SECTION 16456: LOW VOLTAGE ADJUSTABLE FREQUENCY DRIVES
SECTION 26 29 23 11: VARIABLE FREQUENCY MOTOR CONTROLLERS

SECTION 40 92 49: VARIABLE FREQUENCY DRIVES

Note To Specifier: The specifications are for the GE AF-650 GP Panel or Enclosed style Adjustable Frequency AC Drives, herein referred to as the drive, for fan and pump AND / OR CONSTANT TORQUE applications.  THE PANELS INCORPORATE AN ADJUSTABLE SPEED DRIVE AND ASSORTED CONTROL AND PROTECTIVE COMPONENTS.  DRIVE RATINGS FOR AF-600 PRODUCTSARE 1 THROUGH 60HP AT 208VAC, 1 THROUGH 600HP AT 460VAC or 1 THROUGH 650HP AT 575VAC AND FOR AF-650 GP PRODUCTS ARE 1 THROUGH 50HP AT 208VAC, 1 THROUGH 550HP AT 460VAC OR 1 THROUGH 600HP AT 575VAC based on actual configurations and options.

Optional equipment and application specific information directly affects the type, size, configuration and cost of the AC drive to be quoted.  Optional items and required application information are highlighted using brackets [ ] where a selection or details must be provided.
PART 1: GENERAL

1.01
SUMMARY

A. This specification provides the requirements for an adjustable frequency drive, herein referred to as drive, factory integrated with branch circuit protection, power circuit components, control components and door mounted operator devices into an enclosure, herein referred to as drive panel, for variable torque fan and pump applications (AF-600 FP Panels) or for constant torque or fan and pump applications (AF-650 GP Panels).

1.02 RELATED SECTIONS



NA

1.03 REFERENCES

A. NFPA 70( – National Electric Code( (NEC()

B. UL 50 – UL Standard for Safety for Enclosures for Electrical Equipment

C. UL 508C – UL Standard for Safety for Power Conversion Equipment

D. UL 508A – UL Standard for Safety for Industrial Control Panels

E. NEMA 250 – Enclosures for Electrical Equipment (1000 Volts Maximum)

F. NEMA – Application Guide For AC Adjustable Speed Drive Systems

G. NEMA ICS 7.1 – Safety Standards for Construction and Guide for Selection, Installation and Operation of Adjustable Speed Drive Systems

1.04 SUBMITTALS

A. A submittal package shall be furnished to the Engineer for approval prior to factory assembly of the drive.  The submittal package shall consist of the following:

1. Elementary diagrams showing factory power and control wiring along with field wiring connections for line and load power connections and control wiring connections.

2. Outline diagrams showing the overall enclosure and mounting dimensions with front and side views and weights as a minimum.  The outline drawings shall also include conduit entry/exit locations along with intended conduit sizes.

3. Voltage, horsepower, current rating and product features will be furnished from standard catalog sheets.

4. [Based on supplied details, estimated energy savings calculations will be provided.] 

5. [Based on supplied details, estimated harmonic calculations shall be provided.]

1.05 INSTALLATION, OPERATION AND MAINTENANCE DATA

A. Manufacturer shall provide a copy of installation, operation and maintenance procedures to owner.

B. Instruction manual shall include programming manuals, wiring diagrams, operating and maintenance instructions. 

1.06 QUALITY ASSURANCE

A. Manufacturer shall have specialized in the manufacture and assembly of low voltage control panels for 25 years.

B. Low voltage drives shall be listed and/or classified by Underwriters Laboratories in accordance with standards listed in Article 1.03 of this specification.

C. All drives shall be 100% factory tested to ensure proper performance.

D. All drives are insulation tested (i.e., Hi-pot) at their input and output terminal connections.

E. All drives are load tested at > 100% of their nominal operating current at assorted speed references. 
F. All drive panels will be functionally tested to ensure proper operation.
1.07 DELIVERY, STORAGE and HANDLING

A. Contractor shall store, protect and handle products in accordance with recommended practices listed in manufacturer's Installation and Maintenance Manuals.

B. Contractor shall inspect and report concealed damage to carrier within 48 hours.

C. Contractor shall store in a clean, dry space. Cover with heavy canvas or plastic to keep out dirt, water, construction debris and traffic. Heat enclosures to prevent condensation.

D. Contractor shall handle in accordance with manufacturer's recommendations to avoid damaging equipment, installed devices and finish. [Lift only by installed lifting eyes.]

1.08 PROJECT CONDITIONS (SITE ENVIRONMENTAL CONDITIONS)

A. Follow (standards) service conditions before, during and after installation.

B. Equipment shall be located in well - ventilated areas, free from excess humidity, dust and dirt and away from hazardous materials.  Indoor locations shall be protected to prevent moisture from entering enclosure.

C. The drive panel shall be designed to operate in an ambient temperature range from 0°C to 40°C.

D. Storage temperatures shall be between -25°C to 65°C.

E. The drive panel shall be suitable for operation at altitudes up to 3,280 feet without de-rating.  

1.09 WARRANTY

A. The manufacturer warrants the materials and workmanship of the drive to be free from defect for a period of thirty-six (36) months from date of shipment.

1.010 FIELD MEASUREMENTS

A. Contractor shall make all necessary field measurements to verify that equipment shall fit in allocated space in full compliance with minimum required clearances specified in National Electrical Code.

PART 2: PRODUCT

2.01 MANUFACTURERS

A. General Electric products have been used as the basis of design for variable frequency drives.  Approved manufacturers listed below are allowed on condition of meeting the specified conditions including the available space for the equipment (including Code required working clearances).

1. General Electric

2. _____________

3. _____________

2.02 ELECTRICAL RATINGS

A. Provide equipment rated as indicated on drawings or as specified below.

B. The drive shall be sized for [variable torque applications] [constant torque applications with the ability to be applied to variable torque loads].

C. Input voltage ratings shall be [208VAC] [460VAC] [575VAC] +/-10%.

D. Input frequency shall be 60Hz +/-5%. 

E. The drive panel will have a fault withstand rating of [100k AIC for fusible disconnect style devices] [65k AIC for breaker disconnect style devices] [22k AIC for panels with integrated Matrix filters].

F. Displacement power factor of the drive shall be 0.98 lagging or higher. 

G. Drive efficiency at rated load shall be 98% or higher depending on the drive’s switching frequency setting and rating.

H. The drive panel output current ratings shall be capable continuous operation at a minimum of 100% rated motor full-load current in accordance with NEC( Table 430.150. 

I. [The FP drive shall provide overload current capacity not less than 110% for 60 seconds.]
[The GP drive shall provide overload current capacity not less than 160% for 60 seconds.]

J. Output voltage shall be programmable for a motor rating of [208VAC] [480VAC] [575VAC] with the actual maximum output voltage equal to the input voltage.

K. [The FP drive output frequency shall have an operating range of [0.5 to 1000Hz for units rated [208VAC] [125hp at [460VAC] [575VAC] and less]] [0.5 to 800Hz for units above 125hp at [460VAC] [575VAC]].]
[The GP drive output frequency shall have an operating range of [0.5 to 1000Hz for units rated [208VAC] [100hp at [460VAC] [575VAC] and less]] [0.5 to 800Hz for units above 100hp at [460VAC] [575VAC]].] 

2.03 DESCRIPTION

A. Refer to Contract Drawings for actual layout and location of equipment and components; current ratings of devices, bus bars and components; voltage ratings of devices, components and assemblies; interrupting and withstand ratings of devices, buses and components; and other required details.  Furnish GE Type [AF-600FP] [AF-650 GP] or approved equal.
B. Regulator technology shall be software configurable to either V/Hz or Sensorless Dynamic Torque Vector [or Flux Vector control].

C. The drive shall use a fix voltage and frequency AC line to generate an adjustable voltage and frequency to control the motor.

D. The drive will convert the AC mains to a fixed DC voltage using full wave bridge diode or SCR rectifiers.

E. The drive will use power semiconductors (IGBTs) to change the fixed DC voltage to an adjustable voltage and frequency to control the motor.  The drive shall be an IGBT based PWM type AC drive capable of operating a squirrel cage induction motor with a full load current equal to or less than the continuous output rating of the drive.

F. IGBT gate control design shall be utilized to reduce motor terminal dv/dt and allow for motor cable lead lengths as follows without the need for drive output reactors or filters on 460V rated drives.

1. Motors with 1000V insulation ratings may be located up to 49ft in cable length from the output of the drive.

2. Motors with [1300V] [1600V] insulation ratings may be located up to 984ft in cable length from the output of the drive.

G. All drive panels and enclosures will meet UL508A and will be UL / cUL listed.

H. The drive panel shall include [a fused input disconnect] [a Mag-Break motor circuit protector] with a through-the-door handle interlocked to the enclosure door to provide a local and lockable means of removing all AC input power from the drive panel.

I. Branch circuit protection fuses shall be provided to protect the drive [and bypass starter].  Fuses shall be sized to provide proper branch circuit protection and be coordinated with other power circuit components. 

J. The drive panel shall be a NEMA Type [1] [12] [3R] enclosure. [Electronic boards will include conformal coating to meet ANSI/ISA S71.04-1985, Classes G3 and GX].
K. The drive panel will include door mounted operator devices and keypad to facilitate programming, control functions and diagnostics. 

L. The drive shall have an EMC / RFI filter meeting A2 standards.

M. [The FP drive shall include an integrated DC Link reactor equivalent to 5% AC impedance.]
[The GP drive shall include an integrated DC Link reactor equivalent to 3% AC impedance.]

N. [AC line reactors with additional input line impedance equivalent to [1.5%] [3.0%] shall be provided to reduce harmonic distortion and mitigate the effects of line transients on the drive].

O. [Matrix Harmonic Filters will be provided as an integral part of panel for units rated up to [50HP at 208VAC] [100hp at 460VAC]. These multi-stage low pass filters will limit full load current distortion to less than 5% THID and are isolated from the line when the drive is not in a running state.]

P. [Load reactors rated for [1.5%] [3.0%] impedance will be supplied for filtering of the drive’s output wave shape.]

Q. [Loss of Speed Reference control shall be supplied and will enable the drive to run a t a preset speed in the event of the loss of a non-zero based analog signal speed reference.]

R. [The drive panel will include a control power transformer with at least 150VA of additional control power and provisions for motor space heater control.]

NOTE TO SPECIFIER:  IF ISOLATION OR BYPASS CONTACTORS ARE REQUIRED, CHOOSE ONE OF THE THREE OPTIONS BELOW:

S. [The drive panel will include a drive [input] [output] contactor.]

T. [The drive panel will include a drive output contactor and drive bypass starter with Class [20] [30] motor overload relay.  The output and bypass contactors will be mechanically and electrically interlocked to prevent operating at the same time.]

U. [The drive panel will include a drive isolation contactor, a drive output contactor and a drive bypass starter with Class [20] [30] motor overload relay.  The output and bypass contactors will be mechanically and electrically interlocked to prevent operating at the same time. The drive isolation contactor will allow for removal of line power to the drive while running the motor with line voltage.]

2.04 PROTECTIVE FEATURES

A. The drive shall provide protection against AC line and DC bus overvoltage and undervoltage conditions.

B. The drive shall provide protection against phase to phase and phase to ground short circuits.

C. The drive shall monitor and protect against adverse drive thermal conditions. 
D. [The FP drive shall contain a Fire Override Mode that ignores all drive protective features and keeps motor running. This function can be enabled and assigned to a logic input in the event the drive’s operation is deemed critical and must continue to run regardless of fault conditions.]

E. The drive shall have a programmable Torque Limiting function for both acceleration (driving) and deceleration (braking).  For deceleration, braking torque limit shall be programmable to automatically extend the deceleration time to avoid over-voltage trips on large inertia loads. 

F. The drive shall contain a programmable inverse time thermal overload function UL-508C listed and as required by the 2005 National Electric Code( (NEC(), article 430.126, with load and speed sensitive motor overload protection and thermal memory retention in the event of an unintentional power loss or via intentional shutdown.

G. The drive will include automatic high ambient de-rate functionality to prevent drive thermal overloads.

H. The drive will include automatic motor overload de-rate functionality to prevent motor thermal overloads.

I. The drive shall contain LED indication of DC bus voltage, which, when lit signifies potentially dangerous voltage is present on the DC bus. 

J. The drive shall provide for programming up to 4 Jump / Skip Frequencies with a user defined bandwidth.

K. The drive shall protect against internal memory and CPU errors and internal and serial communication errors.

L. [AC line branch circuits for the drive panel includes Class J Time-Delay type fuses.]
M. [Drive panels with bypass shall contain an adjustable Class [20] [30] ambient compensated overload relay.  The overload relay shall provide single-phase protection, visible trip indication, selectable manual/automatic reset and trip test.]

2.05 FEATURES AND ADJUSTMENTS

A. In addition to programmable motor characteristics, the drive shall contain a motor Auto-tune feature that determines the connected motor characteristics to optimize operation.  

B. The drive panel will be factory programmed to operate all specified optional devices. 

C. [The FP drive will have 6 macros that can be used to set configuration of the drive for common variable torque applications.]
D. The drive shall be capable of storing and reloading 4 user programs to the keypad.  [Multiple configurations and all parameters can be saved to a computer file via a PC communication kit].

E. The drive shall be capable of at least 4 different acceleration and 4 different deceleration rates.  Each acceleration and deceleration rate shall be independently adjustable from 0.01 to 3600 seconds.

F. The drive shall contain selectable acceleration and deceleration patterns - linear, S-curve and non-linear - to meet the starting and stopping characteristics of the applied load.

G. The drive shall record and store in its memory run status and fault type of the past 10 faults for diagnostic assistance. For the two most recent faults, the drive will record at the time of trip the motor input volts, amps, frequency, speed reference, DC bus voltage and (for FP only) date and time of fault.
H. In the event of a momentary power failure, the drive shall contain 4 different selectable stopping modes.

I. The drive shall be capable of starting into a rotating load (forward or reverse) and shall smoothly accelerate or decelerate to the speed reference set point without experiencing the drive tripping on a fault or a component failure.

J. The drive shall be capable of automatically resetting low level faults with [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [15] [20] [infinite] restart attempts at adjustable intervals of 0 to 600 seconds. 

K. The drive shall contain a selectable energy savings function that, when selected, automatically reduces the drive output voltage at steady state operation to the level only required to meet the torque requirement of the load.  This function shall automatically deactivate during acceleration or deceleration of the load.

L. In order to reduce audible motor noise, the drive shall be capable of selecting the switching frequency via parameter setting of [1.0] [1.5] [2.0] [2.5] [3.0] [3.5] [4] [5] [6] [7] [8] [10] [12] [14] [16] kHz.

M. The drive shall provide selectable slip compensation, which will sense output current and adjust output frequency, to improve motor speed fluctuations.  This function is to be adjustable over a range of -500 to 500% of nominal motor speed.

N. The drive will provide closed loop speed / torque control as standard [or via an Encoder / Resolver option board for greater regulation / control].

O. The drive shall be capable of stopping by selectable DC injection braking.  DC injection braking will have a braking level that is adjustable from 0 to 100%, a programmable starting frequency 0.0 Hz to the drive’s Motor Speed High Limit setting and a programmable braking time of 0.0 to 60.0 seconds.

P. [AC Injection Braking adjustable up to 160% will be available in the drive.]

Q. [Dynamic Braking Chopper with 10% duty cycle will be available with the GP drive.  Users define braking and related protective trip characteristics within drive.]

R. [The GP drive will provide Mechanical Braking Sequence control.  Brake sequencing characteristics (e.g., speed and current thresholds and delay times) are user programmed.] 

S. [The FP drive will include broken belt detection when running above 15HZ.  User will have the ability to set associated thresholds and how drive responds to conditions.]

T. The drive will track and display [kw Hours] [Operating Hours] [Running Hours].

U. [The FP drive shall have a programmable Start Delay function with an adjustable holding time from 0.0-120.0 seconds. The motor start will be delayed by the amount of time selected.]
[The GP drive shall have a programmable Start Delay function with an adjustable holding time from 0.0-10.0 seconds. The motor start will be delayed by the amount of time selected.]

V. The drive shall have both low and high frequency limits programmable from 0 to the drive’s maximum output frequency.

W. The drive shall accept and follow a selectable external analog speed reference of [0-10VDC] [-10-+10VDC] [0-20mA] [4-20mA] with signal inversion.

X. The drive shall provide an adjustable [0-20ma] [4-20ma] analog output signal that is proportional to [output frequency] [output current] [output torque] [load factor] [input power] [other user selected functionality]. 
2.06 OPERATOR CONTROLS

A. The drive's control power for digital inputs will be 24VDC.  [Connections to Iso/Bypass Controls will be at 120VAC.]

B. The drive protects its internal 10vdc and 24vdc power supplies from short circuits and overloads by automatically reducing its voltage. 

C. All drives will include pull a-part terminals for drive control connections.

D. The drive panel shall have a control terminal strip for field I/O wiring.

E. The drive will include two enable inputs.

F. [The GP The drive will allow for safe stop functionality that meets requirements of Category 0 Stop (ENG600204) in conformity with Safety Category 3 (EN954-1).]

G. The drive will include [4] [7] programmable logic inputs.

H. The drive will include [2] [4] programmable logic outputs.

I. The drive will include [2] [5] programmable relay outputs.

J. The drive will include [2] [4] programmable and scalable analog inputs.

K. The drive will include [2] [3] programmable and scalable analog outputs.

Note to Specifier: Most of the following items are standard but dependEnt on the contactor scheme selected and are noted in brackets [ ].
L. All drive panel door mounted operators will be 22mm industrial rated devices.  

1. Operator controls and indicating devices shall include: Drive Keypad [Power On Light] [Enable Light] [Hand-Off-Auto Switch] [Start / Stop Pushbuttons] [Drive Run and Fault Lights] [Speed Potentiometer] [Elapsed Time Meter].

2. [Forward / Reverse Switch (non-bypass units only).]

3. [Panels with output and bypass contactors shall include a Bypass Light, Motor Overload Light and Drive-Off-Bypass Switch.]

4. [Panels with input isolation contactors will include a Normal Light and Test-Isolate-Normal Switch.]

2.07 KEYPAD INTERFACE

A. The drive shall contain a backlit graphic liquid crystal display (LCD) and shall display 6 alphanumeric lines providing display for programming, diagnostics, I/O check, operation status and copy functions.  The LCD display shall provide indication of [output current] [output voltage] [output frequency] [frequency reference] [motor speed] [line speed] [kW power consumption] [feedback value] [calculated torque value].  The LCD display shall function independently of the programming mode to allow programming and monitoring of the drive simultaneously.

B. The keypad shall be common for the entire horsepower and input voltage ratings and shall be capable of copying (uploading and downloading) 4 sets of drive parameters between the different horsepower and voltage ratings.

C. The drive keypad will include help functions for integrated parameter and diagnostic assistance.

D. The drive keypad allows for 2 levels of password protection with independent password.

E. The drive will support multiple languages with English as the default.

2.08 NETWORK COMMUNICATIONS

A. [The FP drive shall include MODBUS RTU, Apogee FLN P1 and Metasys N2 [BacNet] [DeviceNet] [Ethernet IP] [LonWorks] [ModBus TCP] [Profibus] [ProfiNet] communication protocols.]
[The GP drive shall include MODBUS RTU [DeviceNet] [Ethernet IP] [ModBus TCP] [Profibus] [ProfiNet] communication protocols.]

PART 3: INSTALLATION AND EXECUTION

3.01 EXAMINATION

A. The contractor shall perform the following procedures:

1. Examine installation area to assure there is enough clearance to install panel.

2. Check [concrete pads] [mounting surfaces] for uniformity and level surface.

3. Inspect for any physical damage
4. Verify that equipment is ready to install.

5. Verify field measurements are as [shown on Drawings] [instructed by manufacturer].

6. Verify that required utilities [and control interfaces] are available, in proper location and ready for use.

7. Beginning of installation means installer accepts conditions.

3.02 LOCATION AND INSTALLATION

A. The contractor shall perform the installation.

1. The contractor shall install drives in accordance with standards listed in Article 1.08 of this specification.

2. Install per manufacturer's instructions outlined in installation, operation and maintenance documentation.

3. [Install required safety labels.].

3.03 START-UP AND TRAINING

A. Manufacturer shall have Factory Trained personnel at Field locations convenient to the installation site, available for Trouble-Shooting and/or Start-Up assistance.

B. [Drive operational and maintenance Training and/or Start-Up Service shall be provided.] 

1. [Product installation must be complete prior to Start-Up Services being provided.]

C. Personnel performing Start-Up must check / adjust drive settings [circuit breakers] [overload relay] [switches] [doors] [operating handle] for proper [mechanical] [and/or] [electrical] operation.

3.04 FIELD QUALITY CONTROL


N/A

END OF SECTION
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