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- General

 SECTION INCLUDES
Medium voltage (2.4 kV through 25 kV) free standing C1000 metal enclosed power factor correction capacitor banks.
 REFERENCES

Where applicable, the capacitor assembly unit shall conform to the following standards:

IEEE/ANSI C37.20.3-2001 – Standard for Metal-Enclosed Interrupter Switchgear 

IEEE Std 18 – Standard for Shunt Power Capacitors
IEEE  Std 1036 – Guide for Application of Shunt Power Capacitors

IEEE C37.99 – Guide for the Protection of Shunt Capacitor Banks

CSA C22.2 No. 190-M1985 – Capacitors for Power Factor Correction

CSA CAN3-C155-M84 – Shunt Capacitors for AC Power Systems

IEC 60871(1 and 2) – Shunt Capacitors for AC Power Systems Having a Rated Voltage above 1000V
NEMA CP 1 – Shunt Capacitors

 SUBMITALS
Submit shop drawings indicating outline dimensions, enclosure construction, electrical single line diagram, and equipment electrical ratings.

 QUALITY ASSURANCE

Manufacturer: Company specializing in medium voltage capacitor product manufacturing with at least 5 years of documented experience.

Manufacturing facility shall be ISO 9001:2008 certified.

- Product

 MANUFACTURERS

Capacitor Bank C1000 shall be manufactured by Gentec [no equal] or [approved equal]
.
Vendor Supply 

The Vendor shall design, fabricate, shop assemble, test and ship, the specified capacitor bank complete with auxiliaries, including but not limited to the following:

Indoor enclosure;

Capacitors;

Reactors;

Busbars, interconnection conductors and connectors;

Contactors;

Protective devices;

Station class serge arresters;

Automatic power factor controller;

Insulators;

Grounding switch with key interlocks;

Supporting structure for all components;

A detailed study to support the sizing of the capacitor bank based on information to be provided at the design stage;

Performance guarantee;

Assistance during commissioning;

All accessories as specified in the specification.

Pre-assemble, prior to shipment, the major component except where not practical, as expressly agreed by the Buyer.

Electrical tests.

All fees and expenses for obtaining necessary inspection approval and test certification of the manufactured equipment.

All required documentation including engineering drawings, performance curves, installation instructions, operating and service manuals and other documents as requested per Appendix 4 (Schedule of Seller Technical Data).
 EQUIPMENT RATINGS
The ratings of the capacitor bank and all associated internal components shall be designed for application on the following system:

Nominal system voltage: [2.4] [4.16] [4.8] [12.47] [13.2] [13.8] [14.4] [specify other] kV AC (line to line)

Maximum system voltage: [3] [5] [15] kV AC (line to line)

Nominal frequency: [60] [specify other] Hertz

BIL: [60] [95] [125]   kV

Three-phase available short circuit at [specify amperes] RMS symmetrical at nominal system voltage.

[Solidly grounded] [resistance grounded] [ungrounded] network configuration

The total reactive power of the capacitor bank shall be [specify kVAR] kVAR at nominal voltage.

The capacitor bank C1000 shall be [fixed] [manually controlled] [automatically controlled] arranged in [1] [2] [3] individually controlled stages.

Average operating temperature range of the assembly shall be: -23oC (-13oF) to +40oC (104oF).

 COMPONENTS

Metal Enclosure
The capacitor bank C1000 shall consist of a bolted frame, multi bay sections rated NEMA [Type 1 for indoor] [Type 3R for outdoor] installation complete with doors and/or bolted panels as required.
Capacitor assembly shall be totally metal-enclosed. The bolted panel construction of the enclosure shall be such that the unit can be lifted, skidded or slid into place on a pad without damage to any portion of the cabinet or its contents.

Enclosure(s) shall be free standing, constructed of #11 gauge formed sheet mild steel, minimum.  All external welds shall be ground and sanded.  Internal components shall be front and rear accessible to allow for smallest footprint and easy component accessibility.

The enclosure shall have hinged doors/ removable bolted panels as required.  The enclosure doors/removable panels shall be equipped with adequate handles/hardware/Kirk key interlocks to prevent unauthorized personnel access.  
Doorstops shall be provided on all doors to prevent the doors from being blown shut.
Enclosure shall be powder coated to ANSI 70 gray.

Enclosure shall be equipped with thermostatically controlled fans and anti-condensation heaters (as required) with ventilation louvers located such as to provide adequate cooling for internal components.

Enclosures doors/panels shall be equipped with adequately placed viewing windows to permit visual verification of disconnect switch, ground switch, contactor/breaker, and capacitor blown fuse indicator status.  Separate ground straps shall be installed on each door and panel to ensure ground continuity.

All enclosure hardware shall be rust resistant.  Interior hardware shall be plated and exterior hardware shall be stainless steel.

The capacitor bank enclosure shall be designed for concrete floor or pad mounting with provisions to fasten the entire assembly to the floor or pad.

Enclosure for outdoor installation shall be equipped with properly engineered base with adequate corrosion protection applied.

The enclosure shall be equipped with properly sized dielectric liquid catching tray(s) to contain dielectric fluid spillage.

Incoming line section

A 3-pole, group operated, non load-break [fused] [unfused] main disconnect air switch rated 135% of the bank nominal current shall be located in the incoming line section to provide a local disconnect of the capacitor bank from the system.

[Optional] A draw-out vacuum circuit breaker device shall be provided as a main capacitor bank disconnect and protective device.  It shall be equipped with instantaneous overcurrent, overload [and ground fault] protective relaying including digital protection relay, CTs, and all necessary auxiliary relaying.  All controls of the breaker shall be 125 VDC based.
[Optional] Main disconnect fuses shall be E-rated current limiting, clip-style, equipped with blown fuse indicator pins.  Fuses shall coordinate with network short circuit level and shall be located on the load side of the Main disconnect switch.

Additional protective screens shall be installed internal to the capacitor enclosure to isolate line side of the main capacitor disconnect switch when incoming line cables cannot be de-energized and isolated by upstream disconnect device.
The Main section shall be designed for [bottom] [top] incoming cable entry.

The disconnect switch shall be key interlocked with an electrical interlock to interrupt capacitor stage operation before opening the disconnect switch.
Capacitor elements
Individual capacitor elements shall be of a dry-type self-healing design utilizing a low loss metallized film electrodes, a non-PCB, non-chlorinated biodegradable dielectric liquid and a polypropylene film, hermetically sealed in a stainless steel casing.

Individual capacitor cells shall be [three phase, three bushing, internally delta connected] [single phase, two bushing, externally delta connected] [single phase, two bushing, externally ungrounded-wye connected].
Each individual capacitor cell shall be rated for 110% continuous overvoltage and 130% continuous overcurrent.

Each individual capacitor cell shall be rated [75 kV BIL for up to 5 kV maximum voltage] [95 kV BIL for up to 15 kV maximum voltage].
Each individual capacitor cell shall be rated for [-40oC (-40oF)],[-25ºC(-13ºF)] to [+40ºC(104ºF],[+45oC (113oF)],[Other] minimum ambient temperature range.

Each individual capacitor cell shall be equipped with internally mounted discharge resistors to reduce voltage to 50 Volts or less within 5 minutes of de-energization.

Electrical losses of each individual capacitor cell, including contribution of discharge resistors, shall average to 0.12 Watts per KVAR

Each individual capacitor cell shall have epoxy resin bushings.  Porcelain bushings are not acceptable.
Multiple parallel connected cell assemblies are allowed for higher kVAR rated units.

Capacitor protection

Fuses

Each individual capacitor cell in the assembly shall be protected with properly sized and coordinated with capacitor cell case rupture curve current limiting fuse placed in each phase.

Capacitor fuses shall be current limiting equipped with pop-up blown fuse indicators.  Fuses shall be mounted to allow easy access and removal and shall be shipped loose to prevent capacitor bushing damage during shipment and installation.

Fuses shall be rated 50 kA I.C.

Relaying

A three phase current unbalance detection and protection relaying shall be provided for each individually switched stage to protect it from blown fuse, capacitor failures, and unbalanced operation. The protection relaying shall include stage de-energization and lock-out function to prevent it from further operation. An audible/visual alarm device shall be included to indicate stage imbalance condition.
Stage protection shall include microprocessor based digital relay displaying phase current of the stage.

Vacuum Switches
The capacitor bank stages shall be controlled by single or three-phase three-pole vacuum switches that have been tested for capacitor switching applications and shall be rated in accordance with network voltage, BIL, and short circuit requirements.

The vacuum switches shall be [automatically] [manually] controlled and the control system shall prevent vacuum switches from operating more that once in a 5-minute period.

The vacuum switches shall be interlocked with the capacitor bank main disconnect device, grounding switch, controls and enclosure access doors.

Grounding switch

An externally operated ground switch shall be provided to ground the load side terminals of the main disconnect device in the capacitor bank and each capacitor stage.

Grounding switch shall be [3-pole] [4-pole] with ratings applicable to application voltage requirements and network characteristics.

The ground switch shall be key interlocked with the capacitor bank main disconnect device, controls and enclosure access doors.

The ground switch shall be made visible through a viewing window

Copper Bus
All phase and ground bus shall be [silver-plated] [tin plated] electrical grade copper bar.  Continuous bus sections with minimum number of connections are required.

The bus supports, bus, and interconnections shall withstand the stress associated with the available short circuit current at the capacitor bank.
Bolted copper-to-copper connections shall be made with minimum 3/8” bolts matching bus holes, belleville washers and nuts.
The internal ground bus shall be 1/4” x 2” copper, extending the length of the enclosure, with provision for user ground lug attachments at both ends

In case bus insulation is necessary, specifically designed bus insulating boots for bus-to-bus and bus-to-standoff insulator connections shall be utilized.
Damping Limiting Reactors
Each capacitor bank stage shall be equipped with transient inrush reactors limiting switching inrush currents to coordinate with capacitor element and switching device ratings.
The inrush reactors shall be rated for at least 135% of nominal stage current.

The inrush reactors shall be air core, bus mounted, constructed from electrical grade copper wire, and mechanically braced or protected to withstand the stress associated with the available short circuit current at the capacitor bank.

Inrush reactor copper connection bus stubs shall be tin plated.

Key Interlocks system
The capacitor bank shall be equipped with a keyed interlock system to prevent unauthorized and out of sequence entry into the capacitor bank.

The interlock scheme shall include the upstream protective device (where necessary), the capacitor bank Main disconnect switch, all ground switches, capacitor bank control power, and all doors of the enclosure.

Electrically controlled solenoid time delay interlock shall be included to allow 5-minute delay time between main switch and ground switch operations.

A decal showing the interlock scheme and instructions shall be supplied and placed in a convenient location so as to properly instruct the operator on the correct sequence of operation

Lightning/surge arresters (optional)
The capacitor bank shall be equipped with distribution class lightning/surge protection devices adequate to applicable network conditions.

CONTROLS

All low voltage controls shall be completely isolated from the high voltage compartments and completely accessible while the bank is energized.
The control compartment shall form an integral part of the enclosure.  It shall be equipped with swing out panel to allow access to panel mounted control devices.

The control compartment shall be equipped with adequate ventilation and/or anti-condensation heaters to satisfy operating condition of all control devices based on actual installation site and environmental conditions.

All control wires that connect to components located inside high voltage compartments shall be enclosed in metal conduit or wire troughs firmly attached and grounded to the capacitor bank enclosure.

A dry-type Control Power Transformer shall provide 120V potential for AC control power and metering.  Control Power Transformer shall have primary and secondary overcurrent protection and shall be located in the Main capacitor section

 POWER FACTOR CONTROLLER  NC12
The Reactive Power Controller shall be a microprocessor-based programmable unit with a single 5A current input and 120V line-to-line and line-to-neutral voltage input.  The controller shall measure reactive power consumption in the load and, according to programmed logic control, shall connect or disconnect the required amount of capacitor stages to maintain the preset target power factor.  The unit shall be manufactured with firmware specifically designed for the purpose of power factor correction.
Controller shall contain a liquid crystal display and indicate present and target power factor, number of stages energized and inductive/ capacitive condition, selectable via keypad.
It shall be possible to manually override all automatic settings and control respective stages via controller keypad.

The controller shall provide a visual panel indication and separate alarm relay contact closure for the following abnormal conditions:

Low power factor

Hunting

Abnormal cosf
Overvoltage

Overtemperature

Low capacitor output

Target power factor shall be user-programmable between 0.85 Inductive to 0.90 Capacitive.  The controller shall allow for manual operation but have automatic return to automatic mode after 5 minutes of no operation to prevent the bank from being left in the manual mode.

The controller shall utilize switching logic that optimizes the use of capacitor elements and contactors in the bank.  As such, the controller shall have normal, circular and linear regulation programs and step combinations programmable from 1:1:1:1 to 1:2:4:4.

An automatic shutdown and systematic re-staging of the required number of steps shall be provided in the event of power loss, a system overvoltage and/or undervoltage conditions.  The controller shall have programmable delay between successive connections of the same step matching 5-minute capacitor discharge time requirements.

The controller shall provide measurement parameters such as current, voltage, power (active, apparent and reactive), and harmonic distortion values for current and voltage.

The controller shall have provisions for MODBUS® communication.

The controller shall be VarLogic® NRC12 [or approved equal].
 NAMEPLATE AND LABELS

Each individual capacitor unit assembly shall have a nameplate containing the following information:

Manufacturer’s name

Serial Number

Catalogue number

Rated RMS Voltage

Rated Frequency

Rated Reactive Power 

Rated BIL and Power Frequency Withstand Voltage

Number of Stages
Capacitor Connection

Manufacturing date

The following warning labels shall be provided:

“DANGER – HAZARD OF ELECTRICAL SHOCK, BURN, OR EXPLOSION – HIGH VOLTAGE AND STORED ENERGY.  Turn off control power and de-energize main disconnect devices.  Allow at least five (5) minutes for capacitor discharge after de-energization.  Do not service this equipment until all power has been turned off, tested, grounded, and tagged according to an acceptable safety procedure.  Close and secure all doors, trims, and panels before re-energization.  Failure to do so will result in death or severe personal injury.”  This nameplate shall be placed on each front door and every rear removable panel of the capacitor bank assembly”  

“DANGER- HIGH VOLTAGE”.  This nameplate shall be placed on each front and back section of the capacitor assembly”
 FABRICATION

Each capacitor unit shall be factory assembled and tested.

Individual capacitor cells shall be factory tested in accordance to applicable standards.

The capacitor bank shall be provided with any miscellaneous components not specifically named, but required for proper operation or safety.
 SHIPPING

The capacitor bank shall be shipped with fuses and interconnecting capacitor cell bus detached to protect capacitor cell bushing from damages during shipment.

























































APPENDIX 2


DATA SHEET QUESTIONNAIRE


�
�
UNITS�
VENDOR REMARKS�
�
1.�
General Capacitor Bank Information�
�
�
�
�
-�
Dimensions�
H (mm)�
�
�
�
�
�
W (mm)�
�
�
�
�
�
D (mm)�
�
�
�
-�
Weight�
kg�
�
�
�
-�
Enclosure Type�
�
�
�
�
-�
BIL of all Components�
kV�
�
�
�
-�
No. of Capacitor Bank System Stages�
�
�
�
�
-�
Connection of  Capacitors in each Stage�
1 wye/2 wyes�
�
�
�
-�
Total Fluid Content�
Liters�
�
�
�
-�
Total Heat Losses�
kW�
�
�
2.�
Buss work�
�
�
�
�
-�
Material�
�
�
�
�
-�
Continuous Current Rating�
A�
�
�
�
-�
Short-Circuit Withstand Capability�
kA and sec.�
�
�
�
-�
BIL�
kV�
�
�
�
-�
Insulated�
Y/N�
�
�
�
-�
Ground bus as specified�
Y/N�
�
�
3.�
Incoming Section �
�
�
�
�
-�
Removable Aluminum Plate�
Y/N�
�
�
�
-�
Top Cable Entry�
Y/N�
�
�
�
-�
Compression Type Lugs�
Y/N�
�
�
�
-�
Surge Arresters Class �
�
�
�
�
-�
Surge Arresters MCOV�
V�
�
�
�
-�
CT’s Required and Included �
Y/N�
�
�
�
-�
PT’s Required and Included�
Y/N�
�
�
�
-�
CPT Required and Included�
Y/N�
�
�
4.�
Rating of Capacitor Bank Stage (Complete for each stage) �
�
�
�
�
-�
Rated Current�
A�
�
�
�
-�
Nominal Capacitors Rating at Design Voltage�
Mvars�
�
�
�
-�
Effective Capacitors Rating at 13.8 kV�
Mvars�
�
�
�
-�
Number of Capacitor Units per Phase�
�
�
�
�
-�
Nominal Reactive Power /Capacitor Unit �
kvars�
�
�
�
-�
Reactance of the Reactor�
Ohms�
�
�
�
-�
Reactor Current Rating�
A rms�
�
�
5.�
Capacitors�
�
�
�
�
-�
Manufacturer�
�
�
�
�
-�
Dielectric Material�
�
�
�
�
-�
Design Voltage�
kV�
�
�
�
-�
Internal Fusing�
Y/N�
�
�
�
-�
Discharge Resistor�
Y/N�
�
�
�
-�
Measuring Device to Identify Faulted Capacitor�
Y/N�
�
�
�
-�
Type and Cat. No. of Device�
�
�
�
6.�
Reactors�
�
�
�
�
-�
Manufacturer�
�
�
�
�
-�
Type�
�
�
�
�
-�
Design Voltage�
kV�
�
�
�
-�
Windings Material�
�
�
�
�
-�
Insulation Class�
�
�
�
�
-�
Temperature Rise�
(C�
�
�
�
-�
Over temperature Protection�
Y/N�
�
�
�
-�
Over temperature Relay Type and Cat. No.�
�
�
�
7.�
Power Switching�
�
�
�
�
-�
3-Pole Vacuum Contactor�
Y/N�
�
�
�
-�
Nominal Voltage of Contactor�
V�
�
�
�
-�
Continuous Current Rating of Contactor�
A�
�
�
�
-�
Short-Circuit Interruption Current Rating�
KA, rms Sym.�
�
�
�
-�
Short-Circuit Withstand Capability�
KA, peak�
�
�
�
-�
Control Voltage�
V�
�
�
�
-�
Rated Fuse Voltage�
KV�
�
�
�
-�
Rated Fuse Continuous Current�
A�
�
�
�
-�
Rated Fuse Interrupting Current�
KA, rms Sym.�
�
�
�
-�
Blown Fuse Indicator�
Y/N�
�
�
8.�
Protection �
�
�
�
�
-�
Unbalance Relay Included for each Stage�
Y/N�
�
�
�
-�
Type & Cat. No. of Relay�
�
�
�
�
-�
CTs Type and Ratio�
�
�
�
�
-�
Is additional Protection Recommended by Vendor? Clarify and Include if yes. �
Y/N�
�
�
9.�
Controls �
�
�
�
�
-�
Automatic Control Unit Included As Specified�
Y/N�
�
�
�
-�
Type & Cat. No. of Unit�
�
�
�
�
-�
“AUTO-OFF” Selector Switch Included �
Y/N�
�
�
�
-�
Pilot Lights Included�
Y/N�
�
�
10.�
Safety Grounding Switch�
�
�
�
�
-�
Nominal Voltage Rating�
kV�
�
�
�
- �
Continuous Current Rating�
A�
�
�
�
-�
Fault Closing Rating�
KA, rms Asym �
�
�
�
-�
Momentary Short-Circuit Rating�
KA, Asym. pk.�
�
�
�
-�
Interlocking Scheme as Specified�
Y/N�
�
�
APPENDIX 3


TECHNICAL CONFORMITY STATEMENT


VENDOR is to duly complete and sign the appropriate section below and return with its proposal.


Technical Requirement�
Technical Deviations/Exceptions�
�






______________________


Name of Vendor


______________________


Authorized Signature


______________________


Date
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