Type: FT2000
                                                                              Technical Specification
MV Automatic Tune Filter Bank

            Electric Section  16000

Guide Form Specification for

---------- 

Medium & High Voltage Metal Enclose 

Harmonic Tuned Filter Banks

FT2000

----------

Application 

General :

This specification is for a medium voltage three phase pad-mounted automatic harmonic filter bank consisting of :

· 5TH  __ steps of __________ kvar at _______ kv. 
· 7Th  __ steps of __________ kvar at ________ kv.

· 11Th  __ steps of __________ kvar at _______ kv.

· 13Th  __ steps of __________ kvar at _______ kv. 

 The bank shall be designed and guaranteed to meet IEEE 519 current distortion limits while correcting the incoming harmonic content to  5% THD.   The vendor shall have in-house power engineers and harmonic analysis software that utilizes complex modeling techniques to support filter performance.  The results of this analysis and a report shall be furnished with the approval drawings.  This work shall not be subcontracted to a third party.  

All controls, switching devices, and protection features shall be enclosed in an all-welded steel enclosure.  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".

1. Enclosure

1.1
The FT2000 filter bank shall consist of a single (1) enclosure with NEMA 3R construction that will house all components, including fuses, capacitors, iron-core reactors, switches and associated controls.  All components shall be accessible and removable from the front of the enclosure.  Bolted panel construction, transclosure style, and switchgear cubicle style enclosures will not be allowed.

1.2
The enclosure shall be fabricated from 11 gauge cold rolled galvanized steel. All seams shall be continuously welded and ground smooth to present an attractive appearance. The roof shall be cross-kinked or gabled to allow for watershed.

1.3
The enclosure shall be painted white enamel inside and ANSI gray-61 enamel outside. All enamels to be corrosion resistant.

1.4
The enclosure shall have a continuous 1/4” x 1” ground bus that spans the full width of the enclosure.  This bus shall be readably accessible for attaching grounding wires during maintenance.

1.5
The doors shall be equipped with a continuous stainless steel hinge pin and 3-point latching handles.

1.6
The Base of the enclosure shall be equipped with C4x5.4 structural steel channel. Removable steel lifting plates consisting of 1/2" steel shall be located at each corner. The plates shall have a 2-inch diameter hole to accommodate lifting straps.  Formed channel bases will not be excepted.

1.7 All ventilation louvers shall be located on the doors and shall be backed with a steel mesh.

1.8 All fasteners and associated hardware, inside and out, shall be stainless steel.

1.9 The enclosure shall be equipped with steel 14" x 14" warning signs that state "Authorized Personnel Only" and "Do Not Enter, High Voltage".  These signs shall be blind riveted to the enclosure with stainless steel rivets.  The back side of the rivets shall be coated with white silicone.  In addition, all names plates shall be blind riveted and also coated with white silicone.

1.10 All steel supports for capacitors, iron-core reactors, disconnect switches, capacitor switches, main fuses, and capacitor fuses shall be C4-5.4 structural steel channel.

2. Capacitors

2.1
The FT2000 filter 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 by Nokian Capacitors.

2.2
Each capacitor shall contain an internal discharge resistor to reduce the stored voltage to 50 volts or less within 5 minutes from disconnection.

2.3
The capacitors shall be internally fused, connected in ungrounded wye and shall be protected from sustained over voltages due to capacitor unit failure and/or system ground faults by a neutral unbalanced current detection system (NUR-36 Unbalanced relay).

2.4 The capacitor's voltage ratings shall be increased for harmonic filer duty with the following considerations (data to support choice of capacitor voltage rating shall be provided with approval drawings):

· Harmonic current peaks having a 100% coincidence.

· Nominal system over-voltage of 5%.

· Ambient voltage distortion equal to the limits set forth by IEEE 519 (at the PCC) or values obtained during measurement.

· Adherence to IEEE/ANSI peak (crest) and RMS voltage ratings.

3. Tune Filter Reactors  5Th, 7Th, 11Th, 13Th 
3.1 The FT2000 filter bank shall be equipped with single-phase iron-core dry-type reactors.  They shall have Copper windings and an H200C insulation system with a 90C temperature rise.

3.2 The reactors shall be Vacuum Pressure Impregnated (VPI) with Epic TC-0118 Epoxy.  The iron laminations shall be a Hi-grade magnetic steel.  To reduce gap magnetic losses and extraneous magnetic fields, a distributed gap design shall be utilized.  

3.3 All gaps shall be cemented to reduce noise levels.

3.4 The reactor current ratings and design shall be based on the following considerations:

· The reactor core will not saturate for currents less than 250% of the fundamental current rating of the filter bank.

· Peak flux density of the core shall be less than 1.2 - 1.4 Tesla assuming all harmonic current peaks are 100% coincident (Core design shall not be based on RMS current rating of reactor).

· Reactor currents are based on computer simulations. Results of such simulations shall be provided with the approval drawings.

4.  Protection
4.1
Each capacitor shall be protected by a full range current limiting fuse with blown fuse indicators.  Fuses shall be a tab-tab design and shall be visible and accessible from the front of the enclosure. 

4.2
A neutral unbalance voltage detection system shall be provided to indicate a blown fuse and to protect the capacitors from a sustained over-voltages due to capacitor unit failure and/or system ground faults.  The neutral sensor shall be a precision resistive voltage divider, calibrated to better than 1% accuracy.  It shall be molded high dielectric strength anti-tracking material.  The relay shall have two (2) set points.  The first set point shall alarm for a blown capacitor fuse that will not cause damage to the remaining capacitors or cause adverse tuning conditions.  The second set point shall trip the bank off-line for voltages that will cause capacitor damage.  The relay shall be equipped with a digital display that indicates the neutral voltage at all times.  This relay shall be factory pre-set.  The settings and calculations shall be provided with the approval drawings.

4.3
Overload protection shall be provided in at least one phase of each filter to protect the reactors from harmonic current overload.  The overload protection shall account for the increased heating effects of harmonic currents.

4.4
Over current protection shall be provided by the main incoming air-disconnect switch, upstream breaker, or load interrupter.  When supplied with the bank, the over current protection shall consists of current limiting fuses and shall protect the reactors and internal bus work from faults.  

5. Load Interrupter Air Disconnect Switch
5.1
The FT2000 filter bank shall be supplied with an externally chain operated load interrupting switch that accomplishes capacitive current interruption utilizing the dual arc extinguishing system based on the auto-pneumatic air-blast and hard gas nozzle principle.  The switch shall be rated at 135% of the banks nominal current rating and shall have a 40 kA RMS momentary asymmetrical rating.  This switch shall be interlocked with the vacuum switches to prevent it from being opened while the capacitor stages are energized.  The handle operator shall be mounted on the front of the enclosure.

5.2
If the bank is equipped with a ground switch it shall be mechanically interlocked with the air-disconnect switch.  The ground switch and air disconnect switch must be tested in accordance with ANSI/IEEE standards.  Data sheets must be provided upon request.

5.3
If the bank is equipped with main incoming fuses they shall be the current limiting type and coordinate with the upstream breaker or load interrupter.  Coordination curves shall be provided on request.

6.0 Vacuum or Oil Switches

6.1
The FT2000 filter bank shall be controlled by single phase, motor operated, switches that have been tested in accordance with ANSI Standard C37.66. In addition to the motor operator, the switches shall have the capability of being operated with a hook stick.  

6.2
The switches shall be controlled by an on/off/auto selector switches.  In the auto position, the switches shall accept control from a digital power factor controller.  In the on/off position, the switches will be forced on or off, regardless of the controller output signal.  

6.3
The control system shall prevent the switches from operating more than once in a 5 minute period. 

6.4
The switches shall be interlocked with the banks air-disconnect switch.

7. Interlocks

7.1
The FT2000 filter bank shall be equipped with a keyed interlock system to prevent unauthorized and out of sequence entry into the filter bank.

7.2 The interlock scheme shall include the upstream protective device (where necessary), the filter banks air disconnect switch, ground switch (when provided), and the doors of the enclosure.  The interlock scheme shall prevent the opening of the air disconnect switch (and the closing of the ground switch) before the filter bank is de-energized by the vacuum switches.

7.3 The keyed interlocks shall be mounted behind the enclosure doors with the key-holes protruding through the doors.  The locks shall be equipped with stainless steel spring covers.  The keyed interlock system shall allow all doors to be opened at one time.

8. Controls

8.1
All low voltage controls shall be completely isolated from the high voltage compartments. The controls shall be accessible while the bank is energized.  

8.2
All Control wires that connect to components inside high voltage compartment shall be enclosed in metal or aluminum conduit.  

8.3 The digital power factor control relay A12 model shall be equipped with a digital display of power factor and capacitor stages.  There shall be visual indication by means of an LED for: energized capacitor stages, capacitive/inductive load, and target power factor obtained. The controller shall have series of Alarms capabilities as low , high P.F., low Kvar, high inside temperatue,…
8.4 Each stage shall be equipped with on/off/auto switches, stage on indicator (green) and stage off indicator (red).  An interposing on-delay relay shall be provided to prevent the energization of a filter bank in less than 5 minutes.

8.5 The bank shall be equipped with a dry-type control power transformer that has both primary and secondary over current protection. The control power transformer shall be connected between phases A  and C.

8.6
Class CC 600 volt current limiting fuses shall be provided to protect the control circuit.

9. Submittals

9.1
Upon issue of a purchase order, the supplier shall provide 2  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 and C4x5.4 structural supports.

· Data sheets for internal components

· Material listing

· Harmonic analysis report consisting of the following:

· Impedance incoming Transformer

· Amplification Scan(s)

· Voltage and current distortion calculations with filter energized.

· Calculations showing capacitor and reactor duties.

· Impedance data and input data files utilized to perform harmonic study.

· Result of sensitivity analysis

· Note:  The harmonic analysis shall account for all other capacitors and harmonic filters on the customer's system as well as capacitors/filters on the nearby utility system. The system's impedance characteristics shall account for contingencies.

10. Bid Requirements

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

11. Acceptable Product & Suppliers

11.1 Suppliers must offer a minimum 18 months warranty and have available extended warranty programs.

11.2
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.

11.3
Supplier must show that they are a regular supplier of medium voltage automatic pad-mounted metal enclosure harmonic filter banks.  Product literature and a list of customers that have purchased similar products shall be supplied upon request.

11.4
Suppliers must be able to provide performance guarantee in regards to harmonics and power factor.  

11.5
The supplier shall be responsible for cable coordination.

11.6
Acceptable Manufacturer and Product will be Gentec or equivalent approved : 

12. Construction Standards

The Capacitors Bank has been designed to the following standards:

UL ................................ Underwriters Laboratories

CSA ............................... Canadian Standards Association

IEEE 519-1992 .............. Guide for Harmonic Content.

NEMA ............................ National Electrical Manufacturers

Association ANSI ............American National Standards Institute

IEEE .............................. Institute of Electrical & Electronic Engineers

OSHA .............................Occupational Safety & Health Act

ISO 9001  2000 ………..  Quality Control  Certification

APPENDIX 1

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.
	Tuned Reactors
	
	

	
	-
	Manufacturer
	
	

	
	-
	Type
	
	

	
	-
	Design Voltage
	kV
	

	
	-
	Windings Material
	
	

	
	-
	Insulation Class
	
	

	
	-
	Temperature Rise
	(C
	

	
	-
	Over temperature Protection
	Y/N
	

	
	-
	Tune Frequency.
	
	

	
	-
	60 Hz Current : _______Amp
	
	

	
	-
	RMS  Current : _______Amp
	
	

	
	-  Tuned frequency   5Th 
	Hz
	

	
	-  Tuned frequency  7Th  
	Hz
	

	
	-  Tuned frequency  11Th
	Hz
	

	7.
	Power Switching
	
	

	
	-
	1 / 3-Pole  Contactor
	Oil / Vacuum
	

	
	-
	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
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