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Section 16xxx

Paralleling Switchgear Specification

Medium Voltage

Multiple generators with Utility in main-tie-main configuration
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Note to Specifier: 

· The following symbol ‘(’ indicates that the respective option is highly recommended.
· Items bracketed [ ] are optional features and functionality
Section 16xxx

1. General

1.01 Work Included

A. Furnish and deliver generator-paralleling controls and distribution switchgear as specified. Reference contract drawings [xxx] related to this generator paralleling switchgear specification.

1.02 Equipment

The switchgear is designed for use as emergency standby.  The equipment shall be factory tested to provide the following modes of operation, even if all the modes will not be initially commissioned:

A. Modes of Operation

1. Emergency Standby – Providing emergency power upon loss of normal power.

2. Parallel with Utility- Providing ability to parallel the engine generators with a utility source for an extended period of time

B. Basic Modes of Operation

1. Source Optimization - (Load demand operation) – While the engines are running and the total load decreases to a preset level, the generators will be shut down but ready for automatic restart if needed. 

2. Load Shedding - In the event that the total plant load exceed the maximum capacity of the available generators some loads will be shed.  Each load will be individually shed from and added to the system based on its kilowatt level.
3. System Test – Ability to test the generators un-loaded or with load.

4. Manual Operation – Complete manual capability of paralleling the generators together as well as supplying emergency power upon failure of automatic operation.

5. Building Exerciser – Ability to run the engines on a user defined schedule.  The generators may be scheduled to run unloaded or loaded via utility transfer operations



1.03 Applicable Codes and Standards

A. The control equipment covered by these specifications shall be designed, tested and assembled by a manufacturer that is ISO 9001 registered and in accordance with the latest applicable standards of ANSI, IEEE, and NEMA. 

B. The generator paralleling controls shall be listed as a complete unit in accordance with the following standards and shall bear the UL applicable listing mark for Medium Voltage Metal Clad Switchgear:

C. The certification labels shall be for the entire equipment and shall be affixed by the final manufacturer, who certifies and is responsible for the total finished control assembly. Certification labels of sub-suppliers (e.g. enclosure/breaker/bus assembler) are not acceptable.

1.04 References:

A. The medium voltage switchgears and protection devices in this specification shall be designed, manufactured, and tested according to the latest revision of the following standards:

1. UL

2. NFPA 70, National Electrical Code

3. ANSI C37.06, Switchgear - AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis - Preferred Ratings and Related Required Capabilities (includes supplement ANSI C37.06a)

4. ANSI C39.1, Electrical Analog Indicating Instruments

5. ANSI/IEEE C37.04, Rating Structure for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis (includes supplements C37.04C, C37.04G, C3704H, C37.04I)

6. ANSI/IEEE C37.20.2, Metal-Clad and Station-Type Cubicle Switchgear

7. ANSI/IEEE C57.13, Instrument Transformers

8. IEEE C37.90, Standard for Relays and Relay Systems Associated with Electric Power Apparatus

9. NEMA SG 2, High Voltage Fuses

10. NEMA SG 4, Alternating - Current High Voltage Circuit Breaker

11. NEMA SG 5, Power Switchgear Assemblies

1.05 Submittal

A. Six (6) copies of a Submittal for Approval shall be provided within twenty-eight (28) calendar days after written Notice of Award, and shall include the following:

1. An outline and general arrangement drawing including dimensions, weights and shipping sections.

2. A floor plan drawing showing locations for anchor bolts, leveling channels and cable conduit entrance locations.

3. Complete elementary diagrams, including three-line diagrams of potential and current secondary circuits showing device terminal numbers and internal diagrams.  All diagrams shall be computer generated.

4. A complete Bill of Material separated into each sub-assembly and showing manufacturer’s part number, quantity and description of each part. If another manufacturer makes the part, the description shall indicate the other manufacturer and their part number. 

5. Schematic diagrams of control and alarm circuits.  Schematics shall be computer generated. Schematic diagrams shall show part numbers for all devices.

6. A complete description of system operating sequences.

7. A specification clarification and deviation statement.

8. Catalog cut sheets and other descriptive material of all major components.
[Factory Test Reports]

[Factory Witness Test Reports]

[Field Startup Reports]

[Preventative Maintenance Schedule]

[Recommended Spare Parts list]

1.06 Operating and Maintenance Manual

A. Within five (5) business days after shipment, submit four (4) copies of the operating and maintenance manual.

B. The operating and maintenance manual shall include the following:

1. Shop drawings.

2. A complete description of system operating sequences as interpreted by the manufacturer.

3. Parts identification for replaceable parts and assemblies.

4. Complete point-to-point wiring diagrams showing connections between paralleling controls and Engine Generators and other external equipment requiring control-wiring connections.

5. Complete point-to-point wiring diagrams showing connection of component devices supplied inside paralleling equipment.

6. Interconnection diagrams showing connections between unit assemblies.

7. Schematic diagrams of control and alarm circuits, outline drawings and detailed three-line diagrams of potential and current secondary circuits.

8. All diagrams shall be prepared using CAD drafting software.

9. Specific instructions shall be provided for equipment components. No lined-out general descriptions will be allowed.

10. Each manual shall be bound in a loose-leaf, three-ring binder between stiff board durable covers.

[Factory Test Reports]

[Factory Witness Test Reports]

[Field Startup Reports]

[Preventative Maintenance Schedule]

[Recommended Spare Parts list]

1.07 Warranty

Standard switchgear warranty shall be as follows:


A. Switchgear is warranted against all defective parts and workmanship for a period of one year from the date of start-up (not to exceed two years from the date of shipment).

B. For these purposes, date of start-up is defined as the date when the manufacturer's authorized service engineer starts the equipment and certifies that it is in proper working order per contract.

C. All warranty and liability claims shall be subject to manufacturer's standard terms and conditions.

D. [Provide extended warranty [1-5] years and include with operation and maintenance manuals recommended preventative maintenance procedures and Service contact information.]

2. Products

2.01 General Description

A. Furnish complete engine-generator control system with devices for the operation, control and paralleling of [   ] engine-generator sets for automatic standby operation.  Controls for all modes of operation must be provided at this time.  Each engine-generator is rated [    ] kW, [    ] V, and 0.8 PF, three-phase, [ 3 / 4 ]-wire, and 60 Hz.

B. Control power supply to the controls will be 24VDC from the engine batteries.

[Furnish a remote annunciator to interface to the PSG to duplicate the annunciation on the [generator controls and master controls]].

C. The electrical contractor shall be responsible for supplying a complete system short circuit analysis and coordination study for all protective devices.  The contractor must also supply and coordinate the duties of an independent testing firm to perform on-site physical inspection and testing of all protective devices and ensure the devices have been calibrated and set to the settings determined in the coordination study.  This work must be performed prior to energization of the switchgear and field start-up will not be allowed until verification is provided.  Each protective device shall bear the testing firm certification label to verify appropriate testing has been performed.  

2.02 Acceptable Manufacturers

A. The following manufacturer shall be used in the base bid (base bid must be shown):

1. GE Zenith Controls, Inc.

2. Alternate substitute pricing may be shown for [   ] manufacturer.

B. Any request for substitution(s) must be submitted ten (10) business days before the scheduled bid date, and must include a technical proposal of adequate detail to fully define the system offered.

1. The technical proposal shall include the following:

a. A description of the configuration and operation of the proposed system.

b. A complete specification review indicating compliance with each subparagraph. By noting the term "comply," it is understood the manufacturer is in full compliance with the item specified and will provide exactly the same. Any requested deviation must be documented in sufficient detail to allow a complete understanding of the bidder’s intent. Detailed information to support the proposed substitute product, material or method shall accompany any deviations.

c. Bill of Material.

d. Catalog cut sheets and other descriptive material of all major components.
e. A list of like systems previously delivered.

f. Outline drawings of all proposed equipment in both plan and elevation view, including overall dimensions, weights and installation clearances required. Also include single-line drawings illustrating supplied equipment.

2.03 Description of Operation

Provide controls for all the following modes of operation:

A. Emergency Standby Mode of Operation-utilities MTM

1. Upon notification of a loss of normal power to any part of the system load at one of the utility breakers as indicated from the utility breaker sensing, automatically:

a. Disable any non-emergency start operations to the system.

b. Open the appropriate utility breaker. 

c. After an adjustable time delay, close the utility-tie breaker.

d. The system load will now be fed from the 1 remaining utility source.

e. If the remaining utility source were to fail during this sequence the utility-tie breaker will open and the system will resort to the Emergency Standby Mode of Operation-generators sequencing.

2. When the utility power has returned at the utility breaker for a specified period of time the system will transfer back to the utility source by controlling the transfer operation between the utility-tie breaker and utility breaker.

1) Open transition (with optional delay)

2) An ‘AUTO/MAN’ retransfer selector switch and Manual Retransfer pushbutton are also provided for each transfer pair.  When the retransfer switch is placed in ‘MAN’ the system will not transfer back to the utility source until a Manual Retransfer pushbutton is pressed.  When the retransfer switch is in ‘AUTO’ the system will transfer back to the utility source once the utility return timer has elapsed.

3. The transfer operation will start by opening the utility-tie breaker.

4. After an adjustable time delay the appropriate utility breaker will close.

5. The system will now be back to its normal state.

6. If at any time utility is available at the utility breaker and the alternate utility availability is lost, the system will automatically transfer back to utility bypassing any delays or sequences by opening and closing the appropriate utility breakers.

B. Emergency Standby Mode of Operation-generators

1. Upon notification of a loss of normal power to any part of the system load at both of the utility breakers as indicated from the utility breaker sensing, automatically:

a. Disable any non-emergency start operations to the system.

b. Open both utility breakers and shed downstream load devices from the generator main breakers.

c. Start all available engine-generators.

d. Parallel them together on the main generator bus.

e. Close the generator main breakers.

f. Once the generators are online, transfer the system load in order of load priority.  Each load shall be controlled by its own ‘load add’ and ‘load shed’ control relays.

g. As additional engine-generators come online, transfer additional loads to the engine-generators.

h. After an adjustable period of time the system shall allow generators to optimize down to only the required number to be online to avoid wet stacking.  The stopping and starting sequences shall be settable thru the HMI interface panel device and allow settings based on manual priorities or by engine run time.

i. If the engine-generators become overloaded, the system shall shed load until the engine-generators are no longer overloaded.  Shed loads in order of lowest priority.  

j. The load transfer scheme shall be controlled thru the remote downstream electrically operated circuit breakers from the generator main breakers.

k. The transfer control operations of the utility and generator main breakers shall be controlled by the system master control PLC.

l. When the utility power has returned at either or both of the utility breakers for a specified period of time the system will transfer back to the utility source by controlling the transfer operation between the appropriate utility breaker and generator main breakers.  The system shall ensure that only 1 transfer pair operation can occur at a given time when performing any parallel with utility sequencing. The mode of transition is user selectable:

1) Soft transition (user selected kW/sec ramp rate with a maximum transition time in seconds)

2) Closed transition (< 100 ms)

3) Open transition (with optional delay)

4) An ‘AUTO/MAN’ retransfer selector switch and Manual Retransfer pushbutton are also provided for each transfer pair.  When the retransfer switch is placed in ‘MAN’ the system will not transfer back to the utility source until a Manual Retransfer pushbutton is pressed.  When the retransfer switch is in ‘AUTO’ the system will transfer back to the utility source once the utility return timer has elapsed.

2. If at any time utility is available at the utility breaker and the generator availability is lost at the generator main breaker, the system will automatically transfer back to utility bypassing any delays or sequences

3. Once the load has been returned to the normal source on both of the main-tie transfer pairs, the generator breakers will be opened and the engines will cool down and then shutdown.

C. System Test and Peak Shave

1. The system will be notified to start by one of the following non-emergency start signals:  Building Exerciser, remote dry contact, or manually initiated.

2. The system will ensure that only 1 transfer pair operation can occur at a given time when performing a parallel with utility sequence.

3. Each of the non-emergency start signals can be user selected to isolate the system load from the utility source or to parallel the engine-generators to the utility source.

a. The isolate selection will completely remove the utility source from supplying the building.  The mode of transition is user selectable:

1) Soft transition (user selected kW/sec ramp rate with a maximum transition time in seconds)

2) Closed transition (< 100 ms)

3) Open transition (with optional delay)

b. The parallel selection will connect the engine-generators to the utility source while controlling power output from the generators based on one of the following user selectable:

1) Base load – the engine-generators will output a specific kW level as a total.  

2) Import – the engine-generators will output only enough power to keep the utility supplied power at the specified import kW level.  

3) Export – the engine-generators will output enough power to carry the system load plus an additional specified kW level.  

4. Once the engine-generators are on-line, the system will synchronize and connect the engine-generators to the utility source at the appropriate generator main breaker.

5. The system will then ramp the engine-generators to the proper load level as defined by the mode of operation.

6. After an adjustable period of time the system shall allow generators to optimize down to only the required number to be online to avoid wet stacking.  The stopping and starting sequences shall be settable thru the HMI interface panel device and allow settings based on manual priorities or by engine run time.

7. When the system is returning from the Parallel with Utility mode of operation the generators will softly unload until their combined output is less than 50kW (adjustable) for 10 seconds.  At this time the appropriate generator main breaker will open.

8. Once both the main-tie transfer pair devices have transferred back to normal from their respective mode of operation, the generator breakers will open and the engines will cool down and then shutdown.

9. If there is a utility outage during the Parallel with Utility mode of operation the appropriate utility breaker will be signaled to open, to prevent unintentional islanding.

10. The system will go into emergency standby mode for the appropriate sequencing-MTM for single utility outage and generator sequencing for a full utility outage and abort/disable any testing sequences.

11. In the case of a single utility outage:

a. The appropriate generator main breaker will open.

b. After an adjustable time delay, the utility-tie breaker will close.

c. The system load will now be supplied by the 1 remaining utility source.

d. When the utility power has returned at the utility breaker for a specified period of time the system will transfer back to the utility source by controlling the transfer operation between the utility-tie breaker and utility breaker.

1) Open transition (with optional delay)

2) An ‘AUTO/MAN’ retransfer selector switch and Manual Retransfer pushbutton are also provided for each transfer pair.  When the retransfer switch is placed in ‘MAN’ the system will not transfer back to the utility source until a Manual Retransfer pushbutton is pressed.  When the retransfer switch is in ‘AUTO’ the system will transfer back to the utility source once the utility return timer has elapsed.

e. The transfer operation will start by opening the utility-tie breaker.

f. After an adjustable time delay the appropriate utility breaker will close.

g. The system will now be back to its normal state.

12. In the case of a full utility outage:

a. If necessary, the system shall load shed loads starting with the lowest priority load until the building load is below the generator capacity.

b. At the same time, any generators not currently running will be signaled to start and parallel to the generator bus.

c. After an adjustable time delay the appropriate generator main breaker will close.

d. The load add/shed operations and optimization sequences will occur as previously described.

e. When the utility power has returned for a specified period of time the system will transfer back to the utility source by controlling the transfer operation between the appropriate utility breaker and the generator main breakers.  The mode of transition is user selectable:

1) Soft transition (user selected kW/sec ramp rate with a maximum transition time in seconds)

2) Closed transition (< 100 ms)

3) Open transition (with optional delay)

4) An ‘AUTO/MAN’ retransfer selector switch and Manual Retransfer pushbutton are also provided.  When the retransfer switch is placed in ‘MAN’ the system will not transfer back to the utility source until a Manual Retransfer pushbutton is pressed.  When the retransfer switch is in ‘AUTO’ the system will transfer back to the utility source once the utility return timer has elapsed.

13. Once the load has been returned to the normal source on both the main-tie transfer pairs, the generator breakers will be opened and the engines will cool down and then shutdown.

14. [Provide automatic load-bank testing operations to start and parallel the generators and operate a load-bank breaker]

D. Utility MTM Test Mode of Operation

1. The system will be notified to start by one of the following non-emergency start signals:  Building Exerciser, remote dry contact, or manually initiated.

2. The utility MTM test will allow an automatic transfer of the building load from 1 utility onto the other.  The mode of transfer operation shall occur in the following manner:

a. Open transition (with optional delay)

3. Upon notification the system will: 

a. Open the appropriate utility breaker. 

b. After an adjustable time delay, close the utility-tie breaker.

c. The system load will now be fed from 1 utility source.

4. When the Utility MTM test mode is removed, the system will transfer back to the utility source by controlling the transfer operation between the utility-tie breaker and utility breaker.

a. Open transition (with optional delay)

b. An ‘AUTO/MAN’ retransfer selector switch and Manual Retransfer pushbutton are also provided for each transfer pair.  When the retransfer switch is placed in ‘MAN’ the system will not transfer back to the utility source until a Manual Retransfer pushbutton is pressed.  When the retransfer switch is in ‘AUTO’ the system will transfer back to the utility source once the utility return timer has elapsed.

c. The transfer operation will start by opening the utility-tie breaker.

d. After an adjustable time delay the appropriate utility breaker will close.

e. The system will now be back to its normal state.

5. If there is a utility outage during the Utility MTM test mode of operation the appropriate utility breaker will be signaled to open and the system will resort to appropriate sequences for single or full utility outage as previously described.

E. Manual operation of the system shall allow paralleling of the generators as well as generators with utility.  Paralleling with utility shall resort to the selected mode of operation: [base-load, import, or export mode].
2.04 Master and Generator Control Logic

A. Master control logic shall be imbedded in a PLC [in a redundant hot synchronized fashion].  The control logic shall be written so that in the event that the Master PLC functions were to fail the system will still be capable of starting the engine-generators upon any start signal.

B. Each generator shall also contain its own PLC for generator control and alarm/shutdown functions separate from the Master PLC.

C. All breakers that are to be controlled by PLC’s are to have breaker failure logic.  This logic will monitor a failure to close or a failure to open upon PLC command.  

D. Hard-wired backup automatic engine starting and paralleling shall be included for instances when the Master PLC system is not available and an emergency start is present.

E. The system must be capable of communicating to specific devices that are monitoring devices controlled by this system, via RS-485 and acting as a ModBus RTU master.  These devices include: power quality meters, and protective relays.

Note to Specifier:  The following sections describe the control sections that can be configured with or without options.  Here is a quick overview of the options:

Base features
OIP – Basic Main Interface Panel

Base analog metering and switches

Annunciator Boxes

Recommended options (not required)

ACS – SCADA Main Interface Panel

Master redundancy

Other options

Hard-wired metering and control switches

2.05 Engine-Generator Control Section

Each engine-generator control system shall be equipped with at minimum the following devices and any additional for providing a functional system, digital representations of these devices are not acceptable:

A. Breaker control switch, pistol grip (52s)

B. Engine-generator controller, Woodward compatible.

1. Governor (speed control and load sharing), by engine generator manufacturer

2. Loading control interface to governor system

3. softload/unload utility paralleling controls

4. Automatic synchronizer

C. Generator PLC, GE Fanuc 90-30 series or equal, included with back-up power supply for use during DC engine cranking

D. Breaker status lights:

1. Open (Red)

2. Closed (Red)

[Locked-out (White)]

[Racked-out (White)]

E. Synchro-switch, removable keyed T-handle

Analog kilowatt meter, scaled from zero to the maximum of the kW based on the CT and PT ratios, 4.5” switchboard meter with 1% accuracy

Analog amp meter, scaled from zero to the maximum primary current based on the CT ratio, 4.5” switchboard meter with 1% accuracy and separate switch

Engine Control Switch, 3-position

Off 

Automatic

Manual

Speed manual control device (65s), if engine is capable of remote speed biasing

Voltage manual control device (90s), if engine is capable of remote voltage biasing

Reset pushbutton

Light Test pushbutton

[Softload/unload pushbutton]

[Base-load potentiometer]

[Base-load selector]
F. Generator annunciator-[incandescent/LED] type, with the following indications: (digital representations of these lights alone are not acceptable) All alarm and shutdown lights shall flash until acknowledged or reset:

1. Low Oil Pressure, Alarm (amber), Shutdown (red).

2. High Water Temperature, Alarm (amber), Shutdown (red).

3. Engine Over crank, Shutdown (red).

4. Engine Over speed, Shutdown (red).

5. Generator Breaker Locked Out, Shutdown (red).

6. Fail to Synchronize, Shutdown (red).

7. Generator Summary Alarm, Alarm (amber).

8. Battery Charger Failure, Alarm (amber).


9. Generator Controller Not in AUTO, Status (red).

10. Engine Running, Status (green).

11. Generator Summary Shutdown, Shutdown (red).

12. Auxiliary Power Failure, Alarm (amber).

13. Low Water Temperature, Alarm (amber).

14. Emergency Stop Activated, Shutdown (red).

15. Start Signal Received, Status (green).

16. Engine Cooling Down, Status (green).

17. Low Coolant Level, Alarm (amber).

18. Generator Breaker Failed to Close, Alarm (amber).

19. Generator Breaker Failed to Open, Alarm (amber).

20. Remote Generator Breaker is Open, Shutdown (red).

21.  [Day-Tank Low Fuel, Alarm (amber), Shutdown (red).]

22. [Ground Fault, Alarm (amber).]

23. [Air Damper Activated, Shutdown (red).]

 (Note to Specifier: The following bracketed devices shall be selected in addition to the base switches and metering as desired
[Analog volt meter, scaled from zero to the maximum primary voltage based on the PT ratio, 4.5” switchboard meter with 1% accuracy and separate switch]

[Analog frequency meter, scaled to +/- 5 Hz from nominal, 4.5” switchboard meter with 1% accuracy]

 [Analog kilovar meter, scaled the same as the Kilowatt meter, 4.5” switchboard meter with 1% accuracy]

 [Analog power factor meter, scaled from 0.5 (lag) to 1 .0 to 0.5 (lead), 4.5” switchboard meter with 1% accuracy]

[Watt-hour demand meter, switchboard type]

[Emergency Stop Pushbutton]

[86 lock-out relay, for use with the protective relay]

2.06 Master Control Section

The master control section shall be equipped with at minimum the following devices and any additional for providing a functional system:

A. HMI Interface Panel as specified in the ‘HMI Interface Panel ’ section.

B. Master control PLC, GE Fanuc series 90-30 or equal, included with back-up power supply for use during DC engine cranking. [Provide Redundant Master controllers fully equipped with power supplies, CPU’s , and I/O points.]

C. Synch-check relay

Light Test pushbutton

D. Reset pushbutton

E. Horn silence pushbutton

F. Plant synchronizer

G. Power transfer and loading controller

H. Master annunciator-[incandescent/LED] type, with the following indications: (digital representations of these lights alone are not acceptable) All alarm and shutdown lights shall flash until acknowledged or reset:

1. System Gen. Bus Under Frequency, Alarm (red).

2. System Gen. Bus Over Frequency, Alarm (red).

3. System Not in Auto, Status (red).

4. Load add/shed, one per priority, Load Add (green), Load Shed (red).

5. Auxiliary Power Failure, Alarm (red).

6. Load Demand Mode is Active, Status (green).

7. Building Exerciser is Active, Status (green).

8. System Test Mode is Active, Status (amber).

9. Emergency Start Signal Received, Status (red).

10. Emergency Start Signal Fuse Blown, Alarm (red).

11. Emergency Power Available, Status (green).

12. System Summary Alarm – see detail in ACS, Alarm (red)

13. System Gen. Bus Overload, Alarm (red).

14. Standby mode is Active, Status (green).

15. Master Interface Panel (ACS) Failure, Alarm (red).

16. [Remote / Interrupt Signal Received, Status (green).]

17. [Main Tank Low Fuel, Alarm (amber).]

18. [Main Tank High Fuel Level, Alarm (amber).]

19. [Main Tank Fuel Leak, Alarm (red).]

I. System AUTO/MAN selector switch

J. Mounted on the door:

Synch panel:

1) Two (2) synchro-lights

2) Two (2) analog volt meters (running/incoming), scaled from zero to the maximum primary voltage based on the PT ratio, 4.5” switchboard meter with 1% accuracy

3) Two (2) analog frequency meters (running/incoming), scaled to +/- 5 Hz from nominal, 4.5” switchboard meter with 1% accuracy

4) Analog SynchroScope, 4.5” switchboard meter with 1% accuracy

[Bus summing analog kilowatt meter, scaled from zero to the maximum of the kW based on the CT and PT ratios, 4.5” switchboard meter with 1% accuracy]

[Bus summing analog kilovar meter, scaled from zero to the maximum of the kilovar based on the CT and PT ratios, 4.5” switchboard meter with 1% accuracy]

[Bus summing analog amp meter, scaled from zero to the maximum primary current based on the CT ratio, 4.5” switchboard meter with 1% accuracy and separate switch]

[Bus analog power factor meter, scaled from 0.5 (lag) to 1 .0 to 0.5 (lead), 4.5” switchboard meter with 1% accuracy]

[Power Quality Meter, GE PQM or equivalent]

 [Breaker control switch, pistol grip (52s)] (For loadbank breaker if included)

[Breaker status lights:]

Open (Red)

Closed (Red)

[Locked-out (White)]

[Racked-out (White)]

2.07 Utility Transfer Controls

Utility Transfer Control section will be equipped with the following devices for the utility and generator main breakers; digital representations of these devices are not acceptable.

A. Breaker control switch, pistol grip (52s).

B. Breaker status lights:

1. Open (Green)

2. Closed (Red)

3. [Locked-out (White)]

4. [Racked-out (White)]

C. Synchro-switch, removable keyed T-handle

D. [Analog volt meter, scaled from zero to the maximum primary voltage based on the PT ratio, 4.5” switchboard meter with 1% accuracy and separate switch.]

E. [Analog frequency meter, scaled to +/- 5 Hz from nominal, 4.5” switchboard meter with 1% accuracy]
F. Analog kilowatt meter, scaled from zero to the maximum of the kW based on the CT and PT ratios, 4.5” switchboard meter with 1% accuracy

G. [Analog kilovar meter, scaled from zero to the maximum of the kilovar based on the CT and PT ratios, 4.5” switchboard meter with 1% accuracy]

H. Analog amp meter, scaled from zero to the maximum primary current based on the CT ratio, 4.5” switchboard meter with 1% accuracy and separate switch

I. Analog power factor meter, scaled from 0.5 (lag) to 1 .0 to 0.5 (lead), 4.5” switchboard meter with 1% accuracy

J. [Power Quality Meter, GE Multilin PQM or equal]

K. [Watt-hour demand meter, switchboard type]
L. Retransfer mode selector [keyed] switch, Auto/Man

M. Manual retransfer pushbutton

N. Transition mode selector [keyed] switch, [*open]/[*closed]/[*soft] 

O. [Import/Export potentiometer]

P. [Test switches[keyed]]

Q. Reset pushbutton

R. Light Test pushbutton

S. Transfer control annunciator-[incandescent/LED] type, with the following indications:

1. Utility available, Status (green).

2. Utility failure, Alarm (red).

3. Utility breaker failed, Alarm (red).

4. Failed to transfer to utility main breaker, Alarm (red).

5. Tie breaker failed, Alarm (red).

6. Failed to transfer to tie breaker, Alarm (red).

7. Generator main breaker failed, Alarm (red).

8. Failed to transfer to generator main breaker, Alarm (red).

9. Manual re-transfer to utility mode, Status (green).

10. [Open transition mode, Status (green).]

11. [Momentary closed transition mode, Status (green).]

12. [Softload/unload closed transition mode, Status (green).]

13. [Failed to load/unload, Alarm (red).]

14. [Failed to synchronize, Alarm (red).]

15. [Parallel with Utility Mode is Active, Status (green).]

16. [Isolated Operation Mode is Active, Status (green).]

17. [Open Transition Mode is Active, Status (green).]

18. [Soft Transition Mode is Active, Status (green).]

19. [Closed Transition Mode is Active, Status (green).]
2.08 Switchgear and Breaker Requirements

A. The following are general requirements related to the switchgear and breakers associated with the Paralleling Switchgear system.  Reference Switchgear specification xxxxx for further requirements regarding the switchgear and circuit breakers.

B. The switchgear shall be furnished with an [indoor NEMA 1 enclosure] [indoor dripproof enclosure] [outdoor NEMA 3R non-walk-in enclosure] [outdoor NEMA 3R walk-in enclosure with protected aisle].  The switchgear shall be a completely self-supporting structure of the required number of vertical sections bolted together to form metal-clad switchgear.  Sides, top and rear covers shall be code gauge steel, bolted to the switchgear structure.  The frame structure members shall be die-formed 11-gauge steel bolted together and reinforced at all corners.  Sides, front and rear covers shall be 13-gauge steel.  Seismic rating shall be Zone [2,4].

C. Switchgear shall be painted ANSI 61 gray.  

D. Metal clad switchgear is intended for use on [{2.4}{4.16}{4.8}{6.9}{7.2}{12.47}{13.8}] KV, 3-phase,  [{3}{4}] wire [{grounded}{ungrounded}] 60-Hz system. Switchgear shall be rated as indicated in drawings and have removable-element vacuum circuit breakers. Enclosures and circuit breakers shall have a basic impulse rating of [60/95] KV. Switchgear, including circuit breakers, meters, and relays, shall be factory tested.

E. Switchgear shall consist of breaker and auxiliary units, as indicated in drawings, assembled to form a rigid, self-supporting, metal-enclosed structure. Outdoor metal clad switchgear shall be enclosed in a weatherproof enclosure and shall include suitable weatherproof access doors, doors with provision for padlocking; protected ventilation openings as required; interior lighting, utility outlets with protective devices; and equipment heaters with protective devices. In each unit, major primary circuit parts (breaker, buses, transformers) shall be completely enclosed by grounded metal barriers, including a front barrier as part of the circuit breaker.

F. For rigidity during fault conditions all connections to roll-out potential transformer trays and control power transformer trays shall be rigid bus bars insulated to full voltage rating of switchgear assembly.

G. Circuit breaker compartments shall be designed to house [{5.0}{8.25}{15.0}] KV removable-element circuit breakers. Stationary primary disconnect contacts shall be silver-plated copper. Grounded metal safety shutters shall isolate all primary connections in compartment when breaker is withdrawn from connected position.

H. The main bus shall be tin plated copper and rated as indicated in drawings. Bus bars shall have a continuous current rating based on temperature rise and documented by design tests. All joints will be tin plated with at least 2 bolts per joint. Bus bars will be braced to withstand magnetic stresses developed by currents equal to main power circuit breaker close, carry, and interrupt ratings. Access to bus bars shall be through removable front panels. Bus bars shall have fluidized bed epoxy flame retardant and non-hydroscopic insulation with a continuous current rating.

I. A ground bus (1/4 by 2 inch copper) shall extend throughout assembly with connections to each breaker grounding contact and cable compartment ground terminal. Joints shall be made up as indicated in drawings. Station ground connection points shall be located in each end section.

J. Circuit breakers shall be rated as indicated in drawings. Circuit breakers of equal rating shall be interchangeable. Circuit breakers shall be operated by an electrically charged, mechanically and electrically trip-free, stored-energy spring. A handle shall be used to manually charge the spring for slow closing of contacts for inspection or adjustment.

K. Circuit breakers shall be equipped with secondary disconnecting contacts which shall automatically engage in the connected position.

L. Each breaker compartment shall have a breaker rackout device. Using rackout device, a breaker will be self-aligning and will be held rigidly in the operating position. In the disconnect position, breaker shall be easily removable from compartment. Breaker racking shall be accomplished with door closed and latched. Insert handle through a hole in front door to operate rackout device.

M. An indicating tape shall show breaker position when racking breakers in or out of their connected positions

N. Interlocks shall prevent moving breaker to or from operating position unless main contacts are open. Operating springs shall be discharged automatically when breaker is rolled fully into connected or disconnected position. Rackout device shall have provisions to padlock in connected or disconnected position. When locked in disconnected position, breaker shall be removable from compartment using portable lifting device. Padlock shall not interfere with breaker operation.

O. Automatic shutters shall cover primary disconnect stabs when breaker is withdrawn to test/disconnect position. Linkages connected to racking mechanism shall positively drive shutters. A stationary barrier shall be located in front of the shutters for additional safety.

P. Breaker control voltage shall be [{48 VDC}{125 VDC]

Q. Switchgear shall include the following accessories:

1. Lift truck (1 furnished per lineup)

2. Manual racking handle (1 furnished per lineup)

3. [{48 VDC}{125 VDC] [Redundant] [{Lead acid}{Nickel cadmium}] battery system

4. [Test cabinet} to bench test, inspect and maintain the POWER/VAC® breaker]

5. [D. A ground and test device shall be provided]

6. [A high potential test kit shall be provided]

7. [A remote racking device shall be provided including push-button, motor operator, and 25 feet of cable]

2.09 HMI Interface Panel [ACS/OIP ]

A. [Provide a 5” black and white non-SCADA operator interface panel OIP.]

1. The OIP operator interface panel shall contain the following HMI functions:

a. Engine function and timer settings

b. System function, testing and timer settings

c. Generator optimization settings

d. Load add/shed functions and settings

B. [Provide a [(12” / 15” / 18” ] SCADA color touch screen that will be used as the Advanced control system panel (ACS).]

1. The ACS shall be connected to the Master PLCs via an Ethernet network.

2. The ACS shall be equipped for 24 VDC control power.

3. The ACS shall be equipped with a minimum 15 GB hard drive.

4. The ACS shall not be used for automatic operation of the system.  The purpose of the ACS is to act as a user interface to the Paralleling Switchgear control system as defined in this section.

C. The ACS shall be supplied with SCADA software that is used to manually control and display the status of the Paralleling Switchgear system.

1. [The SCADA software shall be capable of hosting a Java website where all screens can be viewed and controlled remotely on the Local Area Network via a standard web browser.  

a. The need for the installation of any software other than an operating system and an Internet browser on the remote computer is not acceptable.

b. Accessing the ACS from additional computers will not require any additional licenses or fees.

c. Accessing the ACS from remote computers (on the LAN) should be as straight forward as accessing a web page on the Internet.]

2. The SCADA software shall be equipped with the following features:

a. No control or metering screen should be more than 3 touches away from any other screen.

b. A screen that is dedicated solely to the display of the one-line representation of the Paralleling Switchgear system and all other equipment that is controlled or monitored by this control system.  The one-line device symbols are to be equipped with navigation buttons to simplify screen navigation.

c. Capable of monitoring each of the engine-generators and their respective breakers.  Equipped with:

1) Complete power metering to include: watts, vars, power factor, frequency, amperes, and voltage (3 and 4 wire measurements, as applicable.) 

2) Engine run hours.

3) Engine status.

4) Number of generator breaker operations.

d. Generator optimization.

1) Capable of manually assigning engine priorities.

2) Capable of setting the system to automatically determine the priority of the engines based on engine runtime and the number of engine starts.

e. Load Optimization and Control

1) Capable of manually prioritizing each load before or anytime after installation by just changing the value on the ACS.  No field wiring or PLC coding required.

2) Load add/shed shall be controlled by the ACS/PLC system.  The loads shall be divided into blocks by the number of generators paralleling as well as sub-priorities for each load.  The load adding and shedding of these priorities shall be decided based on available generator capacity compared to the size of load.  The load priorities shall be settable in the ACS touch panel and include active display of the actual load.  Block shedding shall be included for generator failures with automatic re-adding based on capacity.  Under-frequency conditions shall require manual intervention for identifying and re-setting load add operations.  Hard-wired control switches for controlling remote transfer switches when the PLC/ACS system is not available shall be provided.

f. Trending and event logging

1) The system shall designate 1 Gigabyte of hard disk space for storing the database file for the system trending and event logging.  This shall be user definable up to 10 Gigabytes.

2) The system shall be capable of trending and logging data at a resolution of one (1) second.  

3) The system shall be setup trend and log the following values until the designated space on the hard drive is full at which time the information will be overwritten in a FIFO procedure:

i. Trend the analog values of watts, vars, frequency, and voltage for each generator and other monitored sources.  All pieces of the emergency power equipment that is to be monitored shall be equipped with a power metering device that will monitor all three phases and provide this information over ModBus RTU.  In addition to the generator breaker, the following is a list of all pieces of equipment that are to be monitored: [to be filled in by the Consulting Engineer].

ii. Log the position of the generator breaker and all generator indicator lights.

iii. Log the position of the system indicator lights and the status of all controlled breakers.

4) Alarm logging

i. The system shall record all alarm events with time stamp.

ii. The alarm events can be acknowledged one at a time or all at once.

iii. The system shall be capable of storing the latest 20,000 alarms.  (Over 1-year of storage.)

g. Notification

1) The ACS shall be capable of delivering e-mail messages when any shutdown occurs.  The message must contain the time and date of the alarm.

h. Maintenance

1) The ACS shall be capable of monitoring the number of operations and the suggested maintenance period for each of the following pieces of equipment:

i. Each generator (run hours)

ii. Each controlled breaker (# of operations)

2) Based on either the number of operations or the time lapse since the last maintenance for each type of device, the ACS shall calculate the next expected maintenance date.

3) The ACS shall be capable of notifying persons specified via e-mail message.

i. A communications screen that identifies all Ethernet devices and ModBus devices supplied with the control system and their communication status (Green / Red).

2.010 Engine-Generator Protective Relay

A. The engine-generator protective relay shall be powered by the breaker trip power source.

B. The engine-generator protective relay(s) shall provide the following functionality as a minimum:

1. 25 - Synch Check and synch-check with dead-bus

2. 27/59 - Under voltage and over voltage

3. 32R - Reverse power protection

4. 81 0/U - Over and under frequency

5. 40 – Loss of field

6. 51N - Neutral ground fault
7. 87 – Differential
8. 50/51V- Short circuit and over current protection
C. One rear RS485 port that can be programmed for ModBus RTU communications to provide basic metering data.

D. Relay shall be Utility grade, GE Multilin SR489 series or equal.

2.011 Utility Protective Relay

A. The utility protective relay shall be powered by the breaker trip power source.

B. The utility protective relay must be provided for the utility breaker and interface to the emergency switchgear for transfer control operation.  The relay shall contain the following:

1. 27/59 - Under voltage and over voltage

2. 46 - Negative sequence current

3. 47 – Negative sequence voltage

4. 81 O/U – Over and under frequency

5. One rear RS485 port that can be programmed for ModBus RTU communications to provide basic metering data.

6. [32R  - Reverse power]

7. [50 - Instantaneous over current]

8. [51 – Timed over current]

9. [67 – AC Directional over current]

10. [The utility protective relay must be capable of being set to meet the requirements of IEEE 1547.]

11. Relay shall be Utility grade, GE Multilin SR750 series or equal.

2.012 Network Communications

A. A system shall be provided, with visual fault indication, to monitor the PLC network communications system and PLC status. Means shall be provided to identify which PLC on the network has faulted or has lost communications in the event of a fault.

2.013 Engine-Generator

A. The engine-generator manufacturer shall:

1. Provide dry contacts to meet NFPA 110 requirements.

2. Provide a Woodward compatible isochronous governing system.

3. If the generator is equipped with its own circuit breaker, a normally open breaker position dry contact shall be provided.

2.014 Governor/Speed Control

A. The control system shall be designed for operation with engine-generator units having speed-matching, load-sharing electronic type isochronous governors.


B. The electronic control, with isochronous load-sharing feature and speed adjustment devices, shall be supplied by the engine-generator supplier and mounted and wired in the switchgear.  The governor shall be Woodward Model 2301A or equal.


C. A speed-control adjustment device, compatible with the governor, shall be provided on each generator-control cubicle for manual speed adjustment.


2.015 Voltage Regulator

A. Voltage regulators shall be supplied by the generator set supplier, and shall be mounted on the generator.

B. A voltage control adjustment device compatible with the voltage regulator shall be provided on the generator-control switchgear for manual voltage adjustment.

C. 120VAC shall be supplied from each generator sensing PT to the corresponding voltage regulator.

D. Voltage regulator shall be equipped with VAR/PFC capability.


E. The engine generator supplier shall be responsible for ensuring the generators being supplied each have the same pitch [2/3] [4/5].
Voltage regulators shall be supplied by the generator set supplier, and shall be mounted on the generator.

2.016 Automatic Synchronizer

A. Each power source that is to be synchronized with the generator bus shall be equipped with its own automatic synchronizer.

B. The synchronizer shall bias the speed and voltage of the incoming generator to match that of the referenced source bus.  The synchronizer shall measure incoming generator voltage, frequency and phase angle, and compare those measurements to the referenced source bus.  The synchronizer shall give a CLOSE signal to the respective breaker when the generator is within synchronizing limits for a preset length of time.

C. The synchronizer shall be provided with a separate manual speed control to adjust each of the synchronizing limits.  The range of adjustments shall be:
1. Frequency differential:  Approximately ±0.005Hz to ±2.0Hz.

2. Phase angle differential:  Approximately ±0.1° to ±15.0°.

3. Voltage differenctial:  Approximately ±1% to ± 20%

4. The synchronizer and governor manufacturer shall be the same.

D. A synch mode selector switch with RUN-OFF-CHECK-PERMISSIVE positions shall be provided to aid in testing and facilitate troubleshooting. In RUN mode, the synchronizer shall be enabled for active synchronization and synch check function. In CHECK, mode, the synchronizer shall perform the sync-check function only (without active synchronization). In PERMISSIVE mode, the synchronizer shall annunciate when generator and bus are in synchronism, but shall not allow breaker closure.  The automatic synchronizer shall be capable of being switched between each of these modes via discrete inputs.

3. EXECUTION

3.01 Factory Tests 

A. The following production tests shall be performed prior to shipment:

1. Ring-out all AC and DC circuits.

2. Check operation of all metering devices using secondary current and/or voltage injection.

3. Factory simulate the utility and generator sources for ensuring proper automatic and manual operations for the paralleling system.

[Provide factory [(inspection only / full procedure] witness test.]

3.02 Preparation for Shipment

A. Provide suitable packaging and supports to enable the equipment to withstand shocks and vibrations from normal domestic shipping and handling.

3.03 Installation

A. It is the intent of this specification that the installing contractor performs all receiving, unloading, storage and installation of the equipment.

3.04 Start-Up Service 

Provide a qualified service engineer to assist in the following:

A. Pre-installation meeting with the contractor, engineer and other related personnel to coordinate the installation, interconnection of all related equipment and start-up requirements.

B. Start-up of the system with complete testing.

C. Four (4) hours of on-site training for operating personnel.

PAGE  
24
16xxx - 

_1144757549

