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LOW VOLTAGE  AUTOMATIC THYRISTOR SWITCHING CAPACITOR BANK
Part 1 – General

Capacitor unit(s) FT300 shall be manufactured by Gentec or approved equal. The complete equipment shall be manufactured and certified to CSA  or cCSAus.  Internal capacitor cells shall be CSA recognized in compliance with UL 810 and CSA22.2, 
The complete equipment shall be pre-wired and factory assembled, including [main terminal lugs] [a main breaker with terminal lugs], a microprocessor programmable controller, Class A resettable ground fault protected control circuit, individual capacitor stages including current limiting fuses and soft-charge contactors cabled to each capacitor bank step.
All major components shall be identified in general arrangement drawings, wiring diagrams and instructions provided with each unit.
Capacitor shall be dry-type capacitor with no liquid dielectric cells.
Operating ambient temperature range shall be:  -5o C (23oF) to +40oC (104˚F) Max.  Highest mean over any period of 24 hrs: +40oC (104oF); Highest mean over 1 year: +35oC (95oF).
Capacitor step should respond to load changes within 10 seconds. 
Standard tests shall be performed to confirm proper operation of the complete equipment, including operation of all control circuits, functioning of the controller, full voltage and current stage testing, confirming kVAR power rating, and high pot testing per CSA requirements. 

Part 2 - Equipment Size / Ratings

A. 
Operating Voltage shall be  [ ____ ] Volts (line to line), three phase, 60 Hertz.

B. 
Rated capacitor cell voltage shall be [ ____V networks]  ____ V networks] (line to line). Capacitors must be delta connected at rated voltage.  Wye connected capacitor elements shall not be acceptable.
C.   Impulse wave withstand: 1.2/50 µs; 15KV

D. 
Total kVAR size is [ ____ ] kVAR at operating voltage.

E. 
Capacitor steps shall be [(     ) or  (     )  KVAR each for 480V network] (with150KVAR as maximum), [(     ) or  (     ) KVAR each for 600V  network]1(with150KVAR as maximum). 
F. 
Filter tuning of each capacitive / inductive stage shall be 4.2 th x 60Hertz 
G. 
[Main terminal lugs] and buswork braced to withstand fault level at either 42KA or at 35KA RMS Amperes  symmetrical.


[Main circuit breaker] will withstand fault level of 100KA @ 240V, 50KA @ 480V and 65KA @ 600V.

H. [Main circuit breaker shall be rated for a minimum of 135% of the filter capacitor system full load current at operating voltage.]

Part 3 – Enclosure

A. 
Enclosure(s) shall be free standing, constructed of minimum  #12 gauge steel frame, including a hinged door, ground bar and lug, and removable lifting eyes, finished with standard ANSI/ASA 49 gray, [ASA 61 Gray] paint.

B. 
Enclosure(s) shall meet NEMA  Type 1 for indoor application.

C. 
Enclosure door(s) shall be full height, key lockable with door mounted controller, to comply with NFPA70E requirement.

Part 4 - Internal Components

A. 
Individual Capacitor Units

1. 
Each capacitor / inductor stage shall consist of hermetically sealed three phase capacitor cell(s) on a modular assembly with the contactor, three phase fusing and thermistor relay.  Each module shall be designed to facilitate maintenance if replacement should ever become necessary.  

2. 
Discharge resistors mounted internal to the cells shall be provided to meet UL/CSA requirement (reduce voltage on the cells to 50 Volts or less within one minute after the capacitor has been switched of).
3. 
Individual capacitor elements shall be of a dry-type self-healing design utilizing a low loss metalized film dielectric system with a pressure sensitive circuit interrupter. Each element shall contain a 100kA HRC fuse as part of the pressure interrupter circuit. Electrical losses, including contribution of discharge resistors, shall average less than 0.5 Watts per KVAR.  Liquid filled or impregnated capacitors shall not be acceptable.

4. 
Capacitor shall be rated for 130% continuous overcurrent and 110% continuous overvoltage at rated voltage.  Refer to Part 2, paragraph B for capacitor voltage rating.
5. 
Capacitor elements must be Delta connected at rated voltage.  Wye connected capacitor elements shall not be acceptable.

B. 
Internal Protective Fusing

1. 
600V Class J fuses shall be provided in each phase of each capacitor cell and on the line side of the switching module and mounted so as to facilitate replacement without removing power wiring.  Dual element, time delay fuses shall be UL and CSA Listed and rated at 300,000 RMS  Amperes symmetrical.  

C. 
DeTuned Reactors

1. 
Tuning reactors for each capacitive stage shall be selected such that filter tuning of each stage is equal to 4.2 th x 60 Hertz.
2. 
Reactor shall be constructed of EI laminated low hysteresis core with a controlled air gap and three copper windings of rectangular cross section glass insulated copper conductor.

3. 
Reactor assembly shall be impregnated with high temperature thermo-setting material.  Reactor insulation shall be rated for 115oC rise over a 40oC ambient.

D.  Solid state capacitor switching module

       1.  Each switching module should be able to switch 1 capacitor steps of  ___ Amps per phase nominal current using electronic switches for each three phase capacitor step.  

2.   The switching module should be protected by thermal protection device to prevent overheating of the switching module.   

E.   Control Power Requirements
1. 
120V control circuit transformer shall be provided within the enclosure.

2. 
All major components including both primary and secondary transformer shall be fused.  

3.
The control circuit shall be protected by a resettable Class A ground fault protection breaker.

4. 
A shorting terminal shall be provided for two incoming current transformer wires.  A single current transformer to be installed upstream of where the automatic capacitor is attached to the electrical distribution system, shall be provided with a ratio of [      ] to 5 Amperes.  The CT shall be split core type with an opening large enough to facilitate installation on the cable or buss3.
F. 
Microprocessor NC12 Controller
1. 
The controller shall be a microprocessor-based programmable unit with a single current input and single line-to-line voltage input required.  The controller measures reactive power consumption in the load and, according to programmed control logic, will connect or disconnect the required amount of capacitor stages needed to maintain the preset power factor.

2. 
The controller shall utilize a switching logic that optimizes the use of capacitor elements and contactors in the bank.

3. 
Backlit display should light up when unit is energized.
4.  MAINTENANCE mode (for maintenance override of AUTO mode--5 minutes maximum override time) shall be provided.

5. 
A backlit display for direct viewing of power factor and alarms shall be provided.  Indication of stage energization and inductive / capacitive condition shall be provided. 

6.
An alarm dry contact shall be provided to signal internal cubical overtemperature (factory set at 55˚C maximum).

7. 
The controller shall automatically select the system frequency (50 or 60 Hertz) and the necessary C/K ratio.  A reversed CT polarity shall be automatically corrected by the controller.  

8.  The controller shall permit programming of the switching stage response time (minimum 10 seconds), number of stages (12 maximum) and various stepping programs depending on system design.

Notes specification:
Normal step sizes for detuned systems utilized at various system voltages are listed below:
a. For 480V systems: 50 KVAR and 100 KVAR 
b. For 600V systems: 50 KVAR and 100 KVAR 
c. Other voltage and step size is available upon request

 Note that having one smaller step in a system provides step resolution in accordance with that smaller step. 
· For instance, a ____ KVAR system can be constructed using 
· 1 x  ___ KVAR steps but step switching resolution will be ___ kVAR.  Step sizes in any system must be designed as integer multiples of the first step to accommodate controller programming.  The example above has a 1:2:2 ratio.  Steps smaller than those listed above are possible but not typically economical nor necessary to meet power factor requirements in North America.
 Normal tuning of detuned systems is 4.2 x 60 Hz for North American voltages ( 480V, 600V).  Filter tuning systems.  We do not recommend specifying higher tuning points without a detailed network study as the risk of filter overload increases with increasing the tuning point.
 Current Transformer (CT) ratios commonly available include the following:  500/5, 800/5, 1000/5, 1200/5, 1600/5, 2000/5, 2500/5, 3000/5, 4000/5 and 5000/5.  CT ratio is determined by the current rating of the upstream switchgear to which the capacitor bank is connected.  For instance, a capacitor bank connected to a 2000Amp rated switchboard would require a 2000/5A current transformer.  CT sizing is NOT a function of the size of the capacitor bank or the feeder breaker to the capacitor bank.  Normal split core CT’s have a 4”x7” window which is typically  suitable for switchgear rating up to 4000A.  4”x11” window CT’s are also available for higher rating switchgears.
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