SECTION 16269

MEDIUM VOLTAGE VARIABLE FREQUENCY DRIVE
PART 1 -  GENERAL

1.01 SCOPE

A. This specification defines the performance and functional requirements of a medium voltage AC drive system for continuous operation of a 3-phase AC squirrel cage induction motor. 
1. Engineering responsibility: The drive system (including the motor and bypass circuit, if applicable) shall be engineered by one supplier to assure a properly designed and coordinated system.

2. Work included: Design, manufacture, test, supply and deliver ex works a variable frequency drive system including drive comprising rectifier, inverter and regulator with drive isolation transformer and where applicable, incoming switchgear, bypass starter, output filter and motor, [incoming harmonic filter/power factor correction unit] as needed to meet this specification.  Furnish information, drawings, data and documents as detailed in this specification.  Provide field supervision during installation, testing and commissioning of the equipment as required by the purchaser.

3. Work excluded: Delivery to site, receiving and storage.  Installation and connection of equipment at site.  Supply, installation and connection of power and control cables at site.

1.02 RELATED DOCUMENTS

A. All drawings and general provisions of the Contract including Division 1 requirements apply to this section.

B. [The following sections shall be adhered to in the performance of work specified by this section:

1. Section 16xxx -   ]

1.03 SUBMITTALS

A. A minimum of two sets of documentation shall be provided, in either paper or electronic format (preferably on one CD per set). Submittal information shall include, but not be limited to:

1. Documentation provided after order

a. Certified equipment dimension drawings

b. Electrical single line diagram showing main and auxiliary circuits, with all major components included in the scope of supply

c. Interface details, showing all power connections and control interfaces (digital and analog inputs and outputs) between the VFD system and the rest of the plant. 

d. Certified “as tested” drawings, including a comprehensive bill of material
e. Recommended spare parts list
f. [Harmonic analysis]  Match to Section 2.03.D.2.c.1
g. [Torsion analysis]  Match to Section 2.03.D.2.c.1
h. User manuals including storage, installation, operation and maintenance instructions for all equipment included in the scope of supply. 

i. Equipment test reports

2. Final documentation

a. Certified “as built” drawings

b. A comprehensive revised bill of material
c. “As commissioned” listing of all parameters.

d. [Site performance test reports and recordings]
1.04 COMPLIANCE
A. Bids shall be in full compliance with all applicable sections of this Specification and as per the specific requirements indicated on the attached Appendix "A" - “Specification Data Sheet”. Any deviations or exceptions shall be clearly listed in the bid and detail the paragraph of the specification to which they refer.

1.05 CODES AND STANDARDS
A. Equipment shall comply with the latest revisions of the applicable NEMA, ANSI and IEEE specifications.

1.06 QUALITY STANDARDS
A. The drive system manufacturer shall have a quality assurance program that is certified in accordance with ISO standard 9001.

PART 2 -  GENERAL
2.01 ACCEPTABLE MANUFACTURERS
A. [The variable frequency drives shall be Siemens Simovert MV or pre-bid approved equal, meeting the exact requirements of this specification by: 
1. .

2. .  ]
B. All equipment for the VFD System shall be supplied by the VFD manufacturer to ensure performance matching as well as optimum total system efficiency.

2.02 EXPERIENCE
A. The VFD manufacturer shall have at least 10 years experience in the manufacture of Medium Voltage VFD’s at similar power ratings and shall provide a user list of the installed base of the particular type and model of VFD being offered. For switching devices or design topologies that have less than three years of actual operating experience, additional performance guarantees or warranties may be required as determined by the Engineer.

2.03 DRIVE OVERVIEW
A. General

1. The VFD shall be capable of smooth step-less control over the complete speed and power range, after applying any derating factors required for the site and environmental conditions, [as follows:

a. [Altitude above sea level [____ft.]
b. Ambient temperature  [_____deg F]
c. Dusty environment  [_____]
d. Aggressive gases  [_____]
e. Hazardous area   [_____] ]
2. The VFD shall be rated:

a. Rated Power [          Hp]
b. Service factor [             ]
c. Overload  [            %] for   [       sec]
3. The load characteristics are [Variable Torque] [Constant Torque] [As noted on the drawings].
4. The speed control range shall be [____%] to [_____%].
5. Quadrants:

a. [2 quadrants (driving only)]
b. [4 quadrant (driving and braking)
1) [Fully regenerative]

2) [Dynamic Breaking]  

a) Dynamic braking with max. [_____%] torque for sec. every [___sec]  ]
6. Load moment inertia [______] lb-ft2 referred to motor shaft

B. Power Supply

1. VFD System shall be designed to operate off a power supply at the voltage and frequency as indicated on the drawings or in Section 2.03.B.1.a and .b.  The VFD shall operate at full rated output with a supply voltage variation of ±10% and supply frequency variation of ±3%. The VFD shall continue to operate without tripping, but at reduced output if applicable, with a supply voltage variation of up to -20%.

a. Nominal Voltage  [____V]

b. Frequency in Hz: [____Hz]
2. [The VFD shall also be supplied with: 
a. [Automatic Restart  ]
b. [Restart on the Fly  ]
c. [Aux voltage of   [_____V] 3phase  ]
d. [A 120 V power source shall be supplied by:

1) [UPS  ]

2) [Customer supplied  ]

3) [Internal unit  ]
C. Input Power Factor
1. The total power factor at the VFD input shall be > 0.95, for the entire speed range of 30% to 100%. 

2. The VFD manufacturer shall provide a Power Factor Correction unit if the VFD does not meet these requirements. The Power Factor Correction unit shall include a separate input isolating contactor with fuses.  The VFD Manufacturer shall include the cost of wiring and installation if the Power Factor Correction unit is not mounted and completely wired within the VFD enclosure. 

D. Input Harmonics

1. The VFD shall have a minimum 12-pulse rectifier to eliminate the need for harmonic filters.

2. The VFD shall comply with the latest edition of IEEE 519 for total harmonic voltage and current distortion limits and calculations at the designated point of common coupling. 
a. [The voltage level at the point of common coupling shall be    [_____V]
b. [The short circuit capacity at the point of common coupling shall be    [_____MVA].

c. [The maximum demand at the point of common coupling shall be    [_____kVa].
1) [The Bidder shall  (Match this section with Section 1.03.A.1.f and .g )
a) [Submit a harmonic analysis, calculating up to the 49th harmonic. Calculations shall be based on the power distribution system data detailed herein.  ]  

b) [Submit a torsional analysis of the drive train.
1. The VFD shall not induce unacceptable (>2% RMS) torque pulsations to the shaft of the driven system.  A torsional analysis of the complete drive train is to be offered. The purchaser will provide the required data for the driven load.]

c)  [Not perform an analysis.  It is not required.]  ]   
E. Efficiency

1. Overall efficiency calculation of the VFD shall include the Drive Isolation Transformer, VFD and all VFD auxiliaries (such as the cooling system), Output Filter or Reactor and Input Power Factor Correction and Harmonic Filter if provided.

2. The Overall Efficiency shall be not less than 96% at full load and full speed.

F. Output Inverter 
1. The Variable Frequency Drive shall include a minimum 3-level motor side inverter, in neutral point clamped (NPC) technology with pulse-width modulated (PWM) switching pattern.  The VFD shall be supplied [without] [with] an output filter.

2. The output inverter shall utilize high voltage switching devices only and have a snubberless design to minimize parts count and maximize reliability.  The series combination of low voltage (<1,000 V) inverters to produce medium voltage for the motor is not acceptable. (For outputs of 6.0 kV and above, output step-up transformers in the form of an integrated high voltage filter are acceptable).

G. Output Filter
1. If the drive is used with a standard insulated (non-inverter duty) motor, an output filter producing a high quality sinusoidal voltage waveform with less than 5% Total Harmonic Distortion of the voltage and current shall be provided. The Output Filter shall have an AC grounded wye configuration to isolate common mode voltages from the motor and it shall be mounted inside the drive enclosure. 

H. Motor Types
1. New motors supplied with the drive may be either standard or inverter duty motors, to best fulfill the requirements herein.
a. Type:

1) [New] [Existing] Squirrel Cage Induction Motor
a) [Rated Power  [_____Hp]

b) Service Factor  [_____]

c) Overload  [_____%] for   [_____sec]

d) Rated Voltage  [_____V]

e) Synch Speed  [_____]  or Number of Poles  [______]

f) Enclosure

1. [ODP] [WPII] [TEFV] [TEFC] [TEAAC] [TEAO] [TEWAC]

g) Location

1. [Indoor] [Outdoor]

h) Design

1. [Vertical] [Horizontal]

i) Hazardous Area Classification
1. [Not Applicable] [Class[_____], Div.[_____], Group [_____]  ]

j) Accessories

1. [Stator RTDs (2 per phase)] [Bearing RTDs (1 per bearing)] [Space heater 120V] [Vibration monitor type: [_____]  ]
2. Inverter duty motors shall be designed to fully match the output voltage characteristics of the drive and be provided with two insulated bearings and a shaft grounding brush.

I. Open Circuit Operation
1. The VFD shall be capable of operating with an open circuit output (without the motor), to facilitate testing and troubleshooting. 

J. Short-Circuit Capability
1. The VFD shall be short circuit proof at the output. 

2. Switching devices shall be capable of interrupting a short circuit current, or be able to carry the fault current until it is interrupted by fuses or a circuit breaker/contactor on the primary side of the drive isolation transformer.

K. Fuseless Design
1. A fuseless design of the VFD is preferred. If fuses are used in the power circuit, all power fuses shall have fuse indicators. Annunciation of the exact location of the failed fuse shall be provided on the operator display panel. Also, 200% spares of all power fuses shall be included in the bid.

L. Maximum Output Frequency
1. The maximum output frequency shall be parameter adjustable between 0 and a minimum of 66 Hz, or as required to meet the requirements detailed in the Specification Data Sheet.

2.04 DRIVE CONSTRUCTION

A. Layout

1. To allow maximum use of space, the Medium Voltage AC Drive System shall be modular in design and comprise of separate enclosures for the VFD, input isolation switchgear and, drive isolation transformer.  These enclosures shall be configurable separately or in a line. 

2. The [Power Factor Correction Unit,] Output Filter and Input Harmonic Filter shall be factory mounted and wired by the manufacturer into the VFD enclosure.

B. Enclosures

1. Enclosures shall be minimum NEMA 1 for indoor installation. All painted surfaces shall have an exterior finish of [ANSI 61 Gray] [ANSI          ].
C. Cubicle Access

1. VFD cubicles shall be designed to require minimum space for installation. To obtain the most compact arrangement, cubicles requiring rear access only for maintenance are acceptable.  

a. Access shall be [front] [front and rear] [rear].
b. Power cable entry shall be [top] [bottom] [side].
c. Control cable entry shall be [top] [bottom] [side].
D. Cooling Medium
1. The VFD is to be [air-cooled] [water-cooled].  [Select either Air cooling - Section 2.04.D.1.a or Water cooling Section - 2.04.D.1.b below.  Delete the other section.]
a. Air Cooling
1) Enclosure

a) The enclosure for an air-cooled VFD is to conform to [NEMA 1] [NEMA 5] requirements for indoor installation, drawing air through louvers in the front doors and exhausting it on top of the cubicles.

2) [NEMA 5 cubicles are to be fitted with rubber gaskets on all doors and air filters.]
3) [Air filters

a) If applicable, air filters shall have the largest possible surface area to minimize replacement (the surface area shall be at least equal to the area of the air duct inside the enclosure). Replacement shall be possible while the VFD is operating, without opening any live compartments. Filter mats are to be pulled away from the VFD against the air stream, to prevent dirt from being scraped off and entering the VFD enclosure. Designs where the filter is slid sideways or upwards out of a frame are not acceptable.]
4) Fans

a) The VFD enclosure shall be provided with multiple fans. If one fan fails, the VFD shall generate an alarm and [trip] [continue to operate at reduced output] [continue to operate at full output].  

5) Fan replacement

a) Fans shall be easily accessible from the outside of the enclosure and their exchange shall be possible without having to remove any cables, power modules or other components.

b. Water Cooling
1) Enclosure 

a) The enclosure for a water-cooled VFD is to conform to [NEMA 1 requirements] [NEMA 12 requirements fitted with rubber gaskets on all doors] for indoor installation.  
2) Water-cooling unit

a) The water-cooling unit is to include an internal cooling circuit with a water de-ionizer, redundant pumps with automatic changeover if one should fail and a suitable [water/water] [water/air] heat exchanger. 
b) [The external cooling circuit is to include a bypass valve and associated controls for regulating the temperature of the internal water-cooling circuit].
c) The maximum water cooling temperature is [95 deg F] [___deg F].

d) The water pressure minimum is [       psi].
e) The water pressure maximum is [       psi].
c. Auxiliary Supply
1) A separate feed for auxiliary power will be provided by the purchaser at [480V, 3-phase, 60 Hz] [      V,     -phase,    60 Hz]. 

2) [Control power shall be as indicated in Section 2.03.b.2.d.] [Power is to be derived from the auxiliary feed and a UPS included with the VFD.]
d. Noise Level
1) The sound pressure level for VFD’s rated up to 5,000 HP shall be:

a) For air cooled drives, less than 85 dB (A) at 3 feet distance.

b) For water cooled drives, less than 75 dB (A) at 3 feet distance.

2) For VFD with higher outputs, these values may be increased by up to 3 dB (A) at 3 feet distance.

e. Vibration

1) The VFD shall have sufficient mechanical strength to withstand vibrations as follows:

a) During stationary operation, max. deflection 0.003” (0.075 mm) in the frequency range 

b) 10 Hz to 58 Hz, acceleration 1g (9.8 m/s²) in the frequency range >58 Hz to 500 Hz.

2) During transport, max. deflection 0.14” (3.5 mm) in the frequency range 5 Hz to 9 Hz, acceleration 1g (9.8 m/s²) in the frequency range >9 Hz to 500 Hz.

f. Busbars

1) Main power bus shall be low impedance and shall be appropriately sized for the VFD continuous current rating. It shall be braced to withstand the mechanical forces caused by a momentary short circuit current of 50 kA.  All connections shall be welded or bolted; all bolted connections shall be of self-locking design.

g. DC Link Capacitors
1) DC link capacitors shall be dry type for safe and environmentally friendly operation. Metallized polypropylene film technology is preferred. Capacitors shall not burst or explode as a result of electrical or thermal overloads and shall pose no risk of igniting a fire. The DC capacitor protection scheme shall not rely upon pressure relief devices to prevent capacitor rupture.

2) Electrolytic capacitors or types containing oil or PCBs are not acceptable.

3) A safety circuit that fully discharges the DC capacitors is required for each DC capacitor bank. The safety circuit shall be automatically activated by the control in the event of a DC overvoltage, an open medium voltage compartment door, or any other condition where the fast dissipation of DC Voltage would prevent subsequent harm to personnel or equipment.

h. Gating And Feedback Signals
1) All gate driver and feedback signals are to be transmitted through fiber-optic cables to improve noise immunity and fully isolate the control circuit from the medium voltage power section. 

2) Each active semiconductor shall have an individual feedback signal to the drive controller for device status and fault indication purposes.

i. Control Wiring
1) All control wiring shall be physically separated from the power wiring.  Low and high voltage cables shall be physically isolated from each other.  The VFD system shall be pre-wired within the enclosure.  Spade type connectors are not acceptable.  No soldering shall be used in connection with any wiring.  Wiring shall be adequately supported to avoid tension on conductors and terminations.  All wiring shall be run in surface mounted conduit or wire-ways.  Any section of wiring outside of conduit or wire-way shall be securely tied with cable ties at intervals not exceeding six inches.  No cables shall be tied off to or in any way supported from any power bus.  Wherever wiring passes metal edges or through holes, suitable guards or grommets shall be provided to prevent cutting or chafing of the insulation.

2) All wiring shall be tagged with permanent labels at each termination, junction box and device per the schematic and wiring diagrams.

j. Power Section Component Exchange
1) Components in the VFD power section shall be mounted to allow for easy accessibility and fast replacement without the use of special tools. If the Engineer approves the use of special tools, two sets of such special tools shall be included in the bid. 

2) Power assemblies or modules shall be drawout, compact and lightweight (< 50 lbs), to allow handling by a single person without the use of lifting equipment or tackle. If the Engineer approves the use of inverter modules weighing more than 50 lbs, a set of handling/lifting equipment shall be included in the bid.

k. Control Cards/Components Exchange
1) Electronic cards for the regulator and control or protection equipment shall be easily accessible and be of the plug-in or drawout type, to allow for rapid replacement. Bolt-on card designs are to be avoided.

l. Electro-Magnetic Screening
1) Regulator cards shall be screened against electro-magnetic interference from radio communications and all other sources. Such EMC screening shall be effective also with the enclosure doors open. 

m. Terminals

1) All control terminal blocks shall be of the screw type, with crimped pin or bare wire connections.  All terminal blocks shall have at least 10% spares.  No more than two wires shall be terminated on one terminal.  

n. Door Interlocks
1) Doors for any compartment containing medium voltage potential shall be interlocked electrically or mechanically to ensure the medium voltage power source is disconnected if a door is opened.

o. [Space Heaters
1) Space heaters shall be provided. They shall be automatically switched on when the VFD is switched off. A separate 120V, 60Hz single phase space heater supply shall be provided by the owner.]
p. [Light & Power Plug
1) An incandescent light with switch and dual 120V, 60Hz single phase 15A power outlets for measuring equipment etc. shall be provided in the control cubicle.]
2.05 DRIVE CONTROL & PROTECTION

A. Drive Regulator
1. The drive shall be provided with a fully digital regulator including speed and torque controllers and additional functions as further specified below. The regulator shall be parametrizable to operate in either closed-loop speed frequency or torque control modes.

B. Speed Feedback Sensor
1. The regulator shall be capable of operating either with or without an actual speed feedback signal from a pulse encoder (digital tachometer), as necessary for the application and specified speed control range. The regulator shall accept an input frequency of up to 100 kHz.

C. Speed Accuracy
1. Static speed regulation shall be < 0.3% without a speed encoder.

D. Torque Control
1. The torque controller shall utilize field-oriented flux vector control, with flux optimization for optimum dynamic performance at all speeds and loads. Torque response time shall be <10 ms, for applications requiring a high dynamic response <5 ms. 

E. Motor Noise
1. The output PWM gating strategy shall minimize audible noise produced by the motor to a minimum under all operating conditions. Schemes that require the motor flux to be reduced at low values of torque to provide reasonable noise levels are not acceptable especially for applications requiring a high dynamic response.

F. VFD Control Interface
1. The VFD shall allow control locally at the unit via a door mounted operator panel and optionally a PC utilizing Windows based software and remotely via a hard wired signal interface and a communications bus.

G. Operator Panel
1. Each VFD shall be equipped with a front door mounted operator control panel consisting of an alphanumeric display and a keypad with numerical and software assignable keys.

a. Variable and parameter names, messages and other information shall be displayed in plain English text and values in engineering units or per unit/percentage values. Coded information that requires the use of cross-reference tables is not acceptable. 

b. The operator panel shall be suitable for the following functions:

1) Display actual values 

2) Enter set points.

3) Read/delete messages. Messages shall have a time resolution of at least 0.1 ms. At least the last 50 messages shall be stored in battery buffered memory.

4) Set min. / max. speed or frequency limits

5) Select two sets of motor data and set points
6) Jog set points
7) Menu-guided service and commissioning/start-up functions

c. Display of actual values:

1) Speed

2) Motor voltage

3) Motor current

4) Motor output power

5) Motor power factor

6) DC link voltage

7) Elapsed time

H. Hardwired Interface
1. Inputs and outputs shall be provided to interface with external operator and supervisory control and monitoring equipment as follows:

a. Minimum 2 analog inputs 4 - 20 mA, floating, galvanically isolated, parametrizable.  Upon loss of a speed reference signal, the drive shall be programmable to stop and display a fault message, ramp down to a preset minimum speed and display a warning message, or continue to run at the last reference received and display a warning message.  

b. Minimum 2 analog outputs 4 to 20 mA, floating, galvanically isolated, parametrizable.

c. Minimum 20 digital inputs, for dry contacts (power supply to be internal to the drive). At least 8 of the input signals shall be parametrizable to adapt control to external plant requirements.

d. Minimum 16 digital outputs, dry contacts capable of switching DC at 24 V (2A) and 120 V (0.2A) and AC 120V (2A) up to 230V. At least 8 of the output signals shall be parametrizable to adapt to external plant requirements.

I. Communication Interface
1. Serial communication interface modules shall be PROFIBUS DP, or such other protocol as specified on the Specification Data Sheet. The communication bus shall provide full 2-way communication including transmitting and receiving reference and feedback values, control bits, drive status and fault messages.

J. Commissioning Software
1. Microsoft Windows based software shall be provided for guided commissioning, parameter setup, monitoring and control. 

K. Push Buttons & Indicator Lamps
1. In addition to control via the operator panel, the VFD shall include door mounted push buttons or switches for ON/OFF, START/STOP, LOCAL/REMOTE and EMERGENCY STOP and indicator lamps for DRIVE READY, DRIVE RUNNING, DRIVE ALARM and DRIVE FAULT.

L. VFD Control Functions and Adjustments

1. Start/Stop control functions shall include at least coast, ramp and emergency ramp stop selections. 

a. Acceleration/Deceleration control functions shall include 2 sets of ramp time adjustments, with adjustable linear or s-curve ramp selections.

b. Speed control functions shall include: 
1) Adjustable min./max. speed and/or frequency limits  

2) Selection of up to 4 preset speed reference settings or external speed control  

3) Min. 2 sets of critical speed lockout adjustments.

c. Current and torque limits

d. Current and torque limit adjustments shall limit the maximum VFD output current and the maximum torque produced by the motor. These limits shall govern the inner loop torque regulator to provide tight conformance with the limits with minimum overshoot.

M. Protective Functions

1. The drive shall withstand a single phase or three phase output short circuit without damage to any power circuit or other components. 

2. Ground fault protection shall be provided.

3. Motor phase loss protection shall be provided.

4. The VFD shall provide parametrizable torque limit vs. speed profiling and shall stop the drive if the motor exceeds the torque limit.

5. Protection shall be provided for AC line or DC bus overvoltage at 120% of max. rated voltage and undervoltage at 80% of min. rated voltage.

6. Failure to connect a motor, or VFD output open circuit during operation, shall not cause damage to any power circuit or other components.

N. [Required Optional Features]

1. [RTD Monitor]
2. [An RTD monitor shall be provided for motor protection (6 winding temperature RTDs, 2 bearing temperature RTDs, all Pt100 type).  ]
3. [On-the-fly restart  ]
4. [The VFD shall be able to take control of a rotating motor, without any damaging torques, voltages or currents affecting any element of the drive train.]  
5. [Automatic restart  
a. An automatic reset function shall attempt to restart the drive after an under-voltage fault, when the supply is restored within an adjustable delay time.  ]
2.06 INPUT & BYPASS MV CONTROLLER OR SWITCHGEAR

A. Input Device
1. The VFD shall be supplied complete with an input switching device such as a fused vacuum contactor or a circuit breaker, as appropriate for the current and voltage level, on the primary side of the drive isolation transformer. This device shall:

a. Provide short circuit protection at the level required for the power.  

b. Switch in response to signals from the VFD and/or protection relays, if applicable, as required for normal operation and to isolate a fault. 

c. Provide a means of isolating and locking out the VFD and drive isolation transformer by a disconnect switch or drawout fuses, contactor or circuit breaker.

d. The provision of only a manually operated disconnect switch or similar arrangement that relies on fuses only and/or requires an upstream device to interrupt the supply to the VFD is not acceptable.

B. [Bypass Circuit
1. A drive bypass circuit is to be provided for direct across the line starting of the motor. The bypass switching device shall be of the same type and construction as the drive input switching device and be complete with CTs and a motor protection relay. An output isolation contactor with disconnect shall be provided for the drive output, to enable complete isolation of the drive while the motor is in bypass operation.  ]
C. Lineup

1. The MV controller/switchgear lineup shall consist of one or more freestanding vertical sections with provision for cable connection on the input and output.

D. Interlocking

1. Switching devices shall be electrically interlocked to prevent operator error. There shall be no ON switches that enable switching on any device whilst bypassing the interlocks. 

E. [Vacuum Contactor  (Select this paragraph or the next one)
1. The unit shall be an E2 controller of a [drawout] [fixed] design, [5 kV] [7.2 kV] [15 kV] class as appropriate for the supply voltage specified.

2. Each controller shall consist of a magnetically held contactor and primary fuses for short circuit protection.

3. The contactor shall open within 80ms of a trip signal (trip contact opens).

4. The minimum short circuit rating of the fused assembly shall be 50 kA symmetrical / 80 kA asymmetrical.

5. All contactors shall utilize a vacuum main contact design to ensure extended operating life. Minimum electrical life of main contacts shall be 250,000 operations.

6. A drawout controller assembly shall include both line and load side stab fingers, thereby allowing the complete removal of the unit without disconnecting power cabling. The racking mechanism for each controller shall be so designed such that it is impossible to rack the drawout carriage on or off the bus unless the contactor is either de-energized, or open. 

7. A mechanism must prevent opening of the compartment door unless the disconnect switch is in the OFF position, or the drawout carriage is withdrawn. The operating handle must clearly indicate the ON and OFF positions and must be capable of being padlocked in the OFF position.]
F. [Circuit Breaker  (Select this paragraph or the last one)
1. The unit shall be indoor, metal clad switchgear, with horizontal, drawout vacuum circuit breaker.

2. The unit shall be [5 kV] [15 kV] class, with bus current rating and short circuit rating as appropriate for the power supply grid detailed on the Specification Data Sheet.

3. The main bus shall be copper (silver plated at connection points), 3 wire insulated.

4. The circuit breaker shall be three pole, single throw, mechanically and electrically trip free, with position indicator, operation counter, auxiliary switches, primary and secondary disconnecting devices and mechanical interlocks to prevent making or breaking load current on the primary disconnects.

5. The circuit breaker shall be equipped with a stored energy operator. The control voltage for the spring charging motor, spring release (close) coil and trip coils shall be 120 V AC, supplied by a control power transformer in the switchgear.

6. The circuit breaker shall be fitted with an undervoltage release (breaker opens in response to trip contact opening, wire break, or loss of auxiliary supply).

7. The circuit breaker shall open within 80ms of a trip signal.

8. Each circuit breaker cell shall contain a manually operated screw type drawout racking mechanism, circuit breaker operated automatic shutters and safety interlocks and shall also include:

a. Hinged front panel

b. Primary and secondary disconnecting devices

c. Control circuit cutout device

d. Necessary terminal blocks, small wiring and control buses, where required.

e. [Engraved nameplate]  ]
2.07 DRIVE ISOLATION TRANSFORMER

A. General

1. The drive isolation transformer converts the line voltage to the required VFD input voltage and isolates the line from harmonics and common mode voltages. The transformer shall be suitable for [indoor] [outdoor] installation and be [dry type VPI] [mineral oil filled type].  However, transformers above 2500 kVA shall always be of the outdoor mineral oil filled type. Transformers integrated with the VFD shall be fully rated with natural cooling and shall not depend on forced fan cooling.

2. Water-cooled transformers are not acceptable due to their low reliability and efficiency. AC line reactors are not acceptable as they do not isolate the line from common mode voltages and will not be accepted as an alternate bid.

3. The transformer shall be designed, assembled and tested in accordance with the latest applicable standards of ANSI, NEMA and IEEE. 

4. The transformer may be installed either adjacent to or remotely from the drive at a distance of up to 1,000 feet. Provision shall be made for using either shielded or unshielded cable between transformer and VFD.

5. The transformer shall include electrostatic shielding between the HV and LV windings.   

6. Only Rectifier grade K-factor transformers shall be utilized, with K-Factor of 6 for diode rectifiers.  VFD manufacturers providing SCR type rectifiers shall include K Factor of 12 transformers for variable torque applications and K Factor of 20 for constant torque applications.

B. [Dry Type Transformers 

1. Dry type transformers shall be VPI polyester construction.

2. The transformer shall use natural cooling by surrounding air and be mounted in a self-standing ventilated NEMA 1 enclosure for indoor installation. Forced cooling of the transformer is not acceptable.

3. The transformer shall be manufactured with Class H insulation (220°C Rise) with a maximum average design temperature rise of 150°C above a 40°C ambient.

4. Tap links on coil face shall be provided for taps at 2.5% with two taps above and two taps below nominal voltage.

5. The transformer shall be fitted with over temperature thermostats, one per phase, with alarm and trip contacts.

6. The transformer shall have provisions for jacking, skidding and lifting; diagrammatic nameplate; two stainless steel ground pads welded to base on diagonally opposite corners.  ]
C. [Liquid Filled Transformers.
1. Liquid filled transformers shall be used for outdoor installation.  The transformer shall be suitable for rectifier duty and shall contain no PCB fluid. 

2. The transformer shall have a sealed tank construction with welded top cover and dry nitrogen blanket.

3. The transformer shall have an average winding temperature rise of 65°C above a 40°C ambient.

4. The transformer shall have a de-energized, no-load manual tap changer.  Each tap position shall be 2.5% with two taps above and two taps below nominal voltage.

5. The transformer shall be fitted with a pressure relief device, a liquid level gauge with alarm contact, a liquid temperature gauge with alarm and trip contacts, a sudden pressure relay with contact, upper filter valve and drain/filter valve with sampler.  

6. The transformer shall have provisions for jacking, skidding and lifting; diagrammatic nameplate; two stainless steel ground pads welded to base on diagonally opposite corners; manhole with gasketed cover; panel type radiators.  ]
2.08 [LINE SIDE HARMONIC FILTERS AND POWER FACTOR CORRECTION

A. [Harmonic filter/PFC equipment shall be contained in a metal enclosed structure which may be a free standing enclosure, but it is preferred to be part of the VFD enclosure.  The VFD Manufacturer shall provide all components of the filter, including but not limited to: capacitors, reactors, resistors, surge protection, construction drawings, installation, bus work, supports, mounting bolts, cabling and lugs.]
B. Capacitors shall have a continuous voltage rating of at least 20% above the calculated worst case RSS voltage.  Discharge resistors and a method of shorting the phases shall be provided.

C. Inductors may be air or iron core.  Inductors shall have Class F insulation with 115ºC temperature rise.  There shall be two 5% taps above and below nominal voltage.

D. The filter shall be connected to the power supply bus with an input switching device of the same type and construction as the drive input switching device.

E. Failure of each filter section shall be annunciated by a contact wired to a terminal strip.  ]
PART 3 -  EXECUTION

3.01 TESTING

A. Incoming material

1. All incoming material shall be inspected and/or tested for conformance to quality assurance specifications per ISO 9000.

B. Visual Inspection and Wire Checking

1. Verify workmanship, verify components match bills of material and have appropriate revision level, where applicable.  Check that wiring is installed in accordance with to project specific schematics, with correct gauge and according to recommending routings.

C. Hi-Potential Tests

1. Separate Main Power circuit, auxiliary power circuit and low voltage circuits.  Apply DC hi-potential voltage from circuit to ground to each area, appropriate to maximum working voltage of the circuit area.  Record amperes of each test, calculate equivalent resistance and compare against acceptable limits.

D. Load Control Software

1. Load software into processors, operator panels and IO racks, as necessary for factory and field setup.  Verify software versions and correct initialization of all loaded components.

E. Interlock Checks

1. Check basic interlock functions such as door, temperature and pressure switches, E-stop etc.

F. Calibration Checks

1. Check calibration of all drive feedback transducers, including for DC link voltage and output voltage and current.

G. Test all binary inputs and outputs.

H. Test all analog inputs and outputs.

I. Configure Ground-Fault monitoring Device.

J. Cooling Circuit Test
1. Check for correct operation of all elements of the cooling circuit. For air cooled units, check airflow and operation of monitoring devices. Water cooling units are to be tested under full pressure at rated flow rates. Operation of all devices and functions is to be verified.

K. Test DC Link pre-charge Circuit and DC Link Over-voltage protection.

L. Test Main Contactor/circuit breaker ON/OFF sequence.

M. No Load Tests

1. DC Link Charging from main line - Rectifier Test.  No Load Inverter Firing Test

N. Load Test

1. Operate inverter with full output current and rated DC link voltage.

3.02 PREPARATION FOR SHIPMENT

A. Equipment manufactured in the United States of America shall be delivered ex works, with domestic packaging.

B. Equipment manufactured outside of the United States of America shall be delivered duty paid (DDP as per Incoterms 1990) to a point inside the United States of America. All costs including for crating, shipping, insurance and importation shall be allowed for by the supplier. The supplier shall additionally provide proof of insurance covering any damage (for example by seawater) that occurred prior to delivery in the United States of America.

3.03 COMMISSIONING/START-UP SERVICE

A. The VFD manufacturer shall provide the services of a factory trained technician as necessary for the supervision of installation, the start-up and site performance testing of the VFD system. Start-up service is to be offered at a per diem rate with an estimate of time required for commissioning.

3.04 LOCAL FIELD SERVICE / TECHNICAL SUPPORT

A. The VFD manufacturer shall provide details of the availability and location of the closest facilities that will provide service support by factory trained technicians, in domestic residence. Manufacturers that do not engineer, design and manufacture the drive system in the United States of America shall additionally demonstrate their ability and speed of response to provide in-depth technical assistance to back-up local service personnel.

3.05 [TRAINING

A. On site training (option)

1. The VFD manufacturer shall provide, as an option, an on-site course during the start-up phase for the training of plant personnel in the operation, maintenance and first-line fault finding of the VFD system.  ]
B. [Classroom training (option)

1. The VFD manufacturer shall provide details of course outlines and training facilities in the United States of America of formal training courses available for plant maintenance and engineering personnel.  ]
3.06 SPARE PARTS

A. The VFD manufacturer shall provide details of the availability and location of the closest spare parts stock. Manufacturers that do not manufacture the drive system (including drive, input/bypass switch, isolation transformer and motor, if applicable) in the United States of America shall additionally provide details of their ability and speed of response to provide/replenish any and all spare parts for such equipment manufactured elsewhere.

3.07 MAINTENANCE AND REPAIRS

A. The VFD manufacturer shall provide details of the location of the repair facilities for all drive system components (including drive, input/bypass switch, isolation transformer and motor, if applicable). Manufacturers that do not manufacture all of the drive system components in the United States of America shall additionally provide details of the ability and experience of US facilities to repair such components manufactured elsewhere.
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