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sUBSTATION TRANSFORMERS

vacuum cast-coil design

PART 1 General

1.01 Scope

A. The Contractor shall furnish and install the primary and/or secondary substation transformers as specified herein and as shown on the contract drawings.

1.02 Related Sections

A. Section 16950B – Transformer Supplemental Acceptance Testing.

1.03 References

A. The substation transformers shall be designed, manufactured and tested in accordance with the latest applicable standards of NEMA and ANSI. ANSI C57

1.04 submittals – for review/approval

A. The following information shall be submitted to the Engineer:

1. Master drawing index

2. Front view elevation and weight

3. Plan view

4. Schematic diagrams

5. Nameplate diagram

6. Component list

7. Conduit entry/exit locations

8. Ratings including:

a. kVA

b. Primary and secondary voltage

c. Taps

d. Primary and secondary continuous current

e. Basic Impulse Level

f. Impedance

g. Insulation class and temperature rise

9. Cable terminal sizes

10. Product data sheets

B. Where applicable, the following additional information shall be submitted to the Engineer:

1. Busway connection

2. Connection details between close-coupled assemblies

3. Composite floor plan of close-coupled assemblies

4. Key interlock scheme drawing and sequence of operations

1.05 Submittals – for CONSTRUCTION

A. The following information shall be submitted for record purposes:

1. Final as-built drawings and information for items listed in Section 1.04, and shall incorporate all changes made during the manufacturing process

2. Wiring diagrams

3. Certified production test reports

4. Installation information

5. Seismic certification as specified

1.06 Qualifications

A. The manufacturer of the assembly shall be the manufacturer of the major components within the assembly.

B. For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified.

C. The manufacturer of this equipment shall have produced similar electrical equipment for a minimum period of five (5) years. When requested by the Engineer, an acceptable list of installations with similar equipment shall be provided demonstrating compliance with this requirement.

D. (Provide Seismic tested equipment as follows:

1. The equipment and major components shall be suitable for and certified by actual seismic testing to meet all applicable seismic requirements of the 2006 International Building Code (IBC).  Guidelines for the installation consistent with these requirements shall be provided by the equipment manufacturer and based upon testing of representative equipment.  Equipment certification acceptance criteria shall be based upon the ability for the equipment to be returned to service immediately after a seismic event within the above requirements without the need for repairs.
2. The following minimum mounting and installation guidelines shall be met, unless specifically modified by the above referenced standards.

a. The Contractor shall provide equipment anchorage details, coordinated with the equipment mounting provision, prepared and stamped by a licensed civil engineer in the state. Mounting recommendations shall be provided by the manufacturer based upon the above criteria to verify the seismic design of the equipment.

b. The equipment manufacturer shall certify that the equipment can withstand, that is, function following the seismic event, including both vertical and lateral required response spectra as specified in above codes.

c. The equipment manufacturer shall document the requirements necessary for proper seismic mounting of the equipment. Seismic qualification shall be considered achieved when the capability of the equipment, meets or exceeds the specified response spectra.
1.07 Regulatory requirements

A. UL label required.

1.08 Delivery, storage and handling

A. Equipment shall be handled and stored in accordance with manufacturer’s instructions. One (1) copy of these instructions shall be included with the equipment at time of shipment.

1.09 Operation and maintenance manuals

A. Equipment operation and maintenance manuals shall be provided with each assembly shipped and shall include instruction leaflets, instruction bulletins and renewal parts lists where applicable, for the complete assembly and each major component.

1.010 field measurements

A. Measure primary and secondary voltages and make appropriate Tap adjustments.

PART 1 
products – vacuum cast-coil design transformers

1.01 Manufacturers

A. Eaton 

B. (__________

C. (__________

The listing of specific manufacturers above does not imply acceptance of their products that do not meet the specified ratings, features and functions. Manufacturers listed above are not relieved from meeting these specifications in their entirety. Products in compliance with the specification and manufactured by others not named will be considered only if pre-approved by the Engineer ten (10) days prior to bid date.

1.02 Ratings

A. The ratings of the transformer shall be as follows or as shown on the drawings:

kVA Rating

(________/__________
([AA] [AA/FFA] [AA/FA]
Impedance 

(_________


%([+/- 7-1/2%] [ANSI Standard 








Tolerance] [Minimum] [Maximum]
HV 


(_________


kV ([Delta] [Wye]
HV BIL 


(_________


kV
HV De-energized Taps 
(_________


+/- 2 - 2-1/2% full capacity
LV 



(_________


Volts ([Wye] [Delta]
LV BIL 


(_________


kV

1.03 Construction

A. Transformer shall be cooled by natural air convection (AA).

-- (OR --

B. Future forced air (FFA) for units 300 kVA to 3750 kVA shall contain all components such as temperature sensor and wiring except fans for a ([33%] [50%] increased kVA. All current carrying bus shall be sized to accommodate the (FFA) rating. Units above 3750 kVA shall have an increase of 25%.

-- (OR --

C. Future forced air (FFA) units for 300 kVA to 3750 kVA shall include all necessary wiring and the relay required for the automatic control of future fans (not included) to increase the kVA rating by 33%. The package shall include a TC-50 Transformer Temperature Controller that monitors up to three (3) ventilated Dry Type transformer windings and (1) ambient temperature. The controller’s electronic components shall be conformally coated to prevent premature failure due to extreme environmental conditions.  The controller shall operate relays by comparing the highest winding temperature to stored set point temperatures and display four (4) thermocouple inputs as well as the stored maximum temperature and its associated winding. The unit shall provide Fans, Alarm, and Trip output relays. Form C contacts shall be provided to trip the transformer off-line if any of the winding temperatures exceeds the trip setting.  A test function shall be provided to: test the digital display and all of the LEDs; simulate over-temperature conditions; and check the internal temperature of the monitor.  A 4-20 mA analog signal shall be provided for remote indication or for use with SCADA systems. Control power shall be provided from *[a control power transformer in the secondary equipment] [a separate, external control power source] [internal control power transformer]. Units above 3750 kVA shall have an increase of 25%.

-- (OR --

D. Forced air (FA) units for 300 kVA to 3750 kVA shall contain all necessary components and wiring, including fans, for automatically increasing the kVA rating by ([33%] [50%]. The package shall include a TC-100 Transformer Temperature Controller that monitors up to three (3) ventilated Dry Type transformer windings and (1) ambient temperature. The controller’s electronic components shall be conformally coated to prevent premature failure due to extreme environmental conditions.  The controller shall operate relays by comparing the highest winding temperature to stored set point temperatures and display four (4) thermocouple inputs as well as the stored maximum temperature and its associated winding. The unit shall provide Fans, Alarm, and Trip output relays. Form C contacts shall be provided to trip the transformer off-line if any of the winding temperatures exceeds the trip setting.  A test function shall be provided to: test the digital display and all of the LEDs; simulate over-temperature conditions; and check the internal temperature of the monitor.  A 4-20 mA analog signal shall be provided for remote indication or for use with SCADA systems. The controller shall contain a real time clock that will allow the following data to be stored: fan run time (hours), time stamped temperature trending, time stamped alarm log, and time stamped trip log.  The unit shall have optional fan failure detection that can start a backup fan or send an alarm.  Unit shall be equipped with a front-accessible USB port to configure settings and download monitored data.  Control power shall be provided from ([a control power transformer in the secondary equipment] [a separate, external control power source] [internal control power transformer]. Units above 3750 kVA shall have an increase of 25%.

1. Transformer mounted serial communications module shall render the following data via RS-485 ModBus interface, in addition to all parameters available from the temperature monitor and fan control unit:

a. primary switch blown fuse indication

b. primary switch position indication

2. All necessary contact and signal wiring shall be installed at the factory using standard harnesses and pull-apart connectors.  Matching harnesses shall be provided in the HV and LV equipment for true ‘plug-and-play’ installation.
3. Transformer temperature Hi-Temp Alarm, Trip signal and mA current loop shall be wired to low-voltage equipment as standard.  Provide ModBus RS-485 from MV equipment, through the temperature controller to LV equipment for complete connectivity with communications ready devices installed in the substation.
4. The serial communications network shall be wired to a Power Xpert® Ethernet Gateway in the equipment for remote data access via an Ethernet switch to the customer’s Local Area Network (LAN).  All required hardware for [10BaseT Twisted Pair][100BaseT Twisted Pair][100BaseFX Fiber-Optic] customer network connection shall be included within the Power Distribution Equipment.
a. All serial communications devices within the equipment shall be addressed at the factory and tested to verify reliable communications to the equipment’s Power Xpert® Gateway.

b. The Power Xpert® Gateway shall be self-configuring and provide detailed communications diagnostic information for serial and Ethernet ports as well as internal health status and memory management information through embedded HTML web pages for viewing using a standard Internet browser.

E. The electrical insulation system shall utilize Class F material in a fully rated 185 degrees C system. Transformer design temperature rise of ([80] [115] degrees C shall be based on a 30 degrees C average ambient over a 24-hour period with a maximum of 40 degrees C. Solid insulation in the transformer shall consist of inorganic materials such as glass fiber, electrical grade epoxy and Nomex. All insulating materials must be rated for continuous 185 degrees C duty.

F. For enhanced environmental protection and improved withstand to thermal shock and short-circuit stresses, the primary and secondary coil assemblies shall be of cast coil design. Each cast-coil shall be cast under vacuum to ensure complete, void-free epoxy resin impregnation throughout the entire insulation system.

G. The average temperature rise of the transformer windings shall not exceed ([80] [115] degrees C when the transformer is operated at full nameplate rating. The transformer(s) shall be capable of carrying 100% of nameplate kVA rating in a 40 degrees C maximum 
30 degrees C average ambient as defined by ANSI C57.12.00.

H. High- and low-voltage windings shall be ([copper] [aluminum].

I. The transformer shall be supplied in a knockdown case design, for ease in fitting through limited openings, and shall be of heavy gauge sheet steel construction, equipped with removable panels for access to the core and coils. Front and rear panels shall incorporate ventilating grills.

J. The transformer shall be designed to meet the sound level standards for dry transformers as defined in NEMA TR1. The measurement procedure shall be as specified in ANSI C57.12.90.

K. Where outdoor cast-coil transformers are shown on the drawings, they shall include thermostatically controlled space heaters fed from ([external source which remains energized when the transformer is de-energized] [a fused control power transformer connected to the primary side of the substation transformer]. Provide NEMA 3R enclosure with special ventilating grills that restrict the passage of rain or spray.

1.04 accessories

A. Transformer shall include: 

1. Diagram instruction plate

2. Provisions for lifting and jacking

3. Removable center panel for access to high-voltage strap-type connector taps for de-energized tap changing

4. Two ground pads with continuous ground bus

1.05 finish

A. The paint shall be applied using an electrostatically deposited dry powder system to a minimum of three (3) mils average thickness. Outdoor cast-coil transformer units shall include suitable outdoor paint finish. Units shall be painted ANSI 61 for indoor service or outdoor service and shall match the primary and secondary equipment.

1.06 Terminal compartments/flange connections

A. The transformer unit supplied shall include a ([HV close-coupled flange] [HV cable terminal compartment] and a ([LV close-coupled flange] [busway flange] [LV cable terminal compartment]. Connections between the primary device and transformer shall be ([cable] [bus], and between the transformer and secondary shall be flexible bus braid.

1.07 (bushing power factor sensing equipment

A. The transformer shall be equipped with a continuous monitoring system to allow for pre-and post-shipment measurement of bushing power factor and internal partial discharges. In addition, vibro-acoustics testing shall be completed both prior to shipment and after final installation. Vibro-acoustics testing will indicate any initial winding looseness prior to shipment, and confirm that no additional internal stress has occurred during shipment and installation. The system shall be as specified in Section 16950B.

PART 2 Execution

2.01 factory testing

A. The following standard factory tests shall be performed on all equipment provided under this section. All tests shall be in accordance with the latest version of ANSI and NEMA standards.

1. Resistance measurements of all windings on the rated voltage connection of each unit and at the tap extremes of one unit only of a given rating on this project

2. Ratio tests on the rated voltage connection and on all tap connections

3. Polarity and phase-relation tests on the rated voltage connections

4. No-load loss at rated voltage on the rated voltage connection

5. Exciting current at rated voltage on the rated voltage connection

6. Impedance and load loss at rated current on the rated voltage connection of each unit and on the tap extremes of one unit only of a given rating on this project

7. Applied potential test

8. Induced potential tests

9. For dry-type and cast-coil units, the manufacturer shall perform additional 100% quality control impulse test on the primary windings of each unit

10. Partial Discharge tests

B. The manufacturer shall provide three (3) certified copies of factory test reports.

C. (The following special factory tests shall be performed on the equipment provided under this section. All tests shall be in accordance with the latest revision of ANSI and NEMA standards.

1. (Temperature test(s) shall be made on ([all units] [one unit only of a project covering one or more units of a given kVA rating]. Tests shall not be required when there is an available record of a temperature test on an essentially duplicate unit. When a transformer is supplied with auxiliary cooling equipment to provide more than one rating, temperature tests as listed above shall be made on the lowest kVA OA or AA rating and the highest kVA FA rating

2. (ANSI impulse test on all primary windings

D. (Factory tests as outlined above shall be witnessed by the owner’s representative.

1. The manufacturer shall notify the owner two (2) weeks prior to the date the tests are to be performed

2. The manufacturer shall include the cost of transportation and lodging for up to three (3) owner’s representatives. The cost of meals and incidental expenses shall be the owner’s responsibility

2.02 Field quality Control

A. Provide the services of a qualified factory-trained manufacturer’s representative to assist the contractor in installation and startup of the equipment specified under this section for a period of (______ working days. The manufacturer’s representative shall provide technical direction and assistance to the Contractor in general assembly of the equipment, connections and adjustments, and testing of the assembly and components contained herein.

B. The Contractor shall provide three (3) copies of the manufacturer’s field startup report.

2.03 manufacturer’s certification

A. A qualified factory-trained manufacturer’s representative shall certify in writing that the equipment has been installed, adjusted and tested in accordance with the manufacturer’s recommendations.

B. The Contractor shall provide three (3) copies of the manufacturer’s representative’s certification.

2.04 training

A. The contractor shall provide a training session for up to five (5) owner’s representatives for  (_____ normal workdays at a job site location determined by the owner.

B. The training session shall be conducted by a manufacturer’s qualified representative. Training program shall include instructions on the transformer, auxiliary devices and other major components.

2.05 Installation

A. The Contractors shall install all equipment per the manufacturer’s recommendations and the contract drawings.

B. All necessary hardware to secure the assembly in place shall be provided by the Contractor.

2.06 Field adjustments

A. Adjust taps to deliver appropriate secondary voltage.
2.07 Field testing

A. Measure primary and secondary voltages for proper tap settings.

B. Megger primary and secondary windings.
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