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HYDROVAR® HVL PUMP CONTROLLER 
Typical Engineering Specifications

PART 1- GENERAL
1.0 DESCRIPTION    
1.0.1 This specification covers complete variable frequency drives (VFDs) designated on the drawing schedules to be variable speed. 
1.0.2 The VFD shall meet Nema 1 rating or Ingress Protection (IP) of IP55 as required on the schedule. 
1.0.3 The VFD shall comply to EN61800-3 standards for both three phase and single phase options; Refer to Xylem for motor cable length requirements. VFD shall be manufactured in ISO 9001, 2000 certified facilities.
1.0.4 The VFD shall comply to the EN50598-2 directive on frequency converters (IE) and power drive systems (IES), whereby the VFD shall match IE2 class rating, and combination as power drive system to achieve IES2 class rating. 
1.0.5 The VFD manufacturer shall supply the VFD and all necessary controls as herein specified.
PART 2 – PRODUCTS     
2.0 COMPONENTS
2.0.1 The VFD shall convert incoming fixed frequency three-phase AC power into an adjustable frequency and voltage for controlling the speed of three-phase AC motors. The motor current shall closely approximate a sine wave. Motor voltage shall be varied with frequency to maintain desired motor magnetization current suitable for the driven load and to eliminate the need for motor de-rating.
2.0.2 When properly sized, the VFD shall allow the motor to produce full rated power at rated motor voltage, current, and speed without using the motor's service factor. VFDs  must provide data verifying that the motors will not draw more than full load current during full load and full speed operation.
2.0.3 The VFD shall include an input full-wave bridge rectifier and maintain a fundamental (displacement) power factor near unity regardless of speed or load.
2.0.4 The VFD shall have a impedance DC link reactor to minimize power line harmonics and protect the VFD from power line transients and according to IEC61000-3-12.  
2.0.5 The VFD shall be able to provide full rated output current continuously, 110% of rated current for 60 seconds and 120% of rated torque for up to 0.5 second while starting. 
2.0.6 Output power circuit switching shall be able to be accomplished without interlocks or damage to the VFD.
2.0.7 An automatic motor parameter identification algorithm shall measure motor stator resistance and reactance to optimize performance and efficiency. It shall not be necessary to run the motor or de-couple the motor from the load to perform the test.
2.0.8 Galvanic isolation shall be provided between the VFD’s power circuitry and control circuitry to ensure operator safety and to protect connected electronic control equipment from damage caused by voltage spikes, current surges, and ground loop currents. VFDs not including either galvanic or optical isolation on both analog I/O and discrete digital I/O shall include additional isolation modules.
2.0.9 VFD shall minimize the audible motor noise through the use of an adjustable carrier frequency. The carrier frequency shall be automatically adjusted to optimize motor and VFD operation while reducing motor noise. VFDs with fixed carrier frequency are not acceptable.
2.1 PROTECTIVE FEATURES      
2.1.1 A minimum of Class 20 I2t electronic motor overload protection for single motor applications shall be provided in accordance with NEC. Overload protection shall automatically compensate for changes in motor speed. No external positive temperature coefficient thermistor is required.
2.1.2 Protection against input transients, loss of AC line phase, output short circuit, output ground fault, over voltage, under voltage, VFD over temperature and motor over temperature. The VFD shall display all faults in plain language. 
2.1.3 [bookmark: _GoBack]Protect VFD from input phase loss. The VFD should be able to protect itself from damage and indicate the phase loss condition. During an input phase loss condition, the VFD shall be able to be programmed to either trip off while displaying an alarm. This function is independent of which input power phase is lost.
2.1.4 Protect from under voltage. The VFD shall provide full rated output with an input voltage as low as 90% of the nominal. The VFD will continue to operate with reduced output, without faulting, with an input voltage as low as 70% of the nominal voltage.
2.1.5 Protect from over voltage. The VFD shall continue to operate without faulting with a momentary input voltage as high as 115% of the nominal voltage..
2.1.6 VFD shall include a “signal loss detection” algorithm with adjustable time delay to sense the loss of an analog input signal.  
2.1.7 VFD shall include current sensors on all three output phases to accurately measure motor current, protect the VFD from output short circuits, output ground faults, and act as a motor overload. If an output phase loss is detected, the VFD will trip off and identify which of the output phases is low or lost.
2.1.8 If the temperature of the VFD’s heat sink rises to 80C, the VFD shall automatically reduce its carrier frequency to reduce the heat sink temperature. It shall also be possible to program the VFD so that it reduces its output current limit value if the VFD’s temperature becomes too high. .
2.1.9 The VFD shall store in memory a minimum of the last 5 alarms. A description of the alarm, and the date and time of the alarm shall be recorded.
2.1.10 When used with a pumping system, the VFD shall be able to detect no-flow situations, dry pump and operation off the end of the pump curve (ex. Under Pressure). VFD shall stop the pump to protect it when one of the above situations is detected.
2.1.11 The VFD must have in-built low water protection to ensure minimum suction pressure or level present in the system via an eternal analog signal.
2.1.12 The VFD must allow for changeover between 2 pressure settings through an external switch.
2.2 INTERFACE FEATURES   
2.2.1 The VFD provides a quick-start setup wizard without any instruction table or logic programming, minimum requirement for Motor, Application, Operations, and Protections data for easy commissioning. 
2.2.2 The VFD shall provide a digital output signal to indicate whether the VFD is in Manual or Auto mode. This is to alert the Building Automation System whether the VFD is being controlled locally or by the Building Automation System.
2.2.3 Password protected feature with alphanumeric, graphical, backlit display, two levels of password protection required to guard against unauthorized parameter changes.
2.2.4 A red ERROR light, a green RUN light and a green POWER-ON light shall be provided. These indications shall be visible on the VFD panel display.
2.2.5 The VFD’s controller shall be able to actively adjust its set-point based on flow. This allows the VFD to compensate for a pressure feedback sensor which is located near the output of the pump rather than out in the controlled system.
2.2.6 VFD have the option to start the pump automatically when there is demand following a power cut-off. 
2.2.7 VFD shall be programmable to display feedback signals in appropriate units, such as pressure per square inch (psi), gallons per minute (gpm), ft of water column (ft), or temperature (°F).
2.3 Control Types
2.3.1 Programmable for the following types of  control based on Sensor input
· Constant pressure
· Differential Pressure
· Differential pressure sensor
· Compute differential based on 2 gauge sensors
· Lift Amount to adapt set point for calculated system friction losses. 
2.3.2 Sensor measurement to meet or exceed accuracy of +/- 1 % 
2.4 Standard Inputs and Outputs
2.4.1 Programmable digital inputs shall be provided for interfacing with the systems control and safety interlock circuitry, including low water protection. 
2.4.2 Two programmable relay outputs, Form C 240 V AC, 2 A, shall be provided for remote indication of VFD status. 
2.4.3 Two programmable analog inputs shall be provided.
1. Each shall be independently selectable to be used with either an analog current or voltage signal.
1. The maximum and minimum range of each shall be able to be independently scalable from 0 to 20 mA  and 0 to 10 V dc.
2.4.4 Optional Control and Monitoring Inputs and Outputs; with use of module control card with ability to insert into main VFD controller
1. It shall be possible to add optional modules to the VFD in the field to expand its analog and digital inputs and outputs.
1. These modules shall use rigid connectors to plug into the VFD’s control card.
1. The VFD shall automatically recognize the option module after it is powered up. There shall be no need to manually configure the module.
1. Modules may include such items as:
5. Additional digital outputs, including relay outputs to control up to 5 fixed speed pumps
5. Additional digital inputs
5. Analog outputs
5. Additional analog inputs
2.4.5 It shall be possible through serial bus communications to control the status of all optional analog and digital outputs of the VFD.
2.4.6 A real-time clock shall be an integral part of the VFD.
1. It shall be possible to use this to display the current date and time on the VFD’s display.  
1. All VFD faults shall be time stamped to aid troubleshooting.
1. The real-time clock shall be able to time and date stamp all faults recorded in the VFD fault log.
2.4.7 The VFD programming shall allow multi-pump operation in closed loop set point control mode in series up to eight (8) motors at variable speed operation to satisfy system set point. This operation is allowed through single cable run between VFDs without need for mechanical valves, contactors or panels. The VFD programming must allow for :
a) Full redundancy within the pump system
b) Cyclic change of lead and lag pumps, up to eight (8) pumps operation
c) Automatic start and stop of lag pumps on actual demand
d) Automatic switch over when any pumps are out of order
e) Integration into Building Management System (BMS) systems
f) No PLC required for Multipump
2.4.8 The VFD shall include optional cascade controller feature to allow VFD to operate in closed loop set point (PID) control mode of one motor at a controlled speed and control the operation of 5 additional constant speed motor pumps.
2.5 SERIAL COMMUNICATIONS    
2.4.1 	The VFD shall include a standard RS-485 communications port and capabilities to be connected to the following serial communication protocols at no additional cost and without a need to install any additional hardware or software in the VFD:
1. BACnet MSTP
Modbus RTU .
2.5 INSTALLATION
2.5.1 Works with any standard TEFC motor (no OEM motors allowed)
2.5.2 TEFC motor can be replaced without replacing Hydrovar
2.5.3 Hydrovar can be replaced without replacing motor
2.5.4 Available as Factory installed on a TEFC motor
2.5.5 Cooling to be provided completely by the TEFC motor
2.6 SERVICE CONDITIONS   
2.6.1 	Ambient temperature, continuous, full speed, full load operation:
1.  -10°C to 55°C through 30 HP @ 380/460 volt, through 15 HP @ 208/230 volt
1. 5% to 95% relative humidity, non-condensing.
1. Elevation to 3,300 feet without derating. 
2.6.2 AC line voltage variation, -10 to +10% of nominal with full output.
2.6.3 All power and control wiring shall be done from the side of the VFD.
2.7 QUALITY ASSURANCE   
2.7.1 To ensure quality, the complete VFD shall be tested by the manufacturer. The VFD shall drive a motor connected to a dynamometer at full load and speed and shall be cycled during the automated test procedure.
2.8 SUBMITTALS   
2.8.1 This specification lists the minimum VFD performance requirements for this project. Each supplier shall list any exceptions to the specification. If no departures from the specification are identified, the supplier shall be bound by the specification.

PART 3 – EXECUTION  
3.0 WARRANTY
3.0.1 The complete VFD shall be warranted by the manufacturer for a period of one (1) year from the date of installation or eighteen (18) months from the date of shipment, whichever shall occur first. The warranty shall be provided by the VFD manufacturer and not a third party.  
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