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Application

Waestinghouse Porcel-line type DHP metal-
clad switchgear with removable circuit
breakers provides centralized control and
protection for generators, motors, 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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Matal-Enclosed Group Phase
{Non-Segregated Phase )

Medium Voltage Bus, Indoor or Outdoor
Service

Group Phase Bus Run
Meets ANS! standard for metal-enclosed
non-segregated phase bus run with insu-
lated bus conductor and connections.
Nominal Voltage Class
418 Kv 13.8 Ky
Rated Maximum Voliage
476 Kv 15Ky
Kv BIL
60 95
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:

Service Tvpe Support Approx. Spacing
Indocr Hanging Rod 4 Fr.
Outdnnr Support Frame B F1

Hangers or supports are not supplied with
the bus run.

Where required, wall flange and vapor bar-
riers for indoor 1o 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, patheads, 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. Ildentification of equipment to be con-
nected by bus run. If of Westinghouse
manufacture give reference to G.0. and
5.0. 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
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Guide Specification

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

Bus run to include:
| }—Feet { )} ampere bus

{ }—{ } A elbows

{ }—1{ ) Atees

1—1( } A termination to switchgear

1—{ |} A termination 10 {transiormer-
generator-switchgear)

Optional Items

1—Set uninsulated ground bus

1—Set ( } ampere insulaled 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 Neutrat
Rating per 11 Fig. A B C A B cC
Aluminum Canductor

1200 55 1 20 1538 7.1 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 19 712
4000 105 2 35.75 17.38 8.12 35.75 21 812
Copper Conducior

1200 65 1 20 1538 7.12 26 15.38 712
2000 85 1 20 15.38 7.12 26 15.38 72
3000 100 1 20 17.38 8.12 26 17.38 8.12
4000 150 2 35.75 15.38 7.2 35.75 19 7.12
5000 170 2 3575 17.38 812 35.75 21 8.12
Noles.

1. Heaters and venlilators for osutdoor bus runs and indoor as required by customer condilions

2. Hanger rods o be %" diameter rods locatad 247 trom each end ol each bus length.

3. Position for uninsulated ground hus. if required

4. Position for insulaled neutral bus. if required

5. Removable covers on the botiom are slandard for indoor and ouldoor bus. For covers on fop

{available indoor only] dimensions A and B increase approximately .25 inch and dimensian €

increasas 1.38

# ]
ST k_
J 8 y Fy- 4
- [apupm
[T AN (T v
A / N\ \
i@i 2 ﬁt}*’@i? Nole 3 Nole 4 Nole 3 Nole 4
by d BEER 18 leet)
a6 A A
Figure 1 Figure 2
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Type DHP Porcel-line® Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 50 DHP 250 or 50 DHP 75 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 ®
Qutdoor Aisle-Less
End Panel 300 1.5
Aux. 2550 26 82.62 107 59
1200 1950 ®
2000 2150
Outdoor Shelterfor-M
End Panel 900 1.5
Aux. 2750 26 151.5 111.75 73.5
1200 2150 ®
2000 2350
Outdoor Common Aisle Shelterfor-M
End Panel 1200 1.5
1200 or 2000 Aux. 5200 26 228 111.75 72
Ampere 1200 4000
Breaker ! e 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

(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 8 inch extra depth line compt. where required.
Qutdoor add 12 inch extra depth line compt, where required.

N . .
ly Breaker Unit @ . .~ @ Optional PT location, access door front.
iy @® Front accessible CT location.
Auxiliary Unit (3) _ - .~ ®CTlocation.

@ 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

i

S . e - o o 0 o & &
l-——vv.zs——-l-—sz.as-—-l-—za-l I——23-|-—52.33—-|-—77.25—-|-—-52.3a—-]-23—l

le— 52.38 —ofe—23
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Type DHP Porcel-line@ Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 50 DHP 350 ;mpere Wt. (Lbs.) Width Depth Height Aisle
P ating Unit Less of Minimum
%%% %ﬁ %ﬁ%ﬁ i Breaker Unit
‘&% Indoor
Aux. 2200 26 70 90.38 46
= 1200 1600 ®
2000 1800 ®
3000 2400 36
Outdoor Aisle-Less
End Panel 300 15 90.62 107 68
g Aux. 2550 26 ®
5 1200 1850
| [ 2000 2150
3000 2800 36 80
28 o .
s 36.38 Qutdoor Shelterfor-M
@ s End Panel 900 15
L 5 T Aux, 2750 26 159.9 111.76 735
I 1200 2150 ®
v 2000 2350
1200 or 3000 3100 36
S i(r)nogere o e 9 9 Outdoor Common Aisle Shelterfor-M
Breaker | 1 i} G )1 End Panel 1200 15
H il - Aux. 5200 26 244 111.76 72
S i 1200 4000 ®
P E 2000 4400
il el = 3000 5800 36
5 LUl € ¥
1 : i Ampere Wi, (Lbs.) Type Circuit Breaker
! | i Rating Breaker
| Vol i
N . e 1200 900 50 DHP 350
E e b W - . : . 2000
e " | i 3000 1500
(D Foundation supports for Indoor Switchgear supplied by purchaser, steel channel
recommended.
@ Opening for main cables.
@ Opening for secondary conduits, 2 inch maximum.
f @ Customers, terminal blocks.
i K it @ ® For full height instrument panel on all units add 8 inches.
‘i\ Breaker Unit (3) ® Indoor add 8 inch extra depth line compt. where required.
QOutdoor 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

"—60.37—‘4*23—'! |‘—_‘—77.25_—'j‘— 60.37—4“" 23*‘1 L—ZS—“I‘——EO.N‘—’L——??JS—-L— 60.37—-'-—23-[
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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 W1, (Lbs.) Width Depth Height Aisle
[ ————— — B e =+ Rating Unit Less of Minimum
: . . gﬁ? i G e Breaker Unit
s - . Indoor
Aux. 2800 36 78 90.38 49
1200 2000 ®
2000 2200 ®
3000 2400
QOutdoor Aisle-Less
End Panel 300 1.5
Aux. 3200 36 100.62 107 80
= 2 1200 2400 ®
r @ 2000 2600
3000 2800
28 Outdoor Shelterfor-M
28.75 End Panel 900 1.5
; @ Aux, 3500 36 169.5 111.75 735
L 1200 2700 ®
i 2000 2900
1200 or 3000 3100
: gggg or Outdoor Common Aisle Shelterfor-M
Ampfre | i "6 End Panel 1200 1.5
Breaker b D Aux, 6600 36 264 11,75 72
il e 1200 5000 ®
T 2000 5400
i 3000 5800
b e
E) Y "1," Ampere Wit. (Lbs.) Type Circuit Breaker
i ! Rating Breaker
| E 1200 1400 75 DHP 500
= 2000 160 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.
I'—.q\ ® For full height instrument panel on all units add 8 inches.
i i @ ® Indoor add 10 inch extra depth line compt. where required.
vy Breaker Unit @ 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.
Au-xlllarv Unit (3) ® 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

|-—57.25~—-|-25.12-J L—n.zsﬁ%—-e?.zs—*zs.uj l-ze.u-l-—sv.zs—-l——n.zs—-l-—ems—-|-26.12-|
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Type DHP Porcel-line® Metal-Clad Switchgear

Type 150 DHP 750 or 150 DHP 1000

28.75

=E

1200 or

2000 or
G 3000

Ampere
Breaker

@ @

Y Breaker Unit ©)

Auxiliary Unit (3)

Aisle-Less Shelter for-M

-'r---r-—-1
-

————”

'
-

@
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Approximate Weight and Dimensions in Inches

Ampere Wt (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

Qutdoor Shelterfor-M

End Panel 900 15

Aux. 3500 36 185.5 111.75 81.5

1200 2700 ®

2000 2900

3000 3100

Outdoor Common Aisle Shelterfor-M

End Panel 1200 1.5

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

(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.

(® 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.

Common Aisle Shelter for-M
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Vacuum Porcel-line® Metal-Clad Switchgear Approximate Weight and Dimensions in Inches
Type 150 DVP 500 or 1560 DVP 750 Ampere Wi, (Lbs.) Width Depth Height Aisle
—_— — Rating Unit Less of Minimum
Breaker Unit
Indoor
Aux. 2800 36 78 90.38 49
1200 2000 ®
2000 2200 ®
Outdoor 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
Aux. 3500 36 169.5 111.75 735
1200 2700 ®
2000 2900
Outdoor Common Aisle Shelterfor-M
End Panel 1200 1.5
1200 or Aux. 6600 36 264 111.76 72
2000 1200 5000 ®
Ampere mr 2000 5400
Breaker b i
i'-i_ I3 Ampere Wt. (Lbs.) Type Circuit Breaker
N Rating Breaker
o
(SR 1200 900 150 DVP 500
Y H 2000
' 1200 950 150 DVP 750
! 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 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.
Tt bdn .~ (® Front accessible CT location.
Y} Breaker Unit [©) 5 ® CT location.
i b @ 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

i

(D @ @ ()= Q)
lo—67.26—ola26.1 2-] 7725 — ol §7.25 —ole26.1 2-J

el 7725 e

QD
67.25 —-Lzs.u-l

O,
L28.12-|-——67.25
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A WE A High Voltage current limiting power
fuses for fuse application.

Current Limiting Fuses

Type DHP Porcel-line® Metal-Clad Application Ratings
Switchgear with Type 150 FSP The 150 FSP load interrupter switch with Nominal Voltage Class 13.8 Kv
Load Interrupter Switch current limiting fuses is applied in 500, 760 Rated Maximum Voltage 15 Kv
or 1000 Mva class switchgear for protection Rated Continuous Current at 60 Hz 1200 A
of transformer loads where economics does Load Break Rating 600 A
; i not require circuit breaker protection. The No. of Load Break Operations
Gﬂ—*\‘-)H ratings listed are for the unfused switch 600 Ampere 80% P.F. 100
L which may bé applied only with 37 Ka or 1200 Ampere 80% P.F. 10
58 Ka close and latch capability switch- Magnetizing Current Break Yes
gear. Refer to Application Data 36-661 Momentary 10 Cycle 61 Ka rms Asym.

3-Second Short-time
Carrying Capability 38 Ka rms Sym.
Fault Closing Capability 61 Ka rms Asym.

Inter- Operating Mechanism
’R“a"“i;"g‘;‘ The standard manual operating mechanism
Service Rating Type rms Sym. g quick-make, quick-break. Optional stored
13.8 Kv  30E, 40E, 50E, 65E CLE-1 85 Ka energy manually operated mechanism and
' ??5@,’??5}535&‘ Et%% ES’ ?: optional stored energy electrically operated
6.9 Kv 30E to 125E CLE-1 50 Ka mechanisms are also available.
150E, 200E CLE-2 40 Ka

1200A
150 FSP
Approximate Weight & Dimension in Inches

Type 150FSP In Lineup With

Type 160DHP500 or 75DHP500 Type 150DHP750
150DVP500 or 150DVP750 or 150DHP1000

Ampere Wt. (Lbs.) Width Depth Height Aisle Depth Height Aisle

- TmmmmmTm oA

-! Rating Unit Less of @ Minimum Minimum
i Switch Unit
i Indoor Figure 1 Figure 2
1200 2000 36 78 90.38 55 94 90.38 55
® ®
®
Outdoor Aisle-Less
End Panel 300 1.5 100.62 107 90 108.62 107 920
1200 2400 36 ® ®
Outdoor Shelterfor-M
. End Panel 900 1.5 177.5 111.75 815 185.5 111.75 815
. 1200 2700 36 ® ®
- § Outdoor Common Aisle Shelterfor-M
~ End Panel 1200 1.5 272 111.75 80 288 11175 80
28.75 gﬁ;' 1200 5000 36 ® ®
.
- ~ Ampere Wt. Type
ks l " Rating {Ibs.) Switch
g i
6 - 1200A T 1200 1050 150FSP
.6 150 SSF E
: i Fuse ;'"'t_ @ Foundation supports for Indoor Switchgear supplied by purchaser, steel channel recommended.
. H @ Opening for main cables.
. 1 @ Opening for secondary conduits, 2 inch maximum.
e i | @ Customers terminal blocks.
o Vo ® 150FSP with 500 MVA units, add 8 inches to depth of all units where switch must have both
] o b= disconnect and operating positions.
e i ® Indoor add 10 inch extra depth line compt. where required.
o Outdoor add 12 inch extra depth line compt. where required.
o @ Optional PT location when main cables exit bottom, access door rear.
.ﬁ ® 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.

Manual

Complete
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Type DHP Medium Voltage Porcel-line® Switchgear

Maximum Panel Equipment: Typical Arrangement

I-—19.19—-|

Indoor
Figure A B C D E F
Indoor & Shelterfor-M Aisle-less
@ FT-11 Minimum Full Height
@ FT-21 Ampere Depth Unit Instr. Panel
Type of Unit Rating Panel Figure Number
@ K-221 Instrument 50 DHP 75 1200 A D D
. 50 DHP 250 . 1200
® WL Relay 2000
3 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 Cc
150 DHP 500 150 DVP 750 2000 F
lﬂ 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 K
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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 National Standards
Standard Institute

€37.010 Application guide for ac high-
voliage circuit breakers rated on a
symmetrical current basis

C37.100 Definitions for power switchgear
©37.04 )

Rating structure for ac high-
voliage circuit breakers

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

symmetrical current basis

C37.07
C37.09

Factors for reclosing service

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

SG-4 Power Circuit Breakers

SG-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-
rmate, excessive dust, dripping water,
falling dirt, or other similar conditions.

Unusual transportation or storage con-
ditions.

Switchgear assemblies when used as the
service disconnecting means.

Installations accessible to the general
public.

Application Data
32-262
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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 lower
flcors where the amplification is lower.
Floor response specira 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 requiremaent to
permit evaluation of the application.

Seismic requirements are also being speci-
fiad 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
for seismic application will specity loca-
tion and strength or rigidity required where
necessary 10 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. Afthough
tightning 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 voltage 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 oceur,
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 excead 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 manufacturers’ catalog sections
for the various types of available lightning
arresters will give complete information for
other voltages and types of systams.

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 whera
there is no exposure to lightning also will
not require arresters.

Adequate surge protection for metal-glad
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 {or 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 must be provided at
the junction of cables connected to
tines exposed to lightning.

5—Coordination of arrester location with
apparatus insulation level.

Typical Lightning Arraster Application

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:

Impedance

Operating Grounded or Solidly
Vollage Ungrounded Grounded
Kv System System

2.4 3 Kv 3 Ky

4,16 6 or4.5 Kv 3 Ky

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

Lightning Station Inter- Digtri-
Arrester Type mediale bution
Rating Arrester Type Type
To 60 Kv BIL Melal-Clad Switchgear

3 Ky NL NL NL

4.5 Kv NL NL X

6 Kv NL NL 70
To 95 Kv BIL Metal-Cled Swilchgear

6 Kv NL NL NL

7.5 Kv NL NL X

9 Kv NL NL 160
12 Kv NL 240 70
15 Kv 110 80 s
To 60 Kv BIL Liquid or Gas-Filled Transformer

3 Kv NL NL NL

45 Ky NL NL X

6 Ky NL NL NL
To 75 Kv BIL Lquid or Gas-Fillad Transformer

3 Kv NL NL NL

6 Kv NL NL NL

7.5 Ky NL NL X

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

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

NL means no limit lo cable length
X means not applicable
§ means cable length too short to consider
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Circuit Breaker Control

The DHP circuit 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 proiective 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 control 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 consider 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 Storad Energy Machenism Control Powsr Requirements

Spring Charge Maotor

Rated Close Ind.
Control Aun Amperes Time or Trip Vollage Range Light
Voltage 5 Kv 15 Xv Sec. Amperes Close Trip Amperes
48 V Dc 13.0 13.0 5 1c 40-50 28-60 .035
125 vV D 5.0 5.0 5 S5 90-130 70-140 .035
250 V Dc 2.6 2.6 5 2 180-260 140-280 .035
115 V Ac 6.0 6.0 5 17 95-125 95-125 .036
230 V Ac 3.0 3.0 5 7 190-250 130-250 035
Control Power Transformers ® Disconnect Type ® 1 Phase ¢ 80 Hertz
Primary Volts @
Taps Secondary Kv
+74% Rated -7TV% Volis Kva Class
25680 2400 2220 240/120 5,10, 15 5
4470 4160 3850 240/120 5,10, 15 5
5160 4800 4400 240/120 6,10, 15 5
7740 7200 6680 240/120 5.10, 15 15
12900 12000 11100 240/120 5,10, 15 15
14300 13300 12300 240/120 £.10, 156 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 260 voltor 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 from 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/or 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
volts. 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 transtormers. If line to
ground potential is also required for a di-
ractional 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 ¢ 80 Hartz

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, & 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 ona
standard 5 ampere coil ammeter. Therefore,
the current transformer primary rating
should be 140 to 150 percent of the maxi-
mum load current.

Maximum systemn 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 60-5 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 hy adding one resid-
ual 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, 4200-1290, 4800-120, 7200-120, 8400-120, 12000-120, 14400-120
Ratio 20 35 40 60 70 100 120
Switchgear Potential Transformers 120 Volt Secondary

Max, Number ANS! Accuraey Class Thermal
Kv Ky Unit Per Set and Standard 120 Volts at Burden 68.3 Volts at Burden Rating 55°C
Class BIL Width Connsction Ratio’s w. X, Y z w, X Y Conn,. Volt-amp
5 60 26 2L 20,® 0.3 1.2 0.3 .. LL 700

or 3LG 35. LG 400

40 LG® 700

7.5 95 36 2LL 35, 40, 0.3 0.3 0.3 0.3 LL 1000
& or 3LG 60, 70, LG 550
15 100, 120 LG @ 1000

@ For solidly grounded 4160 voll system only
or any 1ype 2400 volt aystem.
@ For solidly grounded systern only.

LL Line to Line sonnection
LG Line to Ground connegtion

Standard Current Transformers ® Type RCT e 55°C Ambient

Melsring Accuracy Classitication ANSI
Currant Ratings 60 Hz Standard Burden Relaying
Amperes B0O.1 B 0.5 B20C Accuracy
Single Ratio
@ 50-5 1.2 2.4 —_ c1o
7%5-5, 100-5, 150-5, 200-5 0.6 2.4 — cC 20
300-5 0.6 2.4 2.4 c20
400-5, 500-5 0.6 1.2 2.4 C 50
600-5 0.3 0.3 2.4 C 50
800-5 0.3 0.3 1.2 C 50
1000-5, 1200-5, 1500-5 0.3 0.3 0.3 C t00
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 0.3 0.3 C 200

@ Two 100-5 RCT Current Transtormers wilh Secondaries in Parallel.

@ For Technical Data See Wastinghouse TD 44-060.

Qe
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Auxiliary Switches

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

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

Permissive

by the breaker control requirements usually
to one 'a’ and two 'h’ 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

Application Data
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used, The MOC switch may be applied for
operation in the operating position only, or
operating and test position of the breaker
as determined by the application.

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

Local General Auxiliary Switch applications, Indicating lights.
Typical Applications Control Alarm, Supv. Control Indicator. Field application, etc.
Start-run Capacitor Interlocking to pravent Star-run
Breaker Trip Parallel Operation of Breakers Breaker
Interlocking Recloser Motar Space Heaters Intarlocking
Type Auxiliary Switch TOC Switch Breakar TOC and MOC Switch MOC Switch 5G or MGS
or Davice {supplied Auxiliary Auxiliary Switch | Opasrating Position Qperating and Auxiliary Relay
only when required.} Swilch Test Position i
Shown for Shown for a Shown for Shown for Nota a
Breaker in Breaker in Breakar in Breaker in

Test Position

1

Open Position

1 1

QOpen Position

Qpen Position

L 4s

1O}

x |~ —<&{ >

H H a b 1 5
H H

Breaker Condition T :]; T T
Operating Close X X X X X
Position

Qpen X X X X X X
Test Close X X X X X X
Position

Open X X X X
Withdrawn X X X X

@ MOC Switch preierred unless schema is fail safe on coil failure.

X Indicates switch contact or circuit 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 ba specified.

Interrupting Capacity Auxiliary Switch Contacts

Continuous

Control Circuit Voltage

Current
Type Auxiliary Switch Amperes 115 Ac 230 Ac 48 Dc 125 De 250 De
Non-induclive circuit interrupting capacity in amperas
Breaker Auxiliary Switch 15 75 25 20 11 2
TOC Auxiliary Switch 16 75 25 20 11 2
MOC Auxiliary Syviilch 20 80 30 20 8 1.8
Induclive circuit interrupting capacity in amperes
Breaker Auxiliary Switch 156 25 5 8 6.25 1.76
TAC Auxiliary Switch 15 25 ) B 6.25 1.75
MOC Auxiliary Switch 20 30 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 of 15 or less and 1.25
system supplied from a single source trans-  multiplying factar 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% 2.4 416 6.6 12 138
1 1.5
1.5 2 50 DHP 75
2 25 12 Ka 50 DHP 75 150 DHP 500 150 DHFP 500 150 DHP 500
10.1 Ka 150 DVP 500 150 DVP 500 150 DVP 500
25 K] 23 Ka 22.5 Ka 19.6 Ka
3 3.75
375 5 50 DHP 250
5 75 36 Ka 50O DHP 250
33.2 Ka
1.5 10 50 DHP 350
100 10 49 Ka
10 12@
12 15 50 DHP 350 75 DHP 500
46.9 Ka 41.3 Ka
15 20
200 20 Broaker Type 150 DHP 750 | 150 DHP 750
and 150 DVP 780 150 DVP 750
25 Sym. Intarrupting Capacity 35 Ka 30.4 Ka
30 at the Operating Yoltage
50 150 DHPF 1000 150 DHP 1000
46.3 Ka 40.2 Ka

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

Load Currant Switching ) Number of Operaticns

The following table of number of cperations 83?,‘;’,‘:“”5 Max. No.

is a guide to normal maintenance for cir- Circuit Rating Operations No Load_ Full Load | Inrush Full Load | Inrush

it breakers operated under usual service Breakor Between Mechanical

cu - P E usu r ) Tyne Amperes Sarvicing Duty Fault Opearation Nonfault Duty

conditions for most repetitive duty applica- A DHP Air

tions including isolated 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. SO0DHP350 & 2000 2000 10.000 1000 750 2000 2000
150DHP 1000

Servicing shall consi justing, - 500HP350, 1200

: g shall consist of adjusting, clean 150DHP1000 & 2000 1000 5.000 500 400 2500 1500

ing, lubricating, tightening, etc., as recom- All 30004 3000

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 maintained, if necessary.

Nonfault duty is a special application where
the circuit breaker Is not required to inter-
rupt fault currents.
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(@ Non-5t1andard Breaker with High Momentary Rating
available for Special Applicanons.

@ For 3 phase and line to line faults, the sym interrupt-
ing capability at a Kv operating vollage

E
= KV(Fhalm:l Snart-Circuit Current}

But not to exceed K.
Single fiae to ground favlt capability at a Kv aperating
voltage

E
=1.15 e {Rated Short-Circuit Current)

But not 1o excesd K.

The above apply on predominately inductive or rosis-
five 3-phase circuits with normal-frequency line to
line recovery vollage equal o the operaling vollage.

D For Reclosing Service, the Sym. Interrupting Capa-
bility and other related capamlities are modifred by
the reclosing capability lactor oblained from the
following formula:

c
R(%)=1007E {n—2) +--1—5--- —ig"

Where C = KA Sym. Interrupting Capability at the
Operating Voltage but not less than 18
n=Total No. of Openings
T,. T, atc. =Time intarval in saconds except

15-T, 15-T, ]

use 15 for time intervals longer than 15 sec.

Note: Raclosing Service with the standard
duty cycle 0+ 155+ C0 Does not require
breaker Capabilities modilied since the re-
closing capability factor R =100%.

@ 32-262
Page 21
Table 1: Application: Available Breaker Types Rated on Symmetrical Current Rating Basis
Idenulication Rated Values Retated Required Capabilities(3}
Nominal Nominal Veltage Insulation Level Current Rated Rated Rated Current Values
Voltage  3-Phase TRgeg Rated  Rated Withstand Rated Rated  Inier- Permis-  Max.  pjax- 3 Sec Closing
Class MVA Maximum Voltage TeslVoltage Contin-  Shon rupting  sible Voltage qmym  Short- and
Class Vo'tage Range uous Circuit  Time Tripping Divided gy Time Latching
Factor Currant  Current Delay By K Inler-  Current Capability
ar (at rupting Carrying  {(Momentary)
60 rated Capa- Capability
Hz Max. bality
K} K Times Rated T6K Timas
@ Low @ @ Short-Circuit Rated Short-
Fre- Impulse Current® Circuit
Circuit E X quency ! Y E/K Ki Current
Breaker Kv MVA
Type Class Class Kv rms Kvrms KvCrest Amperes KArms Cycles Sec. Kvrms KA rms KArmms KA rms
DHP Air Circuit Breahker
50 DHP 75 75 1.36 1200 8.8 35 12 12 19
50 DHP 250G 1200 58
416 250 4.76 1.24 19 60 2000 29 5 2 385 (38 36
H BGDHP 260 1200 780
2000
1200
50 DHP 350 350 1.19 2000 41 4.0 49 49 78
3000
75 DHP 500 7.2 500 B.25 1.25 36 95 1200 33 5 2 6.6 41 41 66
2000
3000
150 DHP 500 1200 37
2000
3000
500 1200 18 23 23 58
H 150 DHP 50C(D) 2000
3000
150 DHP 750 13.8 750 15 1.30 36 95 1200 28 5 2 115 36 36 58
2000
3000
H 150 DHP 750 1200 70
2000
3000
1200
150 DHP 1000 1000 2000 37 48 48 77
3000
DVP Vacuum Circuit Breaker
150 DVP 500 1200 27
500 2000 18 23 23
150 DVP 750 13.8 750 15 1.30 a6 95 1200 28 3 2 1.5 36 36 58
2000

@ Tripping may be dalayed beyond the rated permissible
tripping delay at lower values of current in accord-
ance with the following formula:

T (seconds) =
[KI (K Times Rated Short- Circuit Current)]*

Short-Circuit Current Through Braaker

The aggragate tripping delay on all operations within
any 30 minute period must not exceed the time ob-
tained from tha above formula.




Page 22

Application on Symmetrical Current
Rating Basis

Application Considerations

Waestinghouse medium voltage matal-clad
switchgear provides control and protsction
tor generators, motors, transformers and all
types of feeder circuits. In the usua! appli-
cation the selection of the circuit breaker
tor the operating voltage, to carry the load
current and provide for the interruption of
the available 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
applications or unusual service conditions
should be referred to the neareast Westing-
house Sales Office with datails and a re-
quest for recommendations.

Rated Maximum Voltage

The Kv operating voltage should not exceed
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 excaess
of the utilization 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 cooling and
12% additional capacity for 65°C. rise rat-
ing when used,

induction motor and synchronous motor
starting breakers should be rated in excess
of 125% of motor full load amperes.

Generator breakers should be in excess of
125% of genserator full load current. Gther
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 breakers should have
a rating in excess of 135% of the bank full
load current. This is duatoa Oto +15%
manufacturing tolerance in capacitors,
KVAR due to harmonic currents and possi-
bility of up to 10% over-voitage. Capacitor
switching is generally limited to 1200 am-
pere breakers since larger size banks ara
switched in steps and other factors such as
limiting transient voltages and momentary
duty from switching capacitors back to back
or other |limitations duae to the type of
breaker may have to be considered

Interrupting Capability

Table 1 lists rated short-circuit current at
rated voitage 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
tha 3 phase or single lina to ground capa-
bilities may not excead K|, the maximum
symmetrical interrupting capability.

Although these capabilities ara axpressed
in sym. kilo-amperes, the circuit breaker
shall be able to interrupt all values of
asymmoetrical 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 standpaint, compara the inter-
rupting capability at the oparating voltage
with the short-circuit duty determined far
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-
mum 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
systam X /R ratio is 15 or less, the multi-
plying factor is 1.0.

Short-Circuit Duty—=E/X amperes {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 slectr(-
cal devices wheraver possible.

Typlcal data for various system components
Is Included in Table 3 for estimating
purposes.

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

= 20t X cingle I d
- 2R, ¥ Ao or single line ta groun

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 multiplying 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

- o= 3E

p—= X Le— 2%, + Xo
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:
single line to
3 phase fault ground fault
ls 3ls

lagp= i he= —le T %o

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

ly= M Base ohms—= K—V’
V3 Ky X MVA
per unit X = MVA MVA base
_X
or — T ||
__ Xohms
or = base chms
__ X percent
= 00

Whera system is impedance grounded to
limit the single line to ground fault to the
3 phasa 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 actua) 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 determinad are in rms
symmetrical kilo-ampere.

Momentary Duty

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

Momentary Duty—1.8 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 E/ X Amparas
Source ot Short Circuit Systam Typa DHP Typa DVP
X/R Air Circuit Breaker Vacuum Circuit Breaker
Local Rated Interrupting Time, 5 Cycle Rated Interrupting Tima, 3 Cycle
Application of breakers at generator voltage is Type of Fault Type of Fault
local source. Also local sources are considerad Ratio 3¢ | LG [ 3¢aLallag | LG | 39 & LG
10 be where short circuit is fed pradominantly Source of Short Circuil Source of Short Circuit
from generators through:
a} Not more than one transformation, or Local Remote | Lacal Remote
b) a per-unit reaclanca external to the genarator 1 1.00 1.00 1.00 1.00 1.00 1.00
which is less than 1.5 times the generator 15@ 1.00 1.00 1.00 1.00 1.00 1.00
par-unit subtransient reactance on a 20 1.00 1.02 1.05 1.00 1.01 1.06
comman system MVA basae. 25 1.00 1.08 1.10 1.04 1.06 1.10
@ Max. Multiplying Factor 1.25 3¢ Fault 30 1.04 1.10 113 1.06 1.10 1.15
1.43 LG Fault 35 1.06 1.14 117 1.10 1.14 1.18
40 1.08 1.16 1.22 1.12 1.16 1.21
45 1.12 1.19 1.25 1.13 1.18 1.23
t
Remota _ _ 50 1.13 1.22 1.27 1.14 1.21 1.25
Moat applications including station service 56 1.14 1.25 1.30 1.15 1.22 1.26
auxiliaries are remote source. Remote agurces
are considered to be where the short circuit is 80 1.16 1.26 1.32 1.16 1.23 1.27
fed predeminantly from generators through: ?g ] :; "lgg :gg ?I“:; :gg 1%3
a) two or rr.mra transformations, or 75 120 1:30 ‘IiBE : ' -
b} a par_-unlt raactance external to tlha genarator 80 1.21 1.21 1.37 1.19 1.27 1.31
that is equal to or excesds 1.5 times the
genaralor per-unit subtransient reactance on a5 1.38
a common systern MVA basa. 80 1.22 1.32 1.39 1.20 1.28 1.32
Lo 95 1.40
@ Max. Multiplying Factor 1.43 3¢ or LG 100 1.23 1.33 1.41 1.20 1.29 1.33
110 1.24 1.34 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

@ Not nacessary to calculate the system X/R
ratie when Max. Multiplying Factor is usad.

Table 3: Reactance X for E/X Amperes

Reactance X Used for

Typical Values & Range
on Component Base

Short-Circuit Momentary
System Component Duty Duly % Reactance X /R Ratio
2 Pole Turbo Generator X X 9 B8O
7-14 40 - 120
4 Pole Turbo Generator X X 14 80
12-17 40 -120
Hydro Gen. with Damper Wdgs. and X X 20 30
Syn. Condensers 13- 32 10 - 60
Hydro Gen. withoul Damper Windings .75 X 75 X 30 30
20- 50 10 - 80
All Synchronous Motors 1.6 X 10X 24 30
13- 35 10 - 60
Ind. Maorors above 1000 HP, 1800 RPM 16X 1.0 X 25 30
and above 250 HP, 3600 RPM 15- 25 15 - 40
All Qther Induction Motors 50 HP 3.0X 1.2 X 25 15
and Above 16-26 5-20
Ind. Motors Below 50 HP and
all Single Phase Motors Neglect Neglegt ......  ......
Distribution System from Remote X X as Specified 16
Transformars or Calculated 5-15
Current Limiting Reactors X X as Specified 80
or Calcuiated 40 - 120
Transformaere
0A ta 10 MVA, 69 Kv X X 5.5 10
5-7 6-12
QA to 10 MVA, above 89 Kv X X 7.5 12
7-1 8-15
FOA 12 to 30 MVA X X 10 20
B-24 10-30
FOA 40 1o 100 MVA X X 15 30
8-35 20- 40

Use transient reactance X'd for X tor hydro generator without damper windings.

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

For other system components use positive sequance reactance Xqfor X.

@ Where system X /R ratio is 15 or less, the

Multiplying Facter ie 1.0.

Table 4; Typical System X/R Ratio Range

{for estimating purposes)

Type of circuit

X/R
Range

Ramote genaration thru other types of
Gircuits, such as: transformaers rated
10 MVA or smaller for aach threa-
phase bank, transmission linss,
distribution feadere, etc.

16
of less

Remota genaration connected thru
transformers rated 10 MVA to 100
MVA for each threa-phase bank. whare
the transformers provide 90 percent or
more of the total equivalant impedance
to the fault peoint

Remote generation connected thru
transformars rated 100 MVA or larger
for sach three-phase bank, where the
tranaformers provide 90 percent or more
of the total aquivalent impadance

to the fault point

30-50

Synchronous machines connecled thru
transformers rated 25 to 100 MVA
for each thres-phase bank

30-50

Synchronous machines ¢onnected thru
tranaformars ratad 100 MVA and larger

40-60

Synchronous machinas connactad directly

to the bus or thru reactors

40-120
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Application on Symmetrical Current Rating Basis X R X/R
13.8 Kv System 899% .066% 15

Example 1—Fault Calculations Transformer 565 ik 8
System Total 6.04% 716% 9

Type E 3¢  Sym. Interrupting Capability Close & Laich

Breaker Max @ E. Max. Max. Ki @ 4.16 Kv Oper. Vollage or Momentary 97 0604 pu 00716 pu

50DHP75 4.76 8.8 Ka 12 Ka ::_;;2 (8.81=101 Ka® 19 Ka [ For 3 Phase Fault

E
I3 = — where X is ohms per phase and E
LG Sym. Interrupting Capability X

is line to neutral voltage
12 Ka 1.15{101}=11.6 Ka

I
o or lz¢ =— where X is per unit reactance
Note: Interrupting capabilities @ and (3 at operating voltage do not exceed max. sym. interrupting X

capability Ki. and l: is base current.
3.75 Mva
Check capabilities (0 @ and @ on the following utility system where there is no motor Base current 1= —=—,_—— —.52 Ka
cantribution te shart circuit. | 52 V3 4.16 Kv
) .
lag—=— =———8.6 Ka Sym.
13.8 Kv On 13.8 Kv System, 3.75 Mva Base X 0604
3.75 Mva System B =9 (is less than 156} would use
= ——=0lpuorl%
X L~ ]
woe — X 375 Nva X2 1.0 mult. tactor for short-circuit duty,
Z1=X2+RA1=R? [F +1}) therefore, short-circuit duty is 8.6 Ka sym.
3351-.2‘1,72 z 1 1 for 3¢ fault (&) and momentary duty is 8.6 x
R= /== 7=— = —— =.066% 1.6=13.7Ka @
/ w2 226 15.03
— 1
R2 For Line to Ground Fault
: 3y
X = or—= _—
ek A\ X = {R) =15 .066) = 99% T2 + Xe o 2% + Xo
For this system, X, is the zero sequence
AAAL/ A
3750 Kva Transformer Standard 5.5% Impedance has a reaﬁtance off the tranSflo_rmer which is equal
P Wt =+ 7.5% Manufacturing Tolerance to the transtformer positive sequence re-
Y actance and X, is the positive sequence
reactance of the system.
5.50 Standard Impedance
4.16 Ky \Z__L Transformer Z= —-41 {—7.5% Tolarance) Therefore,
= 509% | 3{.52) 61 Ka S
= =9.1 Ka Sym.
50DHPTE T 2{.0604) + .0505 ¥
Using 1.0 mult. factor, short-circuit duty=
9.1KasSym. LG @
The SO0DHP75 breaker capabilities exceed
the duty requirements and may be applied.
From transformer losses R is calculated With this application, short cuts could have
21.000 W Full Load been taken for a quicker check of the appli-
Y atis Full Loa 24.2 Kw cation. If we assume unlimitad shart circuit
-6.800 W No Load =T 659 on.
atts No Loa R 3750 Kva 0085 pu or 65% available at 13.8 Kv and that Trans. Z=X

24,200 Warts Load Losses : 52
L] .
Transtormer X =~/Z2—R2=+/15.0912- {.65)2=/25.91— .42=+/25.48 Then lhgp=le= o = ————9.5 Ka Sym.
X=5058% X 0565
X /R ratio 15 or less mult. factor is 1.0 for
short-circuit duty

The short-circuit duty is then 9.5 Ka Sym.
(2} (3 and momentary duty is 9.5 x 1.6 Ka=
15.2 Ka (D
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Example 2—Fault Calculations
All calculations on per unit basis, 7.5 Mva

Base
7.5 Mva
Base Current hi=—=————=.628 Ka
V'3 6.9 Kv
X R X/R
13.8 Kv System
x=S28169) _ 15 o5 001 15
T 21 (138 ‘ )
Transformer .055 .0055 10
Total Source Transf. .070 pu  .0065 pu 11

3000 Hp Syn. motor

(.628)
X=.20 —_m-Z.BSS pu at 7.5 Mva base
2500 Hp Ind. Motor

(.628)
X=.25 m:.goa pu at 7.5 Mva base

E I
I,¢=ior=3€ where X on per unit base

Interrupting Momentary X X(1) _1
Source of Short Circuit Current E/X Amperes E/X Amperes R R(X) R
@s Transt 628 8.971 628 co7 11 LI
curce Transf. 070 =8. 070 & .070
.628 628 25
3000 HP Syn. Mot ——— - — = 984 —_—
@ yn. Motor (15] 638 656 T 25 538 39
.628 .628 35
2500 HP Ind. Mot —— = 461 —_—= .691 35 —— = 39
? ! o (1.5) .908 .908 908
lar= 10.088 10.647 Total 1/R=235
or 10.1 Ka x1.6
B .628 =06 17.0 Ka Momentary
Total X_E———TOJ =.062 Duty

X
Svslemﬁ =.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 36.295 (33)=39.5 Ka 66 Ka
150DHP500 15 18 Ka 23 Ka 156(918) ~139.1)=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

X
Gen N ratio is 30

kax dR R Theref Syste —Xs“fx_G x_30
= = — , s = —=Gen—=
or As 3 an s 3 erefore, oystem R: R e R

Since generator neutral grounding reactors are used to limit the lic to l;¢ or below, we
need only check the l3¢ short-circuit duty.
| 1 ls 31 3(1.04)
Ia¢:_s+_s+_: i e
X X X X 11

=28.4 Ka Sym. E/X amperes

X
Table 3 Systemﬁnf 30 is Mult. factor 1.04

Short-circuit duty is 28.4 {1.04)=29.5 Ka Symmetrical.

Type E 3¢ Sym. Interrupting Capability

Breaker Max. @ E Max. Max. Ki @ 4.16 Kv Oper. Voltage

50DHP250 4.76 29 Ka 36 Ka 476 159)=33.2 Ka
4.16

50DHP350 4.76 41 Ka 49 Ka ::: (41) =46.9 Ka

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

(1.04)

Future Short-circuit Duty:—ﬂ—

(1.04)=39.3 Ka Sym.
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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-

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).

Standard DHP Assemblies: Indoor and Outdoor

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-241 ac volimeter

1—KI-241 synchroscope with two lamps

Optional Item
1—KR3-241 Frequency meter

Unit 2 Incoming line

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

1—ABreaker base unit { ) ampere
1—{ | ampere main bus

1—=Set of cable lugs

3—Current rransformers, ( }-5 ratio

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

1—W-2 ammeter switch
1—KA-241 ac ammeter 0-( ) scale
3—CO0 phase overcurrent relays

Optional ltems
1—Two line to line potential transtormers

1—Three line to ground potential trans-
formers

1-—W-2 synchronizing switch

1—W-2 voltmeter switch

1—KA-241 ac voltmeter

1—KP-241 wattmeter, 0-( ) scale
1—D4&B-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 foltows:

Unit 3 The generator auxiliary unit will
include:

1—( } ampere main bus
1—(Two line to line} {Three line to ground}

potential transformers for generator
metering

1—/{one} {two] line tp 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-
mum of two 15 inch diameter plates or
{bl W-2 control switch for remote
electrically operated rheostat mecha-
nism

1—W-2 regulator transfer switch

1. —Provisions for volitage regulator

1—KX-241 dc ammeter and shunt, 0-( )
scale

Optional Items
1—TRA { ) voltage regulator

1—KX-241 dc voltmeter, 0-( ) scale

1—KX-241 temperature meter equipment
and switch

1—CRN-1 generator anti-motoring 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—ABreaker base unit { ) ampere

1—Set of cable lugs

3—~Current transformers [ )-5 ratio

1—Current transformer { )-5 ratio for
voltage regulator, if required 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—KX-241 dc ammeter, 0-( ) scale

1—KP-241 wattmeter, 0-( ) scale

1—KP-241 varmeter, 0-{ ) scale

3—COV voltage controlled overcurrent
relay

Application Data
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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 ratic for
generator 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 inclade:

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

1-—Set ot cable lugs

3—Current transformers, { }-5 ratio

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

1—W-2 ammeter switch
1—KA-241 ac ammeter, 0-( ) scale
3—CO phase overcurrent relays

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

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

1—Three line to ground potential trans-
tormers

Unit 6 Bus sectionalizing

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

1—Breaker base unit { ) ampeare
1—1 ) ampere bus transition

1-—W-2 breaker control switch withred &
green lights

Optional Items
3—Current transformers, { }-5 ratio

1—W-2 ammeter switch
1—KA-241 ac ammeter, 0-( ) scale

3—CO phase overcurrent relays
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Typical Units
Unit 7 Induction Motor, full voltage start

The metal-clad switchgear for control of
induction motor 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-241 ac ammeter, 0-( ) scale
1—BL-1 temperature ralay, 2 slement
1—CO phase overcurrent relay
1-—CV undervoltage relay

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

1—ITH ground inst. overcurrent relay, 1
slement

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 connecticn
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
voitage start’ plus

1—Transition bus { ) ampere

1—MOC 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—Megtor 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 torque and starting time
at 100% volts.

Advise system short-circuit Kva available
at the motor terminats 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—TOC 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—NMetal-clad switchgear for neutral
reactor start would include a set of
equipment same for line reactor start
except delete current transformers from
the starting breaker unit and delete the
transition bus from the main or running
breaker unit.

Units 10 and 11 Synchronous motor, full
voltage start.

The metal-clad switchgear will consist of
one auxiliary 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—Field contactor or electrically operated
type DBF field breaker for field currents
ovar 240 ampereas

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

1—SG auxiliary relay for excitation check

1—Agastat time relay for sequence check

1—KX-241 dc ammeter and shunt

Unit 11 The breaker unit will include:

1-—Breaker base unit { ) ampere

1—{ } ampere main bus

1—Set of cable lugs

3—Current transformers, { )-5 ratio

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

1—W-2 ammeter switch

1—KA-241 ac ammeter, 0-( ) scale
1—KP-241 varmeter, 0-( ) scale
1—BL-1 temperature relay, 2 element
1—CO phase overcurrent relay
1—CV undarvoltage relay

Optional Items

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
maotor differential relays

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




Units 10, 11, 12 and 13 Synchronous
motor, 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—S8et 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—TOC switch, permissive control
1—Agastat time relay

Unit 12 The synchronous motor reactor 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, contro! 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—Reter 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 not 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
chutaes. 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 delly 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

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

125 Volt Control Battery

1—60-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 slectrolyte, inter-
connectors, rack, cell numbers, port-
able hydrometer, and vent hole ther-
mometer.

48 Volt Control Battery

1—24-cell storage battery, lead-acid type.
in sealed plastic jars. Discharge rate
will not be less than . ... amperes for
one minute or . . .

1o 1.75 volts per cell. There will also be
furnished electrolyte and interconnec-
tors.

. amperes for 8 hours

Application Data
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Battery Chargers
Non-automatic:

1—Static battery charger, . . .. volt, 60
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 closing. In lieu of a reliable ex-
ternal ac source, one . ... -240/120 volt
operating transformer may be required on
the line side far 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
leckout 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 order
of assembly units.

2. ltem details such as current transformer
ratios, relay types, characteristics, ranges,
atc.,

3. Name of manufacturer and complete
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 infermation 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 braid 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-
stalled 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 floor plan draw-
ings, a series of installation and field as-
sembly drawings, and a job instruction
book. This inforrmation provides complete
details for layout planning. This information
also provides detailed instructions as to the
shipping and receiving, handling, storing,
and instatlation of the metal-clad switch-
gear. No field operations should be at-
tempted without first consuiting the draw-
ings and instruction books.

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

Shipping and Receiving

Poreel-line metal-clad switchgear is shipped
in groups of one or more units. Each group
is ruggedly 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 oil-fitled transformers
may also be packed and crated separately.
When received the purchaser should check
the material against the shipping l1st. If
loss or damage is discovered, file claims
with the transportation company and notify
the nearest Westinghouse represantative.

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 bafore in-
stalling arc chutes, breakers may be lifted
by crane. On smooth floors they may be
rolied easily on their own wheaels,

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. Storage
in a heated building is recommended. If
stored outdoors, special precautions must
ba taken: indoor switchgear must be cov-
ered and temporary heating equipment in-
stalled, outdoor 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-line 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
procedures described on the drawings and
in the instructions are adhered to.

Careful preparation of the foundation will
simplify erection and will assure good
switchgear performanca 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 tor indoor switchgear
should consist ot 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 planse with the steel channels and
must not project above the level of the steel
channels.

The foundatiaon 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.

Fteld assembly of the Shelterfor-M aisle
and of some weather-proofing is required.
These paris 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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