4.27
15 KV SWITCHGEAR
4.27.1
General

The high voltage equipment shall be designed, tested and assembled in accordance with the latest applicable standards of NEMA, ANSI, IEEE, and in compliance with the National Electrical Code.  The 15 KV switchgear shall be metal-enclosed or metal-clad arranged in accordance with the project drawings.  Six copies of a spare parts list and all necessary installation start-up, operation, and maintenance manuals will be shipped with the factory assembled switchgear panels.

4.27.2
Air Switch Switchgear

4.27.2.1
Ratings

Incoming line (13.8 KV) switches and the tie switch shall each consist of non-fused interrupter switches rated 600 A continuous, 600 A interrupting, 40,000 A asymmetrical momentary and 40,000 A asymmetrical fault closing.  Switches shall be S&C Mini-Rupter.

4.27.2.2
Enclosure
4.27.2.2.1
General


High voltage switchgear shall consist of self-supporting bays containing two incoming fused line switches, two fused feeder load switches and a tie switch with an automatic transfer control section.  Switchgear shall be configured to normally operate with the two source interrupter switches closed and the bus tie switch open.

4.27.2.2.2
Clearances


To ensure a completely coordinated design, the metal-enclosed switchgear assembly shall be constructed and provide adequate electrical clearances and adequate space for fuse handling.  Adequate space shall be provided for stress cone terminations for cables entering and leaving each compartment.

4.27.2.2.3
Doors


Access doors to interrupter switches with power fuses shall be mechanically or key interlocked to guard against opening the door when the interrupter switch on the source side of the power fuse is closed and closing the interrupter switch when the door is open.  Doors providing access only to interrupter switches (which are operated by stored-energy type switch operators) shall be mechanically or key interlocked to guard against operating the interrupted switch when the door is open.  Each door shall be equipped with a door handle.  The door handle shall be padlockable and shall incorporate a hood to protect the padlock shackle from tampering.

4.27.2.2.4
Space Heaters


High voltage switchgear shall be furnished complete with thermostatically controlled space heaters.  Space heaters shall be of sufficient size to prevent condensation within the enclosures and shall operate at 120 VAC.

4.27.2.3
Buses

15 KV bus shall be the rigid copper bar bus insulated with heat shrinkable PVC sleeve.  The bus supports, bus and interconnections shall withstand the stress associated with short circuit currents of 40 KA asymmetrical, including proper allowance for transient conditions.  A copper ground bus of short-circuit rating equal to that of the integrated assembly shall be provided, maintaining electrical continuity throughout the integrated assembly.

4.27.2.4
Switch Mechanism
4.27.2.4.1
General


Incoming line switches shall be supplied with motor operators driving a linear actuator which charges the spring.  Connection between the actuator and the switch mechanism shall be by chains or metal linkage.  The motor operated switch shall be S&C Type 'AS'.

4.27.2.4.2
Components


Feeder load switches shall each consist of an interrupter switch, and power fuses.  These switches shall be operated manually.  The section housing feeder switches shall contain surge arrester power fuses shall be capable of detecting and interrupting all faults up to the short circuit interrupting rating of the switchgear assembly.  Fusible elements shall be nonaging and non damageable.  All arcing accompanying power fuses operation shall be contained within the fuse, and arc products and gases evolved during interruption shall be vented through control devices that shall effectively control fuse exhaust.  Power fuses shall have a blown-fuse indicator that shall be readily visible without removing the fuse from the mounting.  Six spare fuses shall be provided.

4.27.2.5
Control Systems
4.27.2.5.1
General


All low voltage components including switch operators not integrally mounted in the switchgear, source transfer controls, meters, instruments, and relays shall be located in grounded, metal-enclosed compartments isolated from the high voltage.  They shall be arranged to allow complete accessibility for operation without exposure to high voltage.

4.27.2.5.2
Features


The source transfer controller shall be S&C Type and shall have the following features:


SYMBOL 183 \f "Symbol" \s 10 \h
Three phase voltage sensing on both sources


SYMBOL 183 \f "Symbol" \s 10 \h
Adjustable time delays on both sources with ON Delay and OFF Delay


SYMBOL 183 \f "Symbol" \s 10 \h
Electronic interlocking to prevent paralleling sources


SYMBOL 183 \f "Symbol" \s 10 \h
Proper phase sequence checking


SYMBOL 183 \f "Symbol" \s 10 \h
Status indication


SYMBOL 183 \f "Symbol" \s 10 \h
Automatic or manual operation


SYMBOL 183 \f "Symbol" \s 10 \h
Live test mode


SYMBOL 183 \f "Symbol" \s 10 \h
Automatic control power switching


SYMBOL 183 \f "Symbol" \s 10 \h
Manual control power switching


SYMBOL 183 \f "Symbol" \s 10 \h
Control power source from each incoming feeder


SYMBOL 183 \f "Symbol" \s 10 \h
Lockout on phase and/or ground overcurrents and/or internal faults

4.27.3
SF6 Gas Switch Switchgear
4.27.3.1
Standards, Codes, and Regulations

The SF6 gas insulated puffer switch or fused switch shall be designed, tested and assembled in accordance with the latest standard of NEMA, ANSI C37.71/C37.20 and IEC 265.

4.27.3.2
Ratings

The switch ratings shall be as follows:


SYMBOL 183 \f "Symbol" \s 10 \h
Maximum design voltage
15.5 KV


SYMBOL 183 \f "Symbol" \s 10 \h
Impulse level (BIL)
95 KV


SYMBOL 183 \f "Symbol" \s 10 \h
AC 1 minute withstand
36 KV


SYMBOL 183 \f "Symbol" \s 10 \h
Continuous current
600 A


SYMBOL 183 \f "Symbol" \s 10 \h
Load current interruption
600 A


SYMBOL 183 \f "Symbol" \s 10 \h
Momentary 10 cycle withstand
23 KA asym


SYMBOL 183 \f "Symbol" \s 10 \h
Three second withstand
23 KA asym


SYMBOL 183 \f "Symbol" \s 10 \h
Fault-close, 3 times
37 KA asym


SYMBOL 183 \f "Symbol" \s 10 \h
Fault current interruption at 15.5 KV
18 KA sym

4.27.3.3
Enclosure

4.27.3.3.1
General


The individual compartments shall be constructed of #1 gauge zinc-coated mild steel painted a medium grey with a powder coated, baked epoxy system.  The assembled compartment shall be resistant to contamination by dust and rodents.  The completed assembly shall be tamper resistant with a padlockable front access cover which can be interlocked to prevent exposure to voltages.  Each compartment and overall metal enclosed switchgear lineup assembly shall be dead-front access, compact, safe, reliable, versatile and maintenance-free equipment for field application.  Each compartment shall consist of the following four major modular components:


SYMBOL 183 \f "Symbol" \s 10 \h
Main bus insulated:  Copper bar, 600A, 20KA bracing


SYMBOL 183 \f "Symbol" \s 10 \h
SF6 puffer switch and switch operating mechanism with integrated phase barriers


SYMBOL 183 \f "Symbol" \s 10 \h
Fuses and cable connections


SYMBOL 183 \f "Symbol" \s 10 \h
Control and instrumentation center

4.27.3.3.2
Covers


Front panel shall be able to open easily for fuse changing or cable access.  It shall be padlockable and shall be interlocked to prevent exposure to live parts.  All other covers shall be bolted in place.

4.27.3.3.3
Sections


The switchgear requires a line-up of 15KV three phase 60 Hz SF6 gas switch panels consisting of the following twelve sections:


SYMBOL 183 \f "Symbol" \s 10 \h
Two main incoming switch sections


SYMBOL 183 \f "Symbol" \s 10 \h
One tie switch section


SYMBOL 183 \f "Symbol" \s 10 \h
One bus transition section


SYMBOL 183 \f "Symbol" \s 10 \h
Eight feeder fused switch sections with twenty four 150A, current-limiting power fuses

4.27.3.3.4
Arrangement


The switchgear arrangement and dimensions shall be in accordance with the drawings.

4.27.3.3.5
Instruments


The following instruments shall be incorporated in the compartment indicated.  The price for these instruments shall be quoted separately.


Compartment


1
2
3
4
5
6
7
8
9
10
11
12


SYMBOL 183 \f "Symbol" \s 10 \h
PT:  13,800/120


SYMBOL 183 \f "Symbol" \s 10 \h
CT:  150/5


SYMBOL 183 \f "Symbol" \s 10 \h
Voltmeter:  120V = 15KV


SYMBOL 183 \f "Symbol" \s 10 \h
V-meter switch


SYMBOL 183 \f "Symbol" \s 10 \h
Ammeter:  5A = 300A /150A


SYMBOL 183 \f "Symbol" \s 10 \h
A-meter switch


SYMBOL 183 \f "Symbol" \s 10 \h
Watt-hour meter


SYMBOL 183 \f "Symbol" \s 10 \h
Watt meter


SYMBOL 183 \f "Symbol" \s 10 \h
KVA meter


SYMBOL 183 \f "Symbol" \s 10 \h
Power factor meter

4.27.3.4
Switch Mechanism
4.27.3.4.1
General


SF6 gas load-break switches shall be designed for 15 KV power distribution system with a continuous current rating of 600 A.  The switch shall be a compact, safe, economical and reliable means of load break switching in a small, light weight package.

4.27.3.4.2
SF6 Arc Interrupting Medium


The switches shall use SF6 as the insulating and arc-interrupting medium.  They shall incorporate pressure-generating puffer action to amplify the natural arc-extinguishing properties of SF6.  By forcing a pressurized stream of gas through the contact area during switching, the positive pressure increases the insulation level while simultaneously cooling and extinguishing the arc rapidly.  In the full-open position, the contacts shall be separated by a three inch opening, giving a minimum of 200 KV BIL flashover gap.

4.27.3.4.3
Switching


Manual switching shall be accomplished by inserting the SF6 switch operating handle and moving the switch operator to the open or closed position.  The handle movement shall load a compression spring which triggers and moves the switch contacts at a high speed regardless of the operator speed.  The grounding switch shall have a safety interlock which makes it impossible to close the SF6 switch when the ground switch is closed.

4.27.3.4.4
Three-Phase Fuse Trip


The three-phase fuse trip shall be an interlocking mechanism that will trip and open all three phases of the SF6 pak switch when any fuse blows.  When the compartment is re-fused, the trip mechanism shall be reset manually.

4.27.3.5
Features
4.27.3.5.1
General


Each puffer pak switch compartment shall incorporate the features described below.

4.27.3.5.2
Visible Break Indicator


A visible break indication shall be created by external neon lights located on the front panel.  Operating voltage for the lights shall come directly from the cables by means of a voltage sensor.

4.27.3.5.3
Grounding Switch


A grounding switch shall physically ground the cable connections and fuses, assuring that the compartment is de-energized prior to access.  The grounding switch operating handle shall be permanently attached on the control panel and shall be interlocked so that:  (1) the front panel cannot be removed unless the grounding switch is closed and (2) the grounding switch cannot be closed unless the main switch is open.  A single-arm grounding switch shall be used to ground cable connections at the main switch terminal.  On fused switch compartments, a double-arm grounding switch shall be provided grounding at both ends of the fuse connections.  Heavy duty, double-blade copper contacts shall be used for the grounding switch connections which provide a self-cleaning action when operated.  Grounding shall be through the integral copper ground bus of the system located at the bottom of each compartment.

4.27.3.5.4
Ground Viewing Windows


Visible ground viewing windows on the front panel and special reflective red indicators shall be used to visually indicate grounding switch connections.

4.27.3.5.5
Interlocks


A front panel safety interlock shall be provided which prevents removal of front panel unless the SF6 switch is open and the ground switch is closed.  The same safety interlock mechanism shall prevent the closing of the main switch unless the panel is closed and the ground switch is in the open position.  Mechanical or key interlocks between the SF6 switch and the grounding switch shall be provided throughout the system for personnel and operating safety.

4.27.3.5.6
Pressure Gauge


The SF6 pressure gauge shall be color coded for easy visual indication of correct pressure and operating range for the puffer action switch.

4.27.3.5.7
Fill Valve


A fill valve shall provide a means to add SF6 in the field should it ever be needed.

4.27.3.5.8
Current Limiting Fuses


The design of the system shall incorporate provisions to add fusing with any switch compartment.  Fusing shall be available up to 250 amperes maximum.  Short circuit current interrupting capacity of the fuse shall be 20KA asym minimum.  Rear feed cable entry shall be provided for all switch compartments.

4.27.3.5.9
Measurement


Voltage and current measurement shall be provided.

4.27.3.6
Maintenance

Six copies of a spare parts list and all necessary installation start-up, operation, and maintenance manuals shall be shipped with the switchgear.

FIGURE 1:  
15KV SF6 Gas Switch Switchgear

4.27.4
15KV SF6 Gas Breaker Switchgear
4.27.4.1
Standards, Codes, and Regulations

The SF6 gas insulated breaker shall be designed, tested and assembled in accordance with the latest standard of NEMA, ANSI C37, 71/C37.20, and IEC 265.

4.27.4.2
Ratings

The breaker ratings shall be as follows:


SYMBOL 183 \f "Symbol" \s 10 \h
Maximum design voltage
15.5 KV


SYMBOL 183 \f "Symbol" \s 10 \h
Impulse level (BIL)
95 KV


SYMBOL 183 \f "Symbol" \s 10 \h
AC 1 minute withstand
36 KV


SYMBOL 183 \f "Symbol" \s 10 \h
DC 15 minute withstand
36 KV


SYMBOL 183 \f "Symbol" \s 10 \h
Continuous current
600 A


SYMBOL 183 \f "Symbol" \s 10 \h
Load current interruption
600 A


SYMBOL 183 \f "Symbol" \s 10 \h
Momentary 10 cycle withstand
23 KA asym


SYMBOL 183 \f "Symbol" \s 10 \h
One second withstand
37 KA asym


SYMBOL 183 \f "Symbol" \s 10 \h
Fault-close, 3 times
37 KA asym


SYMBOL 183 \f "Symbol" \s 10 \h
Fault current interruption at 15.5KV
18 KA sym

4.27.4.2
Enclosure
4.27.4.2.1
General


Switchgear enclosure shall be NEMA 12 indoor enclosure furnished complete with thermostatically controlled 120 VAC space heaters of sufficient size to prevent condensation within the enclosure.  Enclosure shall be the standard stacked panel with the dimensions shown on the Fig. 1 & 1A.  The individual compartments shall be constructed of #11 guage zinc-coated steel painted a medium grey.  The complete assembly shall be resistant to contamination by dust and rodents.  The completed assembly shall be tamper resistant with a padlockable front access door which can be interlocked to prevent exposure to energized parts.  The switchgear construction shall be the non-drawout type, dead-front configuration.  The back side of the new switchgear will be mounted against the existing cable enclosure.  Therefore, the rear steel covers of the new switchgear are not required.  All cables will be back entry to the new switchgear.

4.27.4.2.2
Doors


Each compartment shall have a hinged steel door on which the volt meter, ammeter and the meter switches are (or will be) mounted.  Door shall have a provision for padlocking and the door handle shall be interlocked with the breaker operating handle.  The door shall also incorporate provisions for monitoring the breaker operation.

4.27.4.2.3
Sections


The switchgear requires a line-up of 15 KV, three phase, 60 Hz, metal enclosed SF6 gas breaker panels consisting of the following twelve compartments in 6 vertical sections, two compartments per section:


SYMBOL 183 \f "Symbol" \s 10 \h
Two main incoming breaker compartments


SYMBOL 183 \f "Symbol" \s 10 \h
One tie breaker compartment


SYMBOL 183 \f "Symbol" \s 10 \h
One bus transition compartment


SYMBOL 183 \f "Symbol" \s 10 \h
Eight feeder breaker compartments

4.27.4.2.4
Arrangement


The switchgear arrangement and maximum dimensions shall be in accordance with the drawings.

4.27.4.2.5
Instruments


The following measuring instruments shall be incorporated into the compartment indicated.


Compartments

1
2
3
4
5
6
7
8
9
10
11
12


SYMBOL 183 \f "Symbol" \s 10 \h
CT: 150/5A


SYMBOL 183 \f "Symbol" \s 10 \h
Ammeter:  5A = 150A


SYMBOL 183 \f "Symbol" \s 10 \h
Ammeter Switch:


SYMBOL 183 \f "Symbol" \s 10 \h
PT:  13,800/120V


SYMBOL 183 \f "Symbol" \s 10 \h
Voltmeter:


SYMBOL 183 \f "Symbol" \s 10 \h
Voltmeter switch:


SYMBOL 183 \f "Symbol" \s 10 \h
Watt-hour meter


SYMBOL 183 \f "Symbol" \s 10 \h
Watt meter


SYMBOL 183 \f "Symbol" \s 10 \h
KVA meter


SYMBOL 183 \f "Symbol" \s 10 \h
Power factor meter

4.27.4.3
Breaker

4.27.4.3.1
General


The breaker shall be manually operated with an operating mechanism and an operating handle.  The manual operating handle shall have a proper interlock with the door handle.  Each breaker shall have a solid state trip device and three CT's (150A: 5A) as the integral part of the breaker.

4.27.4.3.2
Mounting and Access

Each breaker shall be mounted on a dead-front barrier panel in the compartment.  The barrier plate shall also have a removable plate to provide front access to the cable termination area.

4.27.4.3.3
Terminals


The breaker terminals shall be extended adequately to provide access to cable terminations from the front through the barrier opening.

4.27.4.4
Trip Unit
4.27.4.4.1
General


The solid state trip devices shall be equipped with adjustable long time pick-up, long delay time band, short time pick-up, short delay time band, and instantaneous pick-up, as shown in the following adjustment and each shall be independent of all others.  An OVERLOAD and SHORT CIRCUIT trip indicator shall be provided with the unit.

4.27.4.4.2
Ratings


The trip unit shall be rated as follows:


SYMBOL 183 \f "Symbol" \s 10 \h
Long Delay pickup (LDP)
(0.5 to 1.25) X AS


SYMBOL 183 \f "Symbol" \s 10 \h
Long Delay Time Band at 6 X AS
(4 to 38) seconds


SYMBOL 183 \f "Symbol" \s 10 \h
Short Delay Pickup (SDP)
(2 to 10 X AS


SYMBOL 183 \f "Symbol" \s 10 \h
Short Delay Time Band at 2.5 X (SDP)
(0.5 to .18) seconds


SYMBOL 183 \f "Symbol" \s 10 \h
Instantaneous Pickup
(2 to 12) X AS

4.27.4.5
Buses

The main bus shall be the insulated copper bar bus braced to withstand to 20KA fault current minimum specified.  All bus connections shall be tin-plated and have at least a four inch overlap joint at all bus.  The bus system shall be metal enclosed over the entire length of the switchgear.

4.27.4.6
Features

The following additional features shall be provided with the breaker unit and/or compartment:


SYMBOL 183 \f "Symbol" \s 10 \h
Visible flag indicators to indicate breaker's status


SYMBOL 183 \f "Symbol" \s 10 \h
Lamp indicators to indicate "pressure low" in the SF6 breaker bottle (The indication will be initiated by a pressure contact in each SF6 bottle.)


SYMBOL 183 \f "Symbol" \s 10 \h
Two adequately sized single phase transformers, 13.8 KV-120 V provided in compartment #6, and an auto-transfer switch, to provide 120 V power for the controls, space heaters and indication lights.

FIGURE 1.  15KV SF6 BREAKER SWITCHGEAR

FIGURE 1A.  15KV SF6 BREAKER SWITCHGEAR, SECTION VIEW

STD SPEC
4.27 - 1

