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Specification


Division 16 – Electrical

Emergency/Standby Power Systems

Generator Set Paralleling Equipment

Part 1. GENERAL

1.1 Scope

A. Provide complete new factory assembled paralleling equipment with digital electronic controls designed for fast, reliable operation and including the functions described herein.

B. The generator set manufacturer shall supply and warrant the paralleling equipment to provide a single source of responsibility for all the products provided.   Warranty documents shall be provided verifying this warranty.  Technicians specifically trained to support the product and employed by the generator set supplier shall service the paralleling equipment.  

1.2 Acronyms and Abbreviations Used



AC

Alternating Current



ANSI

American National Standards Institute



AWG

American Wire Gauge



CT

Current Transformer



CSA

Canadian Standards Association



DC

Direct Current



EN

Electrical or Electronic Notebook



IEC

International Electro-technical Commission



IEEE

Institute of Electrical & Electronics Engineers



ISO

International Standards Organization



K

Kilo



KVA

Kilo-volt Ampere



KVAR

Kilo-volt Amp Reactive



KW

Kilowatt



LCD

Liquid Crystal Display



LED

Light Emitting Diode



NEC

National Electrical Code



NEMA

National Electrical Manufactures Association



NFPA

National Fire Protection Association



PLC

Programmable Logic Controller(s)



PT

Potential Transformer (instrument grade)



UL

Underwriters Laboratories 



VAC

Volts Alternating Current




VDC

Volts Direct Current

1.3 Codes and Standards

A. Equipment provided shall conform to the requirements of the following codes and standards to the extent that they are applicable:

1. ANSI/IEEE C37.09 - Standard Design and Production Testing.

2. CSA C22.2, No. 14 – M91 Industrial Control Equipment.

3. CSA 282, Emergency Electrical Power Supply for Buildings

4. EN55011, Class B Radiated Emissions

5. EN55011, Class B Conducted Emissions

6. EN60947-6-1 Standard for Low-voltage switchgear IEC 1000-4-5 (EN 61000-4-5); AC Surge Immunity.   Similar waveforms are described in ANSI/IEEE 62.41-1991

7. IEC 1000-4-4 (EN 61000-4-4) Fast Transients Immunity

8. IEC 1000-4-2 (EN 61000-4-2) Electrostatic Discharge Immunity

9. IEC 1000-4-3 (EN 61000-4-3) Radiated Field Immunity

10. IEC 1000-4-6 Conducted Field Immunity

11. IEC 1000-4-11 Voltage Dip Immunity

12. NEMA SG5 - Power Switchgear Assemblies.
13. NFPA70 – National Electrical Code.  Equipment shall be suitable for use in systems in compliance to Article 700, 701, and 702.

14. IEEE446 – Recommended Practice for Emergency and Standby Power Systems for Commercial and Industrial Applications

15. UL891 – Switchboards and Controls.  Control equipment provided in switchboard enclosures shall be listed and labeled under this standard.

B. The paralleling equipment manufacturer shall be certified to ISO 9001 International Quality Standard and shall have third party certification verifying quality assurance in design/development, production, installation, and service, in accordance with ISO 9001.

1.4 Acceptable Manufacturers 
Equipment specifications for this project are based on microprocessor-based paralleling manufactured by Cummins/Onan utilizing pulse-width band modulation.  Proposals must include a line-by-line compliance statement based on this specification

1.5 Equipment Interface Compatibility

Paralleling equipment purchased for this contract must be designed to electrically interface with the existing 750 KW Cummins/Onan self contained diesel generator units  owned by the US Air Force and maintained by the Air Force Civil Engineer Agency. 

Part 2. PRODUCTS

2.1 Control Equipment Construction
A. Construction

1. Note space available and access requirements for the paralleling equipment, and provide equipment that will fit into the space allowed.  Control equipment shall be designed for front access only.

2. All wiring shall be UL listed 105 degree C , 600 volt rated, and sized as required.  Each wire, device or function shall be suitably identified by silk‑screen or similar permanent identification.  

3. The paralleling/distribution switchgear controls shall be provided in NEMA 12 outdoor enclosure. The enclosure shall be fabricated of 12 gauge steel structural members and 14 gauge steel walls and roof. The framework and all other sheet metal components of the system shall be primed with a rust‑inhibiting primer, and finished with two coats of satin finish ANSI 61 gray enamel.  All controls housed in a metal-clad cabinet(s).  Each section 30 inches W x 60 inches deep x 90 inches high.  There may be two (2) sections.  Units will be installed in metal-clad NEMA 3R outdoor cabinet.  Cabinet will need lifting hooks/eyelets with water tight seal if the mounting holes penetrate the enclosure so the cabinet can be raised with a crane or hoist, and provisions to lift the cabinet with a forklift vehicle.  Unit needs to have front panel access.

4. All door mounted control components shall be industrial type oil‑tight devices with contact ratings a minimum of twice the maximum circuit ampacity they are controlling. Toggle switches and other light duty control devices are not acceptable.  Indicator lamps shall be high intensity LED type devices. Indicator lamp condition (on or off) shall be easily visible in bright room lighting conditions.

5. AC control circuits in the switchboard shall be protected with properly sized fuses in safety fuse blocks, with visible fuse blown indication for each fuse.  Potential transformers shall be protected on line and load side.

6. All CT installations shall include shorting type terminal blocks.

7. All field control interconnecting wiring shall be sized as specified by system manufacturer (wiring not designated by the system manufacturer shall be minimum 14 AWG copper). All control interconnect wiring shall be stranded.

B. System Control Power

1. Control power for the paralleling control system shall be derived from the generator set 24VDC starting batteries.  A solid state, no break "best battery" selector system shall be provided so that control voltage is available as long as any battery bank in the system is available, and that all battery banks are isolated to prevent the failure of one battery from disabling the entire system.  Generator set governing, voltage regulation, load sharing, synchronizing, protection, and control equipment shall be capable of proper operation with battery voltage levels down to 8VDC. 

2. A redundant 24VDC control power supply shall be provided for the system master control, including batteries, rack, and charger.

3. Paralleling breaker control power for breaker tripping shall be derived from the generator set starting batteries.

2.2 Paralleling Controls. Provide a paralleling control panel for each generator set in  the                                                      emergency/standby power system. The paralleling control functions may be integrated with the generator set control functions (with duplicate functions eliminated). Each paralleling control panel shall contain the components and devices as described in this section.

A. Operator Panel.  Each paralleling control panel shall be provided with a panel to allow the operator to view the status and control operation of the specific generator set being paralleled. The operator panel shall be provided with the following features and capabilities.

a) 1% accuracy generator set AC output instruments;  Ammeter, Voltmeter, Frequency Meter, Wattmeter, KW-hour meter, Power Factor Meter.  Selector switches to allow viewing of voltage and amperes for each phase shall be provided.  For 3-phase/4-wire systems the voltmeter shall indicate line to line and line to neutral conditions.  Voltmeter and frequency meter shall be analog instruments.  Switches and/or other provisions shall be included to allow reading of bus voltage and frequency from this metering set.

b) Synchroscope and “generator set synchronized” indication.  Indication may be synchronizing lamps, LED indication, or other provisions, but must be located on the paralleling control panel, adjacent to the paralleling breaker control switches.

c) Running Time Meter, Start Counter

d) Generator Set Mode Selector Switch: Switch shall provide run, off, and automatic functions for control of the generator set.  Run mode causes the generator set to immediately start and accelerate to rated speed and voltage, but paralleling breaker doe not automatically close.  Off mode prevents generator set from starting, or immediately shuts down the generator set if it is running.  Auto mode allows genset starting from a remote control system.

e) Breaker trip/close switch with breaker status indicating lamps.  The switch shall be interlocked with the control system such that breaker closure is not possible unless the mode select switch is in the run position and the generator set is synchronized with the system bus.

f) Control Reset push‑button switch with indicating lamp.  Lamp shall flash to indicate that generator set is locked out due to a fault condition.

g) Lamp test push‑button switch.  Operation of this switch shall cause all lamps on the panel to be simultaneously tested.

h) The control panel shall be provided with a set of DC-powered lamps with a switch to allow viewing of all functions on the front panel when normal lighting systems are not available.

i) Emergency Stop switch.  The emergency stop switch shall be a red, mushroom head switch that maintains its position until manually reset.

j) Precision voltage and frequency adjust raise/lower switches.  Switches shall allow the generator set frequency and voltage to be adjusted plus or minus 5% when the generator set is operating independently of the system bus.  Voltage and frequency adjustment switches shall be located adjacent to the generator set and bus metering, breaker control switches, synchroscope and manual paralleling panel, for ease of use by the operator.

k) Alarm and status indicating panel to indicate the following conditions (alarm horn shall be located on master control) :

	Function
	 Lamp Color
	Alarm Horn
	Shutdown Unit

	Low DC Voltage
	Amber
	*
	

	High DC Voltage
	Amber
	*
	

	Weak Battery
	Amber
	*
	

	Fail to Sync  

	Amber
	*
	

	Low Oil Pressure Alarm
	Amber
	*
	

	Low Fuel - day tank
	Amber
	*
	

	High Engine Temp Alarm
	Amber
	*
	

	Ground Fault 
	Amber
	*
	

	Overcurrent Alarm
	Amber
	* 
	

	Breaker Failure
	Red
	*
	*

	Breaker Tripped
	Red
	*
	*

	Not in Auto
	Red
	*
	*

	High Engine Temp
	Red
	*
	*

	Low Oil Pressure
	Red
	*
	*

	Overcurrent
	Red
	*
	*

	Short Circuit
	Red
	*
	*

	Loss of Excitation
	Red
	*
	*

	Reverse Power
	Red
	*
	*

	Overcrank
	Red
	*
	*

	Overspeed
	Red
	*
	*

	Under Frequency
	Red
	*
	

	Under Voltage
	Red
	*
	*

	Over Voltage
	Red
	*
	*

	Phase Rotation 
	Red
	*
	*

	Low Coolant Level
	Red
	*
	*

	Automatic
	Green
	
	

	Generator Running
	Green
	
	

	Breaker Open
	Green
	
	

	Breaker Closed
	Green
	
	

	Demand Mode Standby 
	Green
	
	

	Timing for Start
	Green
	
	

	Timing for Shutdown
	Green
	
	


B. Internal Controls.  The following internal control components or functions shall be provided for each generator set in the system.

a) Electronic isochronous kW load sharing control to operate the engine governors during synchronizing and to provide isochronous load sharing when paralleled. The control system shall allow sharing of real kW load between all generator sets in the system to within 1% of equal levels, without introduction of frequency droop into the system.  The control system shall include all equipment required for kW load sharing with an infinite bus.  The infinite bus governing controls shall allow the generator set to synchronize to an infinite bus, parallel, and ramp up to a preset load level on the generator set.  Additional controls shall be provided to cause the generator set to ramp up to a kW load level signaled by the system master control PLC. The isochronous load sharing module and engine governor shall be a coordinated system of a single manufacturer.  

b) Load demand governing controls shall be provided to cause the generator set to ramp down to zero load when signaled to shut down in a load demand mode.  On a signal to re-start, the load demand governing controls shall cause the generator set to synchronize to the system bus, close, and ramp up to it’s proportional share of the total bus load.  The ramp rate of the generator set shall be operator-adjustable.

c) Electronic kVAR load sharing control to operate the alternator excitation system while the generator set is paralleled.  The control system shall allow sharing of reactive load between all generator sets in the system to within 1% of equal levels, without introduction of voltage droop into the system.  The control system shall include all equipment required for VAR load sharing with an infinite bus in either a constant VAR or constant power factor mode for future application flexibility.  (Mode and adjustments selectable by the operator)

d) Equipment shall be provided to monitor the generator set as it is starting, and verify that it has reached at least 90% of nominal voltage and frequency before closing to the bus.  The equipment provided shall positively prevent out‑of‑phase paralleling if two or more engine‑generator sets reach operating conditions simultaneously by providing a lockout signal to disable breaker closure for generator set(s) in the system that have not been selected to be the first units to close to the bus. Controls to recognize the failure of the first breaker signaled to close, and allow system operation to proceed in spite of this failure shall also be provided (breaker failure alarm).  Systems using dead bus relay schemes without a disable signal to positively prevent out‑of‑phase paralleling shall not be acceptable under this specification.  System shall include an independent backup to automatically operate in the event that the primary system fails.

e) Synchronizer to electronically adjust the engine governor to match the voltage, frequency and phase angle of the bus.  Synchronizer shall maintain the engine‑generator voltage within 1% of bus voltage and phase angle within 20 electrical degrees of the bus for 0.5 seconds before circuit breaker closing.  Each unit shall have its own synchronizer; systems using a switching scheme to utilize a single system synchronizer will not be approved.  Synchronizers and systems that utilize a motor driven pot for control of AC voltage during the synchronizing process will not be accepted.  The system shall be provided with a fail to synchronize time delay that is adjustable from 10-120 seconds.  Control logic for fail to synchronize function shall allow field adjustment of function for either alarm or shutdown of the generator set on failure condition.

f) Controls shall include a permissive relay function to assure that the generator set does not attempt to close out of phase with the bus, due to errant operation of the synchronizer.

g) Controls shall include a permissive (sync check) function, to be used with “generator synchronized” indicator during manual paralleling, to prevent accidental closure of the breaker with the generator set out of phase with the bus.  Provisions to allow manual closure of the first generator set to a de-energized bus shall be included.

h) Control equipment shall contain a system of diagnostic LED’s to assist in analyzing proper system function.

i) Controls shall include three phase sensing reverse power equipment, to prevent sustained reverse power flow into the generator set.  The engine manufacturer shall approve the reverse power sensing equipment.  When the reverse power condition exceeds 10% of the generator set kW for 3 seconds, the paralleling circuit breaker shall be tripped open and the generator shut down. 

j) Controls shall be provided to verify generator set and bus phase rotation match prior to closing the paralleling breaker.

k) Electronic alternator overcurrent alarm and shutdown protection.  This protection is required in addition to the overcurrent relaying on the paralleling breaker, and shall sense current flow at the generator set output terminals.  The overcurrent alarm shall be indicated when the load current on the generator set is more than 110% of rated current for more than 60 seconds.  The overcurrent shutdown shall matched to the thermal damage curve of the generator set, and shall not have an instantaneous function.   

l) Electronic alternator short circuit protection.  This protection is in addition to the overcurrent trip on the paralleling breaker.  The short circuit shall occur when the load current on the generator set is more than 175% of rated current and an aggregate time/current calculation indicates that the system is approaching the thermal damage point of the alternator.  The equipment used shall not have an instantaneous function

m) Provide overcurrent and short circuit protection for the feeder connecting the generator set to the paralleling switchgear.  This protection may be integrated with alternator protection but must be positively coordinated to prevent tripping of the paralleling breaker prior to the operation of the alternator protective equipment.

n) Controls shall be provided to sense loss of excitation of the alternator while paralleled to the system bus.

o) Generator set start contacts rated 10 amps at 32 VDC.  A redundant network-based starting system shall also be provided.

p) Cool-down time delay, adjustable: 0-600 seconds.  The control panel shall indicate the time remaining in the time delay period when the generator set is timing for shutdown.

q) Start time delay, adjustable: 0-300 seconds. The control panel shall indicate the time remaining in the time delay period when the generator set is timing for start.

r) The control system shall monitor the paralleling breaker auxiliary contacts, and initiate a fault signal if the breaker fails to close within an adjustable time delay period after the control has signaled it to close (0.5-15 seconds).  Breaker failure alarm shall cause the paralleling breaker to trip open, and lock out until manually reset.

s) Controls shall be provided to initiate an alarm condition when generator set is at 90% of rated frequency for more than 20 seconds.

t) Controls shall be provided to shut down generator set and initiate alarm when the generator set is at less than 85% of nominal voltage for more than 15 seconds, more than 110% of nominal voltage for more than 10 seconds, or more than 130% of nominal.  

u) Provide all other components required, such as properly sized current transformers, transducers, terminal blocks, etc., for reliable system operation, as described herein under “SYSTEM OPERATION".

2.3 Master Control System.  Provide a system master control to monitor and control the operation of the entire paralleling system, including the generator set controls.  The master control panel shall contain the components and functions described in this section.

A. Solid State System Status Panel.  A  system status panel shall be provided and shall include the following features and functions:

· Alarm Silence Push-button Switch

· Alarm horn

· LED Indicating lamps to indicate the following conditions:

	Function
	Color
	Alarm Horn

	Generator Set #n On Line.

(one for each genset in the system)
	Green
	

	Load Demand Mode
	Green
	

	Priority #n Load On

(one for each load add level in the system)
	Green
	

	Load Shed Level n

(one for each load shed level in the system)
	Red
	*

	System Test
	Green
	

	Remote System Start
	Amber
	

	Check Generator Set #n

(one for each genset in the system)
	Red
	*

	Controller Malfunction
	Red
	*

	Check Station Battery
	Red
	*

	Bus Overload
	Red
	*

	System Not in Auto Mode
	Red
	*


B. A full color high resolution HMI type operator interface panel (HMI) shall be provided which allows the operator to monitor and control the on site power system.  The HMI shall have a minimum viewing area of 100 square inches.   The components shown on the HMI shall all be designated as shown on the drawings. All data shall be configurable for display in either US standard or metric indications.  The HMI shall include the following screens and/or functions:

a) Screens shall be configured in a typical WindowsTM format, with a pop-up menu in the lower left corner of the screen providing access to various screens.  There shall not be a close program “button” in the upper right corner of any screen.  (Closing the program shall be accomplished only through the menu structure.)  There shall be a context sensitive help button on each screen. 

b) One Line Diagram Screen.  The one-line diagram screen shall display a system message (to advise the operator of needed or optional control operations), and shall also show the system status by a combination of animation, changing screen color, text messages, and pop-up indicators.  Conditions visible on the screen shall include:

· Generator set(s), and bus configuration, with generator set, parallel breaker and bus energized/de-energized indication (red indicating energized, green indicating de-energized).

· Generator set designation.  Control, data, and performance summary screens shall be accessible through hot keys (links) located on or adjacent to the genset icon.

· Generator set mode (run/off/auto)

· Generator set status (normal/warning/shutdown/load demand stop/% load). Pop-up screens shall provide access to detailed information and service manuals from the one-line diagram screen.

· Paralleling breaker status (open/closed/tripped)

· Bus condition (energized or de-energized)

· Access to other system control and monitoring functions through a menu button with pop-up option display

· Help “button” to allow access to information concerning the specific screen viewed, or concerning current system status.

c) System Control.  The system control screen shall provide the operator with the ability to enable or disable load demand operation; initiate test (with or without load); control the shutdown sequence for the generator sets in the load demand mode; set the load demand time delays; set the load demand operation set points; and display and modify the automatic load add and shed sequence.

d) Genset Control.  The genset control screen shall be a popup control screen to allow the operator to manually start and stop the genset, and manually open and close the genset paralleling breaker.  It shall also display generator set status and percent load.

e) Genset Data Display.  The genset data display shall provide the operator with information on the status and condition on the generator set.  It shall include all data displayed at the local generator set control panel, and as a minimum shall include: engine rpm, oil pressure, coolant temperature, DC voltage, engine hours, genset MW hours, number of starts, line to line and line to neutral voltage on all phases, bus line to line and line to neutral voltage on all phases, genset and bus frequency, load current, power factor, kVAR and kw, local control switch status, and genset status.  It shall also provide display of all active faults in the local generator set control.   The screen shall include a strip chart function that allows the operator to add any monitored data point to a scrolling screen to develop an active graphical display of conditions on that generator set.

f) Genset Status Summary.  The genset status summary shall provide an analog and graphical display of critical generator set operating parameters.  The screen shall include generator set state display (stopped, time delay start, idle speed state, rated volts/hz, synchronizing, load share, or load govern); analog AC metering for generator set, including 3-phase AC volts and current, frequency, kW, and power factor; and 3-phase AC bus voltage and frequency.  The screen shall also include a strip chart function that allows the operator to add any function or value on to the strip chart to provide an active display of the condition of the system.

g) Load Control.  The load control screen shall provide an analog display of system load as a percent of available capacity of the generator sets that are operating in parallel on the bus.  The screen shall also provide an alphanumeric display of this data.  It shall also display the name, status and priority of each load block (whether on or off), and the total load of that block.  The screen shall allow the operator to manually add and shed loads in any sequence desired.

h) Trending.  The Touchscreen shall be capable of providing real time trend charts for any monitored value in the system, with up to 8 monitored points at any time.  Historical trend charts using a data log function in the control shall also be provided.  Historical charts shall be configurable for functions displayed, and for the time frame displayed, and shall allow comparison of historical data from multiple time periods simultaneously. 

i) Alarms.  Any alarm on any generator set or in the system shall result in a pop-up screen display that describes the equipment where the fault has occurred, and the name of the fault.  The screen shall allow the operator to attempt to reset the fault from the HMI.  It shall also offer direct access to manuals.

j) Service Information.  The service information pop-up screen shall include the name, address, and phone number for the local service point for the equipment.

k) Service Manuals.  The HMI shall include the ability to display the entire content of all operating and service manuals for the entire system, including generator sets (engine, alternator and control system), paralleling controls, master controls, and transfer control equipment.  This requirement is in addition to the hard copy manuals required elsewhere in this specification.

l) Transfer Controls.  A transfer control screen shall be provided for each transfer switch or transfer breaker pair in the system.  The transfer control screens shall provide status information on the condition of the normal service and generator service at each device (service available), which source is connected to the load, as well as transfer control status.  Information to be provided shall include:

· Indication “lamps” for common alarm, not in auto, test/exercise mode, load shed, transfer  inhibit, retransfer inhibit, fail to close, fail to disconnect

· AC data at the transfer pair, including line to line and line to neutral AC Volts for all phases of both sources, frequency of both sources, load current, power factor, kW, and kVA for the load.

· Test “pushbutton” and fault reset “pushbutton”.

· The screen shall also display status of all active time delays and all active faults.

C. Internal Control Components.  The following internal controls shall be provided within the master control section:

a) Programmable controller (PLC or PC) for interface with HMI, and to provide load demand, load pick‑up, and load shed functions.  Documentation provided with the equipment shall include PLC program documentation.

b) Load pick‑up output contacts, rated 10 A at 600 VAC (3 contacts per level).  Provide direct control for all feeder breakers in the system (14 total).

c) Load shed output contacts, rated 10 A at 600 VAC (3 contacts per level).    Provide direct control for all feeder breakers in the system (14 total).

d) Digital Transducer(s), PT’s, and CT’s and other equipment required to provide bus condition information to the PLC.

D. Provide all other components required, such as properly sized current transformers, transducers, terminal blocks, etc., for proper and reliable system operation.

2.04 Remote Monitoring System.

Provide a dial-up (modem) capability to monitor all system operations and displays from a remote area. Dial-up capability shall utilize existing internet services and connections and be password protected so only authorized personnel can access the remote monitor system.

Part 3. OPERATION

3.1 Loss Of Normal Power:  

A. System is given signal to start by receipt of start signal from the power transfer control(s) (Master PC or PLC) or other remote device.  On receipt of this signal, all generator sets automatically and independently start, accelerate to rated frequency and build up to rated voltage.  The first start system monitors this process, and on finding a generator set at 90% of rated voltage and frequency, automatically disables all other units from closing to the bus, and closes the ready unit to the bus.  At this time the utility main breakers are opened, non-essential loads are shed, and the generator main bus breakers connect generator sets to the system bus.

B. The priority (load add) controls prevent overloading of the system bus by providing control signals to delay operation of designated system loads until sufficient generating capacity is available on the bus, or until the priority override switch on the HMI is actuated.

C. After the first unit is closed to the bus, the control of the remaining units is switched to the synchronizer in each generator paralleling control, which causes the generator set to synchronize with the system bus, and then close to it at the proper time.

D. As each unit closes to the bus, the unit assumes it's proportional share of the total load on the bus, and the control system will automatically add loads to the generator bus by closing feeder breakers.

3.2 Failure Of A Unit To Start Or Synchronize: 

A. If a unit fails to start, after the overcrank time delay (in the generator set control) has expired, the unit will be shut down, and an alarm will sound.  The priority control will prevent the lowest priority loads from being added to the system without manual intervention.  The priority override controls on the HMI may be used by an operator to manually add low priority loads to the bus, if he determines that generator capacity is available to serve the loads.  Bus overload monitoring shall protect the first priority loads in the event that the bus is inadvertently overloaded due to operator error.

B. If a unit fails to synchronize, after a preset time delay, an alarm will sound, but the unit will continue to attempt to synchronize until signaled to stop by manual operation of the control switches on the generator set.

3.3 Bus Overload:  

A. If a bus overload occurs for any reason, a load shed signal will be generated to initiate load shedding in the system.

B. If the bus does not return to proper frequency within a predetermined period of time (adjustable via the HMI), additional load shed signals will be generated until the generator set bus returns to normal frequency.

C. Loads that are shed due to overload shall require manual reset via the HMI.

3.4 Load Demand Mode:

A. When the system running in the emergency mode with the "load demand" switch on the HMI in the "on" position , controls shall continuously  monitor the total load on the bus.  If the total load on the  bus falls below preset limits for a period of 15 minutes, the controller will automatically shut down generator sets in an operator predetermined order, until the minimum number of generators required to operate the load remain on the bus. The purpose of this function is to allow the generator sets to operate closer to their rated capacity, thereby decreasing fuel consumption, and reducing  wear on the system.

B. On sensing that the available bus capacity is being approached, the standby units will automatically be restarted (in the reverse order of which they were shut down) and paralleled with the bus to assume their proportional share of system load.

3.5 Return of Normal Power

A. When all of the system start signals are removed from the generator sets, the system will begin a retransfer process in either an open or closed transition mode, as selected by the operator.  

B. If running in the closed transition mode, the system shall synchronize the generator bus to the first utility source, close the utility breaker, ramp down load on the generator breaker to a minimum value, then open the generator bus breaker.  This process shall be repeated sequentially across each breaker transfer pair.

C. If running in the open transition mode, the system shall sequentially transfer back to the utility by opening each generator bus breaker, then closing it’s associated utility breaker at an operator-programmed time period later.  This process shall be repeated sequentially across each breaker transfer pair.

D. When all loads have been transferred back to the utility, the generator set paralleling breakers shall all open, and the generator sets shall operate at no load for a cool-down period.  When the cool-down period has been completed, the generator sets shall shut down.

E. If a system start signal is received during the cool-down period, one generator set shall immediately close to the system bus and all other units shall synchronize to it, as described in “Loss of Normal Power” above.

F. Test With Load Mode:

1. The system shall allow the generator sets to be tested by transfer of the system loads to the generator sets.  Systems loads shall transfer in either an open or closed transition mode, as determined by the setup of the control system for emergency standby operation.

2. Sequence of operation in this mode shall be similar to that described for a power failure condition.  

3. When the system is operating in the closed transition mode, it shall always transfer between “good” sources without a power interruption to the load.

G. Generator Set Exercise (Test) Without Load Mode

1. The system shall allow testing of the generator sets at no load.  In this operation mode the generator sets will start, build up to rated speed and voltage, synchronize and close to the generator bus, but system loads shall not automatically transfer to the generator system.

Part 4. OTHER REQUIREMENTS

4.1 Factory Testing.  The system manufacturer shall perform a complete operational test on the paralleling system (including generator sets, paralleling controls, and power switchgear) prior to shipping from the factory.  A certified test report shall be provided, and permanently retained by the system manufacturer

4.2 Service and Support

A. The manufacturer of the paralleling equipment shall maintain service parts inventory at a central location that is accessible to the service location 24 hours per day, 365 days per year.

B. The paralleling system, including generator sets and paralleling equipment, shall be serviced by a single local service organization that is trained and factory certified in both generator set and paralleling equipment service.  The technicians serving the site shall be specifically trained and certified by the manufacturer in the diagnosis and repair of the synchronizing, paralleling, and load sharing equipment provided.  The supplier shall maintain an inventory of critical replacement parts at the local service organization, and in service vehicles.  The service organization shall be on call 24 hours per day, 365 days per year.

C. The manufacturer shall maintain model and serial number records for the paralleling equipment for at least 20 years.

