Specification for Three-Phase Pad-Mounted Distribution Transformers 45-3750 kVA

Text highlighted in yellow indicates that editing of this document is required at these places to select from among multiple product options
Text highlighted in green offers application recommendations for protective devices.
1. GENERAL

1.1. This specification covers the electrical and mechanical characteristics of 45-3750 kVA Three-Phase Step-Down Dead Front Pad-Mounted Distribution Transformers with Secondaries Not Exceeding 700V.  Product similar to Cooper Power Systems Catalog Section 210-12.

1.2. All characteristics, definitions, and terminology, except as specifically covered in this specification, shall be in accordance with the latest revision of the following ANSI and NEMA standards.

C57.12.00 -
IEEE Standard General Requirements for Liquid-Immersed Distribution, Power and Regulating Transformers.

C57.12.10 -
Safety Requirements 230 kV and Below 833/958 Through 8333/10417 kVA, Single-Phase, and 750/862 Through 60000/80000/100000 kVA, Three-Phase Without Load Tap Changing; and 3750/4687 Through 60000/80000/100000 kVA with Load Tap Changing.

C57.12.26 -
Pad-Mounted, Compartmental-Type, Self-Cooled, Three-Phase Distribution Transformers For Use with Separable Insulated High-Voltage Connectors, High Voltage, 34500GrdY/19920 Volts and Below; 2500 kVA and Smaller.

C57.12.28 -
Pad-Mounted Equipment - Enclosure Integrity.

C57.12.90 -
IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulating Transformers and IEEE Guide for Short-Circuit Testing of Distribution and Power Transformers.

C57.92 - 
Guide for Loading Mineral-Oil-Immersed Power Transformers Up to and including 100 MVA with 65(C or 55(C Average Winding Rise.

2. RATINGS

2.1. The transformer shall be designed in accordance with this specification and the  kVA rating shall be  45, 75, 112.5, 150, 225, 300, 500, 750, 1000, 1500, 2000, 2500, 3000, 3750.
2.2. The primary voltage, configuration, and the basic lightning impulse insulation level (BIL) shall be ___________, {make a selection from Table 1}
Table 1

Transformer Ratings and Electrical 

Characteristics
	Transformer
	

	
	
	BIL
	

	Voltage Ratings (volts)
	
	(kV)
	

	Secondary Voltages

208Y/120

480Y/277

575Y/332

600Y/347

690Y/398

240 Delta

480 Delta

240 Delta with 120 Mid-Tap

480 Delta with 240 Mid-Tap
	
	30
	

	Primary Voltages

2400 Delta

4160 Delta

4800 Delta

7200 Delta

12000 Delta

12470 Delta

13200 Delta

13800 Delta

14400 Delta

16430 Delta

34500 Delta

43800 Delta

4160GrdY/2400

8320GrdY/4800

12470GrdY/7200

13200GrdY/7620

13800GrdY/7970

22860GrdY/13200

23900GrdY/13800

24940GrdY/14400

34500GrdY/19920

43800GrdY/25300
	
	60

60

60

75

95

95

95

95

95

125

150

250

60

75

95

95

95

125

125

125

150

250
	



1.
For complete connector rating, see ANSI/IEEE 386.

2.
Transformers are suitable for connectors with phase-to-ground or phase-to-ground/phase-to-phase high-voltage ratings as listed.

3.
Arrester coordination may require higher BIL on multiple connection than indicated to achieve a minimum protection level of 20%.

2.3. The secondary voltage, configuration, and the basic insulation level (BIL) of the secondary voltage shall be ___________, {make a selection from Table 1}
2.4. The transformer shall be furnished with full capacity high-voltage taps.  The tap changer shall be clearly labeled to reflect that the transformer must be de-energized before operating the tap changer as required in Section 3.3 of ANSI C57.12.26. Taps shall be provided on the higher voltage of dual voltage primary units.  The tap changer switch shall be an externally operated, snap action switch with a hotstick-operable handle.  The taps shall be +/- 2 - 2½% above and below nominal voltage, 4 – 2 ½% below nominal voltage.
2.5. The average winding temperature rise above ambient temperature, when tested at the transformer rating, shall not exceed 65(C.

OR

The average winding temperature rise above ambient temperature, when tested at the transformer rating, shall not exceed 55(C.

OR

The average winding temperature rise above ambient temperature, when tested at the base transformer rating, shall not exceed 55(C, and when tested at 112% of the base rating, shall not exceed 65(C.
2.6. The percent impedance voltage, as measured on the rated voltage connection, shall be per Table 2.  For target impedances, the tolerance on the impedance shall be +/- 7.5% of nominal value for impedance values greater than 2.5%.  The tolerance on the impedance shall be +/- 10.0% for impedance values less than or equal to 2.5%.

Table 2

Percent Impedance Voltage

	KVA Rating
	Impedance

	75
	1.00 -- 5.00

	112.5-300
	1.20 -- 6.00

	500
	1.50 – 7.00

	750-3750
	5.75


3. HIGH VOLTAGE BUSHINGS AND TERMINALS
3.1. Bushing Style:

FOR 15/25 KV, FOR CURRENTS BELOW 200 AMPS: The high voltage bushings shall be 15/25 kV 200A bushing wells with bushing well inserts installed.  The bushings shall be externally removable.  (Examples: Cooper Power Systems catalog sections 800-32, 800-33, 500-12, 500-26)

FOR 35 KV, FOR CURRENTS BELOW 200 AMPS: The high voltage bushing shall be a one-piece, 150 kV, 200-amp large interface load-break bushing. (Example: Cooper Power Systems catalog section 800-39)

FOR 15/25/35 KV, FOR CURRENTS ABOVE 200 AMPS: The high voltage bushing shall be A 600A Deadbreak Primary One-Piece Bushing externally removable, 3ø rated, integral design. (Example: Cooper Power Systems catalog sections 800-45 and 800-47)

15/25/35 KV LIVE FRONT, 200 KV BIL MAX: The high voltage bushing shall be a  porcelain bushing with a two-hole spade or an eyebolt connector.

FOR RADIAL FEED 250 KV BIL APPLICATIONS: The high voltage bushing shall be a CONNEX 52 kV dead-front bushing, size 3S. The male and female portions of the bushing shall be supplied with the transformer. (Example: see www.phoenixelectric-usa.com)

3.2. Bushing Configuration:

15/25 KV RADIAL FEED DEAD FRONT: The transformer shall be provided with  high voltage bushings rated for full three-phase duty in accordance with Figure 5 of ANSI C57.12.26 for radial feed configurations. The bushing heights shall be in accordance with Figure 7 of ANSI C57.12.26.

15/25 KV LOOP FEED DEADFRONT: The transformer shall be provided with six (6) high voltage bushings in accordance with Figure 6a of ANSI C57.12.26 for loop feed configurations.  For these configurations the K dimension (from the centerline of the bushing well to the center of the parking stand) shall be 6.5 inches. The bushing heights shall be in accordance with Figure 7 of ANSI C57.12.26.

35 KV LOOP FEED DEADFRONT: The transformer shall be provided with six (6) high voltage bushings in accordance with Figure 6c of ANSI C57.12.26 for loop feed configurations. The bushing heights shall be in accordance with Figure 7 of ANSI C57.12.26.

15/25/35 KV LIVE FRONT, 150 KV BIL MAX: The transformer shall be provided with three (3) bushings in accordance with Figure 4 of ANSI C57.12.22 for radial feed configurations. The bushing heights shall be in accordance with Figure 5 of ANSI C57.12.22

200 KV BIL LIVEFRONT: The transformer shall be provided with 3 bushings with phase-to-phase and phase-to-ground clearances adequate for 200 kV BIL.

250 KV BIL DEADFRONT: The transformer shall be provided with 3 bushings mounted 45° from the horizontal, 60” from the ground, 12” apart from each other.

4. SECONDARY VOLTAGE BUSHINGS AND TERMINALS

4.1. Bushing Style:

The transformer shall be provided with tin-plated spade-type bushings.  The spacing of the connection holes shall be 1.75” on center, per ANSI C57.12.26 figure 9.  The quantity of connection holes shall be 4, 6, 8, 10, 12, 16, 20 holes.  

Standard/Possible Bushing Hole Quantities:

KVA


208Y/120


480Y/277 and higher


45-300

4 standard, 16 possible

4 standard, 16 possible

500


6 standard, 12 possible

4 standard, 16 possible

750-1500

10 standard, 20 possible

6 standard, 12 possible

2000-3750

out of product scope

10 standard, 20 possible
Bushing supports shall be provided for units requiring 10 or more connection holes.  Bushing supports shall be attached to the cabinet sidewalls or roof; tank-mounted support mountings are not acceptable.

4.2. Bushing Configuration:

The transformer shall be provided with bushings in a staggered arrangement in accordance with Figure 8a of ANSI C57.12.26. The bushing heights shall be in accordance with Figure 7 of ANSI C57.12.26.

5. PROTECTION FOR VOLTAGES 35 KV, 150 KV BIL AND BELOW.

The high-voltage overcurrent protection, available up to 130 amps of full-load transformer current, up to 24.9 kV grounded wye, or 14.4 kV delta scheme provided with the transformer shall be a loadbreak Bay-O-Net assembly with a flapper valve to minimize oil spillage.  The Bay-O-Net assembly shall be used in series with an internally mounted isolation link. 

Optional Accessory: An interlock shall be required between the load-break switch scheme specified and the bayonet fuses, such that the fuses may not be removed unless the transformer has been de-energized via the load-break switch scheme.

OR

The high-voltage overcurrent protection, available up to 130 amps of full-load transformer current, up to 34.5 kV grounded wye, or 17.1 kV delta scheme provided with the transformer shall be a loadbreak Bay-O-Net assembly with a flapper valve to minimize oil spillage.  Overcurrent protection shall be provided by a Bay-O-Net expulsion fuse mounted in series with a partial range under-oil ELSP current-limiting fuses with an interrupting rating of 30,000 A.

Optional Accessory: An interlock shall be required between the load-break switch scheme specified and the bayonet fuses, such that the fuses may not be removed unless the transformer has been de-energized via the load-break switch scheme.

OR

The high-voltage overcurrent protection, available up to 600 amps of full-load transformer current, up to 34.5 kV, grounded wye or delta scheme provided with the transformer shall be an integral Vacuum Fault Interrupter. The VFI shall have a maximum interrupting rating of 12000A RMS symmetrical with resettable fault protection up through 35kV. The VFI shall also include a Tri-Phase electronic breaker control with over 100 minimum trip settings and 5 selectable time current curves. The minimum trip setting shall be XX amps, and curve profile shall be the EF, KF, TF, F, H.  (Example: see Cooper Power Systems bulletins 97055 and 02039)

5.1 The high-voltage overvoltage protection scheme provided with the transformer shall protect the high-voltage winding.

FOR DEADFRONT, 150 KV BIL, WITH PHASE-TO-PHASE VOLTAGE OF 22 KV AND LOWER   Externally mounted, Heavy-Duty Distribution Class M.O.V.E. Deadfront elbow arresters shall be supplied.  (Example: Cooper Power Systems Catalog section 235-55 and 235-65)  IF PRIMARY BUSHINGS ARE 600 AMP OR 900 AMP, T-OP II ELBOW CONNECTORS REQUIRED WITH LOAD-REDUCING TAP PLUG FOR ARRESTER CONNECTION.

FOR ALL PRIMARY OR SECONDARY VOLTAGES.  UNDER-OIL ARRESTERS MAY BE PLACED IN SERIES TO PROTECT VOLTAGES UP TO 46 KV.  Internally mounted, Heavy-Duty Distribution Class MOV under-oil surge arresters shall be supplied. (Example: Cooper Power Systems Catalog Section 235-64)

UNDER-OIL ARRESTER DISCONNECT SWITCHES ARE AVAILABLE UP TO 150 KV BIL: Three (3) disconnect switches shall be included to disconnect the under-oil arresters from ground for transformer testing. (Example: Cooper Power Systems catalog section 800-51)

FOR LIVE-FRONT PRIMARY, THROUGH 200 KV BIL: Intermediate class, Distribution Class, Heavy Duty, Medium Duty, Riser Pole Duty, arresters shall be supplied beneath the high-voltage bushings. (Example: Cooper Power Systems catalog sections 235-42, 235-45, 235-52, 235-70, 235-71, 235-75)

6. TANK AND TERMINAL COMPARTMENT

6.1. The core and coil shall be vacuum processed to ensure maximum penetration of insulating fluid into the coil insulation system. While under vacuum, the windings will be energized to heat the coils and drive out moisture, and the transformer will be filled with preheated filtered degassed insulating fluid. The core shall be manufactured from burr-free, grain-oriented silicon steel and shall be precisely stacked to eliminate gaps in the corner joints. The coil shall be insulated with B-stage, epoxy coated, diamond pattern, insulating paper, which shall be thermally cured under pressure to ensure proper bonding of conductor and paper.

6.2. The dielectric coolant in the transformer must be highly refined inhibited new mineral oil and meet the minimum requirements as specified in Table 1, “Functional Property Requirements,” of ASTM D3487 and ANSI C57.106. 

OR
The dielectric coolant shall be listed less-flammable fluid meeting the requirements of National Code Section 450-23.  The dielectric coolant shall be bio-based biodegradable electrical insulating and cooling liquid. The base fluid shall be 100% derived from edible seed oils. The performance enhancing additives shall be food grade. The fluid shall be certified to comply with the US EPA Environmental Technology Verification (ETV) requirements, and tested for compatibility with transformer components. The fluid shall be Factory Mutual Approved and UL Classified, Envirotemp( FR3™ fluid.

6.3. The compartment depth shall be in accordance with Figure 7 of C57.12.26, unless additional depth is required to meet BIL requirements.

6.4. In addition to the regular locking provision, all access doors shall be secured by a recessed, captive, pentahead or hexhead bolt that meets the dimensions set forth in ANSI C57.12.28.

6.5. The tank base must be designed to allow skidding or rolling in any direction.

6.6. The tank shall be constructed to withstand 7 psi without permanent deformation, and 15 psi without rupture.  The tank shall include a pressure relief valve with a flow at 15 psig of 35 SCFM minimum.

6.7. The tank coating shall meet all requirements in ANSI C57.12.28 including:

Salt Spray Test

Crosshatch Adhesion Test

Humidity Test

Impact Test

Oil Resistance Test

Ultraviolet Accelerated Weathering Test

Abrasion Resistance - Taber Abraser

The unit shall be munsell 7GY3.29/1.5 green, ANSI 70 gray, ANSI 61 gray in color.

The cabinet interior and tank face shall be painted light gray for ease of viewing the internal compartment.

6.8. The pad-mounted equipment shall meet the requirements for tamper resistance set forth in ANSI C57.12.28 including but not limited to the pry test, pull test, and wire probe test.

6.9. The tank shall be complete with an anodized aluminum laser engraved nameplate. This nameplate shall meet ANSI C57.12.00 for Nameplate B.

7. ACCESSORIES

7.1. The following accessories shall be provided:

· Lifting Lugs (4)

· Tank Handhole Cover

· 1.0” Upper Fill Plug

· 1.0” Drain Plug in HV compartment

· 1.0” Drain/Sampling Valve in LV compartment

· Automatic Pressure Relief Valve

· SS Cabinet Hinges & Mounting Studs

· Liquid Level Gauge
· Dial Type Thermometer
· 24” deep cabinet 
· 30” deep cabinet

· 36” deep cabinet

· 40” deep cabinet

· Pressure/Vacuum Gauge
· Globe Type Upper Fill Valve

· On/Off Loadbreak Switch
· 2 – on/off Loadbreak Switches
· 3 – on/off Loadbreak Switches
· 4-position Loadbreak Switch, V-Blade 
· 4-position loadbreak Switch, T-Blade
· 4-position Loadbreak Switch, V-Blade with make-before-break option
· 4-position Loadbreak Switch, T-Blade with make-before break option
· Ground Connectors
· High Voltage Warning Signs 

· Mr. Ouch Warning & Danger Signs

· Touch-up Paint
· Seismic Zone 4 Hold-Down Clamps
· Stainless Steel Tank Base & Cabinet
· Stainless Steel Tank Base & Cabinet Sides and Sill

· Auxiliary Contacts for Liquid Level Gauge

· Auxiliary Contacts for Dial Type Thermometer
· Auxiliary Contacts for Pressure/Vacuum Gauge
· Harmonic Resistant K-factor Design, K=4, 9, 13, or 20 
· Factory Mutual Approved Transformer (for Code-listed installations on, near, or inside of buildings)
· UL Listed and Classified Transformer (for Code-listed installations on, near, or inside of buildings) per UL XPLH
· UL Listed Transformer (certifying compliance with ANSI standards only) per UL XPLH
· Increased Efficiency Criteria/Evaluated Losses: 
· NEMA TP-1 2002 Efficient Design (2500 kVA and below)

· core loss value (A-factor) ______$/watt 

· winding loss value (B-factor)_________$/watt
8. SHIPPING

8.1. Units 1000 kVA and below shall be palletized.  Units 1500 kVA and larger shall be loaded and unloaded with overhead cranes, so a pallet is not to be provided for these transformers.

9. TESTING & TOLERANCES

9.1. All units shall be tested for the following:

· No-Load (85(C) losses at rated current.

· Total (85(C) Losses at rated current.

· Percent Impedance (85(C) at rated current.

· Excitation Current (100% voltage) test.

· Winding Resistance measurement tests.

· Ratio Tests using all tap settings.

· Polarity and Phase relation tests.

· Induced potential tests.

· Full wave and Reduced wave impulse test.  

9.2. In addition, the manufacturer shall provide certification upon request for all design and other tests listed in C57.12.00, including verification that the design has passed Short Circuit Criteria per ANSI C57.12.00 and C57.12.90.

9.3. IF THE JOB HAS EVALUATED LOSSES, The manufacturer shall provide the guaranteed average no-load and load losses for the unit at 85(C. These losses will be subject to the tolerance specified in Table 19 of ANSI C57.12.00 shown below as Table 3.

Table 3

Tolerances for Single-Phase and Three-Phase Transformer Losses
	Number of Units

on One Order
	Basis of

Determination
	No-Load Losses

(%)
	Total Losses

(%)

	1

2 or more
	1 unit

Each Unit
	10

10
	6

6


10. DATA WITH PROPOSAL

10.1. The following data shall be submitted with the proposal:

· Core Losses  (DO NOT REQUEST IF JOB IS UNEVALUATED)

· Winding Losses (DO NOT REQUEST IF JOB IS UNEVALUATED)

· Percent Impedance 

11. DRAWINGS

11.1. The following will be provided

· Record Drawings

· Approval Drawings
12. APPROVED MANUFACTURERS

12.1. Cooper Power Systems—Waukesha WI, or approved equal

APPENDIX 1: Switching Options and Schematics

On/Off Switch:
[image: image3.wmf]
2 On/Off Switches:


3 On/Off Switches:


4-position Switches:

V-Blade Switch Description of Positions



Feed from A & B



Feed from A only

Feed from B only



Open — the loop is open and the transformer is de-energized
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T-Blade Switch Description of Positions



Feed from A & B



Feed from A only



Feed from B only



Open — the loop is closed and the transformer is de-energized
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