
Static Transfer Switch (eSTS):  2000A
	Voltage
	277/480V, 3-Phase, 4-Wire, + Ground

	Number of Sources
	2

	Number of Poles
	4

	Redundancy
	Single Modular Redundant (SMR)

	Dimensions
	

	Weight
	

	Heat Dissipation
	

	Cable Entry/Exit
	Top and Bottom Entry
Top and Bottom Exit

	Cable Entry Type
	Compression Lug Terminals
NEMA 2-hole (1/2" Dia) on 1-3/4" Center
Max Lug Width of 1.5"

	Cable Size
	

	Connectivity
	Ethernet

	Clearances

	Front
	42" (1070 mm)

	Rear
	0"

	Left
	0"

	Right
	0"

	Top
	18" (460 mm)


	
	


Automatic Static Transfer Switch:  (LZTAG_Sources)-Source; 2000A; 277/480VAC
GUIDE SPECIFICATIONS

PART 1
GENERAL REQUIREMENTS 
1.1  SCOPE 

This specification describes the technical details required for the construction, operation, and testing of an Automatic Static Transfer Switch (ASTS).  The specified system shall provide adequate monitoring of AC power into and out of the switch enclosure. Offloading, installation, interconnecting cables and lugs and all associated costs are the responsibility of the contractor.  Installation shall be in accordance with the manufacturer’s recommendations.

1.2 RELATED DOCUMENTS

The manufacturer must supply equipment in compliance with any plans or drawings supplied by the engineer in addition to this specification.  The manufacturer must note any deviations to these plans or drawings or specification.

1.3 DEFINITIONS/STANDARDS

A. The specified ASTS shall be designed, manufactured, tested, and installed in compliance with:

1. NFPA 70E (National Electrical Code - latest edition)

2. IEEE C62.41 and 45 (IEEE Standard for TVSS Flashover and Impulse Testing)

3. NEMA AB-1 (National Electrical Manufacturers Association Standard for Molded-Case Breakers)

4. UL 50 (Underwriters Laboratories Standard for Electrical Cabinets and Boxes)

5. UL 1008 (Underwriters Laboratories Standard for Automatic Transfer Switches)

6. CSA Standard C22.2 No 107.1 (Canadian Standards Association Standard for General Use Power Supplies)

1.4 SUBMITTALS

A. Submittals shall be made in accordance with specified procedures including, but not limited to:

1. A compliance review of all specifications and associated material.  The review will be paragraph by paragraph designating specification Compliance with a “C”, Deviation with a “D”, or Exception with an “E”.  The reason for each proposed Deviation and Exception shall be given along with the intent of how the specification shall be satisfied.

2. Drawings showing dimensions, footprints, wiring entrance locations and clearances for proposed equipment.

3. An electrical one-line drawing of the equipment configuration.

4. Manufacturer’s ratings data on SCR switching components in addition to time/current curves for all disconnects and circuit breakers.

1.5 WARRANTY

The manufacturer shall provide a warranty against defects in material and workmanship for 12 months after initial start-up or 18 months after ship date, whichever occurs first.  During the first 12 months of operation, there shall be no cost to the owner for any corrective repairs.

1.6 QUALITY ASSURANCE

The specified system shall be factory-tested before shipment. Testing shall include, but shall not be limited to: Quality Control Checks, “Hi-Pot” Test (two times rated voltage plus 1000 volts, per UL requirements), and Metering Calibration Tests. The system shall be designed and manufactured according to world-class quality standards.  

1.7 ACCEPTABLE MANUFACTURERS

A. LayerZero Power Systems, Inc.

B. Engineered approved equal

PART 2
PRODUCT 
2.1 DESCRIPTION

A. The Automatic Static Transfer Switch shall be a solid-state, three-phase, dual position switch designed to connect a critical three-phase load to one of two separate sources of three-phase power.  The input sources shall be designated Source 1 and Source 2.  Either input source shall be capable of being the Preferred Source without any degradation of performance. 

B. The Automatic Static Transfer Switch consists of eight pairs of Silicon Control Rectifiers (SCRs) connected in an AC switch configuration.  These SCRs shall be rated to carry the full 100% load-current continuously at the maximum ambient design temperature specified.  The I-squared-T rating of the SCR shall be greater than the maximum I-squared-T let-through rating of the source disconnect switches integral to the ASTS. 

C. Four pairs of continuous rated SCRs (one pair per phase; one pair for Neutral) shall be connected to Source 1, while the remaining four pairs shall be connected to Source 2.  The load side of the SCRs shall be connected together to form the critical AC load output terminals. The Neutral SCR pair may be a momentary-rated bypass switch with an electromechanical contactor. 

D. One system control path shall be used.  A control path constitutes: a data acquisition board, a system control board and six gate drives.

2.2 RATINGS

A. Electrical

1. Voltage rating shall be 277/480VAC, 3-phase, 4-wire, 4-pole at 60Hz. 

2. Current rating shall be 2000A. The Automatic Static Transfer Switch (ASTS) shall be 100% rated for continuous duty.

3. Load Power Factor: 0.6 lagging to 0.6 leading.

4. Overload Rating: 150% for 10 minutes, 1000% for three (3) cycles.

5. Non Linear loads capability: 100% of its rating at crest factor of 3.5.

6. Harmonic current feedback capability from the load: unlimited.

7. Voltage distortion: Less than 1% added to the source.

8. Voltage Transient Withstand: Up to 2kV (2000 volt spike), per IEEE 587 Standards. Such transient levels shall not affect the operation of the ASTS. ASTS may transfer on over-voltage conditions.

9. Withstand rating: 65kA for 277/480VAC systems without the use of fuses.  

B. Environmental 

1. Storage temperature range shall be -20 to +60°C (-4 to +140°F).

2. Operating temperature range shall be 0 to 40°C (+32 to 104°F).

3. Non-condensing relative humidity range 0% to 95%. 

2.3 COMPONENTS

A. Frame Construction and Enclosure  

1. The frame shall be constructed of 11-gauge welded or formed steel to provide a strong substructure. The enclosure shall be mounted on a minimum of four (4) heavy-duty swivel casters for portability and ease of installation, and shall be provided with a minimum of four permanent leveling jacks for final installation.  All service shall be capable of being performed with access from the front side of the switch only.  No rear or side access shall be required.  Retrofitting additional power distribution cables shall require access to the front of the unit only.  A tool shall be required to remove the exterior panels, which access the hazardous voltage area of the unit. To ensure grounding integrity and for static protection and EMI/RFI shielding, the removable exterior panels shall be grounded to the frame by means of stranded copper wire. A hinged front door with a four-point latch and key-lock shall provide access to the input, bypass and output devices.  The color of the exterior panels shall be the manufacturer’s standard color (RAL 9005 black or equal).

2. Forced air cooling shall be allowed as long as the fans are redundant and the fan failures are monitored and alarmed. 

3. InfraRed (IR) scan portholes shall be provided on the deadfronts.  The portholes shall be closed in the default position.  When opened, a mesh screen shall separate the user form the live electrical parts.  The user can then use an IR camera to record thermal readings through the mesh screen.  

4. The complete switch dimensions shall be a maximum of .  The distributed floor weight shall be less than 250 lbs/sq. ft. (1225 kg/sq. m).  The required service access shall be from the front of the unit only.

B. Disconnect Switches

1. The ASTS shall be equipped with six draw-out, non-automatic circuit breakers (molded case switches), all with defined I-squared-t let-through ratings. The molded case switches shall be UL listed and IEC rated for use at the system voltage. These devices shall be draw-out for ease of removal without interruption of service to the critical load. There shall be two molded case switches for the input sources, two molded case switches for load-bypass (one per source), and two molded case switches at the output of the switch. All devices shall be 100% rated.

a. Input and Bypass devices

1. Frame Rating:  2000 AF

2. Circuit Breaker Type:  Molded Case Switch 

3. Mounting Type:  Fixed

4. Number of Poles:  4

5. Fault Rating at Rated Voltage:  125kA @ 480VAC (per UL ratings)

6. Shunt Trips:  No

7. Auxiliary Contacts:  Yes - monitored internally

b. Output devices

1. Frame Rating:  2000 AF

2. Circuit Breaker Type:  Molded Case Switch 

3. Mounting Type:  Fixed

4. Number of Poles:  4

5. Fault Rating at Rated Voltage:  125kA @ 480VAC (per UL ratings)

6. Shunt Trips:  No

7. Auxiliary Contacts:  Yes - monitored internally

C. Input Surge Protection 

1. The ASTS shall be equipped with two high energy Surge Protection Devices (SPD), one connected to each input-source for maximum surge suppression.  The surge suppressor components shall be UL recognized.  Each SPD shall consist of multiple Metal Oxide Varistor (MOV) arrays with their clamping voltages matched and arranged for surge-current sharing.  Each array shall be capable to withstand 1250 IEEE C62.41 Category B3 surges (6 kV, 3 kA) without failure with less than 1 nanosecond response time.  Each SPD shall have a total surge current capacity of 80 kA per phase based on a standard 8 x 20 microsecond surge waveform. 

2.4 MODES OF OPERATION

A. Automatic Transfer Mode 

The ASTS shall immediately and automatically transfer to the Alternate Source if the input power quality of the Preferred Source falls outside the specified voltage or frequency limits.  This automatic transfer shall take place if the phase-angle between the two sources is + 180°.  The ASTS shall stay on the Alternate Source until such time that the Preferred Source returns back to normal.  Retransfer to the Preferred Source shall take place after a time delay that is adjustable from zero to 5 minutes.  This automatic retransfer to the Preferred Source shall occur when the phase-angle between the two input sources falls within a preset retransfer limit.  If, during the retransfer time-delay period, while the ASTS load is on the Alternate Source and that source falls out of specification and the Preferred Source is within specification, the user shall have the ability to choose if the ASTS shall immediately and automatically retransfer to the Preferred Source or wait until the timer has expired and then retransfer.  As long as the Preferred Source is outside its pre-set voltage and frequency limits, retransfer shall be prohibited.  If, while on the Preferred Source, the Alternate Source falls outside of its pre-set limits, then an automatic transfer to the Alternate Source shall be prohibited.  The user shall also be capable of choosing manual retransfer instead of automatic retransfer.

B. Manual Transfer Mode 

Manual transfer shall be accomplished by changing the preferred source to the other source.  Unlike automatic transfers, manual transfers are performed under more stringent power quality specifications.  Power quality setpoints for manual transfers shall include voltage, frequency and phase-angle.  These setpoints shall be user definable from the ASTS touchscreen.  For transfers where the two source voltages, frequencies or phase-angle are not within these setpoints, as would be the case between a utility and standby generator source, manually initiated transfers shall be delayed by the ASTS until the two sources are within these setpoints.  The manual transfer itself shall occur in 2 milliseconds without interruption of current to the load.

2.5 BYPASS MODE 

The ASTS shall employ a mechanical interlock scheme to allow the ASTS power input disconnects and electronics to be bypassed.  Transfer to the Bypass Mode shall be facilitated by a dynamic and automatic voice-prompt to ensure that the correct bypass sequence is followed.

2.6 TRANSFER INHIBIT MODES 

A. Overload Setpoint Exceeded 

The ASTS shall sense the output current to the critical load at all times.  An adjustable amperage setpoint shall be available for the user to identify overload situations.  If the output current exceeds the overload setpoint, the ASTS shall disable the Automatic Transfer Mode, and inhibit any transfer to the other source.  The switch shall return to the Automatic Transfer Mode only after the overload condition ceases.  The ASTS method of return to the Automatic Transfer Mode shall be either automatic or manual, selectable by the user.

B. Phase-Angle Setpoint Exceeded 

The ASTS shall be equipped with a Phase-Angle transfer-inhibit setpoint that can be set at “X°”, where “X°” shall be anywhere from + 180° to –180°.  Typical settings for “X” shall be ± 30°, ± 60°, ± 90°, ± 120° , etc.  If the phase angle between the two sources involved in the transfer lies outside of this setpoint, the transfer shall be inhibited.

C. Automatic Retransfer

After an automatic transfer to the Alternate Source has occurred, and the Preferred Source returns to steady state power conditions, the owner shall be capable of inhibiting automatic retransfer back to the Preferred Source.  In this case, all retransfers will be made via the Manual Mode.

D. Load Overcurrent

This inhibit can be cleared from the Control Panel if the condition is no longer present. The default limit is currently set to 3000A.

2.7 SCR FAILURE

The ASTS shall continuously monitor the status of the SCR switching devices for proper operation.  In the event of a shorted SCR on the active side powering the load, the ASTS shall automatically inhibit transfer and alarm the condition.  In the event of a shorted SCR on the inactive side, the ASTS shall immediately transfer to the inactive side and alarm the condition.  In the event of an open SCR on the active side, the switch shall automatically alarm the condition and transfer to the other source.   All open and shorted SCR alarm conditions shall be latched and require the system to be repaired and reset to restore normal operation.

2.8 ASTS FEATURES

A. All active electronic devices shall be solid-state. All relays shall be sealed with covers. All capacitors shall be non-PCB type and internally protected in accordance to applicable UL standards. All circuit boards and relays (if any) shall have mechanical restraints designed to prevent loosening of these devices while in transit, while being relocated, or while in service. 

B. System control logic boards, data acquisition boards and all gate-drive boards shall be constructed in a Single Modular Redundant topology.  All boards shall have the capability of sending an alarm to the user when a board component fails.  The faulty board shall be identified in the alarm history. 

C. The ASTS design shall allow a safe operating margin from the maximum allowable junction temperature of all solid-state semiconductor devices.  SCR's shall have known shorting and rupture ratings and be protected in a manner compatible with the available fault current so that they will not short. 

D. Subassemblies shall be constructed for ease of access and replacement of parts. Circuit boards shall use industry-accepted connectors. The equipment shall be constructed so that each power component can be replaced without soldering.

E. All internal logic circuit cards shall employ connectors with gold flashed pins for reliability. Some circuit boards shall have LED indicators to annunciate critical board functions for ease of troubleshooting and maintenance.  All circuit cards shall be tested against premature component failure. 

F. All signal connections between the system control boards, gate-drive boards and circuit breaker control boards shall be made using fiber optic cable in order to eliminate system susceptibility to conducted and radiated noise. 

G. Redundant power supplies shall be supplied so that the failure of any one will not cause loss of power to the load.  Each failure-group in the control system shall be fed by three independent power supplies.  Power supplies shall be fed by AC input sources and the system output.  There shall be a minimum of twelve (12) independent power supplies in the system.  The power supply design shall be hardened to ensure that no shorted filter capacitor can cause loss of output.  In addition, a shorted power supply filter capacitor shall be detected and alarmed.  This condition shall also actuate the summary alarm contacts for customer connection and remote annunciation.  The use of fuses in the control power architecture is not allowed.

H. The ASTS shall be capable of providing real-time waveform capture of all transfer events and transfer-inhibit events.  Waveform capture shall include automatic and manually initiated transfers.  The ASTS shall record all three phases of voltage and current for both input sources and the output.  The time duration of the waveform picture shall be 3-cycles before the transfer, the transfer itself, and 3-cycles after the transfer.  All information relating to this waveform capture shall be assessable via a CAT5 cable (RJ45) ethernet connector.  Up to 999 waveforms shall be stored in history.

I. The ASTS shall record the phase-angle between the two sources.

J. User interface for all information and control shall be via a 15” color touchscreen display located on the front door of the ASTS.  Information available shall include: metering, alarms, event-log history, mimic-screen, bypass-instructions and waveform capture. 

K. The ASTS shall be designed for time synchronization with a network provided time-server system.  All ASTS events and alarms shall be time stamped in agreement with the time provided by this system.

L. Provision shall be made for the recording and archiving of all ASTS events and alarms.  This information shall include, and not be limited to the following: electrical events, door openings and closures, disconnect openings and closures, disconnect trip-events, alarms, control board status change, system configuration, etc.  This data recorder shall be capable of ten-microsecond resolution and shall also be capable of providing the status of all ASTS parameters corresponding to each recorded event.

M. The manufacturer shall provide a list of all user adjustable setpoints.  All setpoints shall be password protected.  Adjustable parameters shall include but not be limited to:

1. Voltage (Over-, Under-): Acceptable voltage limits on both the preferred and alternate sources shall be individually adjustable by an operator with the ability to set the OV (Over-Voltage) and UV (Under-Voltage) settings above and/or below nominal. These adjustments shall be for the full range of 0 to +15% from nominal for OV and for 0 to -20% from nominal for UV, and made possible through the menu selection at the front touchscreen display. An access code shall be required to ensure only authorized staff can make such adjustments.

2. The unit shall immediately and automatically transfer to the other source if the above limits (OF/UF, OV/UV) are exceeded on the connected source, and stay in that position until such time that the active source is back to normal.  If auto-retransfer is on, after a user defined time delay, the unit shall retransfer, otherwise it shall remain in that position. This action shall be annunciated audibly and visually on the unit. A pair of form-C contacts shall be provided for customer connection for remote annunciation of this status as part of a summary alarm to maintain a record of the number of transfers. If the other source is outside the pre-set limits, re-transfer shall be prohibited. If while on the active source, the other source falls out of the above limits, then an automatic transfer shall be prohibited if so programmed.

a. Sensing Methods: Preferred and alternate voltage sensing shall be via fast digital conversion techniques.

b. Auto-retransfer Time Delay: Adjustable from zero to 5 minutes through menu driven panel (no internal pot adjustments shall be permitted). 

3. Retransfer time delay

4. Overload Current Transfer Inhibit Threshold

5. Phase Angle Transfer Inhibit Threshold

a. Phase-Angle Adjustments: Allow transfers if the phase angle difference between the sources is within “X” electrical degrees of the other source.  “X” is any desired value leading or lagging between the inactive source (Alternate for example) and the active source (Preferred for example). This adjustment shall be settable by the user from the touchscreen interface.

2.9 CONTROL PANEL 

The ASTS control panel shall be a 15” color active-matrix touchscreen on the front of the unit and contain the normal operating controls, metering, and status indications on a dynamic graphic mimic bus diagram depicting the overall ASTS power flow.  All metering and alarms shall be available from the control panel or TCP/IP ethernet connection.  The manufacturer shall provide, at minimum, controls and audible/visual alarms per the details below:

A. Metering Functions

1. Voltmeter: Input sources and Output, for each phase; line-to-line A-B, B-C, and C-A displayed simultaneously for instant comparison by operator; + 2% accuracy (at nominal voltage).

2. Ammeter: Input sources and Output, for each phase; A, B, and C, displayed simultaneously for instant comparison by operator; + 2% accuracy (at full nominal current).

3. Frequency Meter - both sources

4. Real-time Synchroscope: Phase Angle Meter - between sources.

5. Apparent Power (KVA)

6. Real Power (KW)

7. Power Factor

8. Output Total Harmonic Distortion (%THD)

9. Transfer counter date and time-stamped: a) from first day use, b) since last reset.

B. Mimic Indicators

1. Closed/Open/Tripped Circuit Breaker

2. Conducting/Non-conducting SCR pair

3. Preferred source

4. When the any two sources are within the prescribed phase window

5. Energized current path

6. Alarm condition

C. Alarm Status

1. For Sources:

a. Input failure

b. Input CB open

c. Bypass CB closed

d. Output CB open

e. CB tripped

f. Over voltage

g. Under voltage

h. Over frequency

i. Under frequency

j. Waveform bad

k. Shorted SCR

l. Open SCR

m. Heat sink over temp

n. SPD failure

2. For System:

a. Output failure

b. Power Supply failure

c. Gate Drive failure

d. Over Temperature

e. Control Board Failure

f. Overload

g. Load Overcurrent

h. Internal communications failure

i. Fan failure

j. Door open

D. System Alarms Indication

Chronology of the last 50,000 events including alarms, date and time-stamped by an on-board time clock, will be recorded in the order of occurrence, with a ten-microsecond resolution.  Data will be displayed on a color touchscreen. Data shall be retrievable via a web-based browser connected to an ethernet network.  The Data logger shall function in a first-in first-out mode and shall be provided with an internal non-volatile memory to protect data in the event of that both power sources experience an outage. Data shall remain in a circular buffer on a first-in last-out basis for future review or evaluation. 

E. Control Functions

1. Audible alarm silent

2. Preferred Source Select

3. Transfer Mode Selection: Automatic, Manual, Manual Override, Manual Emergency

4. Control Enable (password protected touchscreen panel that activates all controls on the panel, otherwise only metering, status, and alarms data can be accessed).

F. User Interface Connections

User Remote Annunciation of Alarms: Summary alarm form-C contacts (SPDT 2 Ampere Rating) for user connections shall be brought to terminal strips inside the unit and marked accordingly.  Terminal strips shall be properly marked in accordance with the operating and maintenance manual and be located convenient to control wiring conduit entering the unit.

All adjustments and test shall be possible through the LCD display panel (digital adjustments), not requiring the use of volt-ohm-milliampere meter and oscilloscope.  Test points and diagnostic lights shall be provided to allow ease of troubleshooting.  Control circuits shall be mounted on circuit boards with plug-in connections for ease and speed of replacements.

2.10 RELIABILITY

The ASTS shall be designed for high reliability and high availability with an MTBF exceeding 2,000,000 hours.  Single Modular Redundant circuit topology shall be used.  Redundant power supplies shall be provided.  All electrical and solid-state components shall be replaceable in the Bypass Mode.  All non-automatic circuit breakers shall be of a draw-out type to allow replacement without de-energizing the load.  No fuses are to be used to protect the solid-state power switching devices in power systems with available fault currents up to 65kA.

2.11 MONITORING

Monitored parameters, event logs and alarms shall be available over an Ethernet network, using the Web Interface - Hypertext Markup Language (HTML) TCP/IP service.  This information shall be available using the customer’s network based web-browser without the purchase of additional software.

PART 3
EXECUTION

3.1 FACTORY PROGRESS AND TESTING

A. The owner shall be able to track the progress of their equipment in real time in the manufacturer’s online Quality Assurance (QA) system.

B. The manufacturer shall be required to serialize all printed circuit boards (PCBs) which house software.  Furthermore, the manufacturer shall also be required to record and track these serialized PCBs in their online QA system for the life of the product.

C. Certified factory test reports shall be provided with each Automatic Static Transfer Switch demonstrating that each individual unit has passed the manufacturer’s standard factory test procedure.  These factory test reports shall be available for download by the owner from the manufacturer’s online QA system.  The owner reserves the right to inspect the equipment at the manufacturing facility for conformance with this specification prior to shipment.  Notice of these factory tests shall be made to the owner at least 10 working days prior to the commencement to provide the owner the option of witnessing said tests. 

3.2 START-UP

A. After installation, provide a qualified, experienced manufacturer authorized representative to supervise and assist in start-up and commissioning. 

B. Required load banks for testing and acceptance are the sole responsibility of the contractor. 

3.3 FIELD SERVICE

A. All field service work shall be performed by manufacturer trained and certified personnel. 

B. A 24-hour phone service shall be provided.

3.4 ACCEPTANCE

Final acceptance is when the certified start up report is submitted to the owner. 
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