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SECTION 16461
TRANSFORMERS (SPECIALTY)

SPEC WRITER NOTE: Delete between //_____// if not applicable to project. Also delete any other item or paragraph not applicable to the selection and renumber the paragraphs. This spec is for computer center uses/specialty areas only. //

PART 1 ‑ GENERAL

1.1 DESCRIPTION


This section specifies the furnishing, installation and connection of the specialty transformers specified.

1.2 RELATED WORK 

A.
Section 13081, SEISMIC RESTRAINT FOR NONSTRUCTURAL COMPONENTS: Requirements for seismic restraint of nonstructural components.

B.
Section 16050, BASIC METHODS AND REQUIREMENTS (ELECTRICAL): General electrical requirements and items that are common to more than one section of Division 16.
C.
Section 16111, CONDUITS: Conduits and outlet boxes.

D.
Section 16127, CABLES, LOW VOLTAGE (600 VOLTS AND BELOW): Cables and wiring.

E.
Section 16450, GROUNDING: Requirements for personnel safety and to provide a low impedance path for possible ground fault currents.

1.3 SUBMITTALS

A.
In accordance with Section 16050, BASIC METHODS AND REQUIREMENTS (ELECTRICAL), submit the following:
B.
Shop Drawings:

1.
Sufficient information, clearly presented, shall be included to determine compliance with drawings and specifications.

2.
Include electrical ratings, dimensions, weights, mounting details and materials, terminations, temperature rise, and connection diagrams.

3.
Complete nameplate data including manufacturer’s name and catalog number.

C.
Manuals:

1.
Submit, simultaneously with the shop drawings, companion copies of complete maintenance and operating manuals including technical data sheets and wiring diagrams.

2.
If changes have been made to the originally submitted maintenance and operating manuals, then two weeks prior to final inspection submit four copies of updated maintenance and operating manuals to the Resident Engineer.

D.
Certification: Two weeks prior to the final inspection, submit four copies of the following to the Resident Engineer:
1.
Certification that the equipment has been properly installed, adjusted, and tested. 

1.4 APPLICABLE PUBLICATIONS

A.
Publications listed below (including amendments, addenda, revisions, supplements, and errata) form a part of this specification to the extent referenced. Publications are referenced in the text by designation only. 

B.
Institute of Electrical and Electronics Engineers (IEEE):

519-92, Section 6
Harmonic Control in Electrical Power Systems

1100-99
Powering and Grounding Electronic Equipment

C.
International Organization for Standardization (ISO):

9001-94
Quality Management Systems - Requirements 

14001-96
Environmental Management Systems – Specifications with Guidance for use

D.
National Electrical Manufacturers Association (NEMA): 

ST20-97
Dry Type Transformers for General Applications

TP1-02
Guide for Determining Energy Efficiency for Distribution Transformers

TR-1-00
Transformers, Regulators, and Reactors

E.
National Fire Protection Association (NFPA): 

70-05
National Electrical Code (NEC) 

F.
Underwriters Laboratories, Inc. (UL): 

506-00
Specialty Transformers

1950-95
Safety of Information Technology Equipment, including Electrical Business Equipment

PART 2 ‑ PRODUCTS 

2.1 BUCK‑BOOST TRANSFORMERS 

SPEC WRITER NOTE: Design must assure that all buck-boost transformers are continuously loaded.

A.
Shall be in accordance with UL, NEC, as shown on the drawings and have the following features: 

1.
Self‑cooled, indoor, dry type, and suitable for connection as auto transformers to provide the percentages of voltage buck or boost as shown on the drawings. 

2.
Continuous duty. 

3.
Insulation system to be 220 degrees C. 

4.
Sound levels shall not exceed 36 dB. 

5.
Core assemblies grounded to enclosure. 

6.
Enclosures cleaned and painted at the factory with primer and manufacturer's standard finish.

7.
Vibration isolators.  

B. Dimensions and configuration shall conform to the spaces designated for their installation. 

2.2 VOLTAGE STABILIZING TRANSFORMERS 

A.
Shall be in accordance with UL, NEC, as shown on the drawings and have the following features: 

1.
Self‑cooled by natural convection, automatic, harmonic‑filtered, indoor dry type. 

2.
Insulation temperature rise shall not exceed NEMA Standards. 

3.
Core and coil assemblies: 

a.
Rigidly braced to withstand the stresses caused by short circuit currents and rough handling during shipment. 

b.
Cores shall be grain oriented, non‑aging, silicon steel. 

c.
Coils shall be continuous windings without splices except for taps. 

d.
Primary and secondary tap connections shall be brazed or pressure type. 

4.
Shall not have any moving parts or electronic tubes. 

5.
Shall stabilize their output voltages within plus or minus one percent within two cycles while their input voltages vary within plus or minus 15 percent.
6.
Filters shall limit the total harmonic distortion in their output to three percent.
7.
Ground core assemblies to their enclosures by adequate, flexible, ground straps.
8.
Enclosures:
a.
Not less than code gage steel.
b.
Temperature at hottest spot shall conform to NEMA Standards.
c.
Ventilation openings shall prevent accidental access to live components. 

d.
Thoroughly cleaned and painted at the factory with primer and the manufacturer's standard finish.
9.
Sound levels shall conform to NEMA Standards.
10.
Standard NEMA features and accessories including ground pad, lifting provisions and diagrammatic nameplate.
11.
Dimensions and configurations shall conform to the spaces designated for installation.
2.3 INDUCTION TYPE VOLTAGE REGULATORS 

A.
Shall be in accordance with NEMA, NEC, as shown on the drawings, and have the following features:
1.
Self‑cooled by natural convection, automatic, motor‑driven moving coil, compact design, indoor dry type. 

2.
Insulation temperature rise shall not exceed NEMA Standards. 

3.
Core and coil assemblies:
a.
Rigidly braced to withstand the stresses caused by short circuit currents and rough handling during shipment.
b.
Cores shall be grain oriented, non‑aging and silicon steel.
c.
Bearings shall be ball or roller type, permanently lubricated.
4.
No electronic tubes.
5.
Shall regulate their output voltages within plus or minus one percent while their input voltages vary within plus or minus 10 percent. 

6.
Rate of voltage correction shall be not less than two volts per second.
7.
Shall be drift free.
8.
Total harmonic distortion in their output shall be negligible. 

9.
Enclosures:
a.
Not less than code gage steel.
b.
Temperature at hottest spot shall conform to NEMA Standards. 

c.
Ventilation openings shall prevent accidental access to live components.
d.
Thoroughly cleaned and painted at the factory with primer and manufacturer’s standard finish.

10.
Sound levels shall conform to NEMA Standards.
11.
Standard NEMA features and accessories including ground pad, lifting provisions and diagrammatic nameplate. 

12.
Dimensions and configurations shall conform to the spaces designated for their installation.
2.4 CONTROL AND SIGNAL TRANSFORMERS 

A.
Shall be in accordance with UL, NEC as shown on the drawings and have the following features. 

1.
Self‑cooled by natural convection, isolating windings, indoor, dry type.

2.
Insulation temperature rise shall not exceed NEMA Standards.
3.
Core and coil assemblies shall be rigidly braced silicon steel with continuous coil windings except for taps.
4.
Enclosures:
a.
Not less than code gage steel.

b.
Thoroughly cleaned and painted at the factory with primer and manufacturer’s standard finish.
5.
Diagrammatic nameplate.
6.
Dimensions and configurations shall conform to the spaces designated for their installations.
SPEC WRITER NOTE: This is to be used where engineer has decided to reduce the harmonics on the secondary side of the transformer in the building distribution system.

//2.5 energy saving harmonic cancellation voltage regulator

A.
The equipment fed by the transformer shall be nonlinear in nature and include electronic equipment (i.e. Computers) that draws current in a non-sinusoidal fashion, producing harmonics, causing voltage distortion, transformer heating and more.

B.
Shall be accordance with IEEE Standard 1100 and Standard 519 section 6 and have the following features: 
1.
A solid state, electronic, zero current crossing tap switching regulation system shall be provided. This regulator shall use Silicon Controlled Rectifier (SCR) technology in its construction and shall be rated at 100% above worst case ratings (26% below nominal) without adverse affect. The regulation system shall respond to a change in the input voltage within one cycle.

2.
Input voltage regulation range is +10% to –26% of nominal.

3.
Output voltage range shall be +/- 3% typical, +/-4% maximum for all load and line conditions.

4.
Response time shall be 1 cycle typical for single tap adjustment and 2 cycles for full range adjustment.

5.
A manually operated bypass switch shall be provided. In case of a circuit malfunction, it shall select the 100% tap of the isolation transformer and provide unregulated nominal power to the output circuit. The bypass switch is a “break-before-make” switch and for access, shall not require the removal of any panels.

6.
A heat shield shall separate the electronics from the transformer.  All internal wiring shall be UL Listed appliance wire or power wiring of multi-stranded construction.

7.
Overload Inrush Rating: 200% of full load for 10 seconds, 1000% of full load for 1 cycle.

8.
System Efficiency is 97% or higher for 50kVA and larger units.

9.
The 3rd, 9th and other zero sequence currents shall be treated through secondary flux cancellation and shall not be coupled into the primary winding.

10.
Waveform Distortion at tap switching is < 1% added.

11.
Load imbalance: reduction of fundamental current imbalance from secondary to primary of regulator.

12.
All windings and terminals shall be copper

13.
The zero sequence data is less than 1% ZS impedance and less than 0.5% ZS reactance.

14.
Nameplate impedance shall be between 3%-5%.

15.
Insulating class shall be 220o C.

16.
The operating temperature rise shall be 130o C.

17.
The ambient operating temperature shall be 40o C.

18.
Shall be UL listed under Standard 1950, UL. 

19.
Neutral bus: 200% of rated secondary phase current.

20.
Frequency: 60 Hz (+/- 3Hz tolerance)

21.
Taps shall be provided on the primary to accommodate the tap-switching electronics. Full load taps shall be provided (2) FLAN and (4) FLBN for connection of the tap switching regulator module.

22.
Primary and secondary connections shall be placed on opposite sides of the core to minimize the possibility of transverse mode injection.

23.
3 phase common core, dry-type, and convection air-cooled transformer type.

24.
Load Power factor: Unity to 0.3 leading or lagging.

25.
Electrostatic Shielding: single shield (60dB Attenuation)

26.
Sound levels shall be per NMEA ST20; 10-50kVA:45dB, 51-150kVA:50dB, 151-300kVA:50dB, 301-500kVA:60dB.

27.
NEMA-1 type enclosure. //

SPEC WRITER NOTE: The equipment fed by the transformer shall be nonlinear in nature and include electronic equipment (i.e. Computers) that draws current in a non-sinusoidal fashion, producing harmonics, causing voltage distortion, transformer heating and more. This is to be used to conserve energy in the building.

//2.6 energy efficient harmonic cancellation power distribution unit

A.
Shall provide high efficiency energy transfer, isolation, voltage transformation, harmonic correction, galvanic isolation, power distribution and load protection, with the capability of having an active harmonic correction module field-integrated within the existing Energy Station Enclosure:
1.
The transformer is required to be tested under nonlinear electronic equipment load representative of real world electronic equipment given the severe degradation of transformer performance when feeding nonlinear load compared to linear load:
a.
Manufacturer must have a nonlinear Load Test program operating in the production environment and properly audited and documented per quality standard ISO9001.  

b.
Factory test results shall be supported by independent testing under single-phase nonlinear load by a US DOE lab or equivalent known independent test lab.

c.
Metering shall be revenue class.  Dual meters shall gather simultaneous primary and secondary energy and harmonic data.  Meter and CT combination must have revenue class accuracy.

d.
Efficiency: Measurements shall be taken at multiple load levels and plotted to show compliance with specification and correlation to the designed efficiency curve.

e.
Harmonic data including current and Voltage THD at the different load levels shall be included with the test report.

2.
The manufacturer shall supply the unit’s nonlinear load performance data by product serial number, energy efficiency data and other test data.

B.
Transformer shall have the following features:

1.
kVA Rating: up to 500kVA.
2.
Transformers shall be built and tested in accordance with ISO 14001, ISO 9001, NEMA ST20 and NEMA TP1, and then tested under nonlinear load in the factory prior to shipment.

3.
Transformer shall be 3-phase, common core, copper-wound, two winding dry-type type, convection air cooled, rated for 60 Hz operation, 220 degree C insulation class, 130 degree C rise over a 24-hour average ambient temperature of 40 degree C, Epoxy Polyester impregnation for core and coil assembly. Zero sequence impedance/reactance: Less than 0.95% and 0.3% respectively. Transformers 750 kVA and less, 600 volt primary and less, shall be U.L. and CSA listed. Taps: 2 x 2 ½% above nominal, 2 x 2 ½% below nominal, typical.

4.
Nonlinear load efficiency at 50% of nameplate rating per mandatory testing procedure: 15kVA: 97.0%, 30kVA: 97.5%, 45kVA: 97.8%, 75kVA: 98.0%, 112.5kVA: 98.0%, 150kVA: 98.1%, 225kVA: 98.1%, 300kVA: 98.2%, 500kVA: 98.4%, 750kVA: 98.7%.

5.
Third (3rd) Harmonic Treatment: zero sequence currents shall not be coupled into the primary winding.

6.
Fifth and seventh harmonics are treated through the pairing of phase-shifted models of transformer such that these harmonic currents, when produced by similar sources, subtract at the common bus feeding the transformers.

7.
Each winding is independently single shielded with a full-width copper electrostatic shield

8.
Sound level per NEMA ST20.

9.
Shall be NEMA-1 type enclosure

C.
Provide an integrated enclosure for transformer plus distribution; with appropriate main input circuit breaker sized to protect the transformer; with //22//, //25//, //35//, //65// & //other// kIAC interrupting rating, with shunt trip activated by local or remote Emergency Power Off (EPO) button located on the front; 42-circuit panelboards each having a 225 amp 22 kAIC main circuit breaker. //

SPEC WRITER NOTE: The equipment fed by the transformer shall be nonlinear in nature and include electronic equipment (ie. Computers) that draws current in a non-sinusoidal fashion, producing harmonics, causing voltage distortion, transformer heating and more.

//2.7 energy saving harmonic cancellation system

A.
Shall be accordance with IEEE Standard 1100 and Standard 519 section 6 and have the following features:

1.
Efficiencies: minimum 99% for all transformers 45kVA and above, 98% for transformers 30kVA and smaller.

2.
The 5th, 7th, 17th, and 19th harmonics are treated by introducing the appropriate primary-to-secondary phase-shift in the transformer, such that these currents subtract at the common bus with those produced by other similar sources.

3.
Change in voltage THD between transformer primary and secondary terminals shall be minimized so as to meet IEEE-519 when implemented on a system basis.

4.
All windings and terminals shall be of copper

5.
Nameplate Impedance: 1.0 – 1.25%

6.
Insulation class: 220 degrees C.

7.
Operating temperature rise: 150 degrees C standard.

8.
Ambient operating temperature: 40 degrees C.

9.
Construction standards: NEMA ST20 and appropriate UL, CSA and ANSI/IEEE standards.

10.
The unit shall be shipped on an assembly that protects the unit during shipment and allows easy placement without requiring lifting off a pallet, which would waste 70% more wood.

11.
Shall be UL listed, CSA approved.

12.
Frequency: 60 Hz.

13.
Shall be 3-phase common core, dry-type, convection air-cooled transformer type.

14.
Sound level shall be per NEMA ST20: 10-50kVA: 45dB, 51-150kVA: 50dB, 151-300kVA: 55dB, 301-500kVA: 60dB.

15.
Shall be NEMA-1 type enclosure.

SPEC WRITER NOTE: The equipment fed by the transformer shall be nonlinear in nature and include electronic equipment (i.e. Computers) that draws current in a non-sinusoidal fashion, producing harmonics, causing voltage distortion, transformer heating and more.

//2.8 energy saving harmonic cancellation transformer (isolating)

A.
Shall be accordance with IEEE Standard 1100 and Standard 519 section 6 and have the following features.

1.
Efficiencies: Greater than 97.5% for all transformers 45kVA and above, 97% for transformers 30kVA and smaller.

2.
The 5th, 7th, 17th, and 19th harmonics are treated by introducing the appropriate primary-to-secondary phase-shift in the transformer, such that these currents subtract at the common bus with those produced by other similar sources.

3.
Change in voltage THD between transformer primary and secondary terminals shall be minimized so as to meet IEEE-519 when implemented on a system basis.

4.
All windings and terminals shall be of copper.

5.
Nameplate Impedance: 3.0 – 4.0% (up to 75 kVA), 3.0 - 4.8% (112.5 – 500 kVA). Others as specified.

6.
Insulation class: 220 degrees C.

7.
Operating temperature rise: 130 degree C standard.

8.
Ambient operating temperature: 40 degrees C.

9.
Construction standards: NEMA ST20 and appropriate UL, CSA and ANSI/IEEE standards.

10.
Shall be UL listed, CSA approved.

11.
The unit shall be shipped on an assembly that protects the unit during shipment and allows easy placement without requiring lifting off a pallet, which would waste 70% more wood.

12.
Neutral Rating: 200% of rated secondary phase current.

13.
Frequency: 60 Hz.

14.
Taps: 2 x 2 ½% above nominal, 2 x 2 ½% below nominal, typical.

15.
Shall be 3-phase common core, dry-type, convection air-cooled transformer type.

16.
Sound level shall be per NEMA ST20: 10-50kVA: 45dB, 51-150kVA: 50dB, 151-300kVA: 55dB, 301-500kVA: 60dB.

17.
Shall be NEMA-1 type enclosure.

18.
Shall have a 5-year pro-rated warranty, against defective materials and workmanship, limited liability.

SPEC WRITER NOTE: The equipment fed by the transformer shall be nonlinear in nature and include electronic equipment (i.e. Computers) that draws current in a non-sinusoidal fashion, producing harmonics, causing voltage distortion, transformer heating and more.  

//2.9 energy saving harmonic cancellation transformer (universal)

A.
Shall be accordance with IEEE Standard 1100 and Standard 519 section 6 and have the following features.

1.
The 3rd, 9th and other zero sequence currents shall be treated via flux cancellation in the secondary windings so as not to be coupled to the primary side.

2.
Efficiency: Greater than 96% for all transformers 15kVA and above.

3.
Load Imbalance: Reduction of fundamental current imbalance from secondary to primary of transformer.

4.
All windings and terminals shall be of copper

5.
Zero Sequence (ZS) data: 1.0% ZS Impedance, 0.5% ZS reactance.

6.
Nameplate Impedance: 3.0 – 5.0%.

7.
Insulation class: 220 degrees C.

8.
Operating temperature rise: 150 degree C standard.

9.
Ambient operating temperature: 40 degrees C.

10.
Electrostatic Shield: Each winding shall be independently single shielded with a full-width copper electrostatic shield.

11.
Thermal Sensors: 2 sets of normally-open dry contacts: 170 deg. C and 200 deg. C.

12.
Construction standards: NEMA ST20 and appropriate UL, CSA and ANSI/IEEE standards.

13.
Shall be UL listed, CSA approved.

14.
Neutral Rating: 200% of rated secondary phase current.

15.
Frequency: 60 Hz.

16.
Input voltage – tap selectable: 190, 208, 240, 480V, 3-phase, 3-wire.

17.
Output voltage – tap selectable: 120-208, 277-480, 3-phase, 4-wire, & ground.

18.
Shall be 3-phase common core, dry-type, convection air-cooled transformer type.

19.
Sound level shall be per NEMA ST20: 10-50kVA: 45dB, 51-150kVA: 50dB, 151-300kVA: 55dB, 301-500kVA: 60dB.

20.
Shall be NEMA-1 type enclosure.

//2.10 harmonic filter for 3-phase nonlinear loads

A.
Nonlinear Nature of the Connected Load

1.
The majority of 3-phase nonlinear loads are 6-pulse in type, producing characteristic harmonic currents that are mainly 5th and 7th, but also include 11th and 13th.

2.
Such 3-phase equipment includes general purpose diode or SCR type rectifiers, with equipment types including pumps and fans, welders, elevators, induction heaters, UPS systems.

3.
IEEE Standard 1100 documents how typical transformers feeding electronic equipment produce substantially higher losses under nonlinear load compared to under linear load.

4.
IEEE Standard 519 section 6 documents that power electronic equipment is susceptible to misoperation caused by harmonic distortion.

5.
IEEE Standard 519 section 10 sets limits for both current and voltage distortion in electrical systems.

B.
Provide a chart of harmonic filter performance over its load range, documenting compliance the level of harmonic current reduction called for in this specification.

C.
Attenuation of overall harmonic current Total harmonic Distortion (THD) by targeting major harmonics, the 5th and 7th, with additional reduction in 11th and 13th.

D.
When feeding variable torque ac variable frequency drives, the harmonic filter shall reduce load current THD typically to 8% calculated as an average over the load range of the product, never to exceed an average of 10%.

E.
Given the changing nature of installed load, the harmonic filter must be compatible with the following technologies:

1.
Drives:

a.
Variable torque AC variable frequency

b.
Constant torque AC variable frequency

c.
DC drives

d.
Drives with internal reactor

e.
Drives with dc-link inductor

2.
3-phase, 6-pulse Rectifiers:
a.
Diode

b.
SCR-with pre-charge

c.
SCR-with phase control

d.
Diode/SCR combination

e.
Phase controlled

3.
Operating Output Voltage Range

a.
Maximum Voltage < 105% of nominal under no load

b.
Minimum Voltage > 95.5% of nominal under full load

F.
The main filtering components shall be passive inductor/capacitor combinations, using a parallel resonant trap. The circuit shall include inductive components both upstream and downstream of the capacitor in order to prevent the possibility of resonance, Voltage ‘ring-up’ and overloading of the harmonic filter from upstream harmonics, and to provide continued compatibility in the event of changes in system conditions.

G.
Insulation class: 220 deg. C.

H.
Frequency: 60 Hz.

I.
Shall be UL listed.

J.
Shall be NEMA-3R type enclosure.

K.
The unit shall be shipped on an assembly that protects the unit during shipment and allows easy placement without requiring lifting off a pallet, which would waste 70% more wood.

PART 3 ‑ EXECUTION 

3.1 INSTALLATION

SPEC WRITER NOTE: Coordinate with mechanical to assure proper ventilation of transformers. 

A.
Equipment shall be installed with adequate clearance for air circulation to remove the heat produced by the transformers. 

B.
Transformers shall be installed on vibration pads designed to suppress the transformer vibrations. 

C.
Flexible metal conduit shall be used to enclose the conductors from the transformer to the raceway systems. 

3.2 Spare Parts

A.
Deliver the following spare parts for the project to the Resident Engineer two weeks prior to final inspection:

1.
Six stand‑off insulators.

2.
Six insulated protective caps.

3.
One spare set of high voltage fuses for each size fuse used in the project.

3.3 training

A.
Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain systems. Refer to Division 1 Section 01010 "GENERAL REQUIREMENTS (WAGE DETERMINATION DECISION):"
1.
Train Owner's management and maintenance personnel in interpreting and using monitoring displays and in configuring and using software and reports. Include troubleshooting, servicing, adjusting, and maintaining equipment. Provide a minimum of 8 hours' training.

2.
Training Aid: Use approved final versions of software and maintenance manuals as training aids.

3.
Test and troubleshoot the system.
‑ ‑ ‑ E N D - ‑ ‑

16461-13

