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1.
GENERAL

1.1
This specification pertains to the requirements for an indoor 480 VAC M.I.T. XCUP CHWP-6 VFD for a variable torque motor, pump application.  The 480 VAC M.I.T. XCUP CHWP-6 VFD shall be used to control a 400 horsepower (Hp) chilled water pump motor from the existing M.I.T. distributed control system (DCS).  The variable frequency drive (VFD) motor controller shall convert 460 Volt, three-phase, 60 Hertz utility power to adjustable voltage (0 - 460V) and frequency (0 - 60 Hz.) three-phase, AC power for stepless motor speed control with a capability of 10:1 speed range.  All general options and modifications shall mount within the VFD enclosure.  Minimum speed for chilled water pump motor will be 400 rpm (full nominal sync speed 1200 rpm).

1.2
Indoor 480 VAC M.I.T. XCUP CHWP-6 VFD:  The indoor 480 VAC M.I.T. XCUP CHWP-6 VFD shall conform to Drawing #CHWP-6, DWG-1 in Appendix A and any performance criteria indicated or implied, all integrally mounted in a NEMA 12, free-standing, self-supporting, gasketed enclosure.  The VFD shall comply with the latest applicable standards of ANSI, IEEE and NEMA.  The VFD shall comply with the 3% level of total harmonic distortion as defined in the latest edition of IEEE 519.  The adjustable frequency controller shall be a 6 pulse space vector sine-coded Pulse-Width Modulated (PWM) design.  If the VFD cannot meet these harmonic levels with standard inductors the VFD manufacturer shall quote alternatives that meet these specifications.  One alternative is a 12 pulse PWM design, another is a 5% harmonic level.  Modulation methods which incorporate "gear-changing" techniques are not acceptable.  Drive shall be supplied by one manufacturer.  As a minimum, the full load output current of the drive shall be equal to the equivalent motor horsepower as listed by National Electric Code Table 430-150.

1.3
The controller(s) shall be suitable for use with any standard NEMA-B squirrel-cage induction motor(s) having a 1.15 Service Factor.  Specifically, the VFD provided shall be suitable for use with an induction motor with the name​plate data as shown in Appendix A.  At any time in the future, it shall be possible to substitute any motor of equivalent horsepower, voltage and RPM.  Individual or simultaneous operation of the VFD shall not add more than 3% total harmonic voltage distortion to the normal bus per IEEE 519.  The M.I.T. 480 VAC ‘A’ Bus shall be the point of common coupling.  The maximum short circuit current at point of common coupling under normal operation is 65,000 Amps.  The variable frequency control shall include transient voltage suppres​sion to allow reliable operation on the M.I.T. power distribution system.  The controller shall produce an adjustable AC voltage/frequency output.  It shall have an output voltage regulator to maintain correct output V/Hz despite incoming voltage variations.  Output voltage deviation ± 1% with input power deviation of + 10% and -5%.  Output frequency shall be ± 1.0% of set value.
1.4
Successful vendor shall provide a 480 VAC M.I.T. XCUP CHWP-6 VFD for control and monitoring of a variable torque electric motor.  The 480 VAC M.I.T. XCUP CHWP-6 VFD shall be located in the M.I.T. Central Utilities Plant, Building 42, 59 Vassar Street, Cambridge, MA.  The VFD manufacturer shall maintain, as part of a national network, engineering service facilities within 100 miles of Building 42 to provide start-up service, emergency service calls, repair work, service contracts, maintenance and training of customer personnel.

1.5
Qualifications:  The VFD shall be furnished by a single vendor who has actively been manufacturing variable frequency drives for a period of at least ten (10) years.  The 480 VAC M.I.T. XCUP CHWP-6 VFD shall be furnished by a vendor approved by the Owner.  Before submittal of Bid, if a vendor is not listed in this specification, submit for Owners approval vendor's qualifications.  Owner reserves the right to reject vendor.

1.6
The variable frequency drive units and the reactors shall be suitable for seismic Zone 2 per the Uniform Building Code.

1.7
Acceptable VFD Vendors:  Subject to compliance with requirements, provide products of one of the following:

Allen-Bradley
Robicon
Siemens

2.
REQUIREMENTS

2.1
VARIABLE SPEED DRIVE FOR CHILLED WATER PUMP 6 (CHWP-6)

A.
Construction:

1.
The VFD shall be rated 600 VAC with features and options as specified.

2.
The VFD shall be rated for the motor and function required.  The controller shall produce an adjustable AC voltage/frequency output.  It shall have an output voltage regulator to maintain correct output V/Hz despite incoming voltage variations.
3.
The VFD shall be supplied with an input AC line reactor of minimum 2.5% impedance.  The actual size shall be as required to meet the requirements of this specification.  Line reactor shall be designed to address perfor​mance issues of NEMA MG1-20.55 and to provide proper transient protection of the VFD input power devices.  Line reactor is to be factory mounted and wired within the VFD enclosure.

VFD shall consist of full wave rectifier modules utilizing thyristors to convert AC input voltage into adjustable DC voltage.  DC filter circuitry shall be used to smooth the converter output wave form and prevent commutation transients from appearing on the converter output.  This DC voltage shall be inverted into an adjustable AC voltage and frequency power supply by the inverter circuit to produce input power to the AC motor.  Inverter circuit may consist of thyristor modules.  All other circuits such as power supply, commutation, fault detection, fault protection, motor control, start-stop logic, etc. required for operation of the drive as outlined in this specification shall be provided.

The controller shall have a continuous output current rating of 100% of the equivalent motor horsepower as listed by National Electric Code Table 430-150.  Acceleration and deceleration time shall be adjustable from 0 to 600 seconds.

The inverter output shall be generated by power transis​tors which shall be controlled by six identical base driver circuits.  The VFD shall not induce exces​sive power losses in the motor.  The worst case RMS motor line current measured at rated speed, torque and voltage shall not exceed 1.05 times the rated RMS motor current for pure sine wave operation.
4.
Standard operating conditions shall be:

a.
Incoming Power: Three phase, 460V (+10% to -10%) and 60 hertz (+/-2 hertz) power to a fixed potential DC bus level.

b.
Humidity: 0 to 95% (noncondensing and noncorrosive).

c.
Altitude: 0 to 3,300 feet above sea level.

d.
Ambient Temperature: 0 to 40 degrees C.

e.
Minimum efficiency: 97% or greater at the motor nominal speed and load, and not less than 90% at 50% speed.

f.
AC Line Frequency Variation:  ±3 Hertz
5.
All VFD components shall be factory mounted and wired using 90°C stranded copper wire on a dead front, grounded, NEMA 12 enclosure and supplied with ventilation filters and gasketed doors, suitable for mounting on a concrete housekeep​ing pad.  The VFD shall be floor mounted and have complete front accessibility with easily removable assemblies.  Panel shall be framed and braced with rigid steel structural shapes.  Sufficient frames and stiffeners shall be provided to support all instruments and devices without deflection of the enclosure.  The controller enclosure shall be designed and fabricated to withstand all stresses applied during shipment, installation and operation without damage to the controller or instruments therein.  All power cables with ground wires and some control cables shall enter from below.  All instrumentation and  some control cables shall enter from above.  Lifting eyes shall be provided to lift the enclosure.  Lifting eyes are likely to remain but shall be detachable after final placement should it be determined that they be removed.

6.
All enclosures shall be not less than 16-gauge steel with surfaces thoroughly cleaned and phosphatized prior to painting.  They shall be primed with a corrosion-resisting coating.  Cabinet finish paint to be ANSI 49 light gray.

7.
Access to components shall be from the front through hinged lockable doors.  Doors shall include knock-outs for mounting up to 6 operator devices.  Factory mounted operator devices shall be wired at the factory.

8.
The VFD shall include the following protective features:


Single phase fault or 3-phase short circuit on VFD output ter​minals without damage to any power component.


Static instantaneous overcurrent and overvoltage trip with inverse overcurrent protection.
a.
AC input line current limiting fuses rated 200,000 AIC for fault current protection of AC to DC converter section, and incoming line surge protection.

b.
Electronic motor overload protection.
c.
Line or fuse loss and undervoltage protection.
d.
Static overspeed (overfrequency) protection.
e.
Phase loss protection and phase insensitivity.

f.
DC overvoltage protection.

g.
Low logic supply protection.

h.
Line-to-line and line-to-ground output short circuit protection.

i.
Input line noise suppression with line reactor.
j.
Variable torque overload capability shall be 110% of the motor FLA based on the NEC ratings for 60 seconds, or output overload capacity shall be adjustable up to 125% (variable torque rating) of rated current for one minute, whichever is more stringent.

k.
Control circuit fuses.

l.
Individual transistor overcurrent protection.

m.
Power unit overtemperature protection.

n.
LED monitor lamps for each inverter stage.
o.
LED status indicators on regulator, printed circuit board face plates.
p.
Isolated operator controls.
q.
Be insensitive to incoming power phase sequence.
r.
Have desaturation circuit to drive inverter section transistor base current to zero in event of controller fault.
s.
Response action to motor winding temperature RTD detectors using a G.E. Multilyn 269+ relay to shutdown controller.
t.
Response action to overcurrent and overload while in bypass using a G.E. Multilyn 269+ relay to shutdown bypass contactor.
u.
For any protective condition the drive will trip and an internal fault relay contact rated 10 ampere non-inductive 
120 VAC will close for remote trip indication.  A door mounted display shall specify protective trip conditions as well as indicate Power On, Run Mode and Inverter Enabled.

v.
VFD shall have ability to provide protection against stalled motor.  Stall current limit and stall frequency time ratio shall be adjustable.

w.
VFD shall have a 5 cycle regulator control power dip ride-through.

x.
VFD shall provide orderly shutdown upon any drive fault without component damage.

9.
The following system configuring settings shall be provided, field adjustable through the keypad/display unit or via the serial communi​cation port.

a.
Motor Nameplate Data

i.
Motor frequency

ii.
Number of poles

iii.
Full load speed

iv.
Motor volts

v.
Motor full load amps

vi.
Motor KW

vii.
Current min.

viii.
Current max.

b.
VFD Limits

i.
Independent accel/decel rates

ii.
No load boost

iii.
Vmin, Vmax, V/Hz.

iv.
Full load boost

v.
Overload trip curve select (Inverse or Constant)

vi.
Min/Max speed (frequency)

vii.
Auto reset for load or voltage trip select

viii.
Slip compensation

ix.
Catch-A Spinning-Load select

x.
Overload trip time set

c.
VFD Parameters

i.
Voltage loop gain

ii.
Voltage loop stability

iii.
Current loop stability

d.
Controller Adjustments

i.
PID control enable/disable

ii.
Setpoint select

iii.
Proportional band select

iv.
Reset time select

v.
Rate time select

vi.
Input signal scaling

vii.
Input signal select
(4-20mA/0-5 Volts)

viii.
Auto start functions:  On/Off, Delay On/Off, Level Select On/Off

ix.
Speed Profile:  Entry, Exit, Point Select

x.
Min, Max Speed Select

xi.
Inverse profile select (allows VFD speed to vary directly or inversely with input signal.)

e.
The following parameters shall be available on the operator interface module (digital control key pad and display), mounted on the VFD door:
i.
Speed indicator calibrated in RPM and hertz.
ii.
AC ammeter display for amperage output of the inverter.
iii.
AC voltmeter display for voltage output of the inverter.
iv.
Operating Kilowatts
v.
Heatsink temperature
10.
The VFD shall include a comprehensive microprocessor based digital diagnostic system which monitors its own control functions and displays faults and operating conditions.  Microprocessor systems must be products of the same manufac​turer as the VFD (to assure single source responsibility, availability of service and access to spare parts).
11.
A "FAULT LOG" shall record, store, display and print upon demand, the following for the 50 most recent events:

a.
VFD mode (Auto/Manual)

b.
Elapsed time (since previous fault)

c.
Type of fault

d.
Reset mode (Auto/Manual)

12.
A "HISTORIC LOG" shall record, store, display and print upon demand, the following control variables at 2.7 M/Sec. inter​vals for the 50 intervals immediately preceding a fault trip:

a.
VFD mode (manual/auto/inhibited/tripped/ etc.)

b.
Speed demand

c.
VFD output frequency

d.
Drive inhibit (On/Off)

e.
Feedback (motor) Amps

f.
VFD output volts

g.
Type of fault:

(A)
Inverter O/Temp.
(H-M)
Out of Sat 1-6

(B)
Over Voltage.
(N)
Software Fault

(C)
Detection Error.
(O)
Waveform Gen.

(D)
Earth Leakage.
(P)
Remote Watchdog

(E)
Watchdog.
(Q)
Thermistor

(F)
PSU Power Fail.
(R)
Sustained O/L

(G)
Manual Test.
(S)
Bypass SCR Trip



The fault log record shall be accessible via a RS232/RS422 serial link as well as line by line on the keypad display.

13.
The VFD shall be able to operate without any load on motor for diagnostic purpose.

14.
All instruments and devices shall be mounted in a manner, so that any instruments and devices can be removed without removal of others.

15.
A bare copper cabinet ground bus, 1/8 inch by 1 inch minimum, shall be provided for the total length of the enclosure.  The frames or cases of all panel mounted devices shall be connected to the ground bus with copper conductors.  Both ends of the ground  bus  shall  be  drilled  to  allow connecting a ground wire to plant grounding system.  A terminal lug shall be provided at each end of the ground bus for connection of a ground wire.  Each lug shall be capable of accommodating up to a #4/0 AWG bare copper ground wire.

16.
Ventilation shall be provided for proper device operation.  Where heat load cannot be dissipated with natural ventilation, forced ventilation of adequate size shall be provided with suitable screened, filtered openings.  All louvers and openings shall have insect and rodent screens.

C.
Optional Features:  Provide the following options/modifications to the VFD.  All special features shall be factory mounted and wired within the VFD enclosure.
1.
Input circuit breaker, interlocked with the enclosure door, with through-the-door handle to provide positive disconnect of incoming AC power.  The circuit breaker shall be rated for 65,000 AIC.  The handle position shall indicate On, Off or Tripped condition of the circuit breaker.  The handle shall have provisions for padlocking in the “OFF” position with at least three padlocks.  Interlocks shall prevent unauthorized opening or closing of the VFD door with disconnect handle in the “ON” position.  A method to defeat the interlock using a screw driver shall be provided.
2.
Constant speed bypass (FVNR Starter) shall be provided to allow the motor to run across the line in the event of VFD shutdown.  The transfer from the VFD to the line shall be accomplished manually by means of a selector switch.  The complete bypass system, and Inverter-Off-Bypass (I-O-B) selector switch shall be packaged in the VFD's enclosure.

The bypass portion of the VFD cabinet shall include a door-interlocked input circuit breaker, a VFD output contactor, and a full-voltage starting contactor (both contactors electrically inter​locked), current transformers connected to the G.E. 269+ relay to provide motor protec​tion, a control power transformer for 120 VAC and a separate control power transformer for cooling fans.  Mounted on the cabinet door shall be the G.E. 269+ relay, the H-O-A selector switch, I-O-B selector switch, speed potentiometer (manual mode), external motor fault light, power "ON" light, motor "ON VFD" light, and motor "ON BYPASS" light.


See Appendix B, Drawing CHWP-6, DWG-1 for control diagram and connection details for VFD with bypass.

3.
Drive status relay with two Form C relay pairs, rated 10 amps resistive at 120 volt AC for indication of running condition.

4.
The VFD is required to interface with the existing M.I.T. DCS system.  Provide for physical separation of low level signal wiring (DCS Inputs) from all power wiring.  Terminal points are required to accomplish the interface.  Provide circuitry as indicated and required for the following.

a.
Ready Signal:  The VFD shall be programmed to determine that it is ready for use and activate an output relay.  When ready, the output relay (dry) contact shall close.  The output relay contact shall be connected in series with the control power transformer with #12 AWG SIS wiring brought to terminals so that external wiring from the DCS can determine the status of the controller.

b.
DCS Stop/Start:  Terminals shall be provided to connect external wiring from the M.I.T. DSC system so that a contact closure from the DCS system will start the VFD or close the Bypass contactor depending on the position of the H-O-A and I-O-B selector switches.  The ratings of the DCS output relay are 10 amperes.

c.
Run Confirm:  The VFD shall be programmed to determine that the motor is rotating (running) and activate an output relay.  When running, the output relay (dry) contact shall close.  The output relay contact shall be connected in series with an auxiliary contact from the isolation contactor, and the two series contacts shall be connected in parallel with an auxiliary contact from the bypass contactor with wiring, using #16 AWG twisted shielded pair wire, brought to terminals so that external wiring from the DCS can determine that the motor is operating.

d.
Common Alarm:  The VFD shall be programmed to determine that there is a problem and activate an output relay.  When a VFD fault alarm occurs, the output relay contact shall close.  The output relay (dry) contact shall be wired to terminals, using #16 AWG twisted shielded pair wire, so that external wiring from the DCS can determine that there is a problem with the controller.

e.
Motor Protection Relay Alarm:  The Aux. 1 (dry) contacts of the G.E. Multilyn 269+ relay shall be wired to terminals, using #16 AWG twisted shielded pair wire, so that external wiring from the DCS can determine that a relay trip has occurred.

f.
Auto Mode Status:  The H-O-A selector switch shall be provided with a (dry) contact that is closed when the switch is in the “AUTO” position and open in the “HAND” and “OFF” positions.  The H-O-A selector switch contact shall be wired to terminals, using #16 AWG twisted shielded pair wire, so that external wiring from the DCS can determine that the H-O-A selector switch is either in or not in the “AUTO” position.

g.
Bypass Mode Status:  The I-O-B selector switch shall be provided with a (dry) contact that is closed when the switch is in the “INVERTER” position and open in the “BYPASS” and “OFF” positions.  The 
I-O-B selector switch contact shall be wired to terminals, using #16 AWG twisted shielded pair wire, so that external wiring from the DCS can determine that the I-O-B selector switch is either in or not in the “INVERTER” position.

h.
Speed Feedback:  The VFD shall be programmed to provide a 4-20 mA analog output signal proportional to speed for motor speed indication.  The speed indication shall be wired, using #16 AWG twisted shielded pair wire, to three terminal points so that external #16 AWG twisted shielded pair wiring from the DCS can continuously monitor the speed of the motor.

i.
Frequency Control:  The VFD shall be programmed to accept a 4-20 mA analog input signal from the M.I.T. DCS system to control the frequency of the motor when the H-O-A and I-O-B selector switches are in the “AUTO” and “INVERTER” positions.  The frequency control input shall be wired, using #16 AWG twisted shielded pair wire, to three terminal points so that external #16 AWG twisted shielded pair wiring from the DCS can continuously control the frequency of the motor.

j.
Current Draw:  The VFD shall be programmed to provide a 4-20 mA analog output signal proportional to current for motor current (ampere) indication.  The current (ampere) indication shall be wired, using #16 AWG twisted shielded pair wire, to three terminal points so that external #16 AWG twisted shielded pair wiring from the DCS can continuously monitor the current (ampere) of the motor.

5.
Provide two normally closed (NC) auxiliary contacts each on the bypass and inverter isolation contactors.  The bypass contactor contacts shall be wired in parallel using #12 AWG SIS wire.  The inverter isolation contactor contacts shall be wired in parallel using #12 AWG SIS wire.  The parallel bypass contactor contacts shall be wired in series with the parallel inverter isolation contactor contacts using #12 AWG SIS wire.  The combined contacts shall be wired using #12 AWG SIS wire to terminal points to accommodate external wiring from an external 20 A, 120 VAC lighting panel circuit.  This circuit shall be used to energize motor heaters when the motor is not running.

6.
Provide a door-mounted RS232C/RS422 port for the connection of an optional printer.
7.
Use phenolic or acrylic material for all nameplates.  Engrave all lettering in black on a white background.  Provide nameplates engraved as required by M.I.T. during the submittal review process.  Attach each nameplate with stainless steel screws.  Nameplates shall include, as a minimum:

a.
Identification Nameplate:  Provide nameplate with 2” high lettering, engraved with “CHWP-6 VFD”.

b.
Feeder Nameplate:  Provide nameplate with 1” high lettering, engraved “FED FROM CIRCUIT BREAKER 48A5”.

c.
Indicating Nameplates:  Provide 3/16” high lettering nameplates for each indicating light, selector switch, push-button, relay, etc. located on the door of the VFD enclosure.

d.
Nameplates:  Provide 3/16” high lettering nameplates for each device in the VFD enclosure (i.e. bypass contactor, inverter isolation contactor, etc.).

8.
Auto restart to selectively automatically restart on phase loss, overvoltage and undervoltage trips only, time delayed.

9.
Multiple attempt restart for unattended applications, to automatically restart the drive after any type of fault condition up to 3 times.

10.
Line reactors, supplied inside the VFD enclosure.

11.
Fault reset for the reset of any fault trip-out by depressing a push button.

12.
Provide one set of spare fuses for each fuse provided.

13.
All control wiring from the field shall be terminated on terminal blocks at the controller.  Terminal points for all signal cable shields shall be provided.

14.
Both ends of each wire in the controller shall be labeled with a plastic sleeve having a machine printed number and/or letter combination.  The wire identification shall be assigned by the manufacturer and shall correspond to identification to be determined during the submittal review process.  A maximum of two wires shall be terminated on any terminal block point.

15.
Terminal blocks shall be barrier type adequately sized for current requirements, and identified in accordance with panel fabricator's wiring diagrams.  Terminal blocks shall be 600 volt direct mounted, heavy duty, 30 amp, 12 point as manufactured by Marathon Series 1600 or the equivalent as manufactured by G.E.  Low level signal wiring shall be wired to separate terminal blocks from power and control wiring.  Terminal blocks shall be grouped by services and segregated according to voltage and circuit, and shall not be mounted closer than 2 inches to panel exterior walls and 4 inches from bottom of board.  Spare terminals, equal in number to a minimum of 20 percent of the active terminals, shall be provided.

16.
Control wiring in the panel shall be No. 12 AWG, stranded tinned copper switchboard wire, 600 volt, non-flame propagation NEC Type SIS.  Wiring size for current transformer circuits shall be No. 10 AWG NEC Type SIS.  Wiring for potential transformer circuits shall be No. 12 AWG NEC SIS.  Wiring mounted to swing panels or subject to movement shall be grouped into bundles, shall have extra flexible conductors, and shall have a spiral wound guard over wire bundles.

17.
Instrumentation wiring shall be No. 16 AWG twisted shielded pairs, 300 volt class, 2 inch lay stranded copper with a mylar tape (50% overlap) shield and drain wire.

18.
Pushbuttons, Selector and Control Switches:  Pushbuttons, selector and control switches shall be heavy duty, oil tight suitable for industrial use for local control panels.  Equipment shall be rated for 120 VAC, 10 A.  Pushbuttons shall be Allen Bradley Bulletin 800H or equivalent.  Pushbuttons shall include a guard ring.

19.
Provide red and green indicating lights  with LED lamps for VFD as indicated on the drawing in Appendix B.  Indicating lights shall be 120 VAC, heavy duty, oil tight suitable for industrial use.  LED lamps in the specified indicating lights shall be replaceable by removal of color cap.  Provide red indicating light to indicate that the VFD is closed/running and a green indicating light to indicate that the VFD is off/ready.  Lamps shall be 120 VAC as manufactured LEDTRONICS or equivalent and designed to fit in G.E. Type ET-16 lamp holders and have a push to test capability.

20.
Critical frequency avoidance circuit to allow two customer selectable bands of operating frequency at which the VFD will not operate continuously in order to avoid system resonant vibrations.

21.
Minimum frequency shall be adjustable between 0 to 120 hertz.  Maximum frequency shall be adjustable between 25 hertz to 75 hertz.

22.
Clock: Provide a real time clock with dated recording of all faults.  At least six last faults shall be retained in VFD memory with the date and time stamp.

23.
Adjustable current limit (50-110% for variable torque and 50- 150 for constant torque) which limits current by lowering the output frequency when excessive current is drawn.

24.
Service analyzer to indicate satisfactory operation, or it will isolate the source of a malfunction.  A built-in operator control panel shall allow override, if desired, of the normal start, stop and speed controls to assist in start-up and analysis.  A test meter and LED monitoring shall be included.

D.
AC In-line Reactor:

1.
General:
a.
Three phase, 600 V class AC in-line reactor shall be provided as output filters for AC-PWM variable frequency drive for each variable frequency drive unit.  It shall be designed to carry full rated fundamental current plus handle current and frequencies associated with harmonics up to 50% more.
b.
The reactor shall have copper windings.  The windings shall be epoxy impregnated.  The reactor shall be air-cooled gapped iron core inductor housed in VFD NEMA 12 enclosure.
c.
The reactor shall be suitable for 110°F ambient.
d.
The built-in in-line reactor shall be suitable to be connected to the line side of variable frequency drive unit.
2.
Performance:

a.
The purpose of installing in-line reactor is to reduce current and frequency harmonics, produced by AC PWM variable frequency drive.  The Bidder shall select the reactor which will bring harmonics generated, and the total harmonic distortion (THD) of the voltage reflected into the electrical distribution system to the level defined by IEEE 519-1993 for general systems.
b.
The reactor shall withstand 200% of its rated current for at least three (3) minutes without any damage.
c.
All VFD’s and in-line reactors and internal wiring shall conform to the requirements of the National Electric Code (NEC) and to the latest National Electrical Manufacturers Association (NEMA), Institute of Electrical and Electronic Engineers (IEEE), American National Standards Institute (ANSI) Standards and Underwriters' Laboratories, Inc. (UL) when applicable.

d.
The Bidder shall provide in his bid rise in temperature above ambient, and watts lost.
D.
System Operation:
1.
Manual Start:  With the H-O-A selector switch in the “HAND” position, the I-O-B selector switch in the “INVERTER” position, the G.E. Multilyn relay normal, the emergency stop push-button (located at the motor) normal and the mechanical latching relay in the “RESET” position, the drive shall be controlled by the increase/decrease speed potentiometer on the door.
2.
Automatic Start:  With the H-O-A selector switch in the “AUTO” position, the I-O-B selector switch in the “INVERTER” position, the G.E. Multilyn relay normal, the emergency stop push-button (located at the motor) normal and the mechanical latching relay in the “RESET” position, the drive shall start when the M.I.T. DCS system output relay contact closes and its speed shall be controlled by a 4-20 mA signal from the M.I.T. DCS system.
E.
Factory Tests and Checks:

1.
Factory tests shall be in accordance with ANSI standards and a test report shall be forwarded to the purchaser.

2.
Tests shall include a complete wiring and component check to ensure that the equipment is free from electrical defects.

3.
An operation check shall be conducted to measure output voltage and frequency for various critical reference speed settings.

4.
Test results should verify the performance of the equipment and integrated assembly including the venting and rigidity of the enclosure.

5.
Variable Frequency Drive power semiconductors and diodes shall be 100% inspected and tested, including load testing.

6.
Small signal semiconductors, resistors, capacitors and diodes shall be lot sampled.  Testing shall include parameter, as well as functional characteristics.

7.
All printed circuit boards shall be tested under a temperature cycling (0 degrees C to +65 degrees C) 24-hour load test and then functionally tested via fault finder bench equipment prior to unit installation.

8.
All final assemblies shall be tested at full load with application of line-to-line and line-to-ground bolted faults.  The Variable Frequency Drive shall trip electronically without device failure.

9.
After all tests have been performed, each VFD shall undergo a 24 hour burn-in test.  The drive shall be burned in at 100% inductive or motor load for 24 hours without an unscheduled shutdown.

10.
After the burn-in cycle is complete, each VFD shall be put through a 30 minute cycling motor load test before inspection and shipping.

11.
Test procedures for specified test(s) shall be provided by Seller to Purchaser at least thirty (30) days prior to start of testing.

12.
The Seller shall notify the Purchaser at least ten (10) days prior to the date the equipment will be ready for test.

F.
Field Tests and Checks:

1.
Testing, checkout and start-up of the Variable Frequency Drive equipment shall be performed under the technical direction of the manufacturer's service engineer.  Under no circumstances are any portions of the Drive system to be energized without authorization from the manufacturer's representative.

2.
The Variable Frequency Drive manufacturer shall provide to the owner a start-up service for all VFD's provided.  The service shall include inspection, final adjustments, operational checks, functional checks of spare parts and a final report for record purpose.  The service shall include a two year parts warranty from date of shipment for all VFD's provided.  The start-up service shall be provided by a factory service engineer.  The engineer shall be permanently located within 250 miles of the installation for service after start-up if required by the owner.

3.
A copy of all tests and checks performed in the field, complete with meter readings and recordings, where applicable, shall be submitted to the owner for this record.

4.
A one day training course for owner's personnel shall be presented by representatives of the manufacturer at the jobsite.

2.2
CONTROL VOLTAGE SOURCE

A.
General:

1.
Control voltage shall be 120 VAC.  Individual control power transformers (CPT) shall have both primary leads furnished with control fuses, one secondary line side control fuse and the other secondary lead grounded.  Furnish and install NEC-approved Class CC time-delay fuses in each leg of the transformer primary.  Provide one NEC-approved Class CC time-delay fuse in the transformer secondary and ground the remaining leg of the secondary circuit.  The  VA rating of the transformer shall be at least twice the sealed VA rating of the starter, with the minimum rating being 130 VA.  All control wiring shall terminate at clearly labeled terminal blocks.  Units shall be equipped with terminal blocks rated 300 volts, minimum.

2.
Provide transformers at point where low voltage is required.

3.
Wire so that control voltage is disconnected when power is disconnected.

B.
Fan Cooling:

1.
Fan cooling shall be permitted to utilize either 120 or 240 VAC.  Transformers with 240 VAC secondaries shall fused as indicated above.

2.
Provide transformer sized as required for fans utilized.

2.3
INSTRUMENTATION

A.
Instrumentation shall be designed in accordance with ANSI C39.1 for electrical-indicating switchboard instruments, accuracy Class 1.

B
Instrument Transformers:  Instrument transformers shall be provided in accordance with ANSI C57.13-1968 for transformers, accuracy Class 1.

1.
Current Transformers:  Indoor dry type with mechanical and thermal ratings coordinated with use and other apparatus in the switchgear in accordance with ANSI C37.20.  Current transformers shall be in accordance with ANSI C57.13.  Each current transformer shall be rated for a 600 VAC, 10 KV BIL, 60 Hz, 0.3 metering accuracy class, sized to accommodate the burden imposed by the instrumentation indicated on the drawing.  Current transformers shall have primary current ratings as indicated on the drawings and secondary current ratings of 0 - 5 amperes.  Current transformers shall have standard accuracy class ratings as defined by ANSI C37.20.1 and shall be mounted directly in the enclosure.  Provide all CT's indicated on the drawing or as required by the instrumentation and metering equipment.

2.4
RELAY EQUIPMENT

A.
Relaying:  Provide G.E. Multilyn 269+ relay for overload and overcurrent protection, and RTD monitoring.  Provide G.E. Multilyn 269+, standard version, 10 Ohm copper RTD, 120 VAC/125 VDC control voltage relay catalog number 269PLUS-SV-10C-120.

2.5
SHIPPING, HANDLING, AND STORAGE

A.
Protect the equipment for shipment against corrosion, dampness, breakage, or vibration injury during transportation and handling.  Provide packaging to prevent tampering or pilfering, that is approved and accepted by the transportation companies,, and suitable for unheated outdoor stage for a period of two months.

B.
Provide supports in the form of suitable steel sections, lifting eyes, etc., to maintain alignment of parts during shipping, handling, hoisting and installation.  Identify the location of lifting points on shipping containers and on drawings.

2.6
SERVICES

A.
Field Service

1.
VFD manufacturer to provide service personnel to test, check out, and start-up the equipment.  The manufacturer shall coordinate the testing, check out and start-up with Owner.

2.
VFD manufacturer to provide start-up service for all VFD’s furnished under this contract.  Include inspection, final adjustments, operational checks, and a final report for record purpose.

3.
Submit to the Owner one copy of all tests and checks performed in the field, complete with meter readings and recordings where applicable.

B.
Maintenance Service

1.
VFD the manufacturer to provide training for Owner's personnel at the jobsite.  This course shall be taught by personnel experienced in operating and maintaining the equipment manufacturer shall coordinate the training schedule with Owner.

2.
The service engineer must be located to allow a maximum of 24 hours response time.  Provide to Owner, the names, addresses, beeper and telephone numbers of the nearest service representatives.

3.
Manufacturer to provide list of recommended spare parts with pricing and availability or delivery times for each part.

4.
Manufacturer to provide pricing on a per day basis for field service and training.

2.7
SUBMITTALS

A.
After purchase of the VFD, six (6) copies total of the following items shall be submitted to the personnel at the specified address:

1.
Send one (1) copy to:

Massachusetts Institute of Technology

59 Vassar Street

Cambridge, MA 02139

Attention:  Arthur May

2.
Send five (5) copies to:

R. D. Brock Engineering, Inc.

13 Bayberry Lane

Exeter, NH 03833

Attention:  R. D. Brock

B.
Shop Drawings: Shop drawings shall include, but not be limited to, the following:

1.
Drawings pertaining to the VFD and auxiliary equipment, including the following:

a.
Outline, general arrangement, etc.  Drawings shall show the total weight and center of gravity of the assembled equipment.

b.
General arrangement, size, and location of electrical interface points, and detailed elementary, schematic wiring, and interconnecting diagrams.

2.
Drawings of the VFD enclosure including outline, general arrangement, electrical elementaries, schematics and wiring diagrams.

3.
VFD protective devices, including fuses, G.E. Multilyn 269+ relay and input circuit breaker.

C.
Manuals: Provide 10 sets of operations and maintenance manuals for equipment as listed.  Identification symbols for all replaceable parts and assemblies shall be included. Information in manuals shall be comprehensive and specific.  Literature shall include not only information on the VFD, but also the G.E. Multilyn 269+ relay.

3.
QUOTATION INFORMATION

3.1
All quotations shall provide the following information:

3.1.01
Description of all equipment, accessories, materials used in the construction of the specified VFD and in-line reactors.  Descriptive catalogs and literature complete with appropriate illustrations describing the equipment shall also be included.  Bid response shall include technical literature and a bill of materials which describes the bid.  In addition, Table 1 shall be completed and returned as part of the quotation.

3.1.02
Dimension preliminary outline and front view prints of the VFD and accessories, suitable for use in preliminary layout work, and showing access and withdrawal space requirements, if applicable.

3.1.03
A description of the scope of start-up services if included in unit cost or the cost of start-up services as an extra.

3.1.04
A description of other services provided and service contracts available.

3.1.05
All warranty details.  Warranty or guarantee policy in writing shall be submitted with the bid.

3.1.06
Drawings to be submitted with bid.  Technical specifications and shop drawings showing equipment dimensions, mounting details and all construction materials.  Provide outlines and elementary connection diagrams.

3.1.07
Schedule for submission of certified construction drawings (see Section 4.) and a delivery schedule for the 480 VAC M.I.T XCUP CHWP-6 VFD.

3.1.08
Provide a spare parts list with pricing.

3.1.09
Itemized list of all tools furnished with the equipment.

3.1.10
List and description of proposed factory tests.

3.1.11
Itemized list of any differences between bidder's proposed material/equipment and the material/equipment as specified herein, together with the reason for the differences.  Each bidder will be required to furnish the specified equipment in exact accordance with these  Specifications except for the itemize differences included in this required list.

4.
PERFORMANCE GUARANTEES:


The equipment operating capacities and capabilities shall perform as specified in SOUND LEVEL REQUIREMENTS on Table 1.  Additionally the equipment shall be guaranteed not to exceed the specified sound level.  Replacements or revisions required to meet specified requirements shall be at the Seller's expense.


Measurements and reporting of acoustical data shall be in accordance with ANSI S5.1.  Sound levels from the installation shall not exceed 85 DBA (reference 20 micropascals) measured 5 ft. above the floor and 3 ft. in the horizontal plane when operating at any load in the normal load range.


VFD shall be provided with optimized inverter carrier frequency to reduce induced magnetic audible motor noise such that, under VFD power, motor noise will not increase by more than 2 dB at 3 ft.  Above the across-the-line power, or an output reactor shall be utilized to reduce this noise.

5.
SUBMITTAL PROCESS:

4.1
Shop Drawings and/or descriptive data shall be submitted to Engineer with copies sent to M.I.T. for approval.

4.1.01
The vendor shall submit drawings and specifications stamped, signed and certified for construction, showing all dimensions, mounting details and electrical connections.  In addition, the vendor shall provide technical documents relating to the manufacturer's recommended installation, adjustment operation and maintenance procedures for all equipment supplied.

4.1.02
The vendor shall provide manufacturer product data for all parts external to the 480 VAC M.I.T XCUP CHWP-6 VFD which are required to complete the order.

4.2
No equipment shall be delivered to M.I.T. that has not been approved through the submittal process.

6.
NOTES

5.1
The customer reserves the right to waive any information with respect to any bid, and may reject any or all bids.  The lowest bid will not necessarily be accepted by the customer.  The right is reserved to accept any bid deemed to be best for the customer.  The customer reserves the right to negotiate directly with any or all bidders.

5.2
The 480 VAC M.I.T XCUP CHWP-6 VFD shall be on site in accordance with M.I.T. scheduling requirements.

5.3
The equipment and all accessories shall be delivered by the date specified by the customer, but not more than four weeks prior to that date.

5.4
Shipment of equipment shall be F.O.B. job site.

TABLE 1

BID SHEET






TOTAL


ITEM
QUANTITY

COST

1.
480 VAC M.I.T XCUP CHWP-6 VFD, 
1
$________________

complete per specifications, Shipping shall be F.O.B. Job Site.

Bid response shall include the following information:

1.
Approximate weight of the VFD:

__________________________________________________

2.
Any optional items.

3.
Number of weeks after award when drawings will be submitted for review:

__________________________________________________

4.
Built-in in-line reactor rise in temperature above ambient, and watts lost.

__________________________________________________

5.
Exceptions to the Specifications.

a.
Attach detailed list for each exception.

1.0
SOUND LEVEL REQUIREMENTS (Applicable to Equipment)

A.
Will the proposed equipment produce sound levels in excess of 85 dB, as measured per ANSI Standards S1.2-1962 and S1.4-1971 or equivalent?


Yes _______
No _______.

B.
If the answer is yes, state the actual maximum sound level which the equipment will produce, measured as specified in SOUND LEVEL Paragraph A.

2.0
QUESTIONNAIRE

A.
The following information accompanies and forms part of the proposal by __________________ date _______________.

for a

VARIABLE FREQUENCY DRIVE

for the

MIT XCUP REPLACEMENT PROJECT

B.
Schedule of Drawings and Work


Each bidder shall list below the number of calendar days required after receipt of order allowing 15 calendar days for Engineer's review of Contractor's drawings for:


Requested
Bidder's


Date
Date
1.
Data Sheets
With Bid
___*____

2.
Dimension preliminary 
With Bid
___*____


outlined prints of the specified equipment and accessories suitable for use in preliminary layout work indicating Purchaser's interface and showing access and withdrawal space requirements, if applicable.


Requested
Bidder's


Date
Date
3.
Drawing list
1 week ARO
________

4.
Drawings for review:
2 weeks ARO
________


Outline drawings, floor steel details and available conduit entrance space

5.
Remaining drawings for 
4 weeks ARO
________


review and preliminary bills of material

6.
Instruction Manuals
60 days Prior
________



to Shipment
7.
Final certified drawings
30 days Prior
________



to Shipment
8.
Final Bills of Material
10 days Prior
________


and recommended spare parts
to Shipment

list

9.
Delivery to jobsite
3/1/02
________

10.
Date by which Owner's

________


order must be received in order to meet the specified jobsite delivery date of

3.0
TECHNICAL DATA

This data will be guaranteed by the Seller.

Efficiency at 50% load
__________%

75% load
__________%

100% load
__________%

Losses at 50% load
__________%

75% load
__________%

100% load
__________%

Harmonics

1.
THD (total harmonic distortion) reflected into electrical distribution system.

a.
With in-line reactor
__________%

b.
Without in-line reactor
__________%

2.
Harmonics reflected into electric distribution system as a % of input voltage.

a.
With in-line reactor in circuit

1)
3rd harmonics
__________%

2)
5th harmonics
__________%

3)
7th harmonics
__________%

4)
11th harmonics
__________%

b.
Without in-line reactor in circuit

1)
3rd harmonics
__________%

2)
5th harmonics
__________%

3)
7th harmonics
__________%

4)
11th harmonics
__________%

Output voltage

at 50% load
__________%

at 75% load
__________%

at 100% load
__________%

Output current

at 50% load
__________%

at 75% load
__________%

at 100% load
__________%

Output frequency

at 50% load
__________%

at 75% load
__________%

Heat sink temperature

at 50% load
__________%

at 75% load
__________%

at 100% load
__________%

Approximate Weights

Total weight
__________lb.

Shipping weight
__________lb.

Material

Winding and conductor grade
__________

Approximate Dimensions

Overall height
__________in.

Width 
__________in.

Depth 
__________in.

Forced Cooling Equipment

Number of fan motors
__________

Horsepower of each motor
__________

Volts 
__________
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