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SECTION 16264 - STATIC UNINTERRUPTIBLE POWER SUPPLY

This Section uses the term "Architect."  Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

Edit paragraph below to describe basic UPS features for this Project.  Coordinate these features with corresponding paragraphs in Part 2.  See the Evaluations and editor's notes in Part 2 for applicability of various items.  Some features are not available in lower-rated UPS units and different manufacturers may treat features differently.  An item may be standard with one manufacturer, optional with some, and not offered by others.  UPS technology and marketing approaches are also constantly changing, and additional information is available on manufacturers' Web sites.  Consult two or more manufacturers after editing this Section, making a preliminary tabulation of UPS loads and drawing a single-line diagram of the planned distribution of those loads.

A. This Section includes three-phase, on-line, static-type, UPS installations, complete with transient voltage surge suppression, input harmonics reduction, rectifier-charger, battery, battery disconnect device, inverter, static bypass transfer switch, [internal maintenance bypass/isolation switch,] [external maintenance bypass/isolation switch,] [output isolation transformer,] [remote UPS monitoring provisions,] [battery monitoring,] [remote battery monitoring,] <Insert other required major features>.

1.3 DEFINITIONS

Retain abbreviations that remain after this Section has been edited.

A. EMI:  Electromagnetic interference.

B. LCD:  Liquid-crystal display.

C. LED:  Light-emitting diode.

D. THD:  Total harmonic distortion.

E. UPS:  Uninterruptible power supply.

1.4 SUBMITTALS

A. Product Data:  Include data on features, components, ratings, and performance for each uninterruptible power supply component indicated.

B. Shop Drawings:  Detail assemblies of equipment indicating dimensions, weights, components, and location and identification of each field connection.  Show access, workspace, and clearance requirements; details of control panels; and battery arrangement.

1. Wiring Diagrams:  Detail internal and interconnecting wiring; and power, signal, and control wiring.  Differentiate between field-installed and factory-installed wiring and components.

Retain paragraph and subparagraphs below if required by seismic criteria applicable to Project.  Coordinate with Division 16 Section "Seismic Controls for Electrical Work" and with seismic-related requirements in Parts 2 and 3 of this Section.

C. Manufacturer Seismic Qualification Certification:  Submit certification that UPS equipment will withstand seismic forces defined in Division 16 Section "Seismic Controls for Electrical Work."  Include the following:

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.

Retain one of two subparagraphs below to define the term "withstand" as it applies to this Project.  Definition varies with type of building and occupancy and is critical to valid certification.  Second definition is used for essential facilities where equipment must operate immediately after an earthquake.

a. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."

b. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

D. Manufacturer Certificates:  Signed by manufacturers certifying that they comply with requirements.

E. Qualification Data:  For firms and persons specified in "Quality Assurance" Article.

F. Factory Test Reports:  Comply with specified requirements.

G. Field Test Reports:  Indicate test results compared with specified performance requirements, and provide justification and resolution of differences if values do not agree.

H. Maintenance Data:  For UPS units to include in maintenance manuals specified in Division 1.  Include the following:

1. Lists of spare parts and replacement components recommended being stored at Project site for ready access.

2. Detailed operating instructions covering operation under both normal and abnormal conditions.

I. Warranties:  Special warranties specified in this Section.

1.5 QUALITY ASSURANCE

Delete paragraph below if not required or available at Project location.

A. Installer Qualifications:  An experienced installer who is an authorized representative of UPS manufacturer for both installation and maintenance of units required for this Project.

Delete paragraph below unless Contractor is required (in Part 3 "Functional Performance Testing" Article) to provide the services of a Power Quality Consultant.

B. Power Quality Consultant Qualifications:  A registered professional electrical engineer or engineering technician, currently certified by the National Institute for Certification in Engineering Technologies, NICET level 4, minimum, experienced in functional performance testing UPS installations and in performing power quality surveys similar to that required in Part 3 "Functional Performance Testing" Article.

Delete paragraph below if not required or not available.

C. Manufacturer Qualifications:  A firm who maintains a service center capable of providing training, parts, and emergency maintenance and repairs for equipment at Project site with [eight hours'] <Insert time period> maximum response time.

Delete paragraph and subparagraph below if independent testing agency is not required for this Project.

D. Testing Agency Qualifications:  An independent testing agency with experience and capability to conduct testing indicated without delaying the Work, as documented according to OSHA criteria for accreditation of testing laboratories, 29 CFR 1910.7; or a full member company of the InterNational Electrical Testing Association.

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association or the National Institute for Certification in Engineering Technologies to supervise on-site testing specified in Part 3.

E. Source Limitations:  Obtain the UPS and associated components specified in this Section from a single manufacturer with responsibility for entire UPS installation.

F. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended location and application.

1. UPS Units:  Listed and labeled under UL 1778.

Retain below if UPS components for this Project are installed in computer rooms.

2. Mark UPS components as suitable for installation in computer rooms according to NFPA 75.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver equipment in fully enclosed vehicles after specified environmental conditions have been permanently established in spaces where equipment is to be placed.

B. Store equipment in spaces with environments controlled within manufacturers' ambient temperature and humidity tolerances for nonoperating equipment.

1.7 WARRANTY

When warranties are required, verify with Owner's counsel that special warranties stated in this Article are not less than remedies available to Owner under prevailing local laws.  Coordinate with Division 1 Section "Product Requirements."  See Evaluations.

A. Warranties, General:  Special warranties specified in this Article shall not deprive Owner of other rights Owner may have under other provisions of the Contract Documents and shall be in addition to, and run concurrent with, other warranties made by Contractor under requirements of the Contract Documents.

B. Special Battery Warranties:  Written warranty, signed by manufacturer and Installer agreeing to replace UPS system storage batteries that fail in materials or workmanship within specified warranty period.

Select one of three subparagraphs below to specify typical industry UPS battery life warranty for type of battery specified in Part 2.  Consult manufacturers' literature and edit, if desired, to suit Project.  See Evaluations.

1. Warranted Cycle Life for Sealed Lead-Acid Batteries:  Equal to or greater than that represented in manufacturer's published table, including figures corresponding to the following, based on annual average battery temperature of 77 deg F (25 deg C):

Discharge Rate
Discharge Duration
Discharge End Voltage
Cycle Life






8 hours
8 hours
1.67
6 cycles

30 minutes
30 minutes
1.67
20 cycles

15 minutes
1 minute
1.67
120 cycles

2. Warranted Cycle Life for Premium Sealed Lead-Acid Batteries:  Equal or greater than that represented in manufacturer's published table, including figures corresponding to the following, based on annual average battery temperature of 77 deg F (25 deg C):

Discharge Rate
Discharge Duration
Discharge End Voltage
Cycle Life






8 hours
8 hours
1.67
40 cycles

30 minutes
30 minutes
1.67
125 cycles

15 minutes
1 minute
1.67
750 cycles

3. Warranted Cycle Life for Wet-Cell Batteries:  Equal to or greater than that represented in manufacturer's published table, including figures corresponding to the following, based on annual average battery temperature of 77 deg F (25 deg C):

Discharge Rate
Discharge Duration
Discharge End Voltage
Cycle Life






8 hours
8 hours
1.75
40 cycles

1 hour
1 hour
1.75
80 cycles

15 minutes
0 to 30 seconds
1.67
2700 cycles

Delete paragraph and subparagraph below if standard one-year correction period for overall UPS installation is adequate or if a service contract or other extended service arrangement is provided.  Consider specifying that Contractor present Owner with a proposal signed by a qualified service representative of UPS manufacturer for a full-service contract for a period of one or two years beginning at the end of the one-year correction period.  See Evaluations.

C. Special UPS Warranties:  Written warranties, signed by manufacturer and Installer agreeing to replace components that fail in materials or workmanship within special warranty period.

Manufacturers will honor either of two special warranty periods below.  Initial cost increases with length of warranty.

1. Special Warranty Period:  [Two] [Three] years from date of Substantial Completion.

1.8 EXTRA MATERIALS

If maintenance contract is specified, delete this Article.

Extra materials may not be allowed for publicly funded projects.

A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.  Deliver extra materials to Owner.

Quantities below are examples only.

1. Fuses:  One for every 10 of each type and rating, but not less than 1 of each.

2. Cabinet Ventilation Filters:  One complete set.

3. One spare circuit board for each critical circuit.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

Retain above for nonproprietary or below for semiproprietary Specification.  Refer to Division 1 Section "Product Requirements."

B. Products:  Subject to compliance with requirements, provide products by one of the following:

See Editing Instruction No. 1 in the Evaluations for cautions about naming products and manufacturers.

1. Alber Corp.; Hawker Siddeley.

2. Best Power; a Unit of General Signal Corp.

3. BTECH, Inc.

4. C&D Powercom; Charter Power Systems, Inc.

5. Computer Power, Inc.

6. Deltec Corporation.

7. Exide Electronics.

8. HDR Power Systems, Inc.

9. Hoppecke Battery Systems, Inc.

10. Johnson Controls, Inc.; Specialty Battery Division.

11. International Computer Power.

12. International Power Machines Corp./Exide Electronics.

13. Liebert Corp.

14. MGE-UPS Systems, Inc.

15. Mitsubishi Electric Automation Div.

16. Pacific Power Source; a Thermo Voltec Company.

17. SAFT Nife.

18. Toshiba International Corp.

19. Yuasa Exide, Inc.

2.2 FUNCTIONAL DESCRIPTION

A. Automatic operation includes the following:

1. Normal Conditions:  Supply the load with ac power flowing from the normal ac power input terminals, through the rectifier-charger and inverter, with the battery connected in parallel with the rectifier-charger output.

2. Abnormal Supply Conditions:  If normal ac supply deviates from specified and adjustable voltage, voltage waveform, or frequency limits, the battery supplies energy to maintain constant, regulated inverter ac power output to the load without switching or disturbance.

3. If normal power fails, energy supplied by the battery through the inverter continues supply-regulated ac power to the load without switching or disturbance.

4. When power is restored at the normal supply terminals of the system, controls automatically synchronize the inverter with the external source before transferring the load.  The rectifier-charger then supplies power to the load through the inverter and simultaneously recharges the battery.

5. If battery becomes discharged and normal supply is available, the rectifier-charger charges the battery.  On reaching full charge, the rectifier-charger automatically shifts to a float-charge mode.

6. If any element of the UPS system fails and power is available at the normal supply terminals of the system, the static bypass transfer switch switches the load to the normal ac supply circuit without disturbance or interruption of supply.

7. If a fault occurs in the system supplied by the UPS and current flows in excess of the overload rating of the UPS system, the static bypass transfer switch operates to bypass the fault current to the normal ac supply circuit for fault clearing.

8. When the fault has cleared, the static bypass transfer switch returns the load to the UPS system.

9. If battery is disconnected, the UPS continues to supply power to the load with no degradation of its regulation of voltage and frequency of the output bus.

B. Manual operation includes the following:

Revise functional descriptions in subparagraphs below to suit Project.

1. Turning the inverter off causes the load to be transferred by the static bypass transfer switch directly to the normal ac supply circuit without disturbance or interruption.

2. Turning the inverter on causes the static bypass transfer switch to transfer the load to the inverter.

Retain paragraph and subparagraphs below if maintenance bypass/isolation switch is specified for UPS units.

C. Maintenance Bypass/Isolation Switch Operation:  Switch is interlocked so it cannot be operated unless static bypass transfer switch is in the bypass mode.  Device provides manual selection between the following three conditions without interrupting supply to the load during switching:

1. Full Isolation:  Load is supplied, bypassing the UPS.  Normal UPS ac input circuit, static bypass transfer switch, and UPS load terminals are completely disconnected from external circuits.

2. Maintenance Bypass:  Load is supplied, bypassing the UPS.  UPS ac supply terminals are energized to permit operational checking, but system load terminals are isolated from the load.

3. Normal:  Normal UPS ac supply terminals are energized and the load is supplied through either the static bypass transfer switch and UPS rectifier-charger and inverter, or the battery and the inverter.

2.3 SERVICE CONDITIONS

A. Environmental Conditions:  UPS shall be capable of operating continuously in the following environmental conditions without mechanical or electrical damage or degradation of operating capability, except battery performance.

If battery must operate within the temperature range specified below rather than in the environment specified in the battery special warranty, special battery selection requirements may apply.  Consult battery manufacturers.

Conditions in subparagraphs below are standard for commercial UPS equipment.  A separate ambient temperature range applies for the UPS battery, and the range of temperature conditions for the battery environment stated here is greater than that required by typical special battery warranty.  If unusual service conditions for UPS equipment exist and cannot be eliminated, specify them here by editing and adding to subparagraphs below.  See Editing Instruction No. 2 in the Evaluations.

1. Ambient Temperature for Electronic Components:  32 to 104 deg F (0 to 40 deg C).

2. Ambient Temperature for Battery:  41 to 95 deg F (5 to 35 deg C).

3. Relative Humidity:  0 to 95 percent, noncondensing.

4. Altitude:  Sea level to 4000 feet (1220 m).

2.4 PERFORMANCE REQUIREMENTS

Edit paragraph and subparagraphs below to specify duration of system supply.  See Editing Instruction No. 3 in the Evaluations.

A. UPS shall perform as specified in this Article while supplying rated full-load current, composed of any combination of linear and nonlinear load, up to 100 percent nonlinear load with a load crest factor of 3.0, under the following conditions or combinations of the following conditions:

1. Inverter is switched to battery source.

2. Steady-state ac input voltage deviates up to plus or minus 10 percent from nominal voltage.

3. Steady-state input frequency deviates up to plus or minus 5 percent from nominal frequency.

4. THD of input voltage is 15 percent or more with a minimum crest factor of 3.0, and the largest single harmonic component is a minimum of 5 percent of the fundamental value.

Choice of alternative performance figure in subparagraph below affects ability of UPS to maintain specified performance capability under continuous unbalanced load conditions.  Choosing a high figure may limit competition and increase cost.  Select lowest degree of continuous load unbalance reasonably expected to occur for this Project.

5. Load is [30] [50] [100] percent unbalanced continuously.

B. Minimum Duration of Supply:  If battery is sole energy source supplying UPS-rated full-output load current at 80 percent power factor, duration of supply is [5] [10] [15] <Insert other appropriate duration> minutes.

C. Input Voltage Tolerance:  System steady-state and transient output performance remains within specified tolerances when steady-state ac input voltage varies [plus 10, minus 20] [plus 10, minus 30] percent from nominal voltage.

Insert efficiency percentages in paragraph below that are consistent with rated capacity of the UPS unit to be provided for Project.  See table of typical values in Editing Instruction No. 5 in the Evaluations.

D. Overall UPS Efficiency:  Equal to or greater than <Insert number> percent at 100 percent load, <Insert number> percent at 75 percent load, and <Insert number> percent at 50 percent load.

Insert noise values in paragraph below that are consistent with rated capacity of UPS units specified in this Section.  See table of typical values in Editing Instruction No. 6 in the Evaluations.

E. Maximum Acoustical Noise:  <Insert value,> "A" weighting, emanating from any UPS component under any condition of normal operation, measured 39 inches (1000 mm) <Insert distance> from nearest surface of component enclosure.

Selecting first option in paragraph below may make it easier to provide good, well-coordinated overcurrent protection for UPS feeder, but may also require manufacturer to add series reactors in input circuit for some models and may increase cost.

F. Maximum Energizing Inrush Current:  [Six] [Eight] times the full-load current.

G. Maximum AC Output-Voltage Regulation for Loads up to 50 Percent Unbalanced:  Plus or minus 2 percent over the full range of battery voltage.

H. Output Frequency:  60 Hz, plus or minus 0.5 percent over the full range of input voltage, load, and battery voltage.

I. Limitation of harmonic distortion of input current to the UPS shall be as follows:

Select one of two subparagraphs below to establish maximum harmonic distortion permitted for current drawn by the UPS from its input power source.  Input-filter-type device in first subparagraph is desirable for most applications and is vital for many.  This device commands a cost premium, however.  See Evaluations for discussion.

1. Description:  Either a tuned harmonic filter or an arrangement of rectifier-charger circuits shall limit THD to [5] [10] percent, maximum, at full-rated UPS load current, for power sources with X/R ratio between 2 and 30.

Do not use subparagraph below for a UPS with an engine-generator-set source or for a UPS with a utility source if it may result in excessive distortion of generator load current or in higher harmonic content of current drawn by facility service than is allowed by the electric utility according to IEEE 519.  See Evaluations.

2. Description:  THD is limited to a maximum of 32 percent, at full-rated UPS load current, for power sources with X/R ratio between 2 and 30.

Select first paragraph below for UPS systems with more sensitive loads, and second paragraph for systems with less-sensitive loads.  First paragraph may command a cost premium; it may also restrict competition or force some manufacturers to use an output isolation transformer with low forward transfer impedance.  See Evaluations.  Consult manufacturers.

J. Maximum Harmonic Content of Output-Voltage Waveform:  5 percent RMS total and 3 percent RMS for any single harmonic, for 100 percent rated nonlinear load current with a load crest factor of 3.0.

K. Maximum Harmonic Content of Output-Voltage Waveform:  5 percent RMS total and 3 percent RMS for any single harmonic for rated full load with THD up to 50 percent, with a load crest factor of 3.0.

First paragraph below is one way of specifying UPS overload performance.  Other methods may be used.  Consult manufacturers' data and revise paragraph to suit Project.  Delete if overload performance is not required.

L. Minimum Overload Capacity of UPS at Rated Voltage:  125 percent of full-load rating for 10 minutes, and 150 percent for 10 seconds in all operating modes.

M. Maximum Output-Voltage Transient Excursions from Rated Value:  For the following instantaneous load changes, stated as percentages of rated full UPS load, voltage shall remain within stated percentages of rated value and recover to, and remain within, plus or minus 2 percent of that value within 100 ms:

1. 50 Percent:  Plus or minus 8 percent.

2. 100 Percent:  Plus or minus 10 percent.

3. Loss of AC Input Power:  Plus or minus 5 percent.

4. Restoration of AC Input Power:  Plus or minus 5 percent.

N. Input Power Factor:  A minimum of 0.85 lagging when supply voltage and current are at nominal rated values and UPS is supplying rated full-load current.

O. EMI Emissions:  Comply with FCC Rules and Regulations, 47 CFR 15 for Class A equipment.

2.5 SYSTEM COMPONENTS, GENERAL

A. Electronic Equipment:  Solid-state devices using hermetically sealed, semiconductor elements.  Devices include rectifier-charger, inverter, static bypass transfer switch, and system controls.

B. Enclosures:  Comply with NEMA 250, Type 1, unless otherwise indicated.

C. Control Assemblies:  Mount on modular plug-ins, readily accessible for maintenance.

For guidance on surge suppressor selection below, see the Evaluations in Division 16 Section "Transient Voltage Suppression."  Most UPS installations will be in Category B situations, but each should be evaluated independently.

D. Surge Suppression:  Protect internal UPS components from surges that enter at each ac power input connection including main disconnect, static bypass transfer switch, [and maintenance bypass/isolation] switch.  Protect rectifier-charger, inverter, controls, and output components.

1. Use factory-installed surge suppressors tested according to IEEE C62.41, Category  [B] [C].

Subparagraph above specifies surge protection typically available for all three-phase, on-line UPS units.  Surge suppressors that comply with this subparagraph are effective against high-voltage, fast surges (quick, sharp power line high-voltage spikes).  They do not, however, protect against low-frequency, high-energy surges that may be even more damaging to UPS components than high-voltage spikes.  For important mission-critical applications about 15- to 20-kVA rating and above, include the capability for handling surges in the 300 cycle, minus 180 percent voltage range specified in subparagraph below.  See Evaluations.

2. Additional Surge Protection:  Protect internal UPS components from low-frequency, high-energy voltage surges described in IEEE C62.41.  Design the circuits connecting with external power sources and select circuit elements, conductors, conventional surge suppressors, and rectifier components and controls so input assemblies will have adequate mechanical strength and thermal and current-carrying capacity to withstand stresses imposed by 40-Hz, 180 percent voltage surges described in IEEE C62.41.

Delete paragraph below for units rated less than about 100 kVA.  Consult manufacturers.

E. Maintainability Features:  Mount rectifier-charger and inverter sections and static bypass transfer switch on modular plug-ins, readily accessible for maintenance.

Delete paragraph below if this method of providing capability for future UPS capacity upgrade is not desired.  Using this optional paragraph may limit competition and increase initial cost.

F. Capacity Upgrade Capability:  Arrange wiring, controls, and modular component plug-in provisions to permit future [25] <Insert number> percent increase in UPS capacity.

Delete first two paragraphs below except if required by seismic criteria applicable to Project.  See "Seismic Considerations" Article in the Evaluations.

G. Seismic-Restraint Design:  UPS assemblies, subassemblies, and components; and fastenings and supports, mounting, and anchorage devices for them, shall be designed and fabricated to withstand static and seismic forces in any direction.

H. UPS Cabinet Ventilation:  Redundant fans or blowers draw in ambient air near the bottom of the cabinet and discharge it near the top rear.

Retain below for a UPS with heavy nonlinear loading.

I. Output Circuit Neutral Bus, Conductor, and Terminal Ampacity:  Rated phase current times a multiple of 1.73, minimum.

2.6 RECTIFIER-CHARGER

A. Capacity:  Adequate to supply the inverter during full-rated output load conditions and simultaneously recharge the battery from fully discharged condition to 95 percent of full charge within 10 times the rated discharge time for duration of supply under battery power at full load.

Feature in first paragraph below is important for optimum battery life.

B. Output Ripple:  Limited by output filtration to less than 0.5 percent of rated current, peak to peak.

C. Rectifier-Charger Control Circuits:  Immune to frequency variations within rated frequency ranges of normal and emergency power sources.

1. Response Time:  Field adjustable for maximum compatibility with local generator-set power source.

D. Battery Float-Charging Conditions:  Comply with battery manufacturer's written instructions for battery terminal voltage and charging current required for maximum battery life.

2.7 INVERTER

Select one of two paragraphs below.  Retain second if UPS may be supplied power from a standby engine-generator set.

A. Description:  Pulse-width modulated, with sinusoidal output.

B. Description:  Pulse-width modulated, with sinusoidal output.  Include a bypass phase synchronization window adjustment to optimize compatibility with local engine-generator-set power source.

2.8 STATIC BYPASS TRANSFER SWITCH

A. Description:  Solid-state switching device providing uninterrupted transfer.  A contactor or electrically operated circuit breaker automatically provides electrical isolation for the switch.

B. Switch Rating:  Continuous duty at the rated full-load current of the UPS, minimum.

2.9 BATTERY

Retain one of three "Description" paragraphs below.  Revise retained paragraph to suit Project requirements for cell type and rack or housing mounting configuration.  See Editing Instruction No. 4 and discussion of battery alternatives in the Evaluations.  Coordinate with "Warranty" Article in Part 1 and with Drawings.

A. Description:  Sealed, valve-regulated, recombinant, lead-calcium units, factory assembled in an isolated compartment of UPS cabinet, and complete with battery disconnect switch.

B. Description:  Sealed, premium, heavy-duty, valve-regulated, recombinant, lead-calcium units, factory assembled in an isolated compartment or in a separate matching cabinet, complete with battery disconnect switch.

Optional feature below is available from some manufacturers.  Retain with either paragraph above if enhanced maintainability is required, budget allows, and possibly reduced competition is acceptable.

1. Arrange for drawout removal of battery assembly from cabinet for test and inspection.

C. Description:  Wet-cell, lead-calcium, heavy-duty industrial units in styrene acrylonitrile containers mounted on [three-tier], acid-resistant, painted steel racks.  Assembly includes a battery disconnect switch, intercell connectors, a hydrometer syringe, and a thermometer with specific gravity-correction scales.

2.10 UPS CONTROL AND INDICATION

A. Description:  Group displays, indications, and basic system controls on a common control panel on front of UPS enclosure.

B. Minimum displays, indicating devices, and controls include those in lists below.  Provide sensors, transducers, terminals, relays, and wiring required to support listed items.  Alarms include an audible signal and a visual display.

LCD messaging in subparagraph below may not be available for many models rated 10 kVA and less.

C. Indications:  [Labeled LED] [Plain-language messages on a digital LCD or LED].

Delete items below not required.  Coordinate with remote monitoring and alarm functions and with monitoring and alarm functions specified for UPS battery in other articles in this Section.  Consider deleting all items that are nonstandard with leading manufacturers in the class or size of UPS indicated.  Some may be proprietary.  Many may not be available on units at low end of capacity range covered by this Section.  Revise list to suit Project.

1. Quantitative indications shall include the following:

a. Input voltage, each phase, line to line.

b. Input current, each phase, line to line.

c. Bypass input voltage, each phase, line to line.

d. Bypass input frequency.

e. System output voltage, each phase, line to line.

f. System output current, each phase.

g. System output frequency.

h. DC bus voltage.

i. Battery current and direction (charge/discharge).

j. Elapsed time-discharging battery.

2. Basic status condition indications shall include the following:

a. Normal operation.

b. Load-on bypass.

c. Load-on battery.

d. Inverter off.

e. Alarm condition exists.

3. Alarm indications shall include the following:

a. Bypass ac input overvoltage or undervoltage.

b. Bypass ac input overfrequency or underfrequency.

c. Bypass ac input and inverter out of synchronization.

d. Bypass ac input wrong-phase rotation.

e. Bypass ac input single-phase condition.

f. Bypass ac input filter fuse blown.

g. Internal frequency standard in use.

h. Battery system alarm.

i. Control power failure.

j. Fan failure.

k. UPS overload.

l. Battery-charging control faulty.

m. Input overvoltage or undervoltage.

n. Input transformer overtemperature.

o. Input circuit breaker tripped.

p. Input wrong-phase rotation.

q. Input single-phase condition.

r. Approaching end of battery operation.

s. Battery undervoltage shutdown.

t. Maximum battery voltage.

u. Inverter fuse blown.

v. Inverter transformer overtemperature.

w. Inverter overtemperature.

x. Static bypass transfer switch overtemperature.

y. Inverter power supply fault.

z. Inverter transistors out of saturation.

aa. Identification of faulty inverter section/leg.

ab. Inverter output overvoltage or undervoltage.

ac. UPS overload shutdown.

ad. Inverter current sensor fault.

ae. Inverter output contactor open.

af. Inverter current limit.

4. Controls shall include the following:

a. Inverter on-off.

b. UPS start.

c. Battery test.

d. Alarm silence/reset.

e. Output-voltage adjustment.

Retain paragraph and subparagraphs below, if required, to allow for present or possible future remote UPS status and alarm panel.

D. Dry-form "C" contacts shall be available for remote indication of the following conditions:

1. UPS on battery.

2. UPS on-line.

3. UPS load-on bypass.

4. UPS in alarm condition.

5. UPS off (maintenance bypass closed).

Of components and features listed in articles below, some are options and some are standard, depending on manufacturer, model, and rating.  For some, a single component functions as two.  See Evaluations.  Select those components required for Project.

2.11 MAINTENANCE BYPASS/ISOLATION SWITCH

Many UPS units in the 5- to 125-kVA range do not have devices specified in this Article as a standard feature.  Loads of UPS units without these devices must be shut down if UPS units are de-energized for maintenance or repair.  See Evaluations.

A. Description:  Manually operated switch or arrangement of switching devices with mechanically actuated contact mechanism arranged to route the flow of power to the load around the rectifier-charger, inverter, and static bypass transfer switch.

1. Switch shall be interlocked to prevent interrupting power to the load when switching to the bypass mode.

2. Switch shall isolate other UPS components electrically to permit safe servicing.

Delete first paragraph below except for systems approximately 150 kVA and larger, where this component is often housed in a floor-mounted cabinet.

B. Comply with NEMA PB 2 and UL 891.

C. Switch Rating:  Continuous duty at rated full-load current of UPS.

Delete paragraph below if Drawings indicate mounting/location of switch.  Coordinate with Drawings.

D. Mounting Provisions:  [Internal to system cabinet] [Separate wall- or floor-mounted unit].

Delete below except for externally mounted switch.

E. Key interlock requires unlocking maintenance bypass/isolation switch before switching from normal position with key that is released only when the UPS is bypassed by static bypass transfer switch.  Lock is designed specifically for electrical component interlocking.

2.12 OUTPUT ISOLATION TRANSFORMER

This Article specifies an important feature for UPS units serving loads susceptible to conducted EMI, if there are no other provisions for adequate attenuation of EMI.  Output isolation transformers have other functions besides mitigation of EMI and may be standard on certain models by some manufacturers.  In some applications, a UPS serves loads through one or more power distribution units that contain shielded isolation transformers.  In such cases, any output transformer in the UPS does not need to meet shielding requirements in this Article.  See Evaluations.

A. Description:  [Shielded unit] [Unit] with low forward transfer impedance up to 3 kHz, minimum.  Include the following features:

Select K-factor in first subparagraph below that is appropriate for UPS load in this Project.  Consider harmonic diversity and avoid overestimating the K-factor.

1. Comply with applicable portions of UL 1561, including requirements for nonlinear load current-handling capability for a K-factor of approximately [4] [9] [13] [20].

2. Output Impedance at Fundamental Frequency:  Between 3 and 4 percent.

3. Regulation:  5 percent, maximum, at rated nonlinear load current.

4. Full-Load Efficiency at Rated Nonlinear Load Current:  96 percent, minimum.

5. Electrostatic Shielding of Windings:  Independent for each winding.

6. Coil Leads:  Physically arranged for minimum interlead capacitance.

7. Shield Grounding Terminal:  Separately mounted.  Labeled, "Shield Ground."

8. Capacitive Coupling between Primary and Secondary:  33 picofarads, maximum, over a frequency range of 20 Hz to 1 MHZ.

2.13 OUTPUT DISTRIBUTION SECTION

Delete this Article unless distribution panels are required to be integral with UPS system cabinets.  Coordinate with Drawings and panelboard schedules.

A. Panelboard:  Comply with Division 16 Section "Panelboards," except provide assembly integral to a UPS cabinet.

2.14 UPS MONITORING BY REMOTE STATUS AND ALARM PANEL

Delete this Article if optional UPS monitoring by remote monitoring panel is not required.  Coordinate with "UPS Control and Indication" Article and with Drawings.

A. Description:  Labeled LEDs on panel faceplate indicate [five] <Insert quantity> basic status conditions.  Audible signal indicates alarm conditions.  Silencing switch in face of panel silences signal without altering visual indication.

1. Cabinet and Faceplate:  Surface or flush mounted to suit mounting conditions indicated.

2.15 MONITORING BY REMOTE COMPUTER

Coordinate this Article with "Basic Battery Monitoring" Article if battery monitoring is included.  Coordinate with Division 16 Section "Electrical Power Monitoring and Control."  See Evaluations.

Feature below permits the UPS to communicate with computers to provide capability for remote monitoring and diagnosis and to initiate human and automated responses to UPS system events.  Revise paragraph and subparagraphs below to suit Project.

A. Description:  Communication module in unit control panel provides capability for remote monitoring of status, parameters, and alarms specified in "UPS Control and Indication" Article.  The remote computer and the connecting signal wiring are not included in this Section.  Include the following features:

1. Connectors and network interface units or modems for data transmission via RS-232 link.

2. Software designed for control and monitoring of UPS functions and to provide on-screen explanations, interpretations, diagnosis, action guidance, and instructions for use of monitoring indications and development of meaningful reports.  Permit storage and analysis of power-line transient records.  Design for windows application in an IBM-compatible computer, which is not included in this Section.

Delete below if cited Section is not included.

3. Software and Hardware:  Compatible with that specified in Division 16 Section "Electrical Power Monitoring and Control."

2.16 BASIC BATTERY MONITORING

This Article specifies various alternatives for optional monitoring of UPS batteries.

First two paragraphs below cover monitoring for abnormal conditions within battery compartments of cabinet-type housings for sealed batteries.

A. Battery Ground-Fault Detector:  Initiates alarm when resistance to ground of positive or negative bus of battery is less than 5000 ohms.

Feature below is unavailable from most manufacturers.

B. Battery compartment smoke/high-temperature detector initiates an alarm when smoke or a temperature greater than 75 deg C occurs within the compartment.

C. Annunciation of Alarms:  At UPS control panel.

2.17 ADDITIONAL BATTERY MONITORING

Delete this Article except for special situations for larger, compartment-mounted, sealed, valve-regulated, or rack-mounted, station-type, wet-cell batteries.  Retain only if detailed computerized analysis of battery performance is likely to be used.  Do not include unless separate provision is made for signal transmission to an appropriate computer and budget includes allowance for these costly features.  Coordinate with Drawings.  See Evaluations.

A. Monitoring features and components shall include the following:

1. Factory-wired sensing leads to cell and battery terminals and cell temperature sensors.

2. Connections for data transmission via RS-232 link, [network interface and] [modem and] external signal wiring to [a computer] [electrical power monitoring and control equipment].  External signal wiring and computer are not specified in this Section.

3. Software designed to store and analyze battery data using an IBM-compatible computer that is not specified in this Section.  Software reports individual-cell parameters and total battery performance trends and provides data for scheduling and prioritizing battery maintenance.

B. Functional Performance:  Automatically measure and electronically record the following parameters on a routine schedule and during battery discharge events.  During discharge events record measurements timed to the nearest second.  Include measurements of the following parameters:

1. Total battery voltage and ambient temperature.

Delete subparagraph below if complexity of required intercell monitoring wiring makes it impractical or unacceptable.

2. Individual-cell voltage, impedance, and temperature.  Measure battery and cell voltages and time to the nearest second during battery-discharging events such as utility outages.

Delete below except for wet-cell-type battery if frequent visual monitoring of electrolyte levels is not acceptable.

3. Individual-cell electrolyte levels.

2.18 BATTERY CYCLE WARRANTY MONITORING

Retain this Article if UPS battery is covered by a cycle-life warranty specified in Part 1 and warranty requires continuous monitoring of battery cycling.

A. Description:  Electronic device, acceptable to battery manufacturer as a basis for warranty action, for monitoring of charge-discharge cycle history of batteries covered by a cycle-life warranty.

B. Basic Functional Performance:  Automatically measures and records each discharge event, classifies it according to duration category, and totals discharges according to warranty criteria, displaying remaining warranted battery life on integral LCD.

Functions below represent optional features available for battery cycle monitors.  Delete those not required or that are provided by separate UPS battery monitoring features specified in previous articles in this Section.

C. Additional monitoring functions and features shall include the following:

1. Measuring and Recording:  Total voltage at battery terminals, providing alarm for excursions outside the proper float voltage level.

2. Monitors:  Ambient temperature at battery and initiates an alarm if temperature deviates from normally acceptable range.

3. Keypad on Device Front Panel:  Provides access to monitored data using front panel display.

4. Alarm Contacts:  Arranged to provide [local] [remote] alarm for [battery discharge events] [abnormal temperature] [abnormal battery voltage or temperature].

5. Memory:  Device stores recorded data in nonvolatile electronic memory.

6. RS-232 Port:  Permits downloading data to a portable personal computer.

7. Modem:  Makes measurements and recorded data accessible to remote personal computer via telephone line.  Computer is not specified in this Section.

2.19 SOURCE QUALITY CONTROL

A. Factory test complete UPS, [including battery,] before shipment.  Include the following tests:

1. Functional test and demonstration of all functions, controls, indicators, sensors, and protective devices.

2. Full-load test.

3. Transient-load response test.

4. Overload test.

5. Power failure test.

6. Efficiency test at 50, 75, and 100 percent of rated full-load current at rated power factor.

Delete paragraph below if not required.

B. Observation of Test:  Give 14 days' advance notice of tests and provide opportunity for Owner's representative to observe tests at Owner's option.

Delete below if factory test reports are not required.  Coordinate with Part 1.

C. Report test results.  Include the following data:

1. Description of input source and output loads used.  Describe actions required to simulate source load variation and various operating conditions and malfunctions.

2. List of indications, parameter values, and system responses considered satisfactory for each test action.  Include tabulation of actual observations during test.

3. List of instruments and equipment used in factory tests.

PART 3 -  EXECUTION

3.1 INSTALLATION

Delete first paragraph below if not required.  Coordinate with Drawings and with seismic-restraint requirements, if applicable.

A. Install system components on 4-inch- (100-mm-) high concrete bases.  Cast-in-place concrete, reinforcing, and formwork are specified in Division 3.

B. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and NFPA 70.

C. Connections:  Interconnect system components.  Make connections to supply and load circuits according to manufacturer's wiring diagrams, unless otherwise indicated.

3.2 GROUNDING

See Evaluations for discussion of grounding for separately derived systems created by isolation transformers.  Coordinate with Drawings.

A. Comply with Division 16 Section "Grounding and Bonding" for materials and installation requirements.

B. Separately Derived Systems:  If not part of a listed power supply for a data-processing room, comply with NFPA 70 requirements for connecting to grounding electrodes and for bonding to metallic piping near isolation transformer.

3.3 IDENTIFICATION

A. Identify components and wiring according to Division 16 Section "[Electrical Identification] [Basic Electrical Materials and Methods]."

Delete below except for rack-mounted, wet-cell batteries.

1. Identify each battery cell individually.

3.4 BATTERY EQUALIZATION

A. Equalize charging of battery cells according to manufacturer's written instructions.  Record individual-cell voltages.

3.5 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage the services of a factory-authorized service representative to supervise UPS installation, startup, and preliminary testing and adjustment and to participate in final tests, inspections, and adjustments.

Select one of two paragraphs and associated subparagraphs below.  Use first paragraph for units rated less than 150 kVA that are not considered "mission critical."

B. Electrical Tests and Inspections:  Perform tests and inspections according to manufacturer's written instructions and as listed below to demonstrate condition and performance of each component of the UPS:

1. Inspect interiors of enclosures, including the following:

a. Integrity of mechanical and electrical connections.

b. Component type and labeling verification.

c. Ratings of installed components.

2. Test manual and automatic operational features and system protective and alarm functions.

Delete subparagraph below if not applicable.

3. Test communication of status and alarms to remote monitoring equipment.

Delete "independent" in paragraph below if independent testing is not required.  Coordinate with Part 1.

C. Electrical Tests and Inspections:  Perform tests and inspections listed below [by an independent testing agency meeting the qualifications specified in "Quality Assurance" Article] according to manufacturer's written instructions and as listed below to demonstrate condition and performance of each UPS:

1. Inspect interiors of enclosures, including the following:

a. Integrity of mechanical and electrical connections.

b. Component type and labeling verification.

c. Ratings of installed components.

Usually delete subparagraph below except for critical units rated 150 to 250 kVA and all units rated 300 kVA and more.

2. Load the system using a variable-load bank to simulate kilovolt amperes, kilowatts, and power factor of loads for the unit's rating.  Use instruments calibrated, within the previous [six months] <Insert time> according to NIST standards.

Delete tests below if factory-test results for these items are considered adequate or budget does not include an allowance for this work.

a. Simulate malfunctions to verify protective device operation.

b. Test duration of supply on emergency, low-battery voltage shutdown, and transfers and restoration due to normal source failure.

c. Test harmonic content of input and output current less than 25, 50, and 100 percent of rated loads.

d. Test output voltage under specified transient-load conditions.

e. Test efficiency at 50, 75, and 100 percent rated loads.

Delete subparagraphs below for features not in Project.

f. Test remote status and alarm panel functions.

g. Test battery-monitoring system functions.

Retain paragraph and subparagraphs below for projects subject to seismic criteria.

D. Seismic-restraint tests and inspections shall include the following:

1. Inspect type, size, quantity, arrangement, and proper installation of mounting or anchorage devices.

Retain subparagraph below for projects where anchorage device testing is required by Division 16 Section "Seismic Controls for Electrical Work."

2. Test mounting and anchorage devices according to requirements in Division 16 Section "Seismic Controls for Electrical Work."

E. Retest:  Correct deficiencies and retest until specified requirements are met.

F. Record of Tests and Inspections:  Maintain and submit documentation of tests and inspections, including references to manufacturers' written instructions and other test and inspection criteria.  Include results of tests, inspections, and retests.

3.6 DEMONSTRATION

Delete this Article if formal training is not required.

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain the UPS.

1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining equipment.

2. Review data in maintenance manuals.  Refer to Division 1 Section "Closeout Procedures."

Delete subparagraph above or below depending on which Section is retained in Division 1.

3. Review data in maintenance manuals.  Refer to Division 1 Section "Operation and Maintenance Data."

4. Schedule training with Owner, through Architect, with at least seven days' advance notice.

3.7 FUNCTIONAL PERFORMANCE TESTING

Retain this Article if functional performance testing of UPS installation is required.  See Evaluations.

Edit paragraph and subparagraphs below to specify extent and basic schedule for functional performance testing required for Project.  Schedule below provides opportunity to specify single or multiple monitoring periods.  Multiple monitoring periods are preferable to increase opportunity for observing UPS performance under conditions that occur randomly or are influenced by seasonal load conditions or by such phenomena as lightning storms.  Multiple monitoring periods will increase costs.  Describe different monitoring and testing period schedule to suit Project.

A. Monitoring and Testing Schedule:  Perform monitoring and testing in [a single 10-day period] [four 10-day periods, each in a different season of the year] <Insert period>.

1. Schedule monitoring and testing activity with Owner, through Architect, with at least 14 days' advance notice.

2. Schedule monitoring and testing after Substantial Completion, when UPS is supplying power to its intended load.

Coordinate paragraph and subparagraphs below with Drawings.

B. Monitoring and Testing Instruments:  Three-phase, recording power monitors.  Instruments shall provide continuous simultaneous monitoring of electrical parameters at input terminals of the UPS and at input terminals of a load served by the UPS.  Instruments shall monitor, measure, and graph voltage current and frequency simultaneously and provide full-graphic recordings of the values of those parameters before and during power line disturbances that cause the values to deviate from normal beyond the adjustable threshold values.  Instruments shall be capable of recording either on paper or on magnetic media and have a minimum accuracy of plus or minus 2 percent for electrical parameters.  Parameters to be monitored include the following:

1. Current:  Each phase and neutral and grounding conductors.

2. Voltage:  Phase to phase, phase to neutral, phase to ground, and neutral to ground.

3. Frequency transients.

4. Voltage swells and sags.

5. Voltage impulses, phase to phase, phase to neutral, phase to ground, and neutral to ground.

6. High-frequency noise.

7. Radio-frequency interference.

8. THD of the above currents and voltages.

9. Harmonic content of currents and voltages above.

C. Monitoring and Testing Procedure:  As follows [for each test period]:

1. Exploratory Period:  For approximately the first [two days] <Insert time>, [of the first scheduled monitoring and testing period,] make recordings at various circuit locations and with various parameter-threshold and sampling-interval settings.  Make these preliminary measurements with the objective of identifying optimum UPS, power system, load, and instrumentation set-up conditions for subsequent test and monitoring operations.

2. Remainder of Test Period:  Perform continuous monitoring of at least two circuit locations selected on the basis of data obtained during exploratory period.

a. Set thresholds and sampling intervals for recording data at values selected to optimize data on performance of the UPS with respect to values specified in Part 2 of this Section, and to highlight any need to adjust, repair, or modify the UPS or any distribution system or load component that may influence its performance or that may require better power quality.

b. Perform load and UPS power source switching and operate the UPS on generator power during portions of the test period according to directions of Owner's Power Quality Consultant.

c. Operate the UPS and UPS loads in each mode of operation permitted by UPS controls and by the power distribution system design.

Carefully edit first subparagraph below.  Substantial cost is involved in using temporary equipment.  Using temporary generator sets should not be necessary if the installed power system includes a standby or emergency set; however, because tests will be performed when the facility is occupied and operating, tests must be carefully planned to avoid compromising life safety and operational integrity.  In many cases, the need to ensure successful functional performance testing of a vital UPS system will override other concerns.  This is the time to verify that the UPS will perform as required in the unique environment created by this construction project.

d. Create and simulate unusual operating conditions, including outages, voltage swells and sags, and voltage, current, and frequency transients [that can be performed using loads and devices available as part of the facility's installed systems and equipment] [using temporarily connected resistive/inductive load banks] [and a temporarily connected portable generator set].  Maintain normal operating loads in operation on system to maximum extent possible during tests.

e. Make adjustments and repairs to UPS, distribution, and load equipment to correct deficiencies disclosed by monitoring and testing and repeat appropriate monitoring and testing to verify success of corrective action.

Retain paragraph and subparagraphs below if computerized monitoring is specified for the UPS or its battery in Part 2.

D. Correlation with Specified UPS Monitoring Functions:  Obtain printout recordings of built-in monitoring functions specified for UPS and UPS components in this Section that are simultaneous with those made with portable instruments in this Article.

1. Provide the temporary use of an appropriate personal computer and printer equipped with required connections and software for recording and printing if such units are not available on-site.

2. Correlate printouts with recordings for monitoring performed according to this Article, and resolve and report any anomalies in and discrepancies between the two sets of records.

E. Monitoring and Testing Assistance by Contractor:  As follows:

1. Open UPS and electrical distribution and load equipment and wiring enclosures to make monitoring and testing points accessible for temporary monitoring probe and sensor placement and removal as requested.

2. Observe monitoring and testing operations and ensure UPS and distribution and load equipment warranties are not compromised.

3. Perform switching and control of various UPS units, electrical distribution systems, and load components as directed by Power Quality Consultant.  The consultant shall design this portion of monitoring and testing operations to expose the UPS to various operating environments, conditions, and events while response is observed, electrical parameters are monitored, and system and equipment deficiencies are identified.

4. Make repairs and adjustments to the UPS and to electrical distribution system and load components, and retest and repeat monitoring as needed to verify validity of results and correction of deficiencies.

5. Engage the services of UPS manufacturer's factory-authorized service representative periodically through functional performance testing operations for repairs, adjustments, and consultations.

F. Documentation:  Record test point and sensor locations, instrument settings, and circuit and load conditions for each monitoring summary and power disturbance recording.  Correlate simultaneous recordings made on UPS input and load circuits.

G. Analysis of Recorded Data and Report:  Review and analyze test observations and recorded data and submit a detailed written report.  Include the following [in report] [in each interim and final report] [in final report]:

1. Description of corrective actions performed during monitoring and survey work and their results.

2. Recommendations for further action to provide optimum performance by the UPS and appropriate power quality for non-UPS loads.  Include a statement of priority ranking and a cost estimate for each recommendation that involves system or equipment revisions.

3. Copies of monitoring summary graphics and graphics illustrating harmonic content of significant voltages and currents.

4. Copies of graphics of power disturbance recordings that illustrate findings, conclusions, and recommendations.

5. Recommendations for operating, adjusting, or revising UPS controls.

6. Recommendation for alterations to the UPS installation.

7. Recommendations for adjusting or revising generator-set or automatic transfer switch installations or their controls.

8. Recommendations for power distribution system revisions.

9. Recommendations for adjusting or revising electrical loads, or their connections or controls.

If multiple test periods are specified, retain below.

H. Interim and Final Reports:  Provide an interim report at the end of each test period and a final comprehensive report at the end of the final test and analysis period.

END OF SECTION 16264
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