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SECTION 16288 - VOLTAGE REGULATORS

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

A. This Section includes induction voltage regulators, static electronic voltage regulators, and power distribution units with integral voltage regulators.

B. Related Sections include the following:

List below only products, construction, and equipment for this Project that the reader might expect to find in this Section but are specified elsewhere.  Verify that Section title listed below is correct for this Project's Specifications because Section title may have changed since this Section was written.

1. Division 16 Section "Transient Voltage Suppression" for surge suppressors applied independent of voltage regulators and power distribution units.

1.3 DEFINITIONS

Retain abbreviations that remain after this Section has been edited for Project.

A. TVSS:  Transient voltage surge suppression.

1.4 SUBMITTALS

A. Product Data:  Include dimensioned plans, sections, and elevations for each product specified.  Include minimum clearances, installed features and devices, and performance specifications.

B. Wiring Diagrams:  Detail wiring for voltage regulators and differentiate between manufacturer-installed and field-installed wiring.  Submit diagrams for specific project-tailored products.

C. Product Certificates:  Signed by manufacturers of voltage regulators certifying that the products furnished comply with requirements.

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

Delete test reports below if not required.  Delete reports of design tests if reports of routine tests suffice.

E. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.

F. Product Test Reports:  Certified copies of manufacturer's design and routine factory tests required by referenced standards.

Delete paragraph below if product sound-level ratings below NEMA standard are not specified.

G. Sound-Level Test Reports:  Certified copies of manufacturer's sound-level tests applicable to equipment for this Project.

H. Maintenance Data:  For materials and products to include in the maintenance manuals specified in Division 1.

1.5 QUALITY ASSURANCE

Delete paragraph below if testing by Contractor is considered adequate.

A. Testing Agency Qualifications:  A "Nationally Recognized Testing Laboratory" as defined in OSHA Regulation 1910.7 or a full-member company of the InterNational Electrical Testing Association.

1. Testing Agency's Field Supervision:  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.

B. Listing and Labeling:  Provide voltage regulators specified in this Section that are listed and labeled.

1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100.

Subparagraph below is required by some Federal agencies.

2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing Laboratory" as defined in OSHA Regulation 1910.7.

C. Comply with NFPA 70.

D. Comply with IEEE C2.

E. Comply with FCC Regulations:  Part 15, Subpart J, "Emission Limits for Class A Devices."

1.6 DELIVERY, STORAGE, AND HANDLING

Delete this Article if degradation of insulation due to moisture infusion during construction is not a concern.

A. Temporary Heating:  Apply temporary heat according to manufacturer's written instructions within enclosure of each ventilated-type unit throughout periods during which equipment is not energized and is not in a space that is continuously under normal control of temperature and humidity.

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 "Materials and Equipment."

B. Manufacturers:  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. ABB Power T&D Co., Inc.

2. Acme Electric Corp.; Transformer Division.

3. Basler Electric.

4. Computer Power Inc.

5. Controlled Power Co.

6. Cooper Industries; Cooper Power Systems Division.

7. GE Electrical Distribution & Control.

8. Hipotronics, Inc.

9. International Computer Power.

10. Liebert Corp.; Division of Emerson Electric.

11. Marelco Power Systems, Inc.

12. Power Distribution, Inc.

13. Rapid Power Technologies, Inc.

14. Seimens Energy & Automation, Inc.

15. Square D Co.

2.2 INDUCTION-TYPE VOLTAGE REGULATOR

A. Description:  Ventilated, self-cooled, dry-type transformer equipped for automatic, electromechanical adjustment of output voltage.

B. Comply with UL 1561, IEEE C57.15, and the following:

1. Controls:  Solid-state type with external adjustment of voltage set value over a minimum band of 10 percent above and below rated output voltage.

2. Performance:  Regulate output voltage within plus or minus 1 percent of set value while input voltage varies plus or minus 10 percent.  Correct voltage at a rate not less than 2 V/s.  Have drift-free output voltage and a negligible total harmonic distortion in output with linear load.

2.3 STATIC ELECTRONIC VOLTAGE REGULATOR

A. Description:  Assembly of ventilated, self-cooled, dry-type transformer with controls and other components, with no moving parts.  Controls automatically regulate transformer functions and maintain constant output voltage while input voltage varies.  Independently and continuously regulate each phase.

Select one of two paragraphs below to indicate response time provided for correcting voltage variations.  First paragraph is typical of buck-boost-type regulators.  Second is for tap-changer units.  See Evaluations.

B. Performance:  Correct up to 15 percent excursions of voltage from set value to within 1 percent of that value within 10 cycles of the excursion incident while operating at rated capacity.

C. Performance:  Correct up to 15 percent excursions of line voltage from set value to within 1 percent of that value within four cycles of the excursion incident while operating at full-rated capacity.

Retain paragraph below if voltage regulator will supply nonlinear load.

D. Capacity Rating:  Based on rated RMS voltage and current with a 3.0 crest factor and 85 percent total harmonic distortion of the load current.

E. Automatic Controls:  Solid-state devices and circuits arranged to perform voltage correction to minimize voltage transients.  Controls permit external adjustment of voltage set value over a minimum band of 5 percent above and below rated output voltage.

F. Manual controls permit external adjustment of voltage set value over a minimum band of 5 percent above and below rated output voltage.

G. Harmonic content of output-voltage waveform during voltage corrections up to 15 percent, and for constant loads from 25 to 100 percent of rated capacity, does not exceed 3 percent.

Coordinate paragraph below with Drawings.

H. Enclosure:  NEMA 250, Type 1, unless otherwise indicated.

I. Transformer Component of Regulator:  Include the following features:

Select one of two subparagraphs below.  Retain second if voltage regulator will supply nonlinear load; designate K-factor here or on Drawings.  See Evaluations.  Coordinate with Drawings.

1. Comply with UL 1561.

2. Comply with UL 1561, including requirements for nonsinusoidal load-current-handling capability to the degree defined by the designated K-factor.

3. Cores:  Grain oriented, nonaging silicon steel, one leg per phase.

4. Coil Insulation:  220 deg C class.

5. Temperature Rise:  Designed for 115 deg C rise above a 40 deg C ambient.

6. Output Impedance:  2.5 to 4.0 percent.

Delete reference to nonlinear load in two subparagraphs below if transformer is not K-rated.

7. Regulation:  2 to 4 percent maximum at full-resistive load; 5 percent maximum at rated nonlinear load.

8. Full-Load Efficiency:  96 to 98 percent at rated nonlinear load.

9. Magnetic Field Strength External to Transformer Enclosure:  Less than 0.1 Gauss at 450 mm.

10. Audible Noise:  Comply with NEMA ST 20.

Retain subparagraph below if necessary to reduce transmission of common-mode, high-frequency transient noise to regulated load.  See Evaluations.

11. Electrostatic Shielding:  Independently shield each winding with a single, full-width, copper, electrostatic shield arranged to minimize interwinding capacitance.

a. Coil leads and terminal trips are arranged to minimize capacitive coupling between input and output connections.

b. Shield Terminal:  Separate; marked "Shield" for grounding connection.

c. Capacitance:  Shield limits capacitance between primary and secondary to a maximum of 33 picofarads over a frequency range of 20 Hz to MHZ.

d. Common-Mode Noise Attenuation:  Minus 12 dB minimum, 0.5 to 1.5 kHz; minus 65 dB minimum, 1.5 to 100 kHz.

e. Normal-Mode Noise Attenuation:  Minus 52 dB minimum, 1.5 to 10 kHz.

J. Lightning Arrester/Surge Suppressor:  Coordinated three-phase arrester/capacitor combination.  Connect at voltage-regulator input terminals.

K. Transient Suppression Network:  Three phase, using high-energy solid-state components with 5-nanosecond maximum response time.  Connect at voltage-regulator output terminals.

1. Current-limiting fuses protect network elements without blowing during surge suppression action within rated capacity.

2. Blown-fuse indicators show loss of protection on front panel of unit if a network-element fuse blows.

3. Energy-Absorbing Capacity:  Minimum peak-power pulse of 2400 joules line to line and 1200 joules line to neutral.

L. Cabinets and Enclosures:  Welded steel frames with steel panel enclosure.  Doors have flush catches.

Coordinate subparagraphs below with Drawings.

1. Enclosure Class:  NEMA 250, Type 1, unless otherwise indicated.

2. Bonding of Doors:  Connect to frame with stranded copper wire or braided strap jumpers.

Include subparagraph below for computer rooms and similar environments.

3. Floor-Mounting Arrangement:  Removable steel casters and permanent leveling jacks.

Edit requirements in paragraph below to suit conditions at equipment installation location; include unusual service conditions posed by this Project, such as exposure to seismic events.

M. Environmental Requirements:  Comply with the following, unless otherwise indicated:

1. Storage Temperature Range:  Minus 55 to 85 deg C.

2. Operating Temperature Range:  Minus 40 to 50 deg C.

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

Below is a limitation primarily on transformer-type components of voltage regulators.  Increase to suit projects at higher altitudes.

4. Altitude:  Unit operates continuously up to 3600 feet (1100 m) above sea level.

2.4 POWER DISTRIBUTION UNIT WITH INTEGRAL VOLTAGE REGULATOR

A. Description:  Integrated and coordinated assembly of power-line-conditioning and distribution components packaged in a single cabinet or modular assembly of cabinets.  Unit includes the following:

1. Input-power circuit breaker.

2. TVSS.

3. Static electronic voltage regulators.

4. Output panelboards.

5. Monitoring and control system.

B. Nationally Recognized Testing Laboratory Listing:  As a complete system.

C. Unit Capacity Rating:  The RMS kVA load the unit can carry continuously without exceeding rated insulation-temperature values with input voltage and load current as follows:

1. Input Voltage:  Anywhere within the rated input-voltage tolerance band of the unit.

2. Load Current:  Minimum 3.0 crest factor and 85 percent total harmonic distortion.

Coordinate paragraph below with Drawings.

D. Input-Power Circuit Breaker:  Three-pole, shunt-tripped, thermal magnetic type, rated for the indicated interrupting capacity and 125 percent of the input current of the power distribution units at 100 percent rated load.

E. TVSS System:  Electrically connected to the unit input terminals.  Characteristics, features, and ratings are as follows:

1. Comply with UL 1449.

2. Basic Surge Protection Device:  Contains no series components.

3. Overcurrent Protection:  TVSS system and components are protected by current-limiting fuses capable of interrupting a fault current of 300,000 symmetrical amperes with 500 V, ac applied.  Fuse capability is adequate to permit rated transient current of TVSS to flow without fuse operation.

Delete subparagraph below if not required.

4. Disconnect Device:  Manual three-pole switch de-energizes TVSS system while permitting power distribution units to continue operation.

5. UL 1449 listed as tested and rated for a 3000-A and a 6000-V, Category B impulse wave, as defined in IEEE C62.41.

6. Minimum, Surge-Current, Capacity Rating:  20,000 A, line to line and line to ground, based on an 8-by-20-microsecond waveform.

Select subparagraph above for three-phase, three-wire (plus ground) input circuit or below for three-phase, four-wire (plus ground) input circuit.  Edit to suit other input-circuit configurations.  Specify higher current ratings if required.

7. Minimum, Surge-Current, Capacity Rating:  20,000 A, line to line, line to neutral, and line to ground, based on an 8-by-20-microsecond waveform.

8. Minimum Continuous-Current Rating:  Consistent with rated input current for power distribution units.

9. Nonlinear Loading:  System accommodates rated load current with minimum 3.0 crest factor and 85 percent total harmonic distortion.

10. Maximum Rated Clamping Voltage:  2.0 times the nominal RMS system voltage.

11. Minimum Continuous Operating Voltage:  1.15 times the nominal RMS system voltage.

12. Operating Frequency Range:  47 to 63 Hz.

13. Surge Suppression Response Time:  0.5 nanoseconds, typical.

14. Remnant Voltage for Category B Ringwave:  If subject to IEEE C62.41, Category B, 100-kHz ringwave in both normal and common modes, maximum outputs shall be as follows:

SYSTEM NOMINAL VOLTAGE
NORMAL MODE
COMMON MODE





120, 120/208, or 120/240 V
65 V
320 V

240, 277, or 277/240 V
140 V
725 V

346 or 346/600 V
250 V
1010 V

480 or 600 V
270 V
1450 V

F. Static Electronic Voltage Regulator:  Assembly of ventilated, self-cooled, dry-type transformer with controls and other components, with no moving parts.  Controls automatically regulate transformer functions and maintain constant output voltage while input voltage varies.  Independently and continuously regulate each phase.  Features include the following:

Select one of two subparagraphs below to indicate response time provided for correcting voltage variations.  First subparagraph is typical of buck-boost-type regulators.  Second is for tap-changer units.  See Evaluations.

1. Performance:  Correct up to 15 percent excursions of voltage from set value to within 1 percent of that value within 10 cycles of the excursion incident while operating at rated capacity.

2. Performance:  Correct up to 15 percent excursions of line voltage from set value to within 1 percent of that value within four cycles of the excursion incident while operating at full-rated capacity.

Retain subparagraph below if voltage regulator will supply nonlinear load.

3. Capacity Rating:  Based on rated RMS voltage and current with a 3.0 crest factor and 85 percent total harmonic distortion of the load current.

4. Automatic Controls:  Solid-state devices and circuits arranged to perform voltage correction to minimize voltage transients.  Controls permit external adjustment of voltage set value over a minimum band of 5 percent above and below rated output voltage.

5. Manual controls permit external adjustment of voltage set value over a minimum band of 5 percent above and below rated output voltage.

6. Harmonic content of output-voltage waveform during voltage corrections up to 15 percent, and for constant loads from 25 to 100 percent of rated capacity, does not exceed 3 percent.

7. Transformer Component of Regulator:  Include the following features:

Select one of two subparagraphs below.  Retain second if voltage regulator will supply nonlinear load; designate K-factor here or on Drawings.  See Evaluations.  Coordinate with Drawings.

a. Comply with UL 1561.

b. Comply with UL 1561, including requirements for nonsinusoidal load-current-handling capability to the degree defined by the designated K-factor.

c. Cores:  Grain oriented, nonaging silicon steel, one leg per phase.

d. Coil Insulation:  220 deg C class.

e. Temperature Rise:  Designed for 115 deg C rise above a 40 deg C ambient.

f. Output Impedance:  2.5 to 4.0 percent.

g. Regulation:  2 to 4 percent maximum, at full-resistive load, 5 percent maximum at rated nonlinear load.

Delete reference to nonlinear load in subparagraph below if transformer is not K-rated.

h. Full-Load Efficiency:  96 to 98 percent at rated nonlinear load.

i. Magnetic Field Strength External to Transformer Enclosure:  Less than 0.1 Gauss at 450 mm.

j. Audible Noise:  Comply with NEMA ST 20.

Retain subparagraph below if necessary to reduce transmission of common-mode, high-frequency transient noise to regulated load.  See Evaluations.

8. Electrostatic Shielding:  Independently shield each winding with a single, full-width, copper electrostatic shield arranged to minimize interwinding capacitance.

a. Coil leads and terminal trips are arranged to minimize capacitive coupling between input and output connections.

b. Shield Terminal:  Separate; marked "Shield" for grounding connection.

c. Capacitance:  Shield limits capacitance between primary and secondary to a maximum of 33 picofarads over a frequency range of 20 Hz to MHZ.

d. Common-Mode Noise Attenuation:  Minus 12 dB minimum, 0.5 to 1.5 kHz; minus 65 dB minimum, 1.5 to 100 kHz.

e. Normal-Mode Noise Attenuation:  Minus 52 dB minimum, 1.5 to 10 kHz.

G. Output Panelboards:  As specified in Division 16 Section "Panelboards," except for mounting provisions.  Mount in front of power distribution units behind flush doors.  Include the following features in addition to those indicated:

1. Cable Racks:  Removable and arranged for supporting and routing cables for panelboard entrance.

2. Access Panels:  Arranged so additional branch-circuit wiring can be installed and connected in the future without access to sides or rear of power-distribution-unit cabinet.

H. Monitoring and Remote-Control Provisions:  A monitoring panel mounted flush in front of power distribution unit provides a status display and failure-indicating interface for the following power-distribution-unit functions:

Delete items below if not required.

1. TVSS system normal operation indication.

2. TVSS surge current diversion module failure alarm indication.

3. Transformer overtemperature alarm indication.

4. Voltage-regulator malfunction alarm indication.

5. Power-distribution-unit power-on indication.

6. Audible Alarm and Silencing Switch:  An alarm sounds when alarm indication occurs.  Silencing switch silences audible alarm but leaves visual indication intact until failure or other alarm conditions are corrected.

Coordinate two subparagraphs below with Drawings and with remote indication and control provisions.

7. Alarm Contacts:  An electrically isolated, Form C (one normally open, one normally closed), summary alarm, contact set changes state if any monitored function goes into an alarm mode.

8. Remote Power-off Control:  A 30-V, ac control circuit with a connection to the shunt trip of the power-distribution-unit main power circuit breaker and terminals for connection to one or more remote power-off push-button stations.

Edit requirements in paragraph below to suit conditions at equipment installation location; include unusual service conditions posed by this Project, such as exposure to seismic events.

I. Environmental Requirements:  Comply with the following, unless otherwise indicated:

1. Storage Temperature Range:  Minus 55 to 85 deg C.

2. Operating Temperature Range:  Minus 40 to 50 deg C.

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

Below is a limitation primarily on transformer-type components of voltage regulators.  Increase to suit Project at higher altitudes.

4. Altitude:  Unit operates continuously as to 3600 feet (1100 m) above sea level.

2.5 SOUND LEVEL

Select one of two paragraphs below to specify sound-level requirements for products in this Section.

A. General:  Fully assembled products in this Section comply with minimum sound-level requirements of NEMA ST 20 for transformers of corresponding ratings when factory tested according to IEEE C57.12.91.

B. General:  Fully assembled products in this Section have a minimum of 3 dB less than the maximum sound levels prescribed for transformers of corresponding ratings when factory tested according to IEEE C57.12.91.

2.6 FINISHES

A. Indoor Units:  Manufacturer's standard enamel over corrosion-resistant pretreatment and primer.

B. Outdoor Units:  Comply with ANSI C57.12.28, "Enclosure Coating System" Article.

2.7 SOURCE QUALITY CONTROL

A. Factory Tests:  Design and routine tests comply with referenced standards.

Delete below unless lower-than-standard sound level is critical.  See Editing Instruction No. 2 in the Evaluations.

B. Factory Sound-Level Tests:  Conduct sound-level tests on equipment for this Project.  Comply with NEMA ST 20 and IEEE C57.12.91.

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Arrange equipment to provide adequate spacing for access and for cooling air circulation.

Delete below if identification requirements are specified in Division 16 Section "Basic Electrical Materials and Methods."  Verify that Section title listed is correct for this Project's Specifications because Section title may have changed since this Section was written.

B. Identify equipment and install warning signs according to Division 16 Section "Electrical Identification."

3.2 GROUNDING

A. Separately Derived Systems:  Comply with NFPA 70 requirements for connecting to grounding electrodes and for bonding to metallic piping near the transformer.

Select paragraph above or below to minimize confusion during construction due to recent code changes.  Coordinate with Drawings.

B. Separately Derived Systems:  Make grounding connections to grounding electrodes and bonding connections to metallic piping systems as indicated and to comply with NFPA 70.

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

3.3 FIELD QUALITY CONTROL

Delete first two paragraphs below except to meet special requirements, including those for extensive and complex facilities.

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect the field assembly and connection of components.  Report results in writing.

B. Independent Testing Agency:  Engage an independent testing agency, complying with qualifications specified in "Quality Assurance" Article, to perform field quality-control testing.

C. Test Objective:  To ensure voltage regulators and associated equipment are operational within specified tolerances, comply with Contract Documents, and are suitable for energizing.

D. Test Labeling:  On satisfactory completion of tests for each unit, attach a dated and signed "Satisfactory Test" label to the tested component.

E. Schedule tests and provide notification at least seven days in advance of test commencement.

F. Report:  Submit a written report of observations and tests.  Report defective materials and workmanship.

G. Inspections and Tests:  Perform those listed below and those recommended in manufacturer's written instructions.  For transformer components of voltage regulators, perform tests according to manufacturer's written instructions and IEEE C57.12.91.

1. Inspect accessible components for cleanliness, mechanical and electrical integrity, damage, and deterioration.  Verify that temporary shipping bracing has been removed.

a. Include internal inspection through access panels and covers.

b. Inspect bolted electrical connections for tightness according to manufacturer's published torque values or, if not available, those of UL 486A and UL 486B.

2. Test insulation resistance of transformer windings.

3. Test continuity for windings and remote circuits.

4. Perform functional tests of voltage regulators and power distribution units throughout their operating ranges.  Check voltage tolerance, correction speed, and harmonic content of output for stepped changes in source voltage at 35, 70, and 100 percent of rated load.  Test each monitoring and alarm function.

H. Test Failures:  Correct deficiencies identified by tests and retest.  Verify that equipment complies with specified requirements.

3.4 CLEANING AND ADJUSTING

A. On completion of installation, cleaning, and testing, touch up scratches and mars of finish to match original finish.

B. Adjust voltage regulators to provide optimum voltage at equipment served throughout normal operating cycle of facility.  Record input and output voltages and adjustment settings for submission with test results.

3.5 DEMONSTRATION

Retain this Article if special requirements, including those for extensive and complex facilities, are in Project.

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

B. Train Owner's maintenance personnel in the following:

1. Safety precautions.

2. Features and construction of project equipment.

3. Voltage adjustment procedures.

4. Routine testing and monitoring operations.

5. Interpretation of readings of indicating and alarm devices.

6. Routine inspection procedures.

7. Routine cleaning.

C. Review data in the maintenance manuals.  Refer to Division 1 Section "Contract Closeout."

Delete paragraph above or below depending on which Section is retained in Division 1.  Verify that Section titles listed are correct for this Project's Specifications because Section titles may have changed since this Section was written.

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

E. Schedule training with Owner with at least seven days' advance notice.
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