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1

GENERAL

1.1
RELATED SECTIONS

A.
This Section also includes all applicable requirements of Section 15135, Centrifugal Pumps.  

1.2
WORK INCLUDED

A. This Section covers medium-voltage motors and appurte​nances, complete.  This Section covers furnishing, testing, documenting, and starting up the motors.  

B.
Installation services are not included in this contract. Provisions for a manufacturer technical representa​tive for on site inspection, equipment testing, startup assistance, and instruction of operation and maintenance personnel will be procured separately.

1.3
REFERENCE STANDARDS

A.
Motors shall be designed, manufactured, assembled, and tested in accordance with the latest revision of the fol​lowing codes and standards:  


ANSI/NFPA 70

National Electrical Code


NEMA MG 1


Motors and Generators


IEEE 43



Recommended Practice for Testing






Insulation Resistance of Rotating







Machinery


IEEE 85



Test Procedure for Airborne Sound







Measurements on Rotating Electric







Machinery


IEEE 112



Standard Test Procedure for Poly​phase







Induction Motors and Generators


IEEE 275



Recommended Practice for Thermal Evaluation of Insulation Systems for AC Electric Machinery Employ​ing Form-Wound Pre-Insulated Sta​tor Coils for Machines Rated 6,900 Volts and Below


IEEE 522



Guide for Testing Turn-To-Turn Insulation on Form-Wound Stator Coils for AC Rotating Electric Machines


IEEE 620



Guide for the Presentation of Thermal Limit Curves for Squirrel Cage Induction Motors

1.4
SUBMITTALS

A.
General:  

1.
Provide complete submittals as specified herein and as required to completely describe the equipment and sys​tems being provided.  

2. 2.  The Contractor is responsible for providing submittals in a timely manner as required to meet the overall project schedule.  
Should

         any item deviate from these Specifica​tions be included, the

          deviation shall be clearly indicated and explained at the time of
          submittal.  

3.  Submittals shall be complete, neat, orderly, and indexed.  The
    Contractor shall check submittals for number of copies, adequate

    identification, correct​ness, and compliance with the Plans and

    Specifica​tions, and shall initial all copies.  

4.  Revise and resubmit all submittal information until acceptable to
    the representative of the Contracting Officer.  

5.  Submittal information reviewed by the representative of the
    Contracting Officer (COTR) shall not relieve the Contractor of

    responsibility for meet​ing the requirements of the Drawings and 

    Specifica​tions or for errors and omissions in submittals.  

6.  Submittals shall conform to the requirements of Section 01330,
    Submittal Procedures.  

B.
Product Submittals

1. Complete motor data shall be submitted with the driven machinery shop drawings. Motor data shall include:  

a. Descriptive information.  

b. Nameplate data in accordance with NEMA MG 1.  

c. Motor manufacturer.  

d. Motor type, model, dimensions, and weight.  

e. Rated horsepower.  

f. NEMA Design.  

g. Voltage, phase, and frequency ratings.  

h. Full load current at rated horsepower and voltage.  

i. No load current at rated horsepower and voltage. 

j. Locked rotor current.  

k. Full load speed.  

l. Guaranteed minimum full load efficiency.  Also provide nominal efficiencies at 1/2 and 3/4 load.  

m. Description and temperature calibration data of resistance temperature detectors for stator windings and bearings.  

n. Wiring diagrams for devices such as motor winding and bearing temperature detection, space heaters, vibration sensors, etc., as applicable.  

o. Bearing Data:  Identify the type of bearings and bearing life.  

p. Power factor at 1/2, 3/4, and full load.  

q. Design Information:  

(1)
Thermal limit (motor capability) curve in accordance with IEEE 620.

(2)
Speed torque curve showing locked rotor, pull up, and break down torques.  

r. Winding insulation class and temperature rise class.  

s. Torque.  

t. Load WK2, from pump manufacturer.  

u. Starts per hour.  

v. Space heater voltage and power requirement.  

w. Motor sound power level in accordance with NEMA MG 1.  

x. Rotor WK2.  

y. Balanced flux differential current transformers, surge arresters, and surge capacitors.  

2. Motor outline drawings shall include the following items:  

a. Enclosure type and mounting (e.g., horizontal), including rodent screens and filters.  

b. Frame size.  

c. Indicate motor lead junction box dimensions on motor outline drawing.  

d. Indicate control cable (space heater and current transformers) and instrumentation cable (vibration sensors and RTD's) terminal junction box dimensions on motor outline drawing.  

C. Testing Submittals

1. Submittal requirements for testing, test plans, and test reports are covered under the Article, TESTING.  

1.5
UNIT RESPONSIBILITY

A. The equipment specified under this Section shall be of one make and manufacturer.  

B. The manufacturer of the pumps specified in the Section 15135, Centrifugal Pumps shall be responsible for the selection, purchase, coordination, and testing of the entire pumping unit, including but not limited to pumps, drive shafts, electric motors, and appurtenances.  

2

PRODUCTS

2.1
GENERAL
A. Provide medium-voltage motors as shown on Drawing A338-0103-E1, as specified herein, and as tabulated in Table 1, Schedule of Medium-Voltage Motors.  Electric motors driving identical machines shall be identical.  

	TABLE 1 – SCHEDULE OF MEDIUM-VOLTAGE MOTORS

	

	DE-IONIZED WATER PUMPS

	
  Number                                          5 each

  Horsepower                                      2,000 hp

  Voltage Rating                                  4,000V

  Synchronous Speed                               3,600 rpm

  Solid Shaft                                     Yes

  Vertical or Horizontal Shaft                    Horizontal

  Minimum Power Factor (Full Load)                89%

  Ambient Temperature Rating                      40(C

  Thermal Protection?                             Yes

  Vibration and Bearing

    Temperature Protection?                       Yes

  Space Heater Required?                          Yes


B. Motors shall be squirrel-cage induction machines with sufficient nameplate-rated capacity to deliver rated horsepower at rated voltage and speed.  Motors shall be properly sized and completely compatible with the pumps and across-the-line starting.  

C. All motors shall be continuous-duty, weather-protected Type II, NEMA Design B, with a 1.0 service factor.  

D. The neutral leads shall be brought outside machine.  Provide three 50/5A balanced flux differential current transformers (CT’s) accuracy Class C10 for connection to differential relays supplied by others.  CT leads shall be wired to shorting terminal boards in the control cable terminal junction box (CCTJB) mounted on the motor base.  CT's shall be ABB Type BYZ, or equal. 

E. Surge Protection.  Provide 3-phase surge arresters and capacitors for installation into the motor lead connection box.  

F. Motor lead connection boxes shall be made of fabricated steel, NEMA Type II, for bused connections.  In addition to the three main leads, boxes shall be properly sized for the differential current transformers, surge capacitors, and lightning arresters.  Boxes shall have provisions for entrance of two 4-inch conduits.   

G. Motors shall operate within the Class B temperature rise, as defined in NEMA MG 1-20.8.2 at 40 degrees C ambient temperature.  Motors shall be constructed with Class F insulation.  

H. The motor insulation system shall meet the following requirements:  

1. Motors shall have form-wound coils with dedicated turn insulation and shall have a nonhygroscopic, chemical- and humidity-resistant insu​lation system.  The thermal rating of the insulation system, including the lead cables, shall be a minimum of Class F as defined in NEMA MG 1-1.66.  

2. The thermal classification of the insulation system shall be determined using IEEE Standard 275 for form windings.  

3. Motors shall have vacuum-pressure-impregnated form-wound windings with special surge withstand capability of 3.5 per-unit-voltage at a rise time of 0.1 to 0.2 micro​second and 5 per-unit-voltage at a rise time of 1.2 microseconds or longer.  The test method and instru​mentation used shall be per IEEE Standard 522.  

4. The stator shall be post impregnated with two complete vacuum-pressure-impregnation cycles in a solventless epoxy resin.  

5. The insulation system for windings with form-wound coils shall be a sealed system as defined in NEMA MG 1-1.27.2 that shall be capable of withstanding an immersion test in accordance with NEMA MG 1-20.18.  (The actual factory immersion test is not required.)  

6. The stator end-windings shall be suitably supported to successfully withstand the electromagnetic and mechanical forces actually encountered.  

7. The motor supplier shall obtain the WK2 of the load from the Pump Manufacturer and design the squirrel-cage for that load and the number of starts.  For pump starting information, see Section 15135, Centrifugal Pumps.  

8. The motors shall be designed for a 20-year life with a maximum of 10 starts per day and shall be designed for across-the-line starting.  

2.2
ENCLOSURES

A. Motors are located outdoors and in damp or wet locations.  They shall have weather-protected Type II enclosures as described in NEMA MG 1-1.25.8.2.  

2.3
MOTOR EFFICIENCY

A. The motors shall be energy-efficient type and shall be designed, manufactured, and tested in accordance with the requirements and recommendations of NEMA MG 1.  

1. Motor nameplates shall be stamped with the efficiency on the nameplate with the caption “Nominal Efficiency.”  Such motors shall have efficiencies determined by test as set forth in IEEE 112, Standard Test Procedures for Polyphase Induction Motors and Generators, Method B.  

2. Motors shall have guaranteed minimum efficiency at full load and at rated speed of 95.8%.  

2.4
BALANCE AND VIBRATION CONTROL

A. Shall be in accordance with NEMA MG 1-12.6.  

2.5
MOTOR BEARINGS

A. All motors shall have electrically isolated, oil lubricated, split-sleeve, spherically seated, self-aligning type bearings designed for a minimum of 10 years or 40,000 hours, whichever comes first.  Two-piece bronze oil rings shall be supplied with split-sleeve-type bearings.  The bearing shall employ a sealing system that is designed to prevent oil leakage along the shaft.  

B. Provision shall be made for inspecting bearings visually through an oil ring site gauge and an oil level sight gauge on the housing.  

C. Bearing caps shall be easily removed for bearing inspection.  

D. Provide a ground strap on drive end bearing for grounding and maintenance testing.  

2.6
THERMALLY-PROTECTED MOTORS

A. Motors shall be thermally protected and shall be so marked on the name​plate, as described in NEMA MG 1.  

B. Provide a set of six RTD’s, two embedded in the coils of each phase of the stator windings.  RTD’s shall be 3-wire and shall be 100-ohm platinum.  

C. Provide a separate conduit box with terminal boards for the RTD leads.  All stator RTD’s shall be terminated in one conduit box.  

2.7
BEARING VIBRATION AND TEMPERATURE MONITORING SENSORS

A. Provide vibration and temperature monitoring sensors.  

B. Motors shall be provided with vibration and temperature monitoring sensors at each bearing.  Each bearing shall be monitored in the X and Y planes.  A shaft index pickup shall also be provided.  Provide a 100-ohm platinum RTD for monitoring each bearing element temperature.    

C. The vibration sensors shall be displacement type for sleeve bearings.  Provide complete proximity transducer system consisting of probes, extension cables, and proximitor sensors.  System shall be Bently Nevada 3300XL.  

D. Motor bearing housings shall be drilled and machined to accommodate vibration probes.  

E. Vibration sensor and bearing RTD leads shall be wired to an instrumentation cable terminal junction box (ICTJB) with terminal boards mounted on the motor base.  Prewire all leads in conduit to the terminal boards.  

F. A Vibration and Temperature Monitoring System (VTMS) will be provided by others for monitoring bearing vibration and temperature sensors.  

2.8
ACCESSORY REQUIREMENTS

A. Provide motor space heaters rated 120 volts 60 Hz.  

B. Provide a nameplate for each motor.  Nameplates shall be stainless steel indelibly stamped or engraved.  As a minimum, the motor nameplate shall meet the requirements of NEMA MG 1-20.25.  

C. Provide motor grounding lugs suitable for termination of ground wire, size 1/0 AWG.  

D. Motors shall have screen over air openings:  stainless steel meeting Guarded Machine requirements in NEMA MG 1.  

E. Install half-coupling on each motor shaft.  Coupling will be supplied by the pump supplier and furnished to the motor supplier.  

2.9
EQUIPMENT FINISH

A. External Finish:  Prime and finish coat manufacturer’s standard.  Finish color manufacturer’s standard.  

B. Internal Finish:  Bore and end turns coated with clear polyester or epoxy varnish.  

2.10
FACTORY TESTING

A. Factory tests will be witnessed by the COTR on one motor.  Each motor shall be factory tested in conformance with IEEE 112, Standard Test procedures for Polyphase Induction Motors and Generators; IEEE 43, Recommended Practice for Testing Insulation Resistance of Rotating Machinery; and NEMA MG 1.  Test results shall be submitted to the Contracting Officer.  Test reports shall include heat run, performance, bearing temperature and vibration, locked rotor, speed torque, no-load saturation, surge, and megohmmeter/dielectric absorption ratio.  Test reports shall indicate test procedure and instrumentation used to measure and record data.  Test reports shall be certified by the motor manufacturer’s test personnel and submitted.  

B. Acceptance:  In the event of failure of any motor to meet any of the above requirements or efficiencies, the Contractor shall make all necessary modifications, repairs, or replacements to conform to the requirements of the Contract Documents; and the motor shall be re-tested at the Contractor’s own expense until it meets contractual specifications.  

C. Routine Tests per NEMA MG 1-20, Tests and Performance:  

1. Resistance of the induction machine windings (IEEE 112).  

2. High potential test taken after completion of all other tests to assure no damage to insulation during setup and testing.  Apply 1,000 volts plus twice rated machine voltage across stator insulation.  

3. Air gap measured during assembly.  

4. Check no-load current at normal voltage and frequency.  

5. Surge test stator coils individually before and after insertion into the stator core to ensure no turn-to-turn shorts.  

6. Take insulation resistance reading of stator insulation with a megger for 1 minute after completion of the high potential test.  

7. Test bearing insulation resistance with the ground strap lifted.  

D. Efficiency and Losses – IEEE 112 and NEMA MG 1-20.21:  

1. The following losses shall be included in determining the efficiency:  

a. Stator I2R.  

b. Rotor I2R.  

c. Core loss.  

d. Stray load loss.  

e. Friction and windage loss.  

E. Locked-Rotor Tests – IEEE 112:  

1. Measure locked-rotor current at rated voltage and frequency.    

2. Measure locked-rotor torque at rated voltage and frequency.  

3. Readings of input power shall be taken simultaneously with those of current and torque.  

F. Mechanical vibration tests per NEMA MG 1-20.22.  The half-coupling shall be installed before performing vibration tests.  

2.11
MANUFACTURERS

A. The motors shall be manufactured by Teco-Westinghouse Motor Company, General Electric, ABB Automation, Inc., or equal.  
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