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SECTION 26 36 25 – 5kV EMERGENCY GENERATOR PARALLELING SWITCHGEAR
PART 1 -  GENERAL

1.01 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.

1.02 SUMMARY

A. Provide 5kV emergency generator paralleling switchgear as shown, scheduled, indicated, and as specified.  
1.03 REFERENCE STANDARDS
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date.

B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project.

C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within the following references:

1. ANSI / IEEE C37.04 – Standard Rating Structure for AC Medium Voltage Circuit Breakers.
2. ANSI C37.06 – AC Medium Voltage Circuit Breakers Rated on a Symmetrical Current Basis – Preferred Ratings and Related Required Capabilities.
3. ANSI / IEEE C37.09- Standard Design and Production Testing.
4. ANSI / IEEE C37.20.2 – Standard for Metal-Clad Switchgear.
5. ANSI / IEEE C37.90 – Relays and Relay Systems associated with Electric Power Apparatus.
6. ANSI C57.13 – Requirements for Instrument Transformers.
7. ANSI / NFPA 70 – National Electrical Code.
8. ANSI / NFPA 110 – Emergency and Standby Power Systems.
9. IEEE 466 – Recommended Practice for Emergency and standby Power Systems for Commercial and Industrial Applications.
10. NEMA SG-4 – Alternating Current Medium Voltage Circuit Breakers.
11. NEMA SG-5 – Power Switchgear Assemblies.
12. U.L. – Applicable Standards.
1.04 QUALITY ASSURANCE

A. The equipment is to be the product of a manufacturer who has produced this type of equipment for a minimum period of ten years.  The manufacturer’s facility shall be ISO 9001 certified.
1.05 SUBMITTALS

A. Shop drawing submittals shall include, but not limited to, the following: 
1. A bussing one-line diagram clearly indicating the functional relationship between equipment.
2. Outline drawings showing plan and elevation views of each piece of equipment, and containing the following information for each item:
3. Size.
4. Weight.

5. Dimensions and weight of the equipment shipping splits.
6. Typical conduit entry areas.
7. Equipment door detail drawings showing all meter annunciator and control device locations with nameplate legends.
8. Base plans for the location of the equipment floor channels, anchor bolts and conduit entrance spaces.
9. Catalog Cut sheets for all circuit breakers and protective devices.
10. Short circuit rating of bus, and interrupting and withstand ratings of breakers.
11. Detailed bill of material indicating items to be released first, due to long lead-time.
12. System delivery schedule.

13. Proposed sequence of operation for entire system.
14. Make and manufacturer of all major components of the switchgear and control lineups. 

B. Certification

1. To certify compliance with the specification, submit a copy of this specification, annotated to show compliance, deviation or proposed alternate by each paragraph.  Fully explain any deviations or proposed alternates.
1.06 FACTORY TESTING

A. Factory test the 5kV emergency generator paralleling switchgear to simulate a complete and integrated system. Install the circuit breakers in their actual position and electrically and mechanically test. Include protective relay testing for each circuit breaker.  Submit a narrative of the system operation that was utilized when testing the equipment.  Submit copies of the test reports to the Engineer.
B. Perform the following separate tests on the power switchgear:

1. Dielectric.
2. Mechanical.

3. Grounding of instrument transformer case.

4. Electrical operation and control wiring.

5. Control wiring insulation.

6. Polarity.

7. Sequence.
1.07 DELIVERY, STORAGE and HANDLING

A. Store units in a clean, dry space, protected from weather.
B. Units shall not be used as work surfaces, scaffolds, or ladders.
C. Handle units carefully to avoid damage to material components, enclosure, and finish.  Use only lifting eyes and brackets provided for that purpose.  Damaged products shall be rejected and shall not be installed.
1.08 SERVICE AND WARRANTY

A. Manufacturer shall have an established network of service centers capable of servicing the specified equipment.  The nearest service center shall be within 50 miles of the Project Site.
B. Service center and manufacturer's personnel shall be on call 24 hours a day, 365 days a year. Factory train and certify personnel in the maintenance and repair of the equipment.

C. Warrant the equipment to be free from defects in material and workmanship for 1 year from the date of start-up or 18 months from the date of shipment, whichever comes first.

PART 2 -  RODUCTS

2.01 GENERAL

A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction.

B. Provide indoor metal-clad switchgear consisting of a lineup of 4.16 kV, 250 MVA class draw-out circuit breaker cubicles, as shown on the drawings.  Also provide a master control cubicle equipped to monitor and control the operation of the entire emergency generator system.

2.02 MANUFACTURERS
A. ASCO.

B. The equipment must meet the requirements for the 5kV emergency generator paralleling switchgear described in this section and shown on the drawings.  Deviations or alternates to this specification will only be considered if a complete written description of the proposed changes is provided with submittals for approval.  Any variances not specifically enumerated prior to bidding shall be considered non-responsive.  Contractor shall modify the building and/or interfacing equipment, which are affected as a result of the proposed changes at no additional cost to the Owner.

2.03 STATIONARY STRUCTURE
A. Provide a switchgear stationary structure consisting of a NEMA 1 rigid, freestanding, bolted assembly of individually enclosed breaker units and auxiliary units.  Make each unit of the same depth.  Fabricate the units from structural members and smooth, flat, leveled steel plates.  Provide ample strength in the assembly to support the equipment mounted inside, properly withstand handling and shipment and maintain proper alignment. The switchgear arrangement must match the plans and elevations shown on the drawings.

B. Doors.  Provide doors for access to each breaker compartment and to any other compartment requiring routine inspection or maintenance.  Hinge and structurally reinforce doors to resist short circuit stresses, and so as not to warp, sag or bind.  Make doors open not less than 90 degrees, to permit breaker removal without interference with door-mounted devices and with hand-release stop to prevent further opening or closing.

C. Steel Panels.  Secure instrument and control panels to the main structure with hinges and suitable latches in order to maintain alignment and provide adequate support.  Make provisions to adequately secure all wiring to and from the panels, yet allow sufficient flexibility to prevent fatigue and eventual breaking of conductors.  Provide removable bolted panels for rear of units.  Provide sides of end unit with removable bolted panels to facilitate the addition of future units.

D. Component Isolation.  Construct and arrange the stationary structure so that breakers, main buses, instrument transformers, cable termination areas and controls are completely isolated from each other within the same unit by means of removable steel barriers, and that each unit is isolated from adjoining units.

E. Breaker Compartments.  Mount each breaker in an individual compartment formed of leveled steel plates with necessary framed steel members and aligning tracks as required to provide positive alignment of primary and secondary disconnect devices.  Provide the compartment with openings of the required dimensions to permit the passage of primary movable disconnecting contacts of the breaker from the connected to the test/disconnected position.  Cover the openings with shutters when the breaker is in the test/disconnected position so that no parts connected to the bus side are exposed.  Make shutters operate automatically, opening just prior to being reached by the primary movable disconnecting contacts when moving the breaker from the test/disconnected position to the connected position, and closing just after the primary movable disconnecting contacts have passed when moving the breaker from the connected position to the test/disconnected position.  Use a steel barrier to separate stationary primary contacts on bus side from stationary primary contacts on load side.  Construct primary and secondary disconnecting contacts of silver-plated copper.  Make depth of units sufficient to allow moving breaker from the connected to the test/disconnected position with the front door closed. Shutters and barriers shall be grounded.

F. Lifting Provisions.  Provide lifting hooks on top of each shipping section.

G. Finish.  Grind steel surfaces smooth after fabrication.  Then chemically clean and treat the steel surfaces and apply rust-preventive primer paint.  After priming, thoroughly paint the inside and outside with ANSI 61 gray finish.  Provide 1 quart of finish paint for touch-up after field installation.

2.04 CIRCUIT BREAKERS
A.
Type and Manufacturer.  Provide horizontal draw-out type vacuum circuit breakers designed for use in metal-clad switchgear.  Make breakers of same current rating completely interchangeable.

1. Manufacturers.

a. Eaton/Cutler-Hammer.

b. General Electric.

c. Siemens.

d. Square D, with the exception that 5kV VR breakers that are manufactured from March 1, 2004 through March 1, 2010 are not acceptable.  
B.
Current Rating.  Provide 1200A breakers identical in all respects.
C.
Interrupting Rating.  Provide breakers rated for 5kV, 60 hertz voltage class and 250 MVA withstand class having a minimum rated short circuit current of 29 kA, a rated maximum symmetrical interrupting capability and 3-second short time current carrying capability of 36 kA, and a closing and latching capability of 58 kA.  Total fault clearing time shall be less than 5 cycles.
D.
Insulation Level.  Rate breakers suitable to withstand the ANSI standard 19 kV low frequency test and 60 kV impulse test.
E.
Contacts.  Make primary, main and secondary contacts of silver-plated copper.
F.
Arc Interruption.  Arc to be extinguished in a sealed vacuum bottle with minimum current chopping.
G.
Operators.  Provide breakers operated by mechanically and electrically trip-free, d‑c, motor-charged-spring, and stored-energy mechanisms.  Additionally, provide a manual means of charging the mechanism.

H.
Close and Trip.  Provide a d‑c closing coil and a d-c shunt trip coil on each breaker.
I.
Circuit Breaker Removal.  Provide a mechanism for moving the breaker from the connected to the test/disconnected position and for removal from the cubicle.  Mechanically interlock the operating mechanism so that the breaker cannot be inserted or removed if closed and an additional interlock that trips the breaker and automatically discharges the stored-energy operating springs when breaker is removed from the cubicle.
J.
Breaker Mechanism Operated Contacts.  Provide each breaker with six auxiliary contacts (3a, 3b) operated by the MOC auxiliary switch to indicate same status as the breaker mounted auxiliary switch.

K.
Primary Insulating Bushings.  Provide cycloaliphatic or glass polyester bushings to support primary stationary disconnect contacts.
L.
Breaker Mechanism Operated Auxiliary Switch.  Provide each breaker with a breaker-operated auxiliary switch having not less than three auxiliary contacts (1a, 2b) for external use rated 10 amperes at 48 volts.

2.05 MAIN BUS
A.
Rating.  Rate the main bus not less than 2000A, based on continuous duty, including skin and proximity effect, insulation, steel enclosure, and a 65 C maximum temperature rise with an outside ambient temperature of 40 C.
B.
Bracing.  Brace bus components to amply resist forces due to short circuit currents equal to those specified for the circuit breakers.
C.
Material.  Make buses of 98 percent IACS conductivity copper bars with rounded edges. The bars shall be silver-plated at all connections and of a bolted design using silicon bronze bolts.

D.
Insulation.  Insulate buses with epoxy-coated, track-resistant, flame-retardant material applied by fluidized bed process over the entire length.  Design insulation for 5kV service, able to withstand the same ANSI low frequency and impulse tests specified for the breakers.  Provide insulation having a high-resistance conducting surface in contact with the bus to eliminate corona damage to the bus insulation.

E.
Supports. Track-resistant glass polyester.

F.
Connections.  Make connections to the bus with silicon bronze bolts with lock washers.  Silver-plate the bars at current carrying connections.  Use molded removable covers or similar devices at connections to the bus.  Provide for future extension of main bus at the end of switchgear.

2.06 GROUND BUS
A.
Provide an un-insulated ground bus of 98 percent IACS conductivity copper.  Attach bus to the stationary structure and brace same as main bus.  Ground equipment by connection to this ground bus.  The terminations shall be of a compression connector type.  Make provisions inside the switchgear for the attachment of a No. 4/0 AWG bare stranded copper cable for external connection to a grounding electrode conductor.  Provide for future extension of ground bus at the end of switchgear.  Silver-plate joints at connections and use silicon bronze bolts.

2.07 ENTRANCES
A.
Make provisions for entrance of conductors in conduit to the top and bottom of each   circuit breaker section.  Provide ample space for 5 kV stress cone termination.  Provide compression-type two-hole terminals for power and ground copper cables.
2.08 INSTRUMENT TRANSFORMERS
A.
Factory Installation.  Install and test at the factory instrument transformers with ratings as specified and shown.
B.
Voltage Transformers.  Design voltage transformers to fit into and coordinate with the complete switchgear units, including the instruments, relays, meters and devices specified.  Rate transformers not less than 150 volt-amperes on an accuracy basis and 500 volt-amperes on a thermal basis.  Provide transformers designed to withstand a secondary short circuit for at least 1 second with voltage rating at 60 hertz as shown.  Provide transformers with not less than an ANSI standard accuracy classification adequate for the burden connected.  Install transformers on a suitably designed draw-out carriage with primary and secondary disconnect devices and a grounding device.  Furnish primary fuses of the current limiting type in each phase.  Coordinate fuses to clear a faulted transformer, but not to blow on magnetizing inrush current or on a short- circuited secondary, except as backup to secondary fuses.  Provide secondary fuses on ungrounded secondary lines, properly coordinated with the primary fuses.  Provide suitable disconnecting means in each unit that requires voltage transformer secondary lines. Locate the generator voltage transformers at the top of each generator breaker cubicle.
C.
Current Transformers.  Design the instrument current transformers for installation on bushings of stationary primary disconnecting contacts in circuit breaker cubicles.  Provide space for two current transformers per bushing.  Coordinate the thermal, mechanical, and insulation limits of the current transformers with that of the breakers and bus of the switchgear in which they are to be installed.  Provide transformers with accuracy suitable for the meters and relays specified.  Provide shorting block and surge protection for each current transformer.

D.
Connections.  Make connections from the current transformers such that the transformers may be removed and changed without damage to the connections or leads.
2.09 PROTECTIVE RELAYS
A.
Type. Provide utility grade, semi-flush mounted General Electric (Multilin) SR489 Generator Management Relay for each generator breaker and General Electric (Multilin) SR-735 for each feeder breaker.  Provide RS-485 port and Modbus protocol for communication with the PSMS specified in section 26 09 13.  See paragraph 2.16 and drawings for ANSI protective relay device functions.
2.010 CONTROL CONDUCTORS

A.
Provide 600 volt, minimum 90 C, switchboard type, stranded copper control conductors of minimum sizes No. 14 & 18.  Use solderless compression pre-insulated type terminations.  Provide ring-tongue type terminations for CT wiring and cage clamp type terminations for other control wiring. Number conductors on both ends with tubular heat-shrinkable PVC markers applied prior to the terminals being applied and with the number visible.  Separate low level signal circuits and provide with wire shields to minimize electromagnetic cross-talk and interference. Ground wire shields at the device only.
B.
Provide wire trough between each of the vertical sections to allow control wiring to pass through.  Wiring shall not be spliced and shall be free of abrasions and tool marks. Neatly lace up or tie-wrap and harness wires, and support to prevent sagging or breakage from weight or vibration.  Install wiring bundles in covered metal or plastic wire gutters.

C.
Run conductors to hinged doors through door terminal plug connections.  Provide terminal blocks for all external connections in an accessible area not exposed to hazardous bus or cables.

2.011 NAMEPLATES
A.
Main Nameplate.  Provide switchgear with a stainless steel main nameplate, prominently displayed on the front, indicating manufacturer's name, address and shop order number, year manufactured, and the following ratings:
1. Nominal, maximum design and BIL voltage rating.
2. Main bus continuous current rating.
3. Interrupting, momentary and fault closing 3-phase symmetrical short circuit current rating.

4. Provide engraved laminated plastic nameplates having white letters on red background to identify major components, vertical sections and breakers.  Provide nameplates with letters 3/16 inch high.  Attach nameplates with stainless steel screws.
5. Caution Signs.  Provide caution signs in accordance with the NEC and OSHA requirements.

2.012 POWER MONITORING
A. Type. Switchboard semi-flush type solid-state multi-meter instrument.  Five-digit display, Eaton/Cutler-Hammer IQ Analyzer, Square-D Power Logic CM-3350, or accepted substitution. Install one unit on each circuit breaker cubicle and one on the master control section.
B. Functions.  As a minimum, the following functions shall be metered:

1. Phase volts.
2. Phase amperes.

3. kW with maximum demand.

4. kW/phase.

5. kVA/phase.

6. kVAR/phase.

7. kWh.

8. kVAh.

9. kVARh.

10. Power factor.

11. kVA with maximum demand.
12. Frequency.
13. Individual harmonics.

14. Total harmonic distortion.

15. Accuracy (Minimum Requirements).
16. Current and voltages: +0.20%.
17. Frequency, power, demand and energy: +0.40%.
18. Power factor: +1.0%.  Accuracy shall be maintained from 3-300%, and -0.5 to 1.00 to +0.5 for power factor.

C. Special Requirements.  The meter shall be able to perform waveform capture and communicate directly with other multi-function meters and devices RS485 and Modbus protocol.  It shall have two 4-20ma programmable outputs as a minimum. All devices shall be networked together with wiring terminated at a terminal block. Refer to PSMS requirements in specification section 26 09 13.

D. Provide dry contacts wired to terminal blocks in the circuit breaker cubicle for the power monitoring devices to monitor the status of the following conditions:
E. Circuit breaker status (mechanism-operated cell switch): circuit breaker open, circuit breaker closed. Connect to PSMS.
F. Circuit breaker alarm: circuit breaker tripped on automatic trip function (i.e.: fault).

G. Coordinate with the PSMS for communication of electrical meters, circuit breaker alarm and status, and engine-generator alarms and status.
2.013 CONTROL COMPONENTS
A. Electromagnetic Control Relays.  Electromagnetic control relays to be suitable and adequately rated for their intended service.  Relays in low-voltage low-current DC control circuits to have gold flashed contacts to ensure positive contact make.  Relays for other than logic and dry contact switching to have contact ratings suitable to make and carry their required current at operating voltage.
B. Instrument and Control Switches.  Instrument and control switches to be rotary type with contacts totally enclosed.  Handles to be of distinctive shapes to indicate their functions. Switch shall be supplied with titled escutcheon plate, suitably marked for each position.  Switch to have positive means of maintaining contact with silver to silver wiping action. Circuit breaker control switch to be momentary-contact, spring-return to center with pistol-grip handle and target to indicate the previous operation of the switch. Manufacturer:  Electroswitch Series 24, or accepted substitution.

C. Indicating Lights.  Lights to be heavy-duty type, 30.5 mm, LED, Red (close) and Green (open).

D. Switchgear Control Power. Provide 24 DC control buses. Including in the master control section. Provide fused taps at each cubicle for circuit breaker spring charging motor, close and trip circuits and control power for power monitoring devices, as applicable.

E. Paralleling System Control Power. Provide a solid-state no break “best battery” system using the 24VDC generator starting batteries. The system components shall be operational with voltages as low as 19 VDC.

2.014 ACCESSORIES
A. Provide one set of standard accessories for testing and maintenance of the switchgear, including, but not limited to, one each of the following:
B. Manual stored-energy spring-charging handle.

C. Hand crank for moving breaker between test and connected positions.

D. Device for lifting and conveying of circuit breakers.

E. Test cabinet for electrically testing breaker outside of housing.

F. Set of test plugs for protective relays when applicable.

G. Motorized, 120-volt, portable remote breaker racking unit with a 30-foot long cord for manually racking, one breaker at a time. The system shall automatically disconnect the racking motor power supply after the breaker is completely engaged (or disengaged) without damage to the motor or other equipment. Alternatively, a “spin-free” at both ends of the travel with a protective mechanism to avoid damage to the motor and other equipment is also acceptable.

2.015 PROGRAMMABLE LOGIC CONTROLLERS (PLCs)
A. System Programmable Controllers:
1. The “system” shall be controlled by redundant PLCs located in the master control cubicle. In the event the primary PLC fails, the system operation is to be backed up by an online PLC, to allow engine-generator units to start and parallel to the paralleling switchgear bus. Redundant (I/O) buses shall be provided, one for each PLC.
2. The emergency generator paralleling switchgear manufacturer shall program the PLCs for system operation.
3. The following is to be provided for the “system” programmable control system:

a. General Electric PLC 90-30 programmable logic controller or approved equal, with power supply, chassis, and input/output cards as required for system control.
b. A programmable controller, password protected operator interface panel is to be provided on the master control cubicle door.  This panel is to allow the operator access to the PLC control without having to implement software changes.  The panel can be used to change all timer settings, load demand and load control set-points, and load demand engine sequence positions.   Hand held PLC programmers and/or laptop computers to make timer settings are not acceptable.

c. Incorporate a digital readout, solid state sequence display system such as an LCD screen on the operator interface panel to indicate the load demand engine starting and stopping sequence for four generators.  If an engine is locked out, a lockout alarm indicator is to flash for the respective generator.
d. Provide a communication card in the GE PLC to allow for connection to Owner’s Power status and monitoring system. Communication card shall allow for communication via Modbus RTU. See specification section 26 09 13 Power Status and Monitoring System and metering details on drawings.
4. The programmable controller shall allow only predetermined loads to be closed to the system bus, until additional engine generators are paralleled to the main emergency switchgear bus.
5. Configure the PLCs such that on failure of the primary PLC, the backup PLC instantly assumes system control at the current sequence step of the failed PLC, such that the system operational sequence (e.g., priority load control, load shed, load demand control, etc.) is completed without the need to restart the sequence.

6. On failure of normal (utility) power, if both system programmable controllers fail, the control system is to be backed up with hardwired controls and interlocks to manually start each engine-generator unit and manually parallel to the bus; supplying load blocks designated as priority one.

B. Engine Generator Network I /O Drop:
1. The engine starting is to be controlled by the system through distributed I/O to the master PLCs. Provide a Network interface module for each engine generator located in the respective generator control cubicle.
2. Provide programmable timer access, via the operator interface panel, for each engine generator to allow for the following field adjustable time settings:

a. Fail to synchronize (30 to 240 seconds).
b.
Cool-down time (5 to 40 minutes).

c.
Crank attempts (1 to 8 attempts).

d.
Crank duration (5 to 40 seconds).

e.
Rest duration (5 to 40 seconds).

f.
Oil pressure build-up time (2 to 16 seconds).

g.
Spare #1 (User defined).

h.
Spare #2 (User defined).

3. Coordinate engine controls with Section 26 32 13 Packaged Engine Generator Systems.
2.016 ENGINE GENERATOR CONTROL AND POWER CUBICLES
A. Provide a power cubicle and a control cubicle in the same vertical section for each generator set.  Each vertical section is to contain circuit breaker, instrument transformers, protective relays,  instruments and meters, control and instrument switches, indicating lights, engine governor and generator voltage controllers (if required), network interface module, automatic synchronizer (if required), power monitoring device, alarm and status indication and auxiliary devices associated with engine generator set control.
B. For engine generators with solid-state controllers with governor, voltage regulation and synchronizing function (Power Command or equivalent), individual governor, voltage controller and automatic synchronizer mounted in the switchgear are not required.

C. The following items are to be included:

1. Circuit Breaker.  Refer to paragraph 2.04 of this Section.  References in this Section to generator power circuit breaker(s) means such breakers(s) located in this Emergency Generator Paralleling Switchgear.
2. Protective Relay.  Provide protective relay per Paragraph 2.09 of this Section with the following minimum functions as described and noted by ANSI device number.

a. ANSI 12 Over-speed (Alarm)
b. ANSI 27*Under-voltage

c. ANSI 32 Reverse Power

d. ANSI 49 Stator Over-temperature (Alarm)

e. ANSI 51V Voltage Restrained Phase Over-current

f. ANSI 81*Under-frequency

g. ANSI 87G Generator Differential

h. ANSI 50 Instantaneous Over-current

i. Refer to Contract Drawings for complete requirements
j. Provide an adjustable time delay (0.1 to 6.0 seconds) on dropout.
3. Engine Governor Control, Generator Voltage Control and Miscellaneous Engine Generator Set Controls:
a. The Controls may include but are not limited to the following:

1) UL-listed electronic control portion of governor with load sharing.
2) Voltage regulator.
3) Voltage and speed adjust potentiometers.
4) Cross-current compensation transformer.
5) Isolation transformers when required.
b. The control devices for each generator set when not provided by engine generator solid-state controller (Power Command or equivalent) are to be furnished under Section 26 32 13 Packaged Engine Generator Systems for installation in each generator control cubicle under this Section and connected to the appropriate terminal blocks at the respective generator sets.
4. Automatic Synchronizer.  ANSI Device 15 for engine generator units without solid-state comprehensive controller.

a. Provide an automatic solid-state active synchronizer to synchronize the respective incoming engine generator set with the paralleling bus.  Synchronizer to be Woodward SPM-A, or acceptable substitution.

b. The synchronizer outputs are as follows:

1)
Bipolar DC signal suitable for driving the engine-generator governor/amplifier system and voltage regulator system.
2)
Sync contact closure to close the selected generator power circuit breaker when the generator voltage has the same amplitude, frequency and phase as the emergency generator paralleling switchgear bus.

c. The synchronizer controls are to include the following:
1)
Phase offset control.
2)
Gain control.

3)
Stability control.

d. The synchronizer is to become operative when the generator voltage source reaches approximately 75% of nominal.  It is to assume control to rapidly match the frequency and phase of the engine generator with that of the generator paralleling switchgear bus, and close the selected generator circuit breaker with a minimum of system disturbance.  Power circuit breaker closure outside the preset limits are not to occur.

e. Within approximately 1 second after the generator circuit breaker closure, the synchronizer is to automatically relinquish control over the electronic governor and go into an idle mode.

f. The synchronizer is to operate indefinitely over an input voltage range of 80% to 125% of nominal, and over an ambient temperature range of -45 degrees to +70 degrees Celsius.  The synchronizer is to be capable of meeting the dielectric and surges withstand capabilities, as set forth in IEEE Standard 472-1974/ANSI C37.90a-1974.

g. To ensure optimum compatibility with the governor control, provide automatic synchronizer compatible with the governor control system. Refer to Section 26 32 13 Packaged Engine Generator Systems.
h. The operational parameters described above also apply to the synchronizing functions when provided by the engine-generators with comprehensive solid state digital controllers.

5. Failure to Synchronize Reset.  Provide means to reset the “Fail to Synchronize” alarm.
6. Multiple Circuit Interlock.  Provide a solid-state discriminator circuit for first-up, first-on operation of the generator set.  This circuit shall positively prevent more than one set from being simultaneously connected to a dead bus.  Upon initiation of the connection of the first set to the bus, the operator, at his discretion, shall be able to shift control of the remaining sets from automatic to manual synchronizing.

7. Engine Generator Selector Switch:
a. Provide an engine selector switch appropriately labeled on each engine generator control panel cubicle door with the following minimum positions:

1)
Stop/Reset. The engine generator shall be locked out.  Whenever the selector switch is placed in the "Stop/Reset" position while the engine generator is operating, the engine control system will immediately shut down the engine generator and trip the associated generator circuit breaker.
2)
Off.  Provided to allow a normal shutdown, with a time delay to allow the engine to cool after operating under load.  Whenever the engine selector switch is placed in the "Off" position while the engine is operating, the generator circuit breaker will trip, and the engine will continue to operate until the expiration of time delay setting of the idle relay (cool-down period).

3)
Auto. The engine generator shall be on standby and shall start whenever an engine start signal is received from the automatic transfer system.  When normal (utility) power returns, and the transfer system signals the engine generator to shut down, the generator circuit breaker will be tripped, and the engine will continue to operate for the cool-down period.

4)
Run. Provide for manual initiation of engine-generator operation. When the engine selector switch is placed in the “Run” position, the engine will start and come up to speed.  It will continue to run until the selector switch is returned to the "Off" or to the "Lockout/Reset" position.  This position is provided for use in testing or for manual operation of the engine generator.

8. Alarm and Status Indication:
a. Provide visual and audible indication of alarms and status at the operator interface, on the master control section to include readout and annunciation of the generator alarms as follows:
	FUNCTION
	MODE
	COLOR

	Low Lube Oil Pressure
	Pre-alarm
	Amber

	Low Lube Oil Pressure
	Shutdown
	Red

	High Engine Temperature
	Pre-alarm
	Amber

	High Engine Temperature
	Shutdown
	Red

	Low Coolant Temperature
	Alarm
	Red

	Over-crank (Fail to Start)
	Shutdown
	Red

	Over-Speed
	Shutdown
	Red

	Circuit Breaker Trip
	Shutdown
	Red

	Reverse Power
	Shutdown
	Red

	Fail to Synchronize
	Pre-alarm
	Red

	Paralleling Controls Not in Auto
	Flashing
	Red

	Generator HOA Switch Not in Auto
	Flashing
	Red

	Engine Running
	Status
	White

	Circuit Breaker Closed Failure
	Alarm
	Red

	Engine Controller Failure
	Alarm
	Red

	Control Voltage Failure
	Alarm
	Red

	Auto Start
	Status
	White

	Bus Under-frequency
	Alarm
	Red

	Generator Lockout
	Alarm
	Red

	High Fuel Level
	Alarm
	Red

	Low Fuel Day Tank
	Alarm
	Red

	Day Tank Fuel Leak
	Alarm
	Red

	Low Coolant Level
	Alarm
	Red

	High Battery Voltage
	Alarm
	Red

	Low Battery Voltage
	Alarm
	Red

	Battery Charger AC Failure
	Alarm
	Red


b. Provide the following indications with LED lamps on each generator control section: Engine alarm, Control voltage failure, Engine not available, Engine running, Engine shutdown, Breaker failure and Spare.

c. Visual alarms are to be re-settable only after the fault condition has been corrected.  The audible alarm is to include a silencing circuit with dedicated pushbutton, which after activation will permit audible annunciation of subsequent failures.

d. A separate Lamp test pushbutton is to be a provided feature of all door-mounted visual indicators. Visual indicators are to have a minimum 1 square inch illuminated area.

e. Provide drawings showing the interconnection wiring from this switchgear to the appropriate terminal blocks at the respective generator sets.  Coordinate with Section 26 32 13 Packaged Engine Generator Systems, for interconnections of power, controls and communications between engine-generator unit and the emergency paralleling switchgear.

Provide elapsed time meter for generator running hours.

D. Engine Starting Control Logic:

1. General:

a. The engine starting control logic shall be PLC-based and shall automatically start, protect and monitor each engine generator set.  The engine starting control logic shall be capable of controlling engines furnished with the following:
1)
Starting motor magnetic switch or relay.

2)
Electrically operated fuel control/solenoid valve.

3)
Normally open contacts on protective devices that close for abnormal conditions of pressure, temperature, speed and liquid level.
2. The engine starting control logic shall provide electrically isolated contacts for electronic governor control, electric fuel control, battery charger disconnect during cranking, and common shutdown alarm annunciation. Coordinate engine starting control logic with Emergency Diesel Engine Generators.
2.017 Current Transformers (CTs):  (Refer to paragraph 2.08 of this Section.)
A. Two (2) Sets of (3) current transformers, ratio as required,  shall be provided for metering, relaying, etc. (one set for differential relay) (Device #87).
B. One (1) set of (3) current transformers, supplied loose shall be provided for mounting in generator terminal box, as required, for differential relay (Device #87) for differential relaying.

C. Voltage Transformers (VTs).  Refer to paragraph 2.08 of this Section.  On the generator side of each generator breaker provide two (2) 4200-120 volts VTs connected in open delta.

D. Power Monitoring Devices.  Provide one for each generator set per paragraph 2.12 of this Section.

E. Indicating Lights.  Refer to paragraph 2.13 this Section.  For each generator breaker provide a Red (Close) and Green (Open) pilot light.
2.018 DISTRIBUTION FEEDER CIRCUIT BREAKER CUBICLES

A. Provide power and control cubicles in the same vertical section for two (2) distribution feeders.  Each vertical section is to contain circuit breakers, instrument transformers, protective relays and power monitoring devices.
B. The following items are to be included:

1. Circuit Breakers.  Refer to Paragraph 2.04 of this Section.
2. Protective Relays.  Refer to Paragraph 209 of this Section.  Relays are to have the following minimum functions as described and noted by ANSI device number.

a. ANSI 50/51 – Phase Instantaneous and Over-current.

b. ANSI 50G/51G – Ground Instantaneous and Over-current.

3. Circuit Breaker Control Switches Momentary Contact, spring-return to center with pistol-grip handle and target to indicate previous operation of the switch.  Electroswitch Series 24 or accepted substitution.
4. Indicating Lights.  Refer to paragraph 2.13 this Section.  For each feeder breaker provide one (1) Red (close) and one (1) Green (open) pilot light.

5. Power Monitoring Devices.  One for each feeder per paragraph 2.12 of this Section.

6. Current Transformers.  Three (3) for each circuit breaker located on the bus side bushings per paragraph 2.08 of this section.

2.019 SWITCHGEAR ARRANGEMENT
A. Arrange switchgear with generator circuit breakers, main feeder circuit breakers and master control section arranged as indicated on contract drawings.

B. Arrange generator and feeder circuit breaker connections to main switchgear bus to ensure that no section of the switchgear main bus is loaded in excess of the ampere rating as specified and as indicated on the Drawings.

2.020 MASTER CONTROL SECTION
A. Provide a master control section that contains the controls necessary to provide integrated system operations as specified herein.

1. Automatic. In the automatic mode the functions are to be performed automatically.

2. Manual. In the manual mode starting and stopping of the individual engine generators are to be controlled through the engine selector switch on each generator control cubicle. Synchronizing in the manual mode is to be performed at the Master Control Section using voltmeter, frequency meter and synchroscope. Closing of the generator circuit breaker is to be controlled through the synchronizing selector switch, the sync-check relay (ANSI Device 25C), and the circuit breaker control switch.

B. Priority Load Control.  Provide output contacts to control priority load blocks.  As the generators are randomly connected to the bus, the controls send a permissive signal to the load blocks (ATSs) in an ascending sequential priority with the highest priority load requiring emergency power being connected first.  Load shedding is to be done on a last-on, first-off basis.  Priority load control circuits are to control load blocks by blocking the transfer of lower priority ATS units to the emergency system until sufficient generation is available and by shedding the lower priority ATS to a center-off position on loss of generation capacity to support the connected load.

C. Manual Paralleling Controls:

1. Provide a synchronizing selector switch to select one generator at a time for manual paralleling.  The switch is to simultaneously connect a sync-check relay, a synchroscope, and the circuit breaker control switch for the selected engine-generator.

2. Provide a separate, stand-alone, solid-state synchronizing phase band monitor (Device 25C) as a sync check relay. Use the sync check relay to sense and compare the phase angle difference between the oncoming generator and the bus.  This relay is to prevent closing the generator circuit breaker until the oncoming generator is within 15 degrees of synchronism.

3. Operation shall be arranged so that the operator will operate the circuit breaker control switch when the oncoming generator is approaching synchronism.  Device 25C will inhibit the closing of the oncoming generator circuit breaker until the relative phase angle reduces to 15 degrees and is approaching zero degrees. When the sync check relay is satisfied, it is to provide a permissive signal (i.e., closed contact) to allow the respective generator breaker to close.

D. Bus Under-frequency Protection. Provide a solid-state voltage/frequency monitor (Device 27/59 and 81O/U), with integral time delay to initiate load shedding on a reduction of bus frequency to 58 hertz or less for a period of 2 seconds or more.  On sensing a bus under-frequency, the system is to automatically shed the lowest priority load connected at the time of occurrence, and is to continue to shed non-critical load blocks until the bus under-frequency has been corrected.  This load shed circuit is to override any manual load-add operation and is to lock out the manual load-add circuitry.  It is to give visual and audible alarm annunciation of bus under-frequency load shed, and bus over-frequency, under-voltage, and over-voltage.
E. Ground Fault Alarm. The main bus shall have a neutral to ground bus connection used for the emergency system ground connection. Provide a current sensor and ground fault relay to alarm for system ground faults, while operating on the emergency system. A ground fault status alarm indication shall be provided on the master cubicle. Set relay to pickup and alarm coincident with lowest ground fault alarm setting of protective devices on emergency generator paralleling switchgear, where provided.
F. Instruments and Meters.  Provide the following 4-½” square switchboard type analog indicating instruments and meters connected to the main bus:

1. Voltmeter.

2. Frequency meter.

3. Synchroscope.

4. Coordinate scales with Power Monitoring Device.

G. Voltmeter Switch.  Provide a switch per paragraph 2.13 to read phase-to-phase voltage and an “off” position.
H. Voltage Transformers.  Refer to paragraph 2.08 this Section.  Provide two (2) 4200-120 volt VTs connected in open delta.  Locate in a convenient Section and connect to Main Bus.

I. Power Monitoring Device.  Provide one (1) per paragraph 2.12 this Section.

J. Programmable Logic Controllers.  Provide redundant PLCs per paragraph 2.15 this Section.

K. Load Shed Bypass-Reset Function.  Provide as part of the operator interface panel a means for supervised operation over the load-shed, load-add circuits.

1. Provide a load-shed bypass-reset function for each priority load block in the system, except priority 1.

2. Arrange the control system such that in the event a bus overload occurs, reducing the bus frequency, the lowest priority load will be shed automatically.

3. Each priority load block load-shed bypass-reset function (i.e., 2, 3, and 4) will operate as follows:

a. Bypass. Lockout of selected priority load block from control sequence, and removal of its respective load from the switchgear bus.
b. Reset. Re-establishment of selected priority load block in the system control sequence, and addition of its respective load to the switchgear bus.

L. Main Bus Under-frequency Reset Pushbutton.  Provide a function for bus under-frequency reset, to manually reset bus under-frequency load shed signal.
M. System Test Switch.  Provide a function for system no-load test, to initiate a complete automatic system operation by simulating the closure of the remote engine start signal.

N. Master Audible Alarm.  Provide a master audible alarm.  The alarm horn is to be of the DC vibration type.  Include an alarm silencing pushbutton and circuitry to allow subsequent alarms to resound the alarm if the horn had been previously silenced following an initial alarm.

O. Description of Operation:

1. On a loss of normal source voltage at any automatic transfer switch, a signal is to be generated to initiate an automatic sequence.
2. On initiation of the automatic sequence, each engine is to be started.  The first engine generator set to achieve 90 percent of nominal voltage and frequency is to be connected to the bus through the multiple circuit interlock discriminator.  The highest priority load requiring emergency power is then to be connected.  The automatic synchronizers of the remaining engine generator sets are to assume control of the voltage and frequency of the respective sets.  When synchronism with the main paralleling bus is achieved, signals will be sent to close the generator circuit breakers.  Each remaining load block will then be transferred in priority sequence, until all the loads are connected to the bus.

3. Provide circuitry to prevent the automatic transfer of emergency loads to the bus until there is sufficient capacity to carry the loads.  Include means to manually override the load addition circuits for supervised operation.
4. A priority pass-along circuit is to initiate the connection of low priority loads to the first generator on-line if a signal has not been received from a higher priority transfer switch.

5. Design the system so load is reduced automatically on the failure of any engine-generator unit. This mode will override any previous manual controls, in order to prevent overloading the emergency bus. On sensing a failure mode on an engine-generator, the controls are to automatically initiate disconnect, shutdown, lockout of the failed source, and reduce the connected load to within the capacity of the remaining engine-generator unit(s). Controls shall require manual reset.

P. Load Demand Control:
1. Provide load demand control logic is to sense the load connected to the bus and establish the proper number of sets to operate to maintain the connected load with the minimum on-line reserve generating capacity of 10 percent of the rating of a single set.  The load demand control logic is to initiate the disconnection of a generator from the bus whenever the on-line reserve generating capacity exceeds 120 percent of a single generator.
2. The load demand control logic is to have adjustable set points for initiating the addition to, and removal from, the bus of the generator sets.  The load demand control logic will sense the bus real load (kW) without the use of thermal transducers or meter relays.

3. Include provisions to permit selection of the sequential order of operation of the engine generator sets whenever the system is operating in the load demand control mode.  This logic circuitry shall permit revision of the operating order of the engine generator sets at any time without requiring shutdown of on-line sets.  Visual indication of sequential assignment shall be provided.

4. Load Demand Control Description of Operation:
a. After all generator sets have been paralleled to the bus and all loads connected, a stabilization time delay (0-15 minutes), factory set at 15 minutes, is to be initiated.  At the expiration of the time delay period, the system will operate in a load demand mode. The load demand control logic and its associated controls will control the number of generating sets on the bus, such that the on-line reserve capacity of the bus is not less than 10 percent, nor more than 120 percent, of the capacity of a single generator set.
b. On sensing that the connected load has decreased the reserve capacity to 10 percent or less, initiate a 10-second time delay.  This time delay to be field adjustable from 0-300 seconds.  If the reserve capacity stays below 10 percent for the duration of the time delay, the controls will initiate the starting and paralleling of the next set in sequence.  If, during the time delay period, the reserve capacity decreases to 0 or less (signifying bus overload), the time delay is to be bypassed and the next set in sequence immediately started and paralleled.  At the same time, a lamp indicating a bus overload will light and signals will be given to shed load such that the connected priority blocks of load are reduced to equal the number of engine generator sets on line.  When the next set is paralleled to the bus, the shed load is to be reconnected and all controls automatically reset.

c. Should the next set in sequence have its engine control switch in the "off" position or fail to synchronize within the preset time delay of the "fail-to-synchronize" timer, the controls are to automatically pass the starting signal to the next set in sequence.  Provide individual visual and audible alarms to indicate the above conditions.

d. If, while operating in the load demand mode, an engine generator set malfunction occurs, the affected set is to be removed from the bus and load priority blocks shed, if necessary, such that the remaining priority blocks connected are equal to the capacity of the remaining engine generators.  All idle sets are to start and be paralleled.  As the sets are paralleled, loads will be reconnected except for the last priority block which cannot be fed when a generator is down.  These last priority loads may be manually added by an operator if it is determined that it will not overload the system.  After a generator set malfunction sequence has occurred and all available generator sets have been connected to the bus, a stabilization time delay is re-energized and, upon its expiration, load demand control operation is resumed.

e. On sensing that the on-line reserve capacity has increased to 120 percent or more, a 180-second time delay (adjustable 0-300 seconds) is to be initiated.  The demand controls shall accept a signal from the BAS that indicates a chiller trip and respond by initiating a time delay equal to the 150% of the restart cycle time for the chiller. If the reserve capacity stays above 120 percent for the duration of either time delay, open the circuit breaker of the last set brought on line.  The engine is to run for its cool-down period, then shut down.

f. The demand controls shall also accept a signal from the BAS that indicates when another chiller and its auxiliaries will be started. The demand controls shall determine the required generator capacity and shall start additional generators as required. When adequate generator capacity is available for starting the chiller, the demand controls shall initiate a time delay equal to 150% of the start-up sequence time and send a permissive signal to the BAS, which will then allow the start-up sequence for the chiller to commence.
Q. Alarm and Status Indication:
1. Provide visual and audible indication of alarms and status on the master control section, to include readout and annunciation as follows:
	FUNCTION
	MODE
	COLOR

	Alternate Generator No. x Running
	Status
	White

	Alternate Generator No. x Lockout
	Alarm
	Red

	Alternate Generator No. x Trouble (Common)
	Alarm
	Red

	Priority Load Group 1 (ATS-LS1) Connected
	Status
	White

	Priority Load Group 1 (ATS-LS2) Connected
	Status
	White

	Priority Load Group 1 (ATS-LSx) Connected
	Status
	White

	Priority Load Group 1 (Fire Pump #x) Connected
	Status
	White

	Priority Load Group 2 (ATS-1A) Connected
	Status
	White

	Priority Load Group 2 (ATS-1B) Connected
	Status
	White

	Priority Load Group 2 (ATS-2x) Connected
	Status
	White

	Priority Load Group 3 (ATS-EB1) Connected
	Status
	White

	Priority Load Group 3 (ATS-EB2) Connected
	Status
	White

	Priority Load Group 3 (ATS-EBX) Connected
	Status
	White

	Priority Load Group 2 (ATS-1A) Bypass
	Status
	White

	Priority Load Group 2 (ATS-1B) Bypass
	Status
	White

	Priority Load Group 2 (ATS-2x) Bypass
	Status
	White

	Priority Load Group 3 (ATS-EB1) Bypass
	Status
	White

	Priority Load Group 3 (ATS-EB2) Bypass
	Status
	White

	Priority Load Group 3 (ATS-EBX) Bypass
	Status
	White

	Priority Load Group 2 (ATS-1A) Load Shed
	Status
	White

	Priority Load Group 2 (ATS-1B) Load Shed
	Status
	White

	Priority Load Group 2 (ATS-2x) Load Shed
	Status
	White

	Priority Load Group 3 (ATS-EB1) Load Shed
	Status
	White

	Priority Load Group 3 (ATS-EB2) Load Shed
	Status
	White

	Priority Load Group 3 (ATS-EBX) Load Shed
	Status
	White

	Paralleling Controls Not in Auto
	Flashing
	Red

	Generator HOA Switch Not in Auto (Common)
	Flashing
	Red

	Load Demand Mode
	Alarm
	Red

	Feeder Circuit Breaker Trip (Common)
	Alarm
	Red

	Priority Load Group 1 (ATS-LS1) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 1 (ATS-LS2) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 1 (ATS-LSx) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 1 (Fire Pump #x) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 2 (ATS-1A) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 2 (ATS-1B) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 2 (ATS-2x) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 3 (ATS-EB1) Loss of Normal Power
	Alarm
	Red

	Priority Load Group 3 (ATS-EB2) Loss of Normal Power
	Alarm
	Red

	Control Voltage failure
	Alarm
	Red

	System Controller Failure (Common)
	Alarm
	Red

	Bus Under-frequency (load Shed)
	Alarm
	Red

	Bus Over-frequency
	Alarm
	Red

	Bus Under-voltage
	Alarm
	Red

	Bus Ground Fault
	Alarm
	Red

	Generator No.1 Running
	Status
	White

	Generator No. 1 Lockout
	Alarm
	Red

	Generator No. 1 Trouble (Common)
	Alarm
	Red

	Generator No. 2 Running
	Status
	White

	Generator No. 2 Lockout
	Alarm
	Red

	Generator No. 2 Trouble (Common)
	Alarm
	Red

	Priority Load Group 3 (ATS-EBx) Loss of Normal Power
	Alarm
	Red

	System Test (No-Load)
	Status
	White


2. Visual alarms are to be re-settable only after the fault condition has been corrected.  The audible alarm is to include a silencing circuit with dedicated pushbutton, which after activation will permit audible annunciation of subsequent failures.
3. Provide lamp test feature of all door-mounted visual indicators.
PART 3 -   EXECUTION
3.01 PROTECTION OF SWITCHGEAR
A. See Section 26 01 00, Basic Electrical Requirements.
3.02 EQUIPMENT INSTALLATION

A. Install switchgear as indicated in accordance with manufacturer's written instructions and applicable requirements of the NEC, ANSI, and NEMA.
B. Field Connections.  Make field connections of buses between switchgear sections with splice bus and hardware provided by the switchgear manufacturer.

C. Tighten electrical bus connections with a torque wrench to manufac​turer's recommendations.

D. Double Lugging.  Double lugging on one protected device to feed two separate loads will not be permitted.
E. Engine Controls. Coordinate with engine-generator for wiring and connection of engine-generator controls between paralleling switchgear and engine-generator control panel. Engine-Generator controls include speed governor, voltage regulator, voltage and speed adjust potentiometers, cross-current compensation transformers if required, isolation transformers, etc. Refer to Section 26 32 13 Packaged Engine Generator Systems.
F. Equipment Settings.  Properly set adjustable time, current and voltage settings as required by Short Circuit and Device Coordination Study furnished by others.
G. Restoration.  Restore damaged surfaces to factory finish.

H. Inspection.  Thoroughly inspect the switchgear for items such as loose connections and presence of foreign materials and remedy prior to energizing the switchgear.  Bolted connections shall be torqued to the manufacturer's recommendations.

I. Prior to energizing of switchgear, megger phase-to-phase and phase-to-ground insulation.

J. Prior to energizing, check metering and control wiring for correct polarity and proper interconnection.

K. Subsequent to completion of control and power circuit connections, energize switchgear and verify functioning of metering, controls and protec​tive relaying.

L. Install nameplate on front door of the switchgear cubicle.  In addi​tion, provide a "Danger High Voltage, Keep Out" sign mounted on doors providing access to high voltage, as required by NEC, OSHA, and Owner regulations and/or requirements.

3.03 COMMUNICATIONS
A. Make provision for communication of engine-generator alarms and other required signals to the emergency generator paralleling switchgear. Others to provide interconnecting circuitry between engine generator units, automatic transfer switches, and emergency generator paralleling switchgear as required.

B. Coordinate with engine-generator units for required alarm signals. Refer to section 26 32 13 Packaged Engine Generator Systems.
C. Coordinate with the power status monitoring system for testing of power monitoring devices, and communication of required parameters and status signals from the automatic transfer switches, engine generators, and generator paralleling switchgear to the power status monitoring system. Refer to Sections 26 09 13 Power Status Monitoring System, 26 36 23 Automatic Transfer Switches, and 26 36 24 5kV Automatic Transfer Switches. Refer to this section for parameters, alarms, and status signals.
3.04 FIELD SERVICE
A. Startup. After installation, provide the service of a competent factory-based service engineer to instruct the Contractor and Owner.  The service engineer shall assist in placing the equipment into operation and provide instruction, as required, to the person or persons who are designated by the Owner to operate the equipment.
B. Include three separate visits by the factory service engineer as follows:

1. Pre-installation coordination meeting with the engine generator representative, designer/contractor team and Owner to coordinate the installation and interconnection of the engine generator control switchgear with the engine generator equipment.

2. Post installation startup and testing assistance, prior to system acceptance, and initial instruction and training period for operating personnel. Include service required to checkout the emergency system and demonstrate the operation for final acceptance by the owner.
3. After system acceptance, provide instruction for operating personnel on complete operation and maintenance program. Time, duration, and location of training visit as designated by Owner.

3.05 FIELD TESTING
A. Coordinate with the commissioning agent for field tests and commissioning of the complete emergency power system, including engine generators provided under Section 26 32 13, 480V Automatic Transfer Switches specified in Section 26 36 23, 5kV Automatic Transfer Switches specified in Section 26 36 24, Power Status and Monitoring System in Section 26 09 13, and 5kV Emergency Generator Paralleling Switchgear provided under this Section.  Protective relay trip settings are to be set and tested in accordance with the short circuit and device coordination study provided by others.

B. Notify the Engineer and the Owner's Representative 14 working days in advance of this test date so the tests can be properly witnessed.
C. After completion of field- testing, restore permanent electrical distribution system connections. Repair connections, terminations, or conductors damaged or found to be defective during the system full load test.
END OF SECTION 26 36 25
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