
mechanism. Closing the breaker charges
accelerating springs. Protective relays or
the control switch will energize a shunt trip
coil to release the accelerating springs and
open the breaker. This requires a reliable
source of control power for the breaker to
function as a protective device.

For ac control, a capacitor trip device is
used with each circuit breaker shunt trip
and each WL-2 lockout relay to insure that
energy will be available for tripping during
fault conditions. A control power trans-
former is required on the source side of
each incoming line breaker for closing and
bus tie or bus sectionalizing breakers will
require automatic transfer of control power.
This control power transformer may also

supply other Ac auxiliary power require-
ments for the switchgear.

Dc control would require a dc controi bat-
tery, battery charger and an ac auxiliary
power source for the battery charger. The
battery provides a very reliable dc control
source, since it is isolated from the ac
power system by the battery charger. How-
ever the battery will require periodic rou-
tine maintenance and battery capacity is re-
duced by low ambient temperature,

Any economic comparison of ac and dc
control for switchgear should censider that
the ac capacitor trip is a static device with
negligible maintenance and long life, while
the dc battery will require maintenance and
replacement at some time in the future.

DHP or DVP Breaker Stored Energy Mechanism Control Power Requirements

Spring Charge Motor

Rated Close Ind.
Control Run Amperes Time or Trip Voltage Range Light
Voltage 5 Ky 15 Kv Sec. Amperes Close Trip Amperes
48 V De 13.0 13.0 5 10 40-50 28-60 035
126 V D¢ 5.0 6.0 5 5 90-130 70-140 035
250 V Dc 2.6 2.6 5 2 180-260 140-280 L35
115V Ac 6.0 6.0 5 17 95-125 956-125 035
230V Ac 3.0 3.0 5 7 190-250 190-250 035
Control Power Transformers ¢ Disconnect Type ® 1 Phase ¢ 60 Hertz
Primary Volts ®
Taps Secondary Kv
+74% Rated -7 % Volts Kva Class
2580 2400 2220 240/120 5,10, 15 5
4470 4160 38560 24Q/120 5,10, 15 5
5160 4800 4400 240/120 5, 10,156 5
7740 7200 6680 240/120 5.10,15 15
12900 12000 11100 240/120 5,10, 15 15
14300 13300 12300 2407120 5,10, 15 15

@ If connected line to ground, system neutral must be solidly grounded.
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Space Heaters

Qutdoor bus runs and each unit of outdoor
metal clad switchgear are provided with
space heaters to control condensation.
Manual control is standard but optional
thermostatic control is available where
conservation of energy is desired. Space
heaters are recommended for indoor switch-
gear installed in an unheated room or build-
ing and will be provided where specified.

Tubular type heaters are operated at half-
voltage for long life. 500 volt or 250 volt
rated heaters are used for 250 volt or 125
volt service as follows:

Space heater watts at half-voltage

375 watts /8 ft length bus run

500 watts/26 inch wide 5 Kv unit

750 watts/36 inch wide 7.5 Kvor 15 Kv
unit
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Instrument Transformers

Instrument transformers are used to protect
personnel and secondary devices fram high
voltage and permit use of reasonable insu-
lation levels and current carrying capacity
in relays, meters and instruments. The sec-
ondaries of standard instrument transform-
ers are rated at 5 amperes and for 120 volt,
60 Hertz.

Potential Transformers

Selection of the ratio for potential trans-
formers is seldom a question since the pri-
mary rating should be equal to or higher
than the system line to line voltage to 120
valts. The number of potential transform-
ers per set and their connection is deter-
mined by the type of system and the relay-
ing and metering required.

The 3 phase, 3 wire system with 2 element
watthour meters would require a set of two
line to line potential transformers. If line to
ground potential is also required for a di-
rectional ground relay, then a set of three
line to ground potential transformers could
be used to provide both line to line potential
for the 2 element watthour meter and line to
ground potential for the ground relay.

Standard Potential Transformers ¢ 60 Hertz

Ground detection lights or relay for the
ungrounded system requires three line to
ground potential transformers and a sepa-
rate set is usually recommended for this
purpose.

The 3 phase, 4 wire, solidly grounded sys-
tem usually requires three line to ground po-
tential transformers.

Where synchronizing of generators or sys-
tems is involved, it is recommended that
only line to line potential be used.

Current Transformers

The current transformer ratio is generally
selected so that the maximum load current
will read about 70 percent full scale on a
standard 5 ampere coil ammeter. Therefore,
the current transformer primary rating
should be 140 to 150 percent of the maxi-
mum load current.

Maximum system fault current can some-
times influence the current transformer ratio
selection since the connected secondary de-
vices have published one second ratings.

The BYZ zero-sequence current transformer
is used for sensitive ground fault relaying or
self-balancing primary current type machine
differential protection. The BYZ zero-
sequence current transformer is available
with nominal ratios of 50-5 or 100-5 and
available opening sizes for power cables of
4.75 or 7.5 inches.

The minimum number of current transform-
ers for circuit relaying and instruments is
three current transformers, one for each
phase or two phase connected current trans-
formers and one BYZ zero-sequence current
transformer. Separate sets of current trans-
formers are required for differential relays.

The minimum pickup of a ground relay in
the residual of three phase connected cur-
rent transformers is primarily determined
by the current transformer ratio. The relay
pickup can be reduced by adding one resid-
val connected auxiliary current transformer.
This connection is very desirable on main
incoming and tie circuits of low resistance
grounded circuits.

Standard accuracy current transformers are
normally more than adequate for most
standard applications.

Rating 2400-120, 4200-120, 4800-120, 7200-120, 8400-120, 12000-120, 14400-120
Ratio 20 35 a0 60 70 100 120
Switchgear Potential Transformers 120 Volt Secondary
. Max. Number ANSI Accuracy Class Thermal

Kv Kv Unit Per Set and Standard 120 Volts at Burden 69.3 Volis at Burden Rating 55°C
Class BiL Width Connection Ratio's WX, Y z W, X Conn. Volt-amp
5 60 26 2LL 20, @ 0.3 1.2 0.3 LL 700

or 3LG 36, LG 400

40 LG® 700
7.5 a5 1 2LL 36, 40, 0.3 03 0.3 0.3 LL 1000
& - or 3LG 60, 70, LG 550
15 100, 120 LGD 1000
() For solidly grounded 4160 volt system only LL Line to Line connection
or any type 2400 volt system. LG Line to Ground connection

@ For solidly grounded system only.

Standard Current Transformers ® Type RCT & 55°C Ambient

Metering Accuracy Classification ANS|
Current Ratings 60 Hz Standard Burden Relaying
Amperes BOA B 0.5 B 2.0 Accuracy
Single Ratio
™ 50-5 1.2 2.4 — c10
75-5, 100-6, 150-5, 200-5 0.6 2.4 — C 20
300-5 0.6 2.4 2.4 c 20
400-5, 500-5 0.6 1.2 2.4 C 50
600-5 0.3 0.3 2.4 C 50
200-5 0.3 0.3 1.2 C 50
1000-5, 1200-5, 1500-5 0.3 0.3 0.3 C 100
2000-5, 2500-5, 3000-5 0.3 0.3 0.3 C 100
4000-5, 5000-5 0.3 0.3 0.3 C 100
Multi-Ratio
600-5, 1200-5, 2000-5 0.3 Q.3 0.3 C 200

) Two 100-5 RCT Current Transformers with Secondaries in Parallel.

@ For Technical Data See Westinghouse TD 44-060.
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Auxiliary Switches

Optional circuit breaker and celi auxiliary
switches are available where needed for
interlocking or control of auxiliary devices.
Typical applications and operation are de-
scribed in the following table.

Auxiliary switch contacts from the circuit
breaker mechanism are limited in number

by the breaker control requirements usually
to one ‘a’ and two ‘b’ contacts for ac con-
trol or two “a” and two ‘b’ contacts for dc
control.

When additional auxiliary contacts are
needed, the optional auxiliary relay or
mechanism operated cell {(MOC) switch is

32-262 AWE A
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used. The MOC switch may be applied for
operaticn in the operating position only, or
operating and test position of the breaker
as determined by the application.

The optional truck operated cell (TOC)
switch operates when the circuit breaker is
levered into or out of the operating position.

Permissive
Local General Auxiliary Switch applications, Indicating lights,
Typical Applications Control Alarm, Supv. Centrol Indicator, Field application, etc.
Start-run Capacitor Interlocking to prevent Start-run
Breaker Trip Parallel Operation of Breakers Breaker
Interlocking Recloser Motor Space Heaters Interlocking
Type Auxiliary Switch TOC Switch Breaker TOC and MOC Switch MOC Switch 5G or MGS6
or Device {supplied Auxiliary Auxiliary Switch | Operating Position Gperating and Auxiliary Relay
only when required.) Switch i Test Position i
Shown for Shown for a Shown for Shown for Note a
Breaker in Breaker in i

Test Position

Breaker Condition

a s

7 H H T

Open Position

AN

Breaker in Breaker in
Qpen Position QOpen Position
r 1 L

X

x| x| —b—

Operating Close X X X X
Position
Open X X X X X
Test Close X X X X X X
Position
Open X X X X
Withdrawn X X X

M@ MOC Switch preferred unless scheme is fail safe on coil faiiure.

X indicates switch contact or gircuit closed.

Auxiliary switch contacts are primarily used
to provide interlocking in control circuits,
switch indicating lights, auxiliary relays or
other small loads. Suitability for switching
remote auxiliary devices, such as motor
heaters or solenoids, may be checked with
the interrupting capacity listed in the fol-
lowing table. Where higher interrupting
capacities are required, an interposing con-
tactor should be specified.

Interrupting Capacity Auxiliary Switch Contacts

Continucus Centrol Circuit Vollage
Current
Type Auxiliary Switch Amperes 115 Ac 230 Ac 48 Dc 125 Dc 250 Dc
Mon-inductive circuit interrupting capacity in amperes
Breaker Auxiliary Switch 15 75 25 20 1t 2
TOC Auxiliary Switch 15 75 25 20 11 2
MOC Auxiliary Switch 20 80 30 20 8 1.8
Inductive circuit interrupting capacity in amperes
Breaker Auxiliary Switch 15 25 5 8 6.25 1.75
TOC Auxiliary Switch 15 25 5 8 6.25 1.75
MOC Auxiliary Switch 20 a0 20 5 2.4 1.1
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Application Quick Check Table

For application of circuit breakers in a radial  factor for X/R ratio ot 15 or less and 1.256

system supplied from a single source trans-  multiplying factor for X /R ratios in the
former. Short-circuit duty was determined range of 15 to 40,

using E/ X amperes and 1.0 multiplying

Source Transformer | Kv Operating Voltage
MVA Rating
Motor Load
100% 0% 24 4,16 6.6 12 13.8
1 1.5
1.5 2 50 DHP 75
2 25 12 Ka 50 DHP 7% 150 DHP 500 150 DHP 500 150 DHP 500
10.1 Ka 150 DVP 500 150 DVP 500 150 DVP 500
25 3 23 Ka 22.5 Ka 19.6 Ka
3 3.75
3.75 5 50 DHP 250
13 1.5 36 Ka 50 DHP 250
33.2 Ka
156 10 60 DHP 350
100 10 42 Ka
10 12
12 15 50 DHP 350 75 DHP 500
46.9 Ka 41.3 Ka
15 20
200 20 Breaker Type 150 DHP 750 | 150 DHP 750
and 150 DVP 750 150 DVP 750
25 Sym. Interrupting Capacity 35 Ka 30.4 Ka
30 at the Operating Voltage
500 150 DHP 1000 150 DHP 1000
46.3 Ka 40.2 Ka

(® Transformer Impedance 6.5% or more, all other Transformer Impedances are 5.6% or more.

Load Current Switching

Continuous

Number of Qperations

The following table of number of operations Current Max. No.
isa guide to normal maintenance for cir- Circuit Rating Operations Nao Load_ Full Lead | Inrush Full Load | *nrush
it breakers operated under usual service Breaker Between Mechanical ;

cui o P - . Type Amperes Servicing Duty Fault Operation Nonfault Duty

conditions for most repetitive duty applica- ANDHP AF

tions including isofated capacitor bank Circuit Breakers 1200 2000 10,000 1000 750 5000 3000

switching and shunt reactor switching, but Ratings Except

not for arc furnace switching. 50DHP3IE0 & 2000 2000 10.000 1000 750 3000 2000
1500HP1000

Servicing shall consistof adjusting, clean- 50DHP350. 1200

ing, lubricating, tightening, etc., as recom- .LISIO:?OI-B%LOOO & gggg 1000 5.000 500 400 2500 1800

mended by the circuit breaker instruction Ratings

book. All DVP Vacuum 1200 2000 10,000 1000 750 5000 3000
Breakers 2000 2000 10,000 1000 750 3000 2000

Fault operation indicates the breaker is ex-
pected to open its rated interrupting capa-
bility once. If a fault operation occurs be-
fore the completion of the number of oper-
ations listed, the circuit breaker should be
inspected and rmaintained, if necessary.

Nonfauit duty is a special application where
the circuit breaker is not required to inter-
rupt fault currents.
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(@ Non-5tandard Breaker with High Momentary Rating
available for Special Applications.

@ Far 3 phase and line to line faults, the sym. interrupt-
ing capability at a Kv operating voltage

E
= v (Rated Short-Circuit Current)

But not to exceed Kl
Single line to ground fault capability at a Kv aperating
voltage

E
=115 v {Rated Short-Circuit Current)

But not to exceed KI.

The above apply on predominately inductive or resis-
tive 3-phase circuits with normal-frequency line to
line recovery voltage equal to the operating vokltage.

@ For Reclosing Service, the Sym. interrupting Capa-
bility and other related capabilities are modified by
the reclosing capability factor obtained from the
following formula:

C 15-T, 15-T
R (%)=100—¢|(n=2) + —— + 2y ]

15 15

Where C=KA Sym. Interrupting Capability at the
Operating Voltage but not less than 18
n=Total No. of Cpenings
T,y. Ty etc.=Time interval in seconds except

use 15 for time intervals longer than 15 sec.

Note: Reclasing Service with the standard

duty cycle 0+155+CO Does notrequirg

breaker Capabilities modified since the re-

closing capability fastor R=100%.
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Table 1: Application: Available Breaker Types Rated on Symmetrical Current Rating Basis
Identification Rated Values Related Required Capabilities@)
Nominal Nominal Voltage Insulation Level Current Rated Rated Rated Current Values
Voltage  3-Phase  'Raroq Rated Rated Withstand Rated Rated Inter- Permis-  Max.  Maxi- 3 Sec. Closing
Class MVA Maximum Voltage TestVoltage Contin-  Shon rupting  sible  Voltage mym  Short- and
Class Voltage Range iy uous Circuit me Tripping Divided gym.  Time Latching
Factor Current  Current Delay By K Inter-  Current Capability
at {at rupting Carrying  (Momentary}
B0 rated Capa- Capability
Hz Max. bility
Ky} K Times Rated 7.6 K Times
@ Low @ ()] Short-Cirguit Rated Short-
Fre- Impulse Current (@ Circuit
Circuit £ K quency ! ¥ £/K I Current
Breaker Kv MVA
Type Class Class Kv rms Kv rms Kv Crest  Amperes KArms Cycies  Sec. Kvrms KArms KArms KA rms
DHP Air Circuit Breaker
50 DHP 75 75 1.36 1200 8.8 3.5 12 12 19
50 DHP 250 1200 58
416 250 4.76 1.24 19 60 2000 29 5 2 3.85 |36 36
H 50 DHP 250® 1200 78@
2000
1200
50 DHP 350 350 1.19 2000 11 4.0 49 49 78
3000
75 DHP 500 1.2 500 8.25 1.25 36 95 1200 33 5 2 6.6 41 41 3
2000
3000
150 DHP 500 1200 37
2000
3000
6§00 4200 18 23 23 58(M
H 150 DHP 500D 2000
3000
150 DHFP 750 13.8 750 15 1.30 36 95 1200 28 5 z 115 36 36 S8
2000
—— 3000 .
H 150 DHP 750D 1200 T
2000
3000
1200
150 DHP 1000 1000 2000 37 48 48 77
3000
DVP Vacuum Circuit Breaker
150 DVP 500 1200 37
500 2000 18 23 23
150 DVP 750 13.8 750 15 1.30 36 95 1200 28 3 2 15 36 36 58
2000

@ Tripping may be delayed beyond the rated permissible

wripping delay at lower values of current in accord-
ance with the following formula;
T (seconds) =
K! (K Times Rated Short- Circuit Current) 2
Short- Circuit Current Through Breaker
The aggregate tripping delay on all operations within
any 30 minute period must not exceed the time ob-
tained from the above formula.
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Application on Symmetrical Current
Rating Basis

Application Considerations

Westinghouse medium voltage metal-clad
switchgear provides control and protection
for generators, motors, transformers and all
types of feeder circuits. In the usual appli-
cation the selection of the circuit breaker
for the operating voltage, to carry the load
current and provide for the interruption of
the avatlable short-circuit is of primary im-
portance. The purpose of this application
data is to aid in this selection.

It should be noted that for a particular ap-
plication there may be other items of tech-
nical importance that require careful con-
sideration. Also requirements for special
appiications or unusual service conditions
should be referred to the nearest Westing-
house Sales Office with details and a re-
quest for recommendations.

Rated Maximum Voltage

The Kv operating voltage should not excead
the rated maximum voltage, E in Table 1,
since this is the upper limit for operation.

Rated Continuous Current

The continuous current rating of a circuit
breaker is a maximum rating. The circuit

breaker rating should always be in excess
of the utitization equipment rating to pro-
vide for short time overload capability.

Transformer main breakers should be rated
in excess of 125% of transformer full load
amperes. Always consider forced cooled
rating, possible future forced cocling and
12% additicnal capacity for 65°C. rise rat-
ing when used.

Induction metor and synchronous motor
starting breakers should be rated in excess
of 125% of motor full ioad amperes.

Generator breakers should be in excess of
125% of generator full load current. Other
factors such as increased capacity at 1.0
power factor, reduced voltage or low am-
bient temperature rating may have to be
considered.

Capacitor bank feeder tireakers should have
a rating in excess of 135% of the bank fuil
load current. Thisis duetoa Otc +15%
manufacturing tolerance in capacitors,
KVAR due to harmonic currents and possi-
bility of up to 10% over-voltage. Capacitor
switching is generally limited to 1200 am-
pere breakers since larger size banks are
switched in steps and other factors such as
limiting transient voltages and momentary
duty from switching capacitors back to back
or other limitations due to the type of
breaker may have to be considered

Interrupting Capability

Table 1 lists rated short-gircuit current at
rated voltage for the various available cir-
cuit breaker types which is adjusted for the
operating voltage to obtain the 3 phase
symmetrical interrupting capability. This
value is multiplied by 1.15 to obtain the
single line to ground capability. Note that
the 3 phase or single line to ground capa-
bilities may not exceed K, the maximum
symmetrical interrupting capability.

Although these capabilities are expressed
in sym. kilo-amperes, the circuit breaker
shall be able to interrupt all values of
asymmetrical as well as symmetrical short-
circuit current from a system having an

X /R ratio of 15 or less.

Short-Circuit Duty

To check the breaker application from an in-
terrupting standpoint, compare the inter-
rupting capability at the operating voltage
with the short-circuit duty determined for
the point of application in the power system.

Table 2 lists multiplying factors depending
upon the system X/R ratio and the breaker
rated interrupting time to obtain the maxi-
murm short-circuit duty. If the maximum
multiplying factor for the source of short-
circuit current is used, it is not necessary
to calculate the system X/R ratio, if the
system X/R ratio is 15 or less, the multi-
plying factor is 1.0.

Short-Circuit Duty=E/X amperas {Max.
Mult. Factor)

A closer check of the application requires
calculation of the system X/R ratio. It is
sufficiently accurate (on the conservative
side) to neglect the resistance component
when calculating the system reactance X
and neglect the reactance component when
calculating the system resistance R. Use
actual equipment data for important electri-
cal devices wherever possible.

Typical data for various system components
is included in Table 3 for estimating
purposes.

X
System X/R ratio = R—1 for 3 phase faults
1

X+ Xo o single I d
———— for single line to groun
2R, + Ro ¢ grov
faults where X, and X, are positive and
zero sequence reactances, R, and R, are
positive and zero sequence resistances.

and =

System X/R ratio so determined is used to
obtain the E/X ampere multiplving factor
from Table 2.

Short-Circuit Duty=E/X amperes (Mult.
Factor Table 2)

E/X Amperes Calculations

Short circuit calculations usually consist of
simple E/ X computations:

single line to
ground fault

L 3E
e =% 72X, 1 %o

where E is line to neutral operating voltage,
and reactances are ohms, per phase, line
to neutral.

3 phase fault

Computations are simplified by selection of
a common base and using the per unit sys-
tem of calculations:
gsingle line to
3 phase fault ground fault
le 3L

7% T+ X

Where I; is the base current in kilo-amperes
and reactances are in per-unit of the com-
mon base. Convenient per-unit system
formulas:

MVA Base Kv?
= “V3Ke Base ohms= MVA
per unit X = m MVA base

X
or = T Ie
_ X ohms
"~ base ohms
_ X percent
°="100

Where system is impedance grounded to
limit the single line to ground fault to the
3 phase fault value or lower, only the 3
phase fault calculations are necessary.

Table 3 lists reactances quantity to be used
for X for the various system components.
Use actual data for important electrical de-
vices wherever possible. Table 4 lists typi-
cal X/R ratio ranges and is included for
estimating purposes.

The E/X amperes determined are in rms
symmetrical kilo-ampere.

Momentary Duty

When there is motor contribution to the
total short circuit, an additional calculation
should be made to determine the momen-
tary duty using the reagtance quantities for
momentary duty from Table 3.

Momentary Duty=1.6 E/X Amperes
Compare momentary duty with close and

latch capability or momentary rating listed
in Table 1.
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Table 2: Multiplying Factor for Ef X Amperes
Source of Shart Circuit

Local

Application of breakers at generator voltage is

lecal source. Also local sources are considered

to be where short circuit is fed predominantly

from generators through:

a) Nat more than one transformaticn, or

b} a per-unit reactance external to the generator
which is less than 1.5 times the generator
per-unit subtransient reactance on a
common systerm MVA base.

M Max. Multiplying Factor 1.25 3¢ Fault

1.43 LG Fault

Remote

Mast applications including station service

auxiliaries are remote source. Remote sources

are considered to be where the short circuit is

fed predominantly from generators through:

a) two or more transformations, or

h) a per-unit reactance externzal to the generator
that is equal to or exceeds 1.5 times the
generator per-unit subtransient reactance on
a comman system MVA base.

@ Max. Multiplying Factor 1.43 3¢ or LG

Table 3: Reactance X for E/X Amperes

Reactance X Used for
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N
VY,
System Type DHP Type DVP
X/R Air Circuit Breaker Vacuum Circuit Breaker
Rated Interrupting Time, 5 Cycle Rated Interrupting Time, 3 Cycle
Type of Fault Type of Fault
Ratio 3¢ S [ 3P aLG|3s | t6 | 3¢ &LG
Scurce ot Short Circuit Source of Short Circuit
Local Remote Local Remote
1 1.00 1.00 1.00 1.00 1.00 1.00
15@ 1.00 1.00 1.00 1.00 1.00 1.00
20 1.00 1.02 1.05 1.00 1.01 1.05
25 1.00 1.06 1.1¢ 1.04 1.06 1.10
30 1.04 1.10 113 1.06 1.10 1.15
35 1.06 1.14 1.17 1.10 114 1.18
40 1.08 116 1.22 1.12 1.186 1.21
45 1.12 1.19 1.25 1.13 1.18 1.23
50 1.13 1.22 1.27 1.14 1.21 1.25
58 1.14 1.25 1.30 1.15 1.22 1.26
60 t.16 1.26 1.32 1.16 1.23 1.27
85 1147 1.28 1.33 1.17 1.25 1.29
70 1.19 1.29 1.35 1.18 1.26 1.30
75 1.20 1.30 1.36
80 1.21 1.31 1.37 1.19 1.27 1.31
85 1.38
a0 1.22 1.32 1.39 1.20 1.28 1.32
95 1.40
100 1.23 1.33 1.41 1.20 1.29 1.33
10 1.24 1.24 1.42 1.21 1.30 1.34
120 1.24 1.35 1.43 1.22
130 1.24 1.35 1.43 1.22 1.30 1.35

D Not necessary to calculate the system X/R
ratio when Max. Multiplying Factor is used.

Typical Values & Range
on Compaonent Base

Short-Circuit Momentary
System Component Duty Duty % Reactance X /R Ratio
2 Pole Turbo Generator X X 9 80
7-14 40 - 120
4 Pole Turbo Generator X X 14 8O
12-17 40 - 120
Hydre Gen. with Bamper Wdgs. and X X 20 30
Syn. Condensers ’ 13- 32 10 - 60
Hydro Gen. without Damper Windings 75 X 75 X 30 30
- 20-50 10 - 60
All Synchronous Motors 1.5 X 1.0 X 24 30
13-35 10 - 60
Ind. Motors above 1000 HP, 1800 RPM 15X 10X 25 30
and above 250 HP, 3600 RPM 16-25 15 - 40
All Other Induction Motors 50 HFP 3.0X 1.2 X 25 15
and Above 15- 25 5-20
Ind. Motors Below 50 HP and
all Single Phase Motors Neglect Neglect  ......  ......
Distribution System from Remote X X as Specitied 15
Transfermers or Calculated &-15
Current Limiting Reactors X X as Specitfied 80
or Calculated 40 - 120
Transtormers
QA to 10 MVA, 69 Kv X X 5.5 19
5-7 6-12
OA o 10 MVA, above 69 Kv X X 7.5 12
7-11 8-15
FOA 12 10 30 MVA X X 10 20
8-24 10- 30
FOA 40 to 100 MVA X X 15 30
8-35 20 -40

Use transient reactance X'd for X for hydro generater without damper windings,

For other machines use subtransient reactance X"d for X.

For other system components use positive sequence Teactance Xqfor X.

@ Where system X /R ratio is 15 or less, the
Multiplying Factor is 1.0.

Table 4: Typical System X/R Ratio Range
{for estimating purposes)
X/R

Type of circult Range

Remote generation thru other types of

circuits, such as:: transformers rated

10 MVA or smaller for each three-

phase bank, transmission lines, 15
distribution feeders, ete. or less

Remote generation connected thru
transformers rated 10 MVA to 100
MVA for each three-phase bank, where
the transformers provide 90 percent or
more of the total equivalent impedance

to the fault point 16-40

Remote generation connected thru
transformers rated 100 MVA or larger
for each three-phase bank, where the
transformers provide 9C percent or more
of the total equivalent impedance

1o the fault point 30-50

Synchrenous machinas cennected thru
transformers rated 25 to 100 MVA

for each three-phase bank 30-50

Synchroncus machines connected thru

transformers rated 100 MVA and larger 40-60

Synchronous machines connected directly

to the bus or thru reactors 40-120
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Application on Symmetrical Current Rating Basis

Example 1-—Fault Calculations

3¢ Sym. Interrupting Capability

Type E Close & Latch
Breaker Max. @ E. Max. Max. Ki @ 4.16 Kv Oper. Voliage or Mamantary
50DHP75 4.76 8.8 Ka 12 Ka 4.76
—— (8.8)=10.1 Ka ® 19 Ka
4186
LG Sym. Interrupting Capability
12 Ka 115 (10.1)=11.6 Ka®

Ngte: Interrupting capabilities @ and @ at operating voltage do not exceed max. sym. interrupting
capability Ki.

Check capabilities () (@ and @) on the following utility system where there is no motor
contribution to short circuit.

13.8 Kv On 13.8 Kv System. 3.75 Mva Base
7 3.75 Mva 01 1%
= ——== =01 pu or
%=15 ) 4 375 Mva

X2
Z2=X2+R2=R2{— +1}
R2

Z
R= ,/~—
X2

v mt!

X

ek f\ = (R)=15 (.066) =.99%

CAAAL
3750 Kva Transformer Standard 5.5% Impedance has a

mm =+ 7.5% Manufacturing Tolerance

5.50 Standard Impedance
4.16 Kv \é_ Transtormer 2= —-41 {—7.5% Tolerance)
= 5.09%

From transformer losses R is calculated
31,000 Watts Full Load 24.2 Kw

- 6,800 Watts No Load Re—— ————
e 3760 Kva
24,200 Watts Load Losses

Transformer X=\Z3~R2=1/(5.00)2— {.65)2=1/25.91— .42 =1/25.48
X=5.06%

=.0065 pu or .65%

X R X/R
13.8 Kv System 99% 066% 15
Transformer 5.06 .65 8
System Total 6.04% 116% 9
ar 0804 pu 007186 pu

For 3 Phase Fault

Isepr;where X is ohms per phase and E
is line to neutral voltage

or I;¢=% where X is per unit reactance

and I is base current,

375 Mva 5 K
Base current 15— 73 2.16 Kv =.52 Ka
o=t =2 _g6Kas
¥TK T osoa S0 ne SV

SystemEZB {is less than 15) would use

1.0 mult. factor for short-circuit duty,
therefore, short-circuit duty is 8.6 Ka sym.
for 3¢ fault & and momentary duty is 8.6 x
1.6=13.7Ka @

For Line to Ground Fault
3E 3l

—_ e — Or: —_—

2X1 + xo le + Xn
For this system, X, is the zero sequence
reactance of the transformer which is equal
to the transformer positive sequence re-
actance and X, is the positive sequence
reactance of the system.

s

Therefore,
. 3(.52)
7 2(.0604) + .0505

Using 1.0 mult. factor, short-circuit duty—
9.1 KaSym. LG @

=9.1 Ka Sym.

The 50DHP75 breaker capabilities exceed
the duty requirements and may be applied.

With this application, short cuts could have
been taken for a quicker check of the appli-
cation. If we assume unlimited short circuit
available at 13.8 Kv and that Trans. Z=X

h .62
X~ .055
X /R ratio 15 or less mult. factor is 1.0 for
short-circuit duty

Then ly¢p=lhe= —=9.5 Ka Sym.

The short-circuit duty is then 8.5 Ka Sym.
@ (3 and momentary duty is 9.5 x 1.6 Ka=
152Ka (D
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Example 2—Fault Calculations

All calculations on per unit basis, 7.5 Mva
Base

7.5 Mva
Base Current [p—=——————=.628 Ka
V3 6.9 Kv
X R X/R
13.8 Kv System
426 W 015 .015 001 15
T 21 (13.8) ' ‘
Transformer .055 .0055 10
Total Source Transf. .070 pu 0065 pu 11

3000 Hp Syn. motor

X=.20 (:628) =.638 pu at 7.5 Mva base
197
2500 Hp Ind. Motor
X=.25 ﬂ=.908 pu at 7.5 Mva base
(.173)

E |
lap= X or= i. where X on per unit base
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[ 3000 Hp
1.0 PF

Interrupting Momentary X X)) _1
Source of Short Circuit Current E/X Amperes E/X Amperes R R(X) R
®s Transf 628 8.971 028 g7t 11 LI
ource Transf. 070 =8. o070 = 070
.628 .628 25
3000 HP Syn. Mot ———= .656 ——= 984 —— = 39
@ v eter (1.5) 638 638 25 Te3s
.62 . 35
@ 2500 HP Ind. Motor 8— = .461 —62—8= .691 35 —— = 39
(1.5) .908 .908 .908
lap= 10.088 10.647 Total 1/R=235
or 10.1 Ka x1.6
T lg 628 _ 17.0 Ka Momentary
otal X—m=m =.062 Duty

X
System = .062 (235)=14.5 is Mult, Factor 1.0 from Table 3.

Short circuit duty=10.1 Ka

Type E 3¢ Sym. Interrupting Capability Close & Latch
Breaker Max. @ E. Max. Max. Ki @ 6.9 Kv Oper. Voltage or Momentary
75DHP500 8.25 33 Ka 41 Ka 86.295 133) =39.5 Ka 66 Ka
150DHP500 15 18 Ka 23 Ka 156(;8) —(39.1)=23 Ka 37 Ka

(But not to exceed Ki)

Either breaker could be properly applied, but price will make the type 150DHP500 the
more economical selection.
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Application on Symmetrical Current Rating Basis

Example 3—Fault Calculations
Check breaker application on generator bus where

Each generator is 7.5 Mva, 4.16 Kv 1040 amperes full load, 1:=1.04 Ka

Sub transient reactance Xd”"=11% or, X=.11 pu

Koo
Gen ry ratio is 30

. TN G Xtk 11 103
Xs X X e

+4= and SELI
X X R R R R R

)(—_x dR—HTh f System Xe . =G x-—30
— = re, em —=—=Gen—=
or Xs 3 and Rs=~ erefore, Sys R R R

Since generator neutral grounding reactors are used to limit the | to |39 or below, we
need only check the l3¢ short-circuit duty.
ls  ls_ 3ls _ 3(1.04)

le
|:¢—;+§+ ¥ E 37 —28.4KaSym. E/X amperes
X .
Table 3 System EOf 30 is Mult. factor 1.04

Short-circuit duty is 28.4 (1.04)=29.56 Ka Symmetrical.

3¢ Sym. Interrupting Capability

Type E
Breaker Max. @ E Max. Max. Ki @ 4.16 Kv Oper. Voltage
50DHP250 4.76 29 Ka 36 Ka 4.76 (29)=33.2 Ka
4.16
HP 7 .
50DHP350 4.76 41 Ka 49 Ka £§(41)=46.9 Ka

4.16

The 50DHP250 breaker could be applied. However, the 50DHP350 breaker would permit
addition of a future duplicate generator.

4(1.04)

Future Short-circuit Duty= 1

(1.04)=39.3 Ka Sym.
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Type DHP Porcel-line® Metal-Clad
Switchgear

Typical Specifications

General

The type DHP metal-clad switchgear de-
scribed in this specification will be an as-
sembly of breaker housings, auxiliary
housings, and horizontal drawout circuit
breakers arranged to suit the specific re-
quirements of the purchaser. The switch-
gear will be designed, manutfactured and
tested in accordance with the latest stand-
ards of ANS| and NEMA.

The breaker housings and auxiliary hous-
ings will be bolted to each ather to form a
rigid metal enclosed switchgear assembly.
Each housing will consist of functional
components or modules. They will be the
breaker/bus, control, and line modules
{and, if required, an upper rear module).
Metal side pans will provide a double thick-
ness of steel between adjacent housings
and metal barriers will isolate the primary
major sections of each circuit. Removable
metal barriers will provide access to the
primary major sections of each circuit. Rear
covers will be bolted-on sheets.

Weatherproofing: Aisle-less

Each shipping group will b& mounted upon
an integral base frame. A weatherproof en-
closure will be assembled onto the com-
plete metal enclosed switchgear assembly.
A weatherproof door will be provided on
the breaker drawout side of each housing.

Woeatherproofing: Shelterfor-M

Each shipping group will be mounted upon
an integral base frame. A weatherproof en-
closure will bg assembled onta the com-
plete metal enclosed switchgear assembly.
The weatherproof enclosure will extend on
the breaker drawout side of the complete
assembly to form an operating and/or
maintenance aisle large enough to permit
interchange of circuit breakers. A weather-
proof door with an inside quick-release
latch mechanism will be located at each end
of the aisle to permit opening door even
when locked from outside.

Panels: Indoor and Shelterfor-M
A formed hinged pane! for control devices,
relays, meters and instruments will enclose
the upper front of each housing.

All units will have front panels that can be
closed for any position of the breaker ele-
ment to form a continuous line.

Panels: Aisle-less

A full-height formed hinged panel will be
located on the breaker drawout side behind
the outer weatherproof door and will be
used for control devices, relays, meters, and
instruments.

Breaker / Bus Module

The main bus will have flame retardant in-
sulation. Porcelain main bus supports will
cover the bus opening between housings to
provide a non-combustible fire wall. Bus
joints shall be provided in each unit, All bus
joints will be silver-ptated, bolted, and in-
sulated with boots. The stationary primary
contacts will be silver-plated and recessed
within procelain supports. An automatic
shutter will cover the stationary primary
disconnecting contacts when the breaker is
in the disconnected position or out of the
housing with full air clearance to live parts.
The stationary secondary contacts will be
silver-plated multiple sockets.A stationary
guide rail, levering-in screw, and safety
interlocks will be provided to function with
the circuit breaker. A ground contact will
ground the breaker between and including
the operating and test positions. Breaker/
bus modules of the same rating will be in-
terchangeable and will house any circuit
breaker of the same rating.

Control Module

One set of terminal blocks will be provided
for secondary connections to external cir-
cuits. One control circuit cutout device will
be provided in each circuit breaker housing.
Switchgear secondary wire will be
#14AWEG minimum.

Line Module

The ground bus will extend the length of the
switchgear assembly. The ground bus joints
will be silver-plated and will be bolted to
each housing and to each breaker ground
contact. A clamp-type terminal will be fur-
nished for terminating a ground cable.
Clamp-type terminals, one/phase, will be
furnished for terminating power cables un-
less other terminations are specified.

Instrument Transformers

Ring-type current transformers will be fur-
nished as indicated in the detail specifica-
tion. Their thermal and mechanical rating
will be coordinated with the circuit break-
ers. Their accuracy rating will be at least
equal to ANSI Standard requirements.

The standard location for at least one ring
type current transformer per phase on the
bus side and line side of breaker units will
be front accessible to permit adding or
changing current transformers without re-
moving high voltage insulated connections.
Potential transformers or control power
transformers up to 15 Kva single phase are
trunion mounted with current limiting fuses
in enclosed compartments. They are dis-
connected, grounded and isclated from high
voltage when the access door is open.
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A mechanical interlock is provided for con-
trol power transformers to require the sec-
ondary breaker to be open before the access
door can be opened to disconnect the
primary fuses.

Finish

Steel will be cleaned and phosphatized. The
final indoor finish will be light grey ASA
#61. The final outdoor finish will be dark
grey ASA #24, applied over a coat of light
grey paint. An undercoating compound will
be applied to outdoor switchgear.

Circuit Breaker

The circuit breakers will be horizontal draw-
out type. The breakers will be operated by a
motor-charged spring stored energy
mechanism. The stored energy mechanism
will be charged normally by a universal
electric motor and in an emergency by a
manual handle. The primary contacts will
be silver-plated and supported on porcelain
insulators. The primary disconnecting fin-
gers will be silver-plated and retained to
the primary contacts with leaf springs.
Hinged tilting arc chutes with center coil
blowout magnets will be provided in
“Limitrak’® enclosures. A vertical metal
barrier in front of the arc chutes will form

a shield from primary parts.

The secondary disconnecting contacts wikl
be silver-plated multiple plugs of the train-
line coupler type. The plugs will automati-
cally engage the housing sockets in the
breaker operating position. They can be
manually engaged in the breaker test posi-
tion. A guide channel will provide lateral
alignment with the housing guide rail.
Horizontal levering will be provided by
rotating and engaging a shaft and nut
assembly onto the housing screw. The lev-
ering mechanism shall spin-free to prevent
over tightening when breaker is levered
into the operating position. Interlocks
will be provided to prevent levering of a
closed breaker to prevent closing of a
breaker between operating and test posi-
tions, to trip breakers upon insertion or
removal from housing and to discharge
stored energy mechanisms upon insertion
ar removal from the housing. The breaker
will be secured positively in the housing
between and including the operating and
test positions. Circuit breakers of the same
rating will be interchangeable and will fit
any housing of the same rating.
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Guide Specifications

The following guide specifications are
based upon minimum equipment essential
for the various typical units listed. A choice
of alternates is indicated by (dc-ac) and ( )
is used to indicate where additional specific
information is required. A few optional
items are listed for consideration. Addi-
tional information or assistance needed for
a specific application may be obtained from
the nearest Westinghouse Sales Office.

General

The (indoor-outdoor Aisle-less—outdoor
shelterfor-M—outdoor common aisle
shelterfor-M) metal-clad switchgear de-

Standard DHP Assemblies: Indoor and Outdoor

scribed in this specification will be designed
for operation on a (2400-4160-4800-6900-
12000-12470-13800) volt 3-phase (3-4)
wire (solidly grounded—impedance
grounded—ungrounded) 60 hertz system:

A set of (1200-2000-3000-4000) ampere
(aluminum-copper) conductor insulated
main bus will be provided with provisions
for addition of future units to (either-the
left-the right) end.

A bare ground bus bolted to each housing
and breaker ground contact shall be in-
cluded. (In addition a (bare-insulated)
{600-1200) ampere system neutral bus is
required).

The removable circuit breakers shall be
(4.16-7.2-13.8) Kv (75-250-350-500-750-
1000) Mva interrupting class, 3 phase, 60
hertz, (standard-high) momentary type
{(50DHP75-50DHP250-H50DHP250-
50DHP350-75DHP500-150DHP500-
H150DHP500-150DHP750-H150DHP750-
150DHP1000) electrically operated by an
(dc-ac) motor-charged spring stored energy
mechanism. Control shall be (48dc-125dc-
250dc-230ac-115ac) close and (48dc-
125dc-250dc-ac capacitor) trip.

The metal-clad switchgear units will be
numbered left to right and arranged as
shown on the attached (drawing-one line
diagram—sketch).
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Typical Units

Unit 1 Synchronizing Panel
1—-Swinging instrument panel
2—KA-221 ac voltmeter

1—KI-241 synchroscope with two lamps

Optional ltem
1—KR3-221 Frequency meter

Unit 2 Incoming line

The metal-clad switchgear for control in-
coming line will include:

1—~Breaker base unit { ) ampere
1—1{ ) ampere main bus

1—Set of cable lugs

3—~Current transformers, { }-b ratio

1—W-2 breaker control switch with red &
green lights

1—W-2 ammeter switch
1—KA-221 ac ammeter O-{ ) scale
3—C0O phase overcurrent relays

Optional Items
1—Two line to line potential transformers

1-—Three line to ground potential trans-
formers

1--w-2 synchronizing switch

1——W-2 volfn;eter switch

1—KA-221 ac voltmeter

1—KY-221 wattmeter, O-{ ) scale
1—DA4B-2F watthour meter, 2 element
Units 3 and 4 Generator

The metal-clad switchgear for control of a
generator will consist of one auxiliary unit

and one breaker unit as follows:

Unit 3 The generator auxiliary unit wil!
inciude:

1—{ ) ampere main bus
1—(Two line to line)} {Three line to ground)
potential transformers for generator

metering

1-—({one) {two) line to line potential trans-
former for generator regulator

1—DBF field breaker, electrically operated

1—~Provision for field discharge resistor

1—Provision for exciter field rheostat con-
trol either {a} handwheel only for maxi-
murm of two 15 inch diameter plates or
{b} W-2 control switch for remote
electrically operated rheostat mecha-
nism

1—W-2 regulator transfer switch

1-—Provisions for valtage regulator

1—KX-221 dc ammeter and shunt, O-{ )
scale

Optional Items
1—TRA { } voltage regulator

1—KX-221 d¢ voltmeter, 0-( ) scale

1—KX221 temperature meter equipment
and switch

1-—CRN-1 generator anti-motaring relay
3—CA generator differential relay
1-—WL-2 lockout auxiliary relay, hand reset

Unit 4 The generator breaker unit will
include:

1—{ ) ampere main bus
1—Breaker base unit { } ampere

1—Set of cable lugs

3—Current transformers { }-5 ratio

1—~Current transformer { )-5 ratio for
voltage regulator, if requirec for paral-
lel operation

2—W-2 control switch with red and green
lights for field breaker and generator
breaker

1—W-2 ammeter switch

1—W-2 voltmeter switch

1—W-2 synchronizing switch

1-—W-2 governor motor control switch

1—KA-221 dc ammeter, 0-{ ) scale

1—KY-221 wattmeter, 0-{ )} scale

1-—KY-221 varmeter, 0-{ ) scale

3—COQV voitage controlled overcurrent
relay
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Optional Items
1—D4B-2F watthour meter, 2 element

3 —Current transformers, ( }-5 ratio for
generator differential relays

3——Current transformers, ( }-5 ratio for
generater differential relays and con-
nection in generator neutral, unmounted

1—Set of surge capacitors and lightning
arresters for connection at generator
terminals, unmounted

Unit 5 Feeder

The metal-clad switchgear for control of a
feeder will include:

1—Breaker base unit { } ampere
1—( ) ampere main bus

1—Set of cable lugs

3—~Current transformers, { )-5 ratio

1—W-2 breaker control switch with red &
green lights

1—W-2 ammeter switch
1—KA-221 ac ammeter, 0-( } scale
3—CO phase overcurrent relays

Optional Items
1—D4B-2F watthour meter, 2 element

1-—(one} (two) line to line potential trans-
formers

1—Three line to ground potential trans-
formers

Unit 6 Bus sectionalizing

The metal-clad switchgear for control of
bus sectionatizing will include:

1—Breaker base unit { } ampere
1—{ } ampere bus transition

1—W-2 breaker control switch with red &
green lights

Optional ltems
3—Current transformers, { )-b ratio

1—W-2 ammeter switch
1---KA-221 ac ammeter, 0-{ ) scale

3—CO phase overcurrent relays



Page 30

Typical Units
Unit 7 Induction Motor, full voltage start

The metal-clad switchgear for control of
induction motor will include:

1—Breaker t_:ase unit { ) ampere
1—{ } ampere main bus

1—Set of cable lugs

3—Current transformers, { }-5 ratio

1—W-2 breaker control switch with red &
green lights

1—W-2 ammeter switch

1—KA-221 ac ammeter, 0-{ ) scale
1—BL-1 temperature relay, 2 element
1—CO0 phase overcurrent relay
1—CV undervoltage relay

Optional [tems

1—BYZ zero sequence current transformer
50-5 ratio

1—ITH ground inst. overcurrent relay, 1
element

1—CM phase current unbalance relay
3—CA motor differential relay
1—WL-2 lockout auxiliary relay, hand reset

3—Current transformers { )-5 ratio for
motor differential relays

3—Current transformers { )-5 ratio for
motor differential relays and connection
in the motor neutral, unmounted

Units 7. 8 and 9 Induction Motor, Line-
Reactor Start

The metal-clad switchgear will consist of
two breaker units and one reactor unit as
follows:

Unit 7 The main or running breaker unit
will include:

1—Set of equipment identical to the equip-
ment for ‘unit 7 induction motor, full
voltage start’ plus

1—Transition bus { ) ampere

1—MQC switch, auxiliary contacts

1~~TOC switch, premissive control

1—Agastat time relay

Unit 8 The starting reactor unit will in-
clude:

1—{ } ampere main bus
1—Reactor housing and connections
1—Motor starting reactor

Note—Specify the percent starting voltage
desired or limitation on starting current
or starting Kva with minimum starting
voltage of the drive.

Advise complete motor data including
locked rotor amperes, starting power
factor, starting torgue and starting time
at 100% volts.

Advise system short-circuit Kva available
at the motor terminals for starting.

Unit 9 The starting breaker unit will in-
clude:

1—Breaker base unit { )} ampere
1—( ) ampere main bus

1—Set of connection to reactor
1—T0OC switch, permissive control
3—Current transformers ( )-5 ratio

1—W-2 breaker control switch with red &
green lights

Optional Items
3-—Current transformers { )-5 ratio for
motor differential relays

Note—Metal-clad switchgear for neutral
reactor start would include a set of
equipment same for line reactor start
except delete current transtormers from
the starting breaker unit and delete the
transition bus from tha main or running
braaksr unit.

Units 10 and 11 Synchronous motor, full
voltage start.

The metal-clad switchgear will consist of
ane auxiiiary unit and one breaker unit as
follows:

Unit 10 The auxiliary unit will include:

1—( ) ampere main bus

1—ASR synchronous motor field applica-
tion control with field failure relay

1-—Field discharge resistor

1—TField contactor or electrically operated
type DBF field breaker for field currents
over 240 amperes

1—Exciter field control either (a) hand-
wheel only for maximum of two 15 inch
diameter plates or {b) W-2 control
switch for remote electrically operated
rheostat mechanism

1—5G auxiliary relay for excitation check

1—Agastat time relay for sequence check

1—KX-221 dc ammeter and shunt

Unit 11 The breaker unit will include:

1-—Breaker base unit { ) ampere

1-—( ) ampere main bus

1—=Set of cabfe lugs

3-—Current transformers, { )-5b ratio

1—\W-2 breaker control switch with red &
green lights

1—W-2 ammeter switch

1—KA-221 ac ammeter, 0-( } scale
1—KY-221 varmeter, O-{ ) scale
1—BL-1 temperature relay, 2 element
1—C0 phase overcurrent relay
1—CV undervoltage relay

Optional ltems

1-—BYZ zero sequence current transformer
50-5 ratio

1—ITH ground inst. overcurrent relay, 1
element

1---CM phase current unbalance relay

3—CA motor differential relay

1—WL-2 lockout auxiliary relay, hand reset

3-—Current transformers { }-5 ratio for
motor differential relays
3—Current transformers ([ }-5 ratio for

motor differential relays and connection
in the motor neutral, unmounted
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Units 10, 11, 12 and 13 Synchronous
mator, line reactor
start

The metal-clad switchgear will consist of

one auxiliary unit, two breaker units and

one reactor unit as follows:

Unit 10 The auxiliary unit will include

1—3Set of equipment identical to the equip-

ment for ‘unit 10 synchronous motor,
full voltage start’

Unit 11 The breaker unit will include

1—Set of equipment identical to the equip-

ment for ‘unit 11 synchronous motor,
full voltage start’
plus

1-—Transition bus ( } ampere

1—MOC switch, auxiliary contacts

1—MOC switch, permissive control

1—Agastat time relay

Unit 12 The synchronous motor reactar unit
will include:

1—Set of equipment identical to the equip-
ment for ‘unit 8 starting reactor unit’

Unit 13 The synchronous motor starting
breaker unit will include:

1—Set of equipment identical to the equip-
ment for ‘unit 9 starting breaker unit’

Unit 14 Auxiliary unit

The metal-clad switchgear for auxiliary unit

will include:

1—{ ) ampere main bus

1—Set of equipment such as potential
transformers, control power transform-
er, surge protection equipment, etc.

Unit 15 Entrance compartment

The metal-clad switchgear for one en-

trance compartment will include

1—( ) ampere main bus

1—Set of cable lugs

Bus Run—~Refer to page 3 for guide speci-
fication and ordering information.

Accessories: Standard
One set of accessories for test, inspection,
maintenance, and operation, including:

1—Maintenance handle for manually ¢clos-
ing circuit breaker when nat in housing
and manually charging

1—Levering crank for moving circuit break-
er between test and connected posi-
tions

1-—Spanner nut wrench for removing, re-
placing, or checking tightness of main
disconnect contacts when de-energized

1—=Set of test plugs for use with Flexitest
relays and meters

1—Arc chute lifter to assist in tilting of arc
chutes. For 50DHP350 breakers and all
7.5 and 15 Kv circuit breakers

1—Transport truck for handling circuit
breaker outside housing. For Aisle-less
gear

1—Turning dolly for handling circuit break-
er outside housing. For indoor and
Shelterfor-M gear

1-—Test cable for electrically operating cir-
cuit breaker outside housing

1—{Optional) Test cabinet for testing elec-
trically operated breakers outside
housing

Qptional Equipment

125 Volt Control Battery

The control battery will provide power for
electrical operating mechanisms and may
be used for indicating lamps, alarm circuits,
and control relays:

1—860-cell storage battery, lead-acid type,
in sealed plastic jars. Discharge rate
will not be less than . . . . amperes for
one minute, or . ... amperes for 8
hours to 1.75 volts per cell. There will
also be furnished electrolyte, inter-
connectors, rack, cell numbers, port-
able hydrometer, and vent hole ther-
maometer.

48 Volt Tripping Battery

The tripping battery will provide power for
the shunt trip coils:

1—24-cell storage battery, lead-acid type,
in sealed plastic jars. Discharge rate
will not be less than . ... amperes for
one minute gr . .. . amperes for 8 hours
to 1.75 volts per cell. There will also be
furnished electrolyte and interconnec-
tors.
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Battery Chargers
Non-automatic:

1—Static battery charger, . ... volt, 680
cycles, acand ... .amperesto....
amperes dc, with dial switch, ammeter,
and voltmeter

Self-regulating:

1—Self-regulating battery charger, . . ..
volts, 60 cycles, ac, and . . .. amperes
to . ... amperes dc, with indicating
and control devices

Ac Closing

The stored energy circuit breaker is avail-
able for ac clasing. In lieu of a reliable ex-
ternal ac source, one . ... -240/120 volt
operating transformer may be required on
the line side for each incoming line, genera-
tor unit, and bus section.

Ac Tripping

In lieu of battery tripping, specify a capaci-
tor trip device for each circuit breaker and
lockout relay. In addition, a potential trans-
former may be required on the line side of
each incoming line, generator unit, and bus
section.

Surge and Lightning Protection

Where there are exposed lines, it is recom-
mended that the purchaser provide ade-
quate surge and lightning protection. If
desired, this protective equipment can be
supplied in the metal-clad gear.
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When ordering, specify:

1. Single-line diagram showing main con-
nections and sketch showing desired arder
of assembly units.

2. Item details such as current transformer
ratios, relay types, characteristics, ranges,
etec.

3. Name of manufacturer and compliete
nameplate rating of all equipment to be
controlled by the switchgear. Generator in-
formation should include the field rheostat,
field discharge resistor, governor motor in-
formation and exciter rating. Synchronous
motor information should include exciter
rating.

4. The control voltages for operating the
closing mechanism and shunt trip coil.

5. Type of cable, number and size of con-
ductors and diameter over lead or hraid for
each power circuit and where they are to
enter {top or bottom).

6. How power cables are to terminate
{clamp-type terminals or potheads).

7. Where control cables are to enter {top or
bottom).

8. Maximum overall dimensions of ship-
ping section which can be handled and in-
stated at destination.

9. Complete wording for each circuit iden-
tification nameplate.

Drawings and Instruction Books

Every Porcel-line type DHP order includes a
set of general assembly and floer plan draw-
ings, a series of instatfation and field as-
sembly drawirigs, and a job instruction
book. This information provides complete
details for layout planning. This information
also provides detailed instructions as to the
shipping and receiving, handling, storing,
and installation of the metal-clad switch-
gear. No field operations should be at-
tempted without first consulting the draw-
ings and instruction books.

Westinghouse Electric Corporation
Switchgear Division
East Pittsburgh, Pa. 15112, U.S.A.

Shipping and Receiving

Porcel-line metal-clad switchgear is shipped
in groups of one or more units. Each group
is rugged|y designed and braced to with-
stand shipment by truck, rail, or ship. In-
door groups are bolted to skids and en-
closed in a protective covering. Because of
their structural base outdoor groups do not
need skids. For single-row Shelterfor-M the
aisle wall is positioned across the front of
the shipping group. For double-row
Shelterfor-M a protective covering is lo-
cated across the front of each shipping
group. Aisle-less gear is protected by its
own weatherproof enclosure. DHP circuit
breakers, aisle parts, accessories, and in-
stallation materials are packed and crated
separately. Appendages such as bus runs
and synchronizing panels and large internal
equipment such as cil-filled transformers
may also be packed and crated separately.
When received the purchaser should check
the material against the shipping list. If
loss or damage is discovered, file claims
with the transportation company and notify
the nearest Westinghouse representative.

Handling

Porcel-line metal-clad switchgear is equip-
ped for handling by crane. In addition, it is
provided with shipping braces and jack
supports. It is recommended that the groups
be lifted into position by crane. However, if
no crane is available they may be skidded
into place on rollers using jacks to raise and
lower the group.

Porcel-line type DHP breakers are crated
so as to be handled by crane or industrial
“fork’’ truck. After uncrating but befecre in-
stalling arc chutes, breakers may be lifted
by crane. On smooth floors they may be
rolled easily on their own wheels.

Storing

Porcel-line switchgear which cannot be in-
stalled and put into service immediately
must be stored so as to maintain the equip-
ment in a clean and dry condition. Starage
in a heated building is recommended. If
stored outdoors, special precautions must
be taken: indoor switchgear must be cov-
ered and temporary heating equipment in-
stalled, cutdoor switchgear must be sup-
plied with temporary power for operation of
the space heaters. During storage the ship-
ping groups should be placed on a level sur-
face to prevent unnecessary strain.

Installation and Field Assembly
Westinghouse Porcel-tine switchgear is
factory-tested and factory-assembled from
accurately tooled parts upon true and level
bedplates. A minimum of installation and
field assembly time will be required if the
pracedures described on the drawings and
in the instructions are adhered to.

Careful preparation of the foundation will
simplify erection and will assure good
switchgear performance and reliability. The
foundation must have sufficient strength to
withstand the weight of the structure and
breakers plus the impact resulting from
breaker operation.

The foundation for indoor switchgear
should consist of rugged steel channels im-
bedded in a concrete floor. The steel chan-
nels must be flat, level, and in a true plane
with each other. The finished floor must be
in a true plane with the steel channels and
must not project above the level of the steel
channels.

The foundation for outdoor switchgear may
be a concrete pad, footers, or pillars. For
any condition, the aisle-less switchgear re-
quires a reasonably level and smooth pad
for breaker drawout. The integral base fur-
nished with outdoor switchgear should be
supported in a level and true plane.

Field assembly of the Shelterfor-M aisle
and of sorme weather-proofing is required.
These parts are standardized and tool-made
to simplify and expedite their assembly. The
details of assembly are described in the job
instruction book and associated drawings.
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