SECTION 16610: UNINTERRUPTIBLE POWER SUPPLIES
SECTION 26 33 53: UNINTERRUPTIBLE POWER SUPPLIES

GUIDE SPECIFICATION

FOR

GE Digital Energy

SG Series Uninterruptible Power Supply

225 and 300 kVA UL listed with eBoost( Technology

Single Module
PART 1 GENERAL

1.01 The requirements of the Contract, Division [1] [01], and Division [16] [26] apply to work in this Section.

1.02 SECTION INCLUDES

A. Uninterruptible power systems as specified herein and hereafter referred to as the "UPS", to provide continuous, regulated AC power to critical loads under normal and abnormal conditions, including loss of the utility AC power.   

1.03 RELATED SECTIONS

1.04 REFERENCES

A. Uninterruptible power systems in this specification are designed and manufactured according to latest revision of the following standards (unless otherwise noted).

B. UL 1778 - Uninterruptible Power Supply Equipment.

C. NFPA 70 - National Electrical Code.

D. IEEE 446 - Recommended Practice for Standby Power Systems.

E. IEEE C62.41 - Recommended Practice for Surge Withstand ability.

F. NEMA PE 1 - Uninterruptible Power Systems.

G. OSHA - Occupational Safety and Health Administration.

1.05 DEFINITIONS

A. UPS Module:  The portion of the UPS system, which contains the rectifier/charger, inverter, static bypass switch, controls, monitoring, and indicators.

B. Rectifier/Charger:  The portion of the UPS module, which converts the normal source AC input power to DC power for the inverter input and for charging the battery.

C. Inverter:  The portion of the UPS module, which converts DC power, from either the rectifier/charger or the battery, to regulated and filtered AC power, which is supplied to the critical load.

D.
Static Bypass Switch:  The portion of the UPS module, which automatically transfers the critical load (without interruption) between the inverter output and the bypass AC power source. 

D. Battery:  The battery system that provides DC power to the inverter input when the normal AC input power to the UPS module fails or in the event that the rectifier/charger should fail.

E. Critical Loads:  Those loads that require regulated continuous AC power and which are connected to the output of the UPS module.

1.06 SYSTEM DESCRIPTION

A. The UPS system shall consist of a UPS module and a battery.  The AC output of the UPS module shall be connected to the critical loads.  The battery shall be connected to the DC input of the UPS. The UPS configuration shall be a single module or multiple paralleled UPS modules rated to supply the load as specified herein. Special paralleling cabinets, control cabinets and bypass circuits shall not be required for parallel systems. Up to Six (6) modules may be paralleled in any combination for capacity or redundancy.

B. Proprietary software or external interface devices shall not restrict maintenance and servicing of UPS. Any factory trained service provider shall be capable of performing maintenance and repair of the UPS. Calibration and diagnostics of the UPS shall be performed either remotely or thru the front display and shall be facilitated thru programmable parameters. Potentiometers shall not be used for calibration.

C. The equipment purchase price shall include any/all hardware interface devices and/or software required to repair, adjust and maintain the UPS system.

1.07 SINGLE MODULE SYSTEM OPERATION

A. Double Conversion: The inverter shall supply AC power continuously to the critical loads.  The inverter output shall be synchronized with the bypass AC power source provided that the bypass AC power source is within the specified frequency range.  The rectifier/charger shall convert the normal AC input power to DC power for the inverter and for charging the battery.

B. eBoost (high efficiency): High-efficiency operating mode (eBoost) shall be available as an option. The static bypass switch shall supply AC power continuously to the critical loads when this mode is enabled. Load will be transferred to Inverter when bypass source goes out of set limits. When operating in eBoost Operating Mode, the UPS output voltage waveform shall not deviate from the limits set by the ITI (CBEMA) curve (2000).

Each UPS module shall contain an inductor in the internal bypass circuit. The purpose of this inductor shall be to balance the impedances of the paralleled UPS bypass circuits and reduce or eliminate the need to equalize cable lengths. This inductor shall also couple with the normal UPS output filter components to further reduce the effect of utility transient events on the critical load.

During eBoost operation, with the load fed by the static bypass path, the inverter output transformer shall be magnetized via back-feed from the static bypass feed path. Maintaining the inverter output transformer continuously energized during eBoost operation allows very fast transfer to inverter as required maintaining load power integrity. 

The user shall have the option of configuring scheduled activation of eBoost operation (start/stop time for each day of the week).

The UPS shall monitor the bypass utility, and maintain separate counters of the disturbances observed based on their duration. The counters collected over a seven days period shall be used to assess the quality of the bypass utility by computing a Bypass Utility Reliability Index (eBoost rate) expressed in percentage. Higher number of disturbances, longer duration and/or fast repetition of the disturbances shall lead to a lower Bypass Utility Reliability Index.

During eBoost operation, the UPS will transfer to inverter when the bypass source goes out of set limit, and it will revert to bypass operation once the utility is within given tolerances and stable. The transfer to bypass shall be delayed based on the Bypass Utility Reliability Index.

C. Loss of Normal AC Input Power:  The battery shall supply DC power to the inverter so that there is no interruption of AC power to the critical loads whenever the normal AC input power source of the UPS module deviates from the specified tolerances or fails completely.  The battery shall continue to supply power to the inverter for the specified protection time.

D. Return of Normal AC Input Power Source:  The rectifier/charger shall start and assume the DC load from the battery when the normal AC input power source returns.  The rectifier/charger shall then simultaneously supply the inverter with DC power and recharge the battery.  This shall be an automatic function and shall cause no disturbance to the critical load.

E. Transfer to Bypass AC Power Source:  If the control circuitry senses an overload, an inverter shutdown signal or degradation of the inverter output, then it shall automatically transfer the critical loads from the inverter output to the bypass AC power source without an interruption of power.  If the bypass AC power source is above or below normal voltage limits, then the transfer shall be inhibited.

F. Retransfer to Inverter:  The static bypass switch shall be capable of automatically retransferring the load back to the inverter after the inverter has returned to normal conditions.  Retransfer shall not occur if the two sources are not synchronized. The static bypass switch control circuit shall have the ability to lock the critical load to either the inverter output or the bypass source (selectable) after multiple transfer-retransfer operations. This lockout condition shall be reset automatically (after an adjustable delay period) or under manual command through remote communications software. 

G. Downgrade:  If the battery is taken out of service for maintenance, it shall be disconnected from the rectifier/charger and inverter. The UPS shall continue to function and meet the performance criteria specified herein except for the battery reserve time 0and step load performance.

1.08 SUBMITTALS

A. Manufacturer shall provide 5 copies of following documents to owner for review and approval.

1. Catalog cuts describing the proposed equipment shall be submitted.  All deviations to this specification shall be listed and included with the proposal.

2. Front View

3. Plan View

4. Electrical Diagrams

5. Bill of Material

1.09 PROJECT RECORD DOCUMENTS

A. Manufacturer shall submit 5 sets:

B. Manufacturer shall provide 5 copies of an Operations and Maintenance Manual to owner upon delivery of the equipment and shall include as a minimum the following.

1. General information.

2. Safety precautions.

3. Installation instructions.

4. Operating instructions.

5. One certified copy of the factory test report shall be furnished upon request.

6. After Installation of Equipment:  A signed service report describing start-up and on-site testing shall be furnished after start-up of the equipment.

1.010 OPERATION AND MAINTENANCE DATA

A. Manufacturer shall provide copies of installation, operation and maintenance procedures to owner in accordance with general requirements of Division [1] [01] and Division [16] [26].

B. Submit operation and maintenance data based on factory and field-testing, operation and maintenance of specified product.

1.011 QUALITY ASSURANCE (QUALIFICATIONS)

A. The manufacturer shall have a quality assurance program with checks on incoming parts, modular assemblies and final products. This quality program shall meet ISO-9001 requirements.

B. The UPS module shall be “burned-in” without failure for a minimum of eight hours

C. A final test procedure for the product shall include a check of performance specifications before and after the 8-hour “burn-in.”

D. An on-site test procedure shall include a check of controls and indicators after installation of the equipment.

E. Approved Manufacturers – The following manufacturers shall be approved for use.  No substitutions shall be permitted.

1. GE Digital Energy

2. Bids from alternate equipment manufacturers must include a detailed line-by-line compliance review to this specification.

1.012 REGULATORY REQUIREMENTS

A. The UPS shall be designed, manufactured and tested in accordance with the applicable portions of the following standards:



1.
UL 1778 - UPS Standard.



2.
NFPA 70 - National Electrical Code.



3.
IEEE 446 - Recommended Practice for Standby Power Systems.



4.
IEEE C62.41 - Recommended Practice for Surge Withstand ability.



5.
NEMA PE 1 - Uninterruptible Power Systems.



6.
OSHA - Occupational Safety and Health Administration.
1.013 DELIVERY, STORAGE, AND HANDLING

A. The UPS module shall be palletized and shipped via air ride or common carrier, as specified by the customer.

B. Shipping splits shall be provided and the dimensions are given in the GA outline diagram.

1.014 PROJECT CONDITIONS (SITE ENVIRONMENTAL CONDITIONS)

A. UPS shall be located in well-ventilated areas, free from excess humidity, dust and dirt and away from hazardous materials. 

B. The UPS shall be designed for indoor installation with ambient temperatures from 32° - 104°F (0 - 40°C), 77°F ±5°F (25°C) for the battery and relative humidity from 0 - 95% non-condensing.

C. The UPS shall be designed for operation at an altitude of up to 1000 meters without derating.

D. For systems intended to be operated in eBoost Operating Mode, the installation shall be protected with suitable surge protection devices (SPDs) on the AC bus feeding the UPSs.

1.015 WARRANTY

A. The manufacturer shall state his warranty of the equipment.  In no case shall it be less than twelve (12) months after start-up or eighteen (18) months after shipment, whichever occurs first.

B. The battery cell manufacturer's standard warranty shall be passed through to the end user.

1.016 FIELD MEASUREMENTS

A. Make all necessary field measurements to verify that equipment shall fit in allocated space in full compliance with minimum required clearances specified in National Electrical Code.

PART 2 PRODUCTS

2.01 MANUFACTURER

A. General Electric Company products have been used as the basis for design. Other manufacturers' products of equivalent quality, dimensions and operating features may be acceptable, at the Engineer's discretion, if they comply with all requirements specified or indicated in these Contract documents.

2.02 EQUIPMENT

A. Furnish General Electric SG Series 225 and 300kVA Uninterruptible Power Supplies as indicated in drawings.

2.03 COMPONENTS

A. Refer to Drawings for: actual layout and location of equipment and components; current ratings of devices, bus bars, and components; voltage ratings of devices, components and assemblies; and other required details.

2.04 ELECTRICAL CHARACTERISTICS


A.
UPS Module Input.



1.
Voltage:

480 VAC, 3-phase, 4-wire + ground



(or 3-wire + ground).



2.
Voltage Range:


-15% to +10% without discharging the 







battery.



3.
Frequency:


60 Hertz ±5% continuous.



4.
Current Walk-In:

30 seconds to full load rating.



5.
Maximum Input Current:

120% of nominal full load current.

6. Power Factor (full load):

0.9 lag.

7. Current harmonics (full load):
<7.5% THD (225kVA), <7% THD (300kVA).



8.
Input transient protection:
ANSI C62.41.


B.
UPS Module Output (Double Conversion Operating Mode):



1.
Voltage:


480 VAC, 3-phase, 3 or 4-wire + ground 




(4-wire input source required for 4-wire 




output).



2.
Frequency:


60 Hz



3.
Power rating:


225 kVA and 300 kVA



4.         Efficiency 

	Efficiency @0.9 pf lagging load
	50% load
	100% load

	225 kVA with 5th Filter
	91.7%
	92.9%

	300 kVA with 5th Filter
	92.4%
	92.6%




5.
Voltage regulation:

±1% of nominal for any of the combined 







effects:








a.
No load to full load.








b.
Minimum to maximum output 








power factor.








c.
Minimum to maximum AC input 








voltage.








d.
Minimum to maximum DC input 








voltage.








e.
0 to 40°C ambient temperature.



6.
Dynamic regulation:

±3% from nominal for 100% step load.








±2% from nominal for 50% step load.








Recovering to within 1% in less than 







one cycle.



7.
Voltage adjustability:

±5%



8.
Voltage unbalance:

±3% of nominal for 100% unbalanced 







loads.



9.
Phase separation:

120° ±1% of nominal for 100% balanced 






loads.








120° ±2% of nominal for 100% 








unbalanced loads.



10.
Voltage distortion:

<2% THD at 100% load.




(Linear load)






11.
Voltage distortion:

<3% THD at 100% load.




(Non-linear load - IEC62040)





12.
Frequency stability:

60 HZ ±0.01% free running.



13.
Phase-lock window:

60 HZ, +/- 4% (adjustable).



14.
Frequency slew rate:

0.1 Hz to 20 Hz/second, selectable in 







0.1 Hz increments.



15.
Overload capability

a.
Inverter:

125% for 10 minutes








150% for 60 seconds




b.
Static  bypass:

110% continuous








200% for 5 minutes

16. Fault clearing capability

a.
Inverter:

700% for 1.2 milliseconds followed by 




220% for 100 milliseconds






b.
Static bypass:

2000% for 1/2 cycle (non-repetitive)








65 kAIC



17.
Crest factor:


3:1 maximum

C

UPS Module Output (eBoost Operating Mode):



1. 
Voltage:


480 VAC ±10% adjustable
Bypass Source, 3Ph, 4-wire + ground.

(Consult factory for 3-wire installation, where neutral is not available).


2.
 Frequency:


60 Hz ± 3Hz



3.
Transfer time


<4ms (from eBoost to Double Conversion)



4.
Power rating:


225 kVA and 300 kVA



5. 
Efficiency:




	Efficiency
	50% load
	100% load

	225 kVA UPS
	92.7%
	98.6%

	300 kVA UPS
	98.2%
	98.7%




6.
Voltage regulation:

follows input (within adjustable window)



7.
Phase displacement allowed:
0.15 rad



8. 
Overload capability

110% continuous








200% for 5 minutes


D.
Battery



1.
Voltage:


480VDC nominal (240 cells)








545VDC float (adjustable)

2.
End of discharge voltage:
396VDC, adjustable 
2.05 RECTIFIER/CHARGER

A. The rectifier shall consist of an input switch, a transient suppressor network, output filter and solid-state, three-phase dual parallel rectifiers with control circuitry to provide constant voltage/constant current regulation and a current walk-in on start-up of the rectifier/charger.  The rectifier/charger shall be a full wave controlled type using SCR's in both the positive and negative legs to eliminate even ordered harmonics.

B. Over current/Transient Protection

1. The input of the rectifier/charger shall be protected from noise and transients by an input EMI/transient suppressor network. The suppressor network shall be fused in order to minimize damage to the UPS in the event that input transients exceed the rating of the suppression network.

2. The rectifier/charger shall be electronically regulated and current limited to protect the connections to the inverter input and to prevent damage to the battery.

C. Control Circuitry

1. The rectifier/charger shall be equipped with Digital Signal Processor (DSP) control circuitry to provide constant DC voltage regulation of ±1% for +15% to -15% AC input voltage change, for ±10% input frequency change, or for 0% to 100% load variations. The rectifier shall be capable of operating at –20% AC input voltage without discharging the battery.

2. Battery charge current is normally limited to the lesser of:

a. 20% of the battery amp-hour rating (expressed in amps) and

b. The difference in maximum rectifier output current and actual inverter input current.

This will assure minimal battery recharge time while ensuring maximum battery life by limiting charge current to a safe level.

3. Allowable battery charge current may be increased beyond 20% of the battery amp-hour rating for those applications requiring faster recharge times. Actual available charge current will still depend on output load level and power factor.

4. Battery charging may be disabled via external contact closure, signaling operation on engine generator.

5. The control circuitry shall enable continuous rectifier/charger operation from an engine generator with output frequency transients of up to 5 Hz.

6. Whenever AC power is applied to the rectifier/charger, the current limiting control circuitry shall walk-in over a period of 30 seconds to allow gradual loading of the normal input AC power source.

7. The control circuitry shall automatically provide battery recharge at a pre-selected elevated voltage after return from failure of the normal input AC power.  The control circuitry shall monitor the battery charging current and automatically return to a pre-selected float voltage when the battery current decreases to a preset level thus preventing overcharging or undercharging the battery.

8. The control circuitry shall automatically turn off the rectifier/charger without opening circuit breakers if any of the following conditions occur:

a. High DC voltage.

b. AC over voltage over 110% of normal AC input.

c. Loss of a phase on normal AC input.

d. Loss of normal AC input.

9. The control circuitry shall be capable of additional rectifier/charger features with future DSP control software releases.

D. 5th Harmonic Input Filter

1. The rectifier/charger shall be furnished with input filtering to reduce reflected harmonic currents from the UPS input to less than 7% THD at full UPS load and to improve the input power factor to better than 0.93 lagging. This input filter shall be programmable to automatically disconnect from the input source at reduced load levels or when signaled from the UPS controller for coordination with engine-generator operation. This input filter will be located inside the main UPS enclosure and does not increase the required footprint.

E. Output Filter

1. The rectifier/charger shall be furnished with output filtering to limit output ripple voltage to 1% RMS for 0 to 100% load.

F. Capacity

1. The rectifier/charger shall have sufficient capacity to supply the inverter at 100%, 0.9 PF load plus recharge a battery (sized for up to 30 minutes) to 95% of full capacity within ten (10) times the discharge time.

2.06 INVERTER

A. The inverter shall utilize fast-switching IGBT transistors, pulse width modulation (PWM) and space vector modulation (SVM). It shall consist of a switching bridge, DC input, output filter and control circuitry to provide precise AC voltage regulation, harmonic cancellation/conditioning and superior transient response.

B. Control Circuitry

1. The inverter shall be provided with Digital Signal Processor (DSP) control circuitry to provide constant AC voltage regulation and transient response as specified.  The high-speed DSP controls shall sample the output continuously to provide precise voltage control.

2. The high speed DSP control shall determine the phase and amplitude of the output voltage 5th, 7th, 11th and 13th harmonic components.  The results shall be used by a software harmonic conditioner algorithm in controlling the inverter by injecting into or withholding energy from the output to develop a clean output AC voltage sine wave when driving non-linear loads.

3. The circuitry shall provide low voltage initial start-up of the inverter and ramp-up to full voltage.

4. The control circuitry shall automatically synchronize and phase lock the inverter output to the bypass AC power source as long as the bypass source is within the synchronization range. The synchronization range shall be adjustable from ±1/8 Hz to ±5 Hz, selectable in maximum increments of 0.1 Hz. If the bypass AC power source is not within these preset limits, then the control circuitry shall break synchronization and lock to an internal crystal oscillator.

5. The control circuitry shall automatically send a signal to the static bypass switch to transfer to the bypass AC source and then turn off the inverter for any of the following conditions:

a. Blown inverter fuse.

b. Over-temperature.

c. Overloads per specified limits.

d. High/low DC voltage.

e. Inverter over voltage or under voltage condition of ±5% (adjustable).

6. The control circuitry shall automatically turn off the inverter when the battery reaches the end of discharge.  The UPS shall automatically restart and return to normal when input AC power returns. The user shall be able to disable this feature.

7. The control circuitry shall be capable of additional inverter features with future DSP control software releases.

C. Inverter Output Transformer

1. The inverter output shall be furnished with a three-phase, delta/wye zig-zag wound isolation type output transformer.

a)
The inverter output isolation transformer will prevent any D/C current from being injected into the critical A/C load during an inverter fault.

b)
The inverter output isolation transformer must provide harmonic cancellation, canceling all triplen harmonics.

c)
The secondary windings of the inverter output isolation transformer must be connected in a zig-zag configuration to distribute phase load currents across multiple primary windings, minimizing voltage unbalance due to imbalanced load currents.

d)
The transformer shall have multiple and isolated primary windings (each fed from one section of the inverter), to minimize the chance of cascade failures between inverter sections during an inverter fault.

e)
The transformer windings shall be vacuum impregnated to reduce audible noise and enhance heat dissipation.

f)
The transformer shall have a UL recognized insulation system and shall be so located within the equipment to ensure the hottest spot temperature does not exceed the rated insulation system and to ensure a low center of gravity.

g)
During eBoost operation, with the load fed by the static bypass path,    the inverter output transformer shall be magnetized via back-feed from the static bypass feed path. Maintaining the inverter output transformer continuously energized during eBoost operation allows very fast transfer to inverter as required maintaining load power integrity.
2.07 Static BYPASS Switch

A. The input of the static bypass switch shall be protected from noise and transients by an input EMI/transient suppressor network. The suppressor network shall be fused in order to minimize damage to the UPS in the event that input transients exceed the rating of the suppression network.

B. The static bypass switch shall consist of one pair of Silicon Controlled Rectifiers (SCR's) per phase (with each pair connected in inverse parallel) and shall be rated to continuously carry a minimum of 110% of the UPS's rated output current.  The static bypass switch shall be connected between the bypass (input) AC power source and the inverter output. The bypass line is protected with semiconductor fuses to protect against severe short circuits at UPS output.

C. Inverter Failure (Double Conversion Operating Mode:  If the inverter is out of normal limits due to under voltage or over voltage, or is shut down for any reason, the static bypass switch shall turn on to provide power to the load from the bypass AC power source without interruption.

D. Retransfer to Inverter (Double Conversion Operating Mode): The static bypass switch shall automatically retransfer the load back to the inverter after the inverter has returned to normal conditions and stabilized for a preset period of time.  Retransfer shall not occur if the two sources are not synchronized.

E. Transfer to Inverter (eBoost Operating Mode): The static bypass switch shall automatically transfer the load to the inverter if bypass source goes out of the set limits.

F. Retransfer to Bypass (eBoost Operating Mode):  The load shall be retransferred to bypass once the bypass returns to within the set limits.

G. Automatic Retransfer Lockout:  In the event of multiple transfer - retransfer operations within a short time period (adjustable up to 5 minutes), the static bypass switch shall lock to the bypass AC power source after the third transfer. The lock period shall also be adjustable up to 5 minutes. The UPS shall return to normal operation after the lock period has expired. The user shall be able to disable the lockout feature, and/or modify its function to enable lock to inverter instead of bypass.

H. Overload (Double Conversion Operation):  If an inverter overload is detected, the static bypass switch shall operate as described in 2.07.C. and D. above.  A transfer shall not occur unless the inverter overload ratings and time duration described in paragraph 2.04.B.14 are exceeded. 

I. Over current Protection

1. Input over current protection shall be provided upstream from the UPS.

2. The static bypass switch shall be rated to carry 200% of the UPS's rated output current for five minutes and 1000% of the UPS's rated output current for one half cycle.

J. Short Circuit Protection

1. The internal bypass current path shall be protected by current limiting fuses. These fuses shall limit the maximum short circuit current available at the UPS output terminals and prevent damage to the static switch. 

2. The standard fuse rating shall be 65kAIC.

3. An option shall be available for fuses rated 100kAIC.

4. The continuous current rating and melting characteristics of the bypass fuses shall be sufficient to allow downstream circuit breakers to clear faults on the secondary side of 208V PDU transformers without melting. 

K. Transfer to Static Bypass Conditions

1. The static bypass switch shall transfer the critical load from the output of the inverter to the bypass AC power source for the following conditions:

a. Inverter voltage less than 95% of nominal (adjustable).

b. Inverter voltage greater than 105% of nominal (adjustable).

c. Inverter overload period expired.

d. Inverter shutdown for any reason.

e. 
eBoost Operating Mode is enabled and the bypass source are within the set limits.
2. The static bypass switch shall inhibit transfer to the bypass AC power source for the following conditions:

a. Bypass AC power source voltage less than 90% of nominal (adjustable).

b. Bypass AC power source voltage greater than 110% of nominal (adjustable).

c. Inverter not phase-locked to the bypass AC source.

L. Transfer To Inverter:  The system shall automatically retransfer the load to the inverter provided all of the following conditions are met:

1. The inverter logic and the bypass AC power source are synchronized and in phase.

2. Inverter conditions are normal.

3. The UPS output is not overloaded.

4.
eBoost Operating Mode is not enabled.
M. Transfer Time:  Maximum transfer time to switch from inverter to bypass AC power source shall be 100 microseconds.

N. Transfer Time: Typical transfer time to switch from bypass to inverter is less than 4 milliseconds.

O. Dual Input Configuration:  The rectifier and internal bypass (static bypass switch) shall be connected to the AC power source through separate terminals at the UPS input. This dual input configuration shall enable the UPS primary and bypass AC power sources to be provided from separate input feeds for redundancy.  The bypass AC power source shall match the UPS output in voltage, frequency, phase rotation sequence and configuration.

P. eBoost Inductor: UPS modules intended to be operated in eBoost Operating Mode shall feature a bypass inductor. When operating in eBoost, the inductor is placed in series with the load, while the inverter output filter capacitors are placed in parallel with the load. The combination of series reactor and parallel capacitors shall provide effective filtering of higher frequency noise on the bypass utility. 

The inductor windings shall be vacuum impregnated to reduce audible noise and enhance heat dissipation.

The inductor shall have a UL recognized insulation system and shall be so located within the equipment to ensure the hottest spot temperature does not exceed the rated insulation system and to ensure a low center of gravity.

2.08 FRONT PANEL AND USER INTERFACE

A. The UPS front panel includes a graphic display which shows the functional status of the UPS at Home page 
B. The front panel shall also include the following LED indicators:



1.
Operation LED



2.
Alarm LED

3. Warning LED

C. The front panel shall include the following buttons for system operation and control of the LCD display:



1.
System operation buttons:




a.
Inverter ON




b.
Inverter OFF




c.
Total OFF with a protective cover

When the UPS system is operating in eBoost Operating Mode, the control of inverter status (ON/OFF) and the selection of the feed path (inverter/bypass) is done autonomously by the UPS control logic. Therefore, during eBoost operation the UPS modules will not react to Inverter ON / Inverter OFF commands from the display push buttons.

2. LCD display control buttons are context based. Functionality of each button 


is displayed on each screen

D. The UPS shall include an audible alarm-warning device.  This alarm shall sound whenever any abnormal condition occurs.  The buzzer is silenced once the alarm is acknowledged.  Any subsequent alarm shall cause reactivation of the status indicator and audible alarm.
E. The following parameters shall be measured and displayed by a graphical LCD on the Front Panel.  Each screen shall have the nomenclature of the parameter indicated with the associated value. AC voltage and current values shall be measured in true RMS units.
1. Battery Display

a. Battery voltage.

b. Battery current with flow direction.

c. Battery temperature.

d. Battery charge level.

e. Estimated backup time at present load.

2. Mains Display

a. Frequency.

b. Voltage – Phase-Neutral.

c. Bypass Status – Free/Locked



3.
Rectifier Display




a.
AC input voltage - phase to phase.




b.
DC Bus voltage




c.
DC output current.




d.
Input frequency.



4.
Inverter Display




a.
Voltage - phase to neutral.

b.
Output frequency.

c.
Synchronization status.

d. 
Temperature



5.
Systems Load (Screen-1)




a.
Voltage – Phase-Neutral




b.
Phase current 

d. Load on Bypass/Inverter/IEMi/eBoost/Q1 Open/Detour ON/Q1 Open/ Load OFF/On Battery

e. Load in percentage



6.
Systems Load. (Screen-2)

a. Overall Load in KVA.




b.
Overall Load in kW  




c.
Load on Bypass/Inverter/Load on Bypass/Inverter/IEMi/eBoost/Q1 Open/Detour ON/Q1 Open/ Load OFF/On Battery




d. 
Power factor / Load in percentage (either of these will be displayed depending upon the setting)



7.
Counter display.




a.
Bypass Failure




b. 
Utility Failure




c.
Overloads




d.
UPS operating hours

f. Inverter operating hours

g. eBoost operating hours / IEMi operating hours

8.       Meter Utility Statistics: Number of Fast Transients for (<2ms, >2ms, >5ms, >10ms) and Bypass Utility Reliability Index (eBoost rate) in percentage

F. UPS alarm/event history shall be available through the alphanumeric display on the front panel.  The event history shall store a minimum of 256 previous status and alarm events with the date and time of each occurrence. No software or external remote monitoring equipment shall be necessary to access the alarm/event history.

2.09 EXTERNAL INTERFACE

A. The UPS shall have 6 [optional 12] alarm contacts for remote signaling. These alarm contacts shall each be programmable with any of the following signals:

1. No information    

2. Audible alarm    

3. Summary alarm    

4. Load on utility   

5. Stop operation    

6. Load on inverter    

7. Utility failure

8. DC over voltage

9. Low battery

10. Overload

11. Over temperature

12. Inverter not synched

13. Bypass locked

14. Bypass utility failure

15. Rectifier utility failure

16. Battery discharge

17. Manual bypass on

18. Rectifier on

19. Inverter on

20. Equalize boost charge

21. Battery ground fault

22. Battery fault

23. eBoost Mode On

24. User input 1

25. User input 2    

B. Programming of the alarm contacts requires access with the appropriate password. The alarm contacts shall be accessible through a 37-pin plug or a standard wiring terminal block. 

C. The UPS shall have two inputs for connection to external contact closures. The status of these external contacts can be monitored from the front panel of the UPS. The default configuration for these external signals shall be as follows:

1. Aux. Input No. 1/’On Generator’

2. Aux. Input No. 2/not defined

D. The ‘On Generator’ signal shall be used to optimize operation of the UPS while AC power is being supplied from an engine-generator. The following parameters shall be programmable in this mode:

1.
Inverter synchronization with generator (enable/disable). This parameter (disabled) shall protect the critical load from all frequency transients associated with engine-generator operation.

2.
Static bypass to generator (enable/disable). This parameter shall allow the user to prevent transfer of the critical load directly to the output of the engine-generator.



3.
Inverter output frequency slew-rate. This parameter shall allow the user to specify the maximum frequency rate-of-change when the inverter is phase-locked to an engine-generator. Adjustment range shall be 0.1 to 20.0 Hz/second, in 0.1 increments.  This adjustment shall be independent of normal operation slew-rate.



4.
Recharge capability (enable/disable/delay). This parameter shall allow the user to select whether or not, and/or when the battery will be recharged while the UPS is powered from an engine-generator. This parameter shall be programmable directly in minutes, with zero disabling battery charging. This will conserve fuel and allow closer sizing of the engine-generator. The UPS rectifier shall also include a soft-start circuit to limit inrush current and apply load to the engine-generator gradually.

6.
The optional input current distortion filter shall be programmable to disconnect when the UPS AC source is the output of an engine-generator.
2.010 COMMUNICATION OPTIONS

A. RS-232 port. The UPS shall provide at least one RS-232 port, allowing full remote monitoring, control and management of the UPS system. All access to control functions through this port shall be protected from unauthorized access. 

The RS-232 port shall allow access to critical UPS measurements, functions and historical data through the optional IRIS (Intelligent Remote Monitoring System) platform or the UPS Management Software suite (UPSMAN / RCCMD). 

Additionally, an optional Modbus RTU adapter shall be available for integration of the UPS monitoring into Building Management Systems (BMS) via RS-232/RS-485 communication.

B. Connectivity slot: The UPS shall be equipped with Connectivity slot(s) allowing the installation of the following plug-in options:

1. Additional Customer Interface Card (CIC) option, providing: six alarm contacts for remote signaling, two inputs for connection of external contact closures and one RS-232 port.

2. SNMP/Web adapter option, providing the following functionalities over an Ethernet connection: 

a. SNMP Agent for integration into SNMP-based Network Management Systems (NMS)

b. Web server for remote monitoring using a standard Web browser

c. Modbus TCP slave for integration into Modbus-based Building Management Systems (BMS)

d. Configurable alarm notification via e-mail or SNMP Traps

e. Network shutdown of controlled servers following prolonged power outages via RCCMD protocol.

2.011 DESIGN

A. Parameters: In order to increase accuracy and reduce Mean Time To Repair (MTTR) the UPS must be fully adjustable and have the ability to be calibrated with the use of programmable parameters. Access to these parameters shall be available remotely to facilitate remote servicing and diagnostics or thru the front display. Manual adjustments using potentiometers or dipswitches will not be acceptable. The parameters shall have different levels of access with each level being password protected. Special interfacing equipment or proprietary software shall not be required for UPS service or maintenance.

B. Maintenance:  Control circuits shall be capable of being tested while the critical loads are bypassed to the bypass AC power source.  All adjustments and tests shall be possible from the front of the UPS with the use of standard test equipment (volt-ohm-milliampere meter and oscilloscope).  Control circuits shall utilize plug-in connections for ease and speed of repairs.  Special extender boards shall not be required.  All control logic shall be contained on a single control board for ease of troubleshooting and to minimize spare parts requirements.

C. Proprietary software or external interface devices shall not restrict maintenance and servicing of the UPS. Any factory trained service provider shall be capable of performing maintenance and repair of the UPS. Calibration and diagnostics of the UPS shall be performed either remotely or thru the front display and shall be facilitated thru programmable parameters. Potentiometers shall not be used for calibration.

D. Logic Power Supply:  The logic power supply shall receive power from triple redundant battery (DC) and AC power sources.  It shall be capable of supplying triple redundant logic power from any of the available sources.

2.012 CONSTRUCTION

A. Enclosure:  The UPS electronics shall be housed in a standard indoor enclosure. The enclosure shall be primed and painted inside and outside with manufacturer's standard paint.  The enclosure shall be freestanding.

B. Mobility:  The equipment shall be suitable for location directly on computer room with suitable ventilation.  Maximum dimensions (not including batteries) shall be:






65"W x 31.5"D x 71.2"H 

C. Layout:  Modules and subassemblies shall be mounted in open construction style so that each may be easily serviced or replaced from the front of the enclosure. The equipment shall be constructed so that each power assembly can be replaced without a soldering iron or special tools.  Cable and conduit connections shall be through the top or bottom of the UPS enclosure.

D. Material and Workmanship

1. Workmanship shall be first class in every respect.

2. All material shall be new and of best industrial grade.

3. Internal wiring conductors shall be combined into cables or bundles, and shall be tied securely together.

4. All bundled wiring shall be identified by color codes or by wire numbers.  Power cables shall be identified at each end.  

2.013 COOLING

A. The UPS shall be forced air-cooled with redundant fans.  This includes redundant fans for the bypass static switch section for eBoost operation.  The cooling shall be adequate for operation at altitudes up to 1,000 meters (3,281 feet).  Each fan shall be individually fused and monitored.  

2.014 NOISE REDUCTION

A. The UPS shall be designed and constructed such that the audible noise level is reduced to a typical 75 decibel, measured on the A scale at 5 feet (1.5 meters) from the front of the cabinet.

B. During eBoost operation, with the load fed via the bypass static switch path, the audible noise level shall be reduced to a typical 60 decibel, measured on the A scale at 5 feet (1.5 meters) from the front of the cabinet.

2.015 BATTERY

A. The UPS shall be designed to operate with any common lead-acid or nickel-cadmium battery type. The installed battery type and rating shall be programmed into the UPS at start-up, and the UPS rectifier shall select the proper charging regimen based on the actual installed battery type. This will maximize the life of the battery. The UPS shall include a programmable battery test feature. This test will perform a partial discharge of the battery with the UPS on line in order to isolate open or weak battery cells. Pass or fail results of test will be logged into the history of the UPS and failures will activate an alarm on the front panel. The user shall have the ability to enable fully automatic, as well as manual battery testing.

(Note to Specifier: The DC Flywheel is a mechanical battery that stores energy in the form of a rotating mass. The DC Flywheel shall be configured as a two terminal Energy Storage System and shall be used as a functional replacement or supplement for a bank of chemical batteries for UPS systems. Like a chemical battery bank, it shall receive recharge and float power from the two terminal UPS DC bus and shall return power to the same DC bus whenever the bus voltage drops below a programmable factory set threshold level.)

B.
The DC Flywheel shall deliver power and energy to the DC bus of a UPS system when input power sags or is interrupted. The DC Flywheel shall store energy kinetically in a high-speed rotor.  When a voltage sag or failure of the utility AC power source results in a reduction of voltage on the UPS system DC bus, the DC Flywheel enter the Discharging mode and supply power to the critical load by maintaining a pre-set voltage level on the DC bus.  The DC Flywheel shall be in the Discharging mode until the DC bus voltage rises (when the AC power returns) or until the DC flywheel reaches its minimum operating speed.

2.016 EMERGENCY POWER OFF

A. The UPS shall include an Emergency Power Off (EPO) circuit.  Activating this circuit shall cause immediate shutdown of all UPS operations. This operation will shut down the critical load.

B. The UPS module shall include provisions to activate the EPO circuit remotely by a contact closure.

PART 3 EXECUTION

3.01 EXAMINATION

A. Verify that UPS modules are ready to install.

B. Verify field measurements are as [shown on Drawings] [instructed by manufacturer].

C. Verify that required utilities are available, in proper location and ready for use.

D. Beginning of installation means installer accepts conditions.

3.02 INSTALLATION

A. Contractor shall furnish and completely install all UPS equipment as shown on drawings and per manufacturer's instruction books.

B. The equipment shall be installed in accordance with the manufacturer's recommendations as well as in accordance with local and national electrical codes.  

3.03 FIELD QUALITY CONTROL

A. The equipment shall be commissioned and energized by an authorized representative of the equipment manufacturer.  A signed service report shall then be submitted after equipment is operational to initiate the warranty.

3.04 ADJUSTING

A. Refer to manufacturer's instruction book to make adjustments to circuit breakers, as required.

B. Set trip units per Engineer's recommendations.

3.05 CLEANING

A. Clean interiors to remove construction debris, dirt, and shipping materials.

B. Repaint scratched or marred exterior surfaces to match original finish.

END OF SECTION
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