

Guide Form Specification for Medium Voltage 
Pad-Mounted Capacitor Banks

1 Purpose & Scope

1.1 This document provides manufacturing and design details for medium-voltage pad-mounted capacitor banks.

2 General

2.1 This specification is for a medium voltage three phase above-grade pad-mounted capacitor bank consisting of __
____ steps of _____ kvar at _____ kv. The bank shall be controlled by a _______ controller as manufactured by ______
___.  All controls, switching devices, and protection features are enclosed in an all-welded compartmentalized steel enclosure that meets or exceeds ANSI C57-12.28-1998 (IEEE Standard for Pad-Mounted Equipment Enclosure Integrity). The bank shall come fully assembled and ready for interconnection.  All exceptions to this specification shall be clearly stated with your bid.  If no exceptions are taken, the bid should include the phrase "no exceptions have been taken".

2.2 The ratings of the bank and associated switchgear, switching devices, capacitors, fuses, and all other applicable components shall have ratings designed for application on the following system:

Nominal System Voltage, (Kv)……………….….
_______________

Maximum System Voltage, (Kv)……………..….
_______________

System BIL, (Kv)……...…………………………..
_______________

Three Phase Short Circuit Rating at Capacitor 

Bank (RMS Symmetrical Amps)……….
_______________

Line-Ground Short Circuit Rating at Capacitor 

Bank (RMS Symmetrical Amps)……….
_______________

Elevation ………………………………….……….
_______________

Ambient Temperature Range ………………….
_______________

3 Compliance with Standard & Codes

The pad-mounted capacitor bank shall conform to or exceed the applicable requirements of the following standards and codes:

· UL-508, Industrial Control Panels, Issue Number : 2, October 1993

· ANSI C57.12.28-1988 – Pad Mounted Equipment Enclosure Integrity 

· IEEE Std. 1036-1992, IEEE Guide for Application of Shunt Power Capacitors

· IEEE Std. C37.99-2000, IEEE Guide for the Protection of Shunt Capacitor Banks

· IEEE Std. 18-1992, IEEE Standard for Shunt Power Capacitors

· ANSI. C37.66-1969, Standard Requirements for Oil-Filled Capacitor Switches for Alternating-Current Systems

· IEEE 386 Standard for Separable Connectors
· CP-1 NEMA Standard on Shunt Capacitors

· Latest Revision of the National Electrical Safety Code, ANSI C2, (NESC Standard)
4 Enclosure Layout & Construction

4.1 The capacitor bank shall consist of a single compartmentalized 11 gauge A60 galvanneal steel enclosure that meets or exceeds all of the requirements of ANSI Standard C57 (Pad-Mounted Equipment – Enclosure Integrity). The enclosure shall house all components, including fuses, capacitors, capacitor switches, and associated controls.  All components shall be accessible and removable from the front or rear of the enclosure. The front side of the enclosure shall have a dead-front compartment and a control compartment. The rear of the enclosure shall be of a live-front design.  Equipment layout and access shall be as follows

· Control Compartment – Contains the capacitor bank controller, ancillary control components, and nameplate. This compartment is accessed from the front (without having to open the live-front or incoming dead-front compartment) and is completely segregated from the live-front and incoming dead-front compartments.

· Incoming Dead-Front Compartment – Contains bushing wells that accept load-break bushing well inserts. In addition to bushing wells, the dead-front compartment contains three parking stands, a ground bus, and a hinged Lexan viewing window. The Hinged Lexan viewing window allows for viewing of blown fuse indictors, and when opened, provides access to the capacitor fuses.

· Live-Front Compartment – Contains a full-width Silver Plated Copper ground bus, capacitor switches, control power transformer, transient inrush reactors, capacitors, capacitor fuses, and associated bus and bus support insulators. These components are all removable from this compartment. Rodent guards are located on the bottom of this compartment.
4.2 The base of the enclosure shall be equipped with C4x5.4 structural steel (formed channel bases will not be accepted) and shall provide for flush mounting on a flat, rigid mounting surface. Removable steel lifting plates consisting of 1/2" steel shall be located at each corner and shall allow for balanced lifting.
4.3 The enclosure shall restrict the entry of water (other than flood water) into the enclosure so as not to impair the operation of the bank. All seams shall be welded and ground smooth to present an attractive appearance. The roof shall be cross-kinked to allow for watershed.

4.4 Pentahead bolts and associated threaded receptacles, hinges, hinge pins, and internal fastners shall be AISI type 304 stainless steel or material of equivalent corrosion resistance.
4.5 All access doors shall be fastened with a device that requires a pentahead tool to permit unlatching the door only after the padlock has been removed. This pentahead device or bolt shall be coordinated such that the padlock may not be inserted into the hasp until the access door is fully latched and the pentahead device is secured.
A minimum of one pentahead device or bolt and padlocking means shall be provided for each of the front and rear access doors. The pentahead device or bolt shall be surrounded by a non-rotating guard or shall be recessed such that the pentahead device or bolt can be engaged only by the proper tools. The dimensions of the pentahead bolt and non-rotating recess shall comply with ANSI C57.12.28.

The pentahead device or bolt shall not be readily removable during normal operation of the doors, and if removed or disengaged, there shall be no holes remaining that would permit entry of a wire into the enclosure. Bi-folding doors may be fastened with a single padlock and pentahead device or bolt. Access, however, shall be such that a positive and separate action must be taken to open the second door only after the first access door has been opened.
4.6 The doors shall be flush and removable in the open position. They shall be equipped with stainless steel hinges and hinge pins, and 3-point latching handles. The handles shall be pad lockable and shall secure the Pentahead bolt in the closed position.  All doors shall be equipped with door stays to hold doors in the open position.

4.7 All ventilation louvers shall be backed with a stainless steel mesh and washable filter. The louver design shall prevent the entry of foreign objects such as sticks, rods, or wires. 

4.8 Thermostatically Controlled Strip Heaters shall be supplied in all non-ventilated compartments. When determined by the manufacturer, a thermostatically controlled fan or ventilator shall be supplied.

4.9 The enclosure shall have a continuous 1/4” x 1” Silver-plated Copper ground bus that spans the full width of the enclosure.

4.10 The bushing wells in the incoming dead-front compartment shall be located no less than 7.5 inches from the edge of the cabinet. The bushings shall be spaced 11 inches apart, with parking stands located 4.5 inches from each bushing.
4.11 The manufacturer of the enclosure shall also be the assembler of the capacitor bank. This is to ensure the highest degree of control with respect to critical enclosure manufacturing processes such as cleaning and surface preparation, welding, priming, and painting. Verification of enclosure manufacturing by supplier (on-site visit, photos, raw material invoices) may be required. No exceptions allowed

4.12 The enclosure shall be prepared and painted with a high-solid epoxy coating as specified below. The paint shall be Green - Munsell No. 7GY 3.29/1.5 padmount green unless otherwise specified.
Surface Preparation:

All steel surfaces shall be prepared per SSPC-SP2, 3, 6, 7, 10, 11 or the paint manufacturer’s recommendations. Exceptions to the manufacturer’s requirements shall be approved by the paint manufacturer and provided with the submittal documents. 

Inaccessible Surfaces:

Prepare and coat steel surfaces inaccessible to preparation and coating after fabrication with all coats before fabrication.  Inaccessible surfaces shall be considered Zone 2A per SSPC specifications.

Primer Specification:

All surfaces, inside and out, shall be primed with a High-Solid Epoxy paint.  The primer shall have following minimum performance and properties:

· Salt Spray (ASTM B117) 3000 Hours with no face blistering

· Humidity (ASTM D2247) 750 Hours with no face corrosion or blistering

· Immersion (NACE TM-01-69) fresh water 1 year with no blistering

· Abrasion resistance (ASTM D4060) 1kg load/1000 cycles, CS-17 wheel: 102 mg weight loss.

· Impact resistance (ASTM D2794): Direct 24 in.lb and Reverse 6 in.lb.

· Moisture vapor transmission (ASTM F1249): 4.49 g/m2.

· Adhesion (ASTM D4541): 900 PSI

· NFPA Class A Qualification

Top Coat Specification:

All surfaces, inside and out, shall be top coated with a High-Solid Epoxy paint with a dry film thickness of 3 to 5 mils.

The paint utilized on the top-coat shall have the following properties:

· Salt Spray (ASTM B117) 5500 Hours with no face blistering

· Humidity (ASTM D2247) 5500 Hours with no face corrosion or blistering

· Gloss retention (ASTM G53) QUV-B bulb: Greater than 50% gloss retention at 26 weeks.

· Elongation (ASTM D5222) 14%

· Abrasion resistance (ASTM D4060) 1kg load/1000 cycles, CS-17 wheel: 53 mg weight loss.

· Impact resistance (ASTM D2794): Direct 24 in.lb and Reverse 6 in.lb.

· Adhesion, elcometer (ASTM D4541): 2700 PSI

· NFPA Class A Qualification

Paint shall also provide excellent chemical resistance to splash, spillage, fumes and weather for acidic, alkaline, salt solutions (acidic, neutral, and alkaline salt solutions), fresh water, solvents and petroleum product environments.

Upon request, the manufacturer shall provide supporting documents (surface preparation procedures as well as paint manufacturer’s paint specifications) showing the above requirements are met. Failure to comply with this request will be cause for cancellation of order.

5 Ground Switch (Optional)
5.1 An externally operated ground switch shall be provided to ground the capacitors after the incoming power conductors are disconnected and placed on the parking stand. The ground switch shall be pad-lockable in either the open or closed position and shall only be accessible from the dead-front compartment. The ground switch shall be tested in accordance with ANSI/IEEE standards.  Test reports shall be furnished upon request.

5.2 A Lexan window shall be provided in the dead-front compartment to view the position of the ground switch.
6 Group Capacitor Fuses
6.1 Each stage of the padmounted capacitor bank shall be group fused with a current limiting fuse. The fuses shall be full range and shall be equipped with blown fuse indicators. 

6.2 The blown fuse indicators shall be visible through a hinged Lexan access panel from within the dead-front compartment. This hinged access panel shall provide for hot-stick replacement of the fuses after the incoming power conductors are disconnected and placed on the parking stands.
7 Lightning/Surge Arresters

7.1 The capacitor bank shall be equipped with Heavy Duty Distribution Class Surge/Lightning Arresters. The rating of the Surge Arrester shall be recommended by the capacitor bank supplier.  

8 Transient Inrush Reactors

8.1 Transient inrush reactors shall be provided for multi-stage capacitor banks to limit the magnitude and frequency of inrush currents due to back-to-back switching operations.  The reactors shall be completely impregnated with an epoxy resin that will reduce noise, promote heat dissipation, and provide protection in harsh environments. The reactors shall limit the di/dt of the capacitor inrush current to 3.6x107 amps/second.  Calculations shall be provided to confirm the manufacturer claims.

8.2 The inrush reactors shall be rated for at least 135% of the stage current.  When expansion capability is necessary, the rating shall be sufficient for 135% of the maximum capacity of the stage.

9 Vacuum Switches

9.1 The capacitor bank stages shall be controlled by three single phase gang-operated vacuum switches that have been tested for capacitor switching in accordance with ANSI Standard C37.66 and the maximum voltage rating of the bank.
9.2 The control system shall prevent the vacuum switches from operating more than once in a 5-minute period. 

10 Capacitors

10.1 The automatic capacitor bank shall be equipped with all-film, low loss, double-bushing capacitors. The capacitors shall be designed, manufactured, and tested to meet and/or exceed all applicable NEMA and ANSI/IEEE standards. Capacitors must be manufactured in North America and shall be manufactured by Cooper, GE, or ABB.

10.2 Each capacitor shall contain an internal discharge resistor to reduce the stored voltage to 50 volts or less within 5 minutes from disconnection.

10.3 The capacitors shall be connected in ungrounded-wye and shall be protected from sustained over voltages due to capacitor unit failure and/or system ground faults. The bank design shall allow for grounding the neutral point of the capacitor bank if desired.

10.4 The pad-mounted bank shall be designed to hold 6 capacitors per stage. When only three capacitors are being utilized per stage, space and provisions for three additional capacitors, fuses, and all necessary components, shall be provided. Provisions shall include the following at a minimum:

· Weld-on studs for mounting future capacitors.

· Phase bus, neutral bus, and fuse mounts shall accommodate or be supplied for the future expansion.

10.5 The capacitors shall be accessible from the live-front compartment in the rear of the enclosure and shall be mounted horizontally on C4x5.4 structural steel channel. 

11 Phase and Ground Bus

11.1 All phase and ground bus shall be Silver plated Copper for maximum conductivity and corrosion resistance.  The copper shall be CA110 Square edge, hard temper per ASTM B187.  Bolted copper-to-copper connections shall be made with 3/8” – 13 stainless-steel bolts with two stainless steel flat washers, one under the bolt head and one under the nut and with a stainless steel split lock-washer between the flat-washer and the nut. The bus shall not have a current density greater than 1200 amps/in2.  Where expansion capability is required, the bus shall be rated for the maximum capacity of the bank.

11.2 The bus supports, bus, and interconnections shall withstand the stress associated with the available short-circuit current at the capacitor bank.

12 Controls

12.1 All low voltage controls (where practical) shall be isolated from the high voltage compartments. All controls shall be accessible while the bank is energized.  The control compartment shall form an integral part of the enclosure (no externally mounted control compartments shall be allowed). The control compartment shall allow for bottom entry of customer control wires without having to enter the medium voltage live-front or dead-front compartment. The controls compartment shall be equipped with a swing out panel to allow access to panel mounted controls.

12.2 All Control wires that connect to components inside high voltage compartment shall be enclosed in metal conduit or wire troughs that are formed as part of the capacitor bank.
12.3 The capacitor bank shall come equipped with a six jaw meter socket(s) that accepts standard utility grade capacitor controls.

12.4 The pad-mounted capacitor bank shall be equipped with a control power transformer that has both primary and secondary overcurrent protection. The control power transformer shall be connected between phases A and ground on the line-side of the 15kV capacitor fuses.
12.5 A 15-amp GFI Convenience outlet shall be provided in the control compartment.

13 Nameplate

13.1 A nameplate shall be permanently attached to the interior of the control compartment. The nameplate shall as a minimum contain the following information:

· Manufacturer

· Month and year of manufacture

· Serial Number

· Kvar rating of bank

· Voltage rating of bank

· Weight

· All oil filled components shall have nameplate marking that certifies the oil was classified no-PCB’s or less than 2 PPM PCB’s according to Federal Regulations at the time of manufacturer

14 Supplier Quality System

14.1 Supplier must have a documented quality system established with a focus on prevention versus detection.

14.2 Quality system shall be designed and administered according to a recognized quality system standard, such as the ISO 9000 series or equivalent.

14.3 Supplier must provide a quality manual which describes the company policy with respect to elements of the ISO 9001 Quality System Standard or equivalent. Quality Manual shall describe policy with regard to:

a) Management Responsibility

b) Quality System Requirements

c) Design Control

d) Document and Data Control

e) Purchasing

f) Product Identification and Tractability

g) Process Control

h) Inspection and Test

i) Control of Inspection, Measuring and Test Equipment

j) Inspection and Test Status

k) Control of Non-Conforming Product

l) Corrective and Preventive Action

m) Handling, Storage, Packaging, Preservation, and Delivery

n) Control of Quality Records

o) Internal Audits

p) Training

q) Servicing

r) Statistical Techniques
14.4 Supplier must provide a written quality policy with the Bid.

14.5 All policies shall be supported by lower level documentation and quality records. Quality records shall be available upon request of the customer and shall provide evidence that the quality system is in control.

14.6 The supplier quality system must meet all applicable industry standards, such as UL, NEMA, NEC, ANSI/IEEE, etc.

14.7 Supplier shall have on staff, experienced, licensed professional engineers (PE's) with degrees in Power Engineering (preferably with advanced degrees) as evidence of technical proficiency. 

14.8 Supplier must provide a medium voltage metal-enclosed/pad-mounted customer list with contact information for the purpose of reference checks.

14.9 Supplier must allow factory audits to occur at mutually agreed upon dates between the customer and supplier.

15 Submittals

15.1 Upon issue of a purchase order, the supplier shall provide 3 copies of approval drawings.  The submittals shall include:

- Installation Instructions

- Single Line and three line diagrams

- Pad and cable entry drawings 

- Drawings showing component layout

- Data sheets for all internal components

- Material listing

· Time coordination plots between capacitor fuses, main disconnect fuses, case rupture curves, and upstream overcurrent protective devices.  Damage curve for the capacitor supply cables shall be coordinated with upstream overcurrent protective device.

· Upon approval of above, a digital copy on CD ROM shall be provided.

16 Bid Requirements

16.1 Supplier must state all exceptions in the Bid.  If no exceptions are taken, the supplier must state that there are no exceptions.

16.2 Supplier must have optional extended warranty and field service agreements available. These policies shall be provided with the bid.

16.3 Supplier must provide their written quality policy with the Bid.

16.4 Quotes are to be FOB factory, freight allowed.

17 Acceptable Product & Suppliers

17.1 Suppliers must offer a minimum 1-year warranty and have available extended warranty programs.

17.2 The supplier must have a Quality Assurance Program.

17.3 Supplier must have a licensed professional engineer on staff that has a post graduate degree in electric power engineering. Credentials shall be supplied upon request.

17.4 Supplier must show that they are a regular supplier of medium voltage automatic metal-enclosed capacitor banks.  Product literature and a list of customers that have purchased similar products shall be supplied upon request.

17.5 Acceptable Suppliers are as follows:

Northeast Power Systems, Inc.

66 Carey Road

Queensbury, NY 12804

Phone: 518-792-4776

Fax: 518-792-5767

Webpage: www.nepsi.com
Quote request: sales@nepsi.com
�Voltages to 34.5kV are available. The number of steps should not exceed three due to size.


�Fisher Pierce and Energy Line are two very popular controllers. NEPSI recommends the Fisher Pierce Series 4400 AutoCap Adaptive Capacitor Controller and Recorder. For further details follow the following link: 





� HYPERLINK "http://www.nepsi.com/PDF%20Files/Fisherpierce%204400%20Controller%20Cutsheets.pdf" ��http://www.nepsi.com/PDF Files/Fisherpierce 4400 Controller Cutsheets.pdf�


�This section can be deleted if the pad-mounted bank is a single step and there are no other capacitor banks within 500 feet of the bank being specified.


�Oil Switches can be specified as an alternate to Vacuum Switches. For longer life, NEPSI recommends vacuum switches.
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