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High Performance / High Efficiency 
Three Phase, 480 Volt UPS System

72 to 750 kW


1. General

1.1. Summary – These specifications provide a performance based specification for a three phase high efficiency uninterruptible power system. The intent of the specification is to provide a working power supply which:

1.1.1. Provides non-distorted, uninterrupted voltage with a linear or non-linear current profile as required by the load, to outputs consisting of typical computer loads, electronic loads, and other loads specific to this project.

1.1.2. Operates to continuously supply total load power by regulating input AC power before it reaches the load. The output voltage and frequency supplied to the load are independent of input voltage and frequency conditions of the incoming AC power. (i.e Double Conversion Mode per IEC 62040-3)

1.1.3. Utilize high efficiency state of the art technology to maintain high efficiency throughout a wide load range and load type.

1.1.4. Provides backup reserve power for a period of time to maintain power to the  loads served when utility or generator power is not available to the UPS.

1.1.5. Minimize reflected effects to the power sources supplying the power to the UPS.

1.1.6. Provide multiple power paths to the loads served, eliminating preventable single points of failure.

1.2. Design Requirements – The system shall be designed, manufactured, tested and installed in compliance with:

1.2.1. NFPA 70

1.2.2. UL 1778

1.3. Submittals – Submittals shall include documentation of:

1.3.1. Performance characteristics for each of the criteria specified herein. Submittal shall include a copy of these specifications with each section marked with either a “C” for comply or “D” for deviation. A written explanation shall be provided for each deviation for the system to be considered for acceptance. Any deviation may result in the system being determined “Not Acceptable”.

1.3.2. Dimensions and weights,

1.3.3. Internal one-lines of UPS system. The internal one-line shall be detailed to show all switches, contactors, rectification and inversion components, transformers and termination points.

1.3.4. AC Input to AC Output Efficiency at 20, 40, 60, 80 and 100% loading points defined as kW output divided by kW input with a fully charged battery system. The operating mode for efficiency reporting shall be the normal mode wherein the output voltage and frequency supplied to the load are independent of input voltage and frequency conditions of the incoming AC power. This is double conversion mode.
1.3.5. Battery reserve time calculations confirming battery time will be maintained throughout the warranty period as the battery ages as specified using 80% of initial battery capacity as the reserve time rating criteria. (Note this means battery will meet reserve time when degraded to 80% of initial catalog rating.)
1.3.6. Warranty Statement.

1.4. Approved Manufacturers – This specification is intended as a performance specification. Manufacturers which provide equipment meeting the performance specified herein shall be acceptable with the provisions:

1.4.1. Manufacturer has been making Three Phase UPS Equipment for a minimum of the last five years,

1.4.2. There are not projects where the submitted manufacturer’s UPS equipment has performed unacceptably as known by the engineer or owner.

1.4.3. Manufacturer shall not take exception to the field testing provisions herein.

1.4.4. Manufacturer shall not incorporate or utilize service devices or software lockouts, date coded or not, which are proprietary or required, and prevent service being performed by anyone other than the UPS manufacturer.

1.4.5. Naming of a manufacturer or model number herein or on the drawings shall not relieve manufacturer of meeting all performance criteria herein.

1.4.6. Design physical criteria based upon equipment manufactured by Toshiba International Corp., Industrial Division, Houston, TX and locally represented by Wilson Engineered Systems (904-880-0118).
2. Product 

2.1. Schedule – UPS shall be _____ KVA,  ______ kW output. Battery reserve time shall be _______ minutes based upon sizing using 80% end of life battery rating as specified herein and for the full output kW. Input voltage and output voltage shall be 480/3/60, 3 wire plus ground. Overall system is to include external maintenance bypass which precludes differing input and output voltages.

2.2. Associated Building and Bypass Breaker Sizing. The AC breakers (Main Input (1), Bypass Input (1), Maintenance Bypass Panel (3)) associated with the UPS module shall be as listed below.

	Module kVA/kW
	Building Power Pa Circuit Breakers Required

	
	

	80/72
	125 A

	100/90
	150 A

	160/144
	250 A

	225/202.5
	350 A

	300/300
	500 A

	500/500
	800 A

	750/750
	1200 A


2.3. The UPS module efficiency and associated heat output in normal mode wherein the output voltage and frequency supplied to the load are independent of input voltage and frequency conditions of the incoming AC power, i.e. double conversion mode shall be:
	Module kVA/kW
	Minimum AC-AC Efficiency (%)
At __% kW Load


	Maximum Heat Output
At 100% kW Load

(BTU/HR)

	
	20%
	40%
	60%
	80%
	100%
	

	80/72
	92.5
	94.3
	95.0
	95.2
	95.8
	10,771

	100/90
	92.5
	94.3
	95.0
	95.2
	95.8
	13,463

	160/144
	94.7
	95.7
	96.2
	96.5
	96.5
	17,821

	225/202.5
	94.9
	96.2
	96.5
	96.5
	96.5
	25,060

	300/300
	94.4
	96.3
	96.9
	96.9
	97.0
	30,709

	500/500
	94.8
	96.7
	97.0
	97.0
	97.0
	51,182

	750/750
	95.8
	96.9
	97.0
	97.0
	97.0
	79,200


2.4. Paths to Load – Three paths to the load shall be provided as follows:

2.4.1. Main – power flows from main feed to rectifier to DC link to Inverter to load via external bypass.

2.4.2. Auto Bypass – power flows from bypass feed through static switch to load via external bypass.

2.4.3. External Bypass – power flows from the external bypass feed through external bypass to load. This path is external to the UPS unit (Note: UPS unit is defined as the UPS module and options excluding the external bypass panel).

2.4.4. One-Line Drawing of UPS, Battery and Maintenance Bypass: 

[image: image1.wmf]
2.4.5. Elimination of single points of failure potential within the system is a critical intent of this specification. Transformers, rotary switches or other devices are desired to not be single points integral to the UPS unit. Any single points of failure within the UPS unit shall be indicated in the submittal. Should single points of failure exist and not be noted in the submittal, system and manufacturer shall be determined “Not Acceptable” and manufacturer shall not be considered for re-submittal. It is noted that UPS unit output terminals/bus and external bypass output terminals/bus are single points of failure for the unit and system respectively.

2.5. Parallel and Single Module Capability

2.5.1. The UPS module shall be capable of both single and parallel module operation to allow for system reconfiguration as may be required in the future. In parallel operation the system shall maintain use of its internal static switch to ensure the parallel configuration will not have a single static switch as a single point of failure. Paralleling capability shall be for two to four parallel modules for modules 202.5 kW and smaller. For modules 300 kW and larger paralleling capability shall exist up to 8 modules in parallel. For systems incorporating parallel module operation on the initial configuration, the modules shall be capable of removal from parallel operation and subsequent independent single module installation and use.
2.6. Output Characteristics

2.6.1. Inverter Technology: Three-level IGBT, mirrored with rectifier technology for coordinated response capability.
2.6.2. Dynamic Voltage Regulation: 


2.6.2.1. Balanced Load: +/- 1%
2.6.2.2. 100% Unbalanced Load: +/- 2%
2.6.3. Output Voltage Transient Response for 100% load step:  +/- 2%, recover to nominal within 20 msec, without assistance from battery.

2.6.4. Output Voltage THD
2.6.4.1. 100% Linear Load: 2% THD

2.6.4.2. 100% Non-Linear Load:  5% THD (Non-linear load defined as any full computer load within nominal total power factor range of 0.7 lagging to 1.0 with Crest Factor 2.3:1).

2.6.5. Free Running Output Frequency: 60 HZ +/- 0.01%.

2.6.6. Inverter Overload Capability:

2.6.6.1. 125% for 2 minutes

2.6.6.2. 150% for 60 seconds

2.7. Input Characteristics

2.7.1. Rectifier Technology: Three-level IGBT, mirrored with inverter technology for coordinated response capability
2.7.2. Input Voltage Range: 384 to 552 VAC without requiring battery use
2.7.3. Input Frequency Range: 54 to 66 Hz
2.7.4. Input Power Factor: 0.99 lagging at 25 to 115% load

2.7.5. Maximum Input Current THD without input filter use: 3% at full load, 6% at 25% load
2.8. Rectifier / Inverter Technology Matching: The rectifier and inverter of the UPS shall be of the same technology and response time. Systems with mismatched rectifier and inverter technology (i.e. 6 or 12 pulse SCR rectifier matched with kHZ speed IGBT inverter) are not acceptable due to performance matching issues wherein batteries must make up for slower rectifier response.

2.9. Battery Link Characteristics

2.9.1. Battery Isolation Technology: Battery shall be isolated from the UPS rectifier output by a DC/DC converter to provide enhanced battery environment and longevity.

2.9.2. Step Loading: Rectifier shall support DC link such that the batteries are not required to assist in powering the inverter during 100% load steps

2.9.3. DC Ripple: DC Bus rms ripple voltage shall be less than 1.2 volts
2.9.4. Disconnect Means: UPS system shall have a UL approved means of disconnecting battery input. Integral means such as internal breakers or fused contactors shall be acceptable as a means of disconnect. Bolt-in fuses alone shall not be an acceptable method of disconnect.

2.9.5. Battery Disconnect Rating: Each battery string shall have overcurrent protection. Minimum rating as a percentage of full load DC current at 1.67 eVPC shall be:
2.9.5.1.1. With 1 or 2 strings each shall be rated for 100% DC current

2.9.5.1.2. With 3 strings each shall be rated for 50% DC current

2.9.5.1.3. With 4 or more strings each shall be rated for 33% DC current

2.10. Battery Characteristics

2.10.1. Type: Sealed Valve Regulated 

2.10.2. Mounting: Cabinet

2.10.3. Number of Battery Strings: To enhance system reliability a minimum of two battery strings shall be provided.

2.10.4. Battery Sizing: Battery shall be sized based upon providing specified battery reserve time at the end of life, 80% capacity rating of battery ensuring battery system will provide specified battery reserve time throughout its usable life. Battery run time calculations based upon 80% of “new” 100% rating shall be required as part of the submittal.
2.11. Auto Bypass: The UPS Unit shall include a static switch and parallel contactor which bypasses all main power path components except for the output terminals/bus. The system shall transfer to this circuit within ¼ cycle (detect and transfer time) under the following conditions:

2.11.1. Inverter output under or overvoltage.

2.11.2. Overloads beyond the specified capability of the inverter.

2.11.3. Main Power Path Failure.

2.11.4. Final voltage of system battery is reached if bypass source is present and available.

2.12. Audible Sound Levels: 
2.12.1. 72 to 202.5 kW Systems: Under 70 dbA measured at 1 meter (3.1 feet).

2.12.2. 300 to 750 kW Systems: Under 73 dbA measured at 1 meter (3.1 feet).

2.13. Maintenance Bypass: A separate panel or enclosure shall include three breakers which permit total bypass of the UPS module/cabinet. The panel shall be fed from the switchgear/panel feeding the UPS system and provide an input breaker to the UPS bypass input, an output isolation breaker from the UPS output and a normally open maintenance bypass breaker. The line side of the bypass input and maintenance bypass breakers shall be the common point input of the panel. The load side of the bypass and output isolation breakers shall connect at a common point and feed to the load. Operation shall permit a make-before-break transfer. 
2.14. Monitoring: The system shall provide monitoring to notify the operator UPS status as normal, on bypass, on battery, or failure. Details of the system input, output, status and alarm conditions shall be presented in an easy to understand format on the display. Display shall be a GUI base touch screen interface and include a real time mimic display of the UPS internal power flow. The display shall provide operational guidance instructions.
2.15. Basic Battery Monitor: The UPS module shall have a programmable schedule for battery self test feature wherein the UPS shall lower the DC Bus voltage causing the UPS rectifier and batteries to share the UPS load for a minimal period. The UPS shall monitor battery voltage and shall report a weak or failing overall battery system. 

2.16. Monitoring Contacts: The UPS unit shall provide normally open dry contacts to permit remote status notification. Contacts shall be provided for:

2.16.1. Load on Inverter

2.16.2. Load on Bypass

2.16.3. Load on Battery

2.16.4. Rectifier Operating

2.16.5. Low Battery

2.16.6. Overload

2.16.7. Summary Alarm

2.17. Communication Port/Software: The UPS shall be provided with an ethernet network interface card or device which shall self host a web page with UPS status and alarm information displayed, provide email capability for alarms and provide SNMP traps for alarm notification.

2.18. Emergency Power Off: UPS shall have a unit mounted EPO switch and shall have a set of terminals for connection to a remote non-powered normally open EPO.
 
++++++++ Detailed Battery Monitoring Option+++++++++++ (Specify when desired)
2.19. Battery Monitoring: A separate impedance based predictive health battery monitor system shall be provided. System shall be capable of determining individual battery impedance and voltage. System shall also be capable of alarming when battery to battery connector/cable terminations are degraded. System shall be wired to each battery with individual fusing of leads. System shall interface with Windows based software over the facility Ethernet LAN. System shall not require a dedicated PC. Included system functions shall be:

2.19.1. Individual battery voltage and impedance.

2.19.2. Overall battery string voltage.

2.19.3. Ambient and pilot cell temperature sensors with at least one pilot cell temperature sensor per string.

2.19.4. Individual string discharge current value.

2.19.5. Software program, Windows Compatible, which will receive and retain individual battery data for voltage and impedance, temperature readings, discharge current and voltage readings during an outage. Software shall provide automated reporting and graphing and trend analysis. Out of Limits reports shall be a standard report to simplify system analysis. Real time battery monitoring display shall be provided.
2.19.6. Design physical criteria based upon equipment by BTECH, Inc. 

++++++++ end of Detailed Battery Monitoring Option+++++++++++ 

2.20. Warranty: Equipment specified herein shall carry a 36-month from shipment warranty including parts, labor and travel.

3. Execution

3.1. Installation: The UPS system shall be installed so that it receives power from two feed breakers. One to the main UPS unit input, a second to the maintenance bypass panel and in turn to the UPS bypass input. 

3.2. Startup & Training: The system shall be installed in compliance with manufacturer’s recommended practice and in compliance with applicable codes. Prior to energizing the system, it shall be inspected by authorized manufacturer personnel. The manufacturer service personnel shall check, test and startup the system and certify system as properly installed and operating. After startup the owner and designated personnel shall be trained in proper operation of the system.

++++++++ Detailed Field Testing Option+++++++++++ (Specify when desired)

3.3. Field Testing: The system shall be resistive load bank tested and the following shall be tested, monitored and reported:

3.3.1. Run for 1 hour with a resistive load bank at the lower value of full rated output kW.
3.3.2. Input harmonics tested at full load and 25% load.

3.3.3. 100% load step tested with battery disconnected. System shall not deviate on output voltage by more than amount specified in the load step characteristics in section 2 of this spec. Bypass input breaker shall be open and bypass power shall not be used to handle this load step.

3.3.4. DC ripple voltage shall be measured with unit supporting full output load. 

3.3.5. Output voltage THD for the 100% linear load shall be measured.

3.3.6. AC input to AC output efficiency at 20, 40, 60, 80 and 100% loading based upon kW.

++++++++ end of Detailed Field Testing Option+++++++++++

3.4. Field Report: A written report shall be presented upon completion of field testing. Should any parameter be found to not meet the values specified herein or manufacturer specified values, the manufacturer shall correct the deficiency and verify correction by re-testing.

++++++++ Detailed Battery Monitoring Reporting Option+++++++++++ (Specify when Detailed Battery Monitoring above is specified)

3.5. Battery Impedance & Voltage Report: An initial test of the battery health shall be made via the battery monitoring system.  Should any battery or connection be found defective or suspect, the condition shall be corrected. Note: Upon initial power up of a battery string, voltages and impedance may vary widely for the first days or weeks.   Once battery plant integrity is verified (which may be after the “Follow-up Site Visit” specified below, the impedance and voltage values shall be recorded as “initial” values. Monitor shall be left active and on-line with impedance testing automated on a weekly interval. Additional training on the battery monitoring system which is to have 4 to 6 weeks of data collected is to be provided during the Follow-up Site Visit. During this visit battery impedance and voltage data shall be reviewed in detail and any battery or connection that is found defective shall be replaced.
++++++++ end of Detailed Battery Monitoring Reporting Option+++++++++++

3.6. Follow-up Site Visit: The manufacturer shall provide an additional training/overview visit 4 to 6 weeks after startup to review the entire system operation. During this visit any defects noted shall be scheduled for correction. 
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