DIVISION 26 - ELECTRICAL

Section 26 32 29 - Rotary 400 Hz Converters


READ THIS FIRST

Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.

PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Rotary 400 Hz Converters” Work is shown in the Contract Documents. This section covers supply of equipment and installation of 60 Hz, 3-phase to 400 Hz, 3-phase rotary converter systems used to provide ground power for commercial aircraft. Included are requirements for the motor generators and special requirements for distribution of 400 Hz power including gateway power boxes.
1.2 GOVERNING CODES, STANDARDS AND REFERENCES
Edit the following as required for Project conditions.

A. FCC Part 18, CFR Title 47: Radio Frequency Interference Suppression
B. IEEE 115: Test procedures for synchronous machines

C. MIL-STD-704: Aircraft Electric Power Characteristics

D. NEMA 250 (National Electrical Manufacturers Association) - Enclosures for Electrical Equipment (1000 volts maximum)

E. NEMA AB 1 (National Electrical Manufacturers Association) - Molded Case Circuit Breakers

F. NEMA ICS 1: Industrial Control Devices, Controllers and Systems

G. NEMA ICS 6: Enclosures for Industrial Controls and Systems

H. NEMA MG 1 (National Electrical Manufacturers Association) - Motors and Generators

I. NETA ATS (International Electrical Testing Association) - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems

J. NFPA 70 (National Fire Protection Association) - National Electrical Code

K. UL 467: Grounding and Bonding Equipment

L. UL 485: Molded case Circuit Breakers and Enclosures

M. UL 506: Specialty Transformers

N. UL 508: Industrial Control Equipment

1.3 SUBMITTALS

A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall include the following:
1. Design Data (Preconstruction) 
a. Motor-generator set calculations.

b. Parallel operation studies.  

2. Shop Drawings: Indicate outline dimensions, mounting points, interconnecting wiring diagrams, conduit entry locations, and maintenance clearance requirements.

3. Product Data: Submit descriptive literature, ratings, weights, center of gravity and seismic data. Include submittals for the following:

a. Motor generator sets

b. Miscellaneous controls and ancillary systems

c. Protective control devices

d. Paralleling control equipment

e. Line drop compensators

f. Gate boxes with disconnect.
4. Manufacturer’s Test Reports: Submit documentation of manufacturers standard test procedures.

5. Provide Seismic Qualification Certification from manufacturer that product is rated to withstand seismic forces as described in Section 26 05 48 – Seismic Controls for Electrical and Communication Work. If not available as a standard item from manufacturer, refer to Professional Structural Engineer licensed in the State of Washington for seismic evaluation.  
6. Operation and Maintenance Data: Submit maintenance manuals including, but not limited to, the following:

a. Coordinate with Division 1 General Requirements.

b. Documented ratings of system and of each major component.

c. Instructions for starting and operating converters.

d. Description of operating limits which may result in hazardous or unsafe conditions, or in equipment damage.

e. Routine preventative maintenance and lubrication schedule.

f. List of special tools, maintenance materials, and replacement parts, and list of recommended spare parts.

g. Instructions for procedures to check, repair, and test equipment during typical malfunctions.

h. Complete record drawings, including schematics, wiring diagrams and plans of the completed installation.

1.4 QUALITY ASSURANCE

A. Manufacturer: Company specializing in manufacturing products specified in this section with minimum ten years experience.  
UL labeling may not be available for 400 Hz motor generator sets. Field certification may be required. If “assembly” UL listing is required, please list as part of UL listing requirement in the specifications.  Coordinate labeling / certification requirements with City of Sea Tac.  Coordinate labeling / certification requirements with Washington State Department of Labor and Industries. L&I Electrical is requiring the cable, gate boxes and system to be U.L. labeled.  
B. Listing and Labeling: Provide products that are Listed and Labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to the Authority Having Jurisdiction, and marked for intended use for the location and environment in which they are installed.  
A 400-hertz system generates more heating effect than a standard 60-hertz system.  
1. All equipment, circuit breakers, panelboards and appurtenances shall be designed and UL listed for 400-hertz system application.  
C. Comply with NFPA 70, as adopted and administered by the Authority Having Jurisdiction.  
1.5 DELIVERY, STORAGE AND HANDLING

A. Transport using manufacturers provisions and per manufacturers recommendations.

B. Store in dry dust free location and cover completely to exclude contaminants.

C. Provide temporary heat if condensation is likely to occur.

1.6 SPECIAL WARRANTY

A. Comply with Section 01 78 36 - Warranties and Bonds.
B. Provide five year manufacturer’s warranty.

1.7 MAINTENANCE SERVICE

Coordinate requirement for maintenance contract with the Port. Delete paragraph below if no maintenance contract is required.

A. Provide service and maintenance contract proposal of rotary converters for [one] year from Date of Substantial Completion.

1.8 EXTRA MATERIALS

A. Spare and extra parts shall be identified for all products, but not provided. Include spare parts information in Operation and Maintenance Manuals.
Include spare parts information in Operation and Maintenance Manuals.
Fuses. Provide [2] of each size and type fuse.
Filters.
One spare circuit board for each critical circuit.
PART 2   PRODUCTS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 SYSTEM PARAMETERS
A. Source Voltage: [480Y/277] [208Y/120] Volt, 3-phase, 4-wire.

B. Output frequency: 400 Hz.

C. Generating and distribution voltage: 575 Volts, 3-phase, 4-wire.

D. Aircraft delivery voltage: 200/115 Volts (+ 3% unloaded, - 3% loaded), 3-phase, 4-wire.

Voltage reduction from 575 Volts to 200 Volts is achieved via a step down transformer located in the gateway power box described below.

E. System Major Components: The complete 400 Hz aircraft ground power system shall include, but is not limited to, the following components which shall either be UL labeled or approved by Authority Having Jurisdiction.

1. Motor generator set with associated controls and output circuit breaker selected for 400 Hz operation.

2. 600V Distribution panelboards with adjustable digital trip circuit breakers.

3. UL labeled gateway power boxes including:

a. Stainless Steel enclosure.

b. Step-down transformer.

c. Disconnect means.

d. Circuit protection.

e. Power contactor.

f. Controls.

g. Aircraft ground power receptacles and plugs.  
4. Line-drop compensators, if required by engineering considerations, sized per manufacturer’s recommendations.

5. Radio Frequency Interference (RFI) filtering.

Notes to Specifier for 400 Hz system design considerations:

1. Nonmagnetic raceway is required, aluminum above ground and schedule 40 PVC underground. Use copper wire only.

2. Standard thermal magnetic circuit breakers may not operate satisfactorily on 400 Hz. Cutler Hammer Digitrip RMS 310 breakers have been satisfactorily applied to 100 and 150 Amp, 400 Hz branch circuits.

3. The standard 400 Hz ground power branch circuit for commercial aircraft is 100 amps at 200 volts three-phase, 4-wire. 150 amp circuits may be required for the largest aircraft. Verify actual power requirements and specification of 200 volt ground power plug / receptacle with end users.

4. Consider use of line drop compensators for longer gate box branch circuit runs. Specify according to recommendations of a qualified supplier with experience in application of 400 Hz ground power distribution systems.

5. In calculating 400 Hz panelboard loads, consult City of Sea Tac for diversity or load factors which may be allowed (if any).

6. Consider use of RFI filtering and shielding.

7. Consider use of multiconductor cable with two parallel conductors for each phase, physically displaced 180º from each other to reduce cable inductive reactance. This configuration has been shown to reduce voltage drop in 400 Hz circuits.

8. Use voltage drop tables specifically for 400 Hz current in copper conductors in nonmagnetic raceway.

2.2 ROTARY CONVERTER
Static converters are not an acceptable substitute for rotary converters for this application. Domestic sources are limited for this type of equipment. Offshore equipment may be available but extreme caution is advised because these are critical systems at the airport and maintenance response and capability is critical. An approved Competition Waiver is required.  
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: equipment (built to NEMA standards):

1. MCM Electronics.
2. Pillar.
3. Kato.
4. Or Approved Equal.  
Note that rotating motor generators may not be available with UL label and may require ETL or other factory and field certification. Verify labeling method with AHJ prior to procurement.   
B. Product general requirements, motor-driven generator for conversion of 60 Hz power to 400 Hz power:

1. Horizontal single shaft configuration.
In selecting between vertical and horizontal shaft configurations, consider footprint, clearance for removing the long common shaft, maintenance access, code required working space and construction access.  Single shaft vertical configuration with approval of F&I only.  
2. Brushless self-ventilated drip proof configuration.
3. Individual motor and generator static exciters.

4. Class F or H insulation.
5. Three-phase sensing voltage regulation.
Unit mounted controls are preferred because it allows the units to be completely factory tested including the controls. If engineering considerations dictate otherwise, change following item.

6. Unit mounted controls
7. 100,000 hours calculated meantime between failures.
8. Noise: 85 DB maximum at 3 feet.
It is not advisable to locate these units in occupied areas or near work stations because of the 400 Hz noise. Consider locating in separate room with sound deadening treatment. Acoustical analysis may be required if located near occupied areas.

9. Dynamic balance not to exceed 0.002” double amplitude.
10. Bearing design life: 150,000 hours.
11. Input and output circuit breakers.
12. Output contactor.
Avoid paralleling multiple units, unless engineering considerations mandate otherwise, due to the complexity of design, operation and maintenance of paralleling and control equipment. If paralleling is mandated, provide the following.

13. Automatic paralleling control:
a. Pole alignment detector or other means to assure synchronization of 400 Hz outputs.
b. Lockout to prevent closing into phase mismatch between paralleled machines.
c. Synchronizing annunciator lights.
d. Manual paralleling capability.  
e. Manual by-pass selector switch.  
f. Automatic droop control for load balancing within 5% between multiple machines.
g. Lead/lag circuitry to provide runtime sharing between multiple generators.
h. Short cycle prevention circuitry.
14. Consider remote monitoring as a customer selectable option

C. Service Conditions:

Describe the service conditions which affect the ratings, selection, or operation of the product. Refer to manufacturer or to NEMA MG 1 for definitions and requirements for unusual service conditions.

Specify temperature if above 104°F.

Specify altitude if above 3300 feet (1000 m).

1. Temperature: [___] °F [maximum.]

2. Altitude: [___] feet above sea level.

3. Exposure to [damp] [___] conditions.

D. Ratings:

1. Power Rating: [___] kW at [80] percent power factor.

2. Input Voltage: 480 volts, 60 Hz, 3-phase.

3. Output Voltage: 575 Volts, 400 Hz, 3-phase, 4-wire.

4. Duty Cycle: Continuous.

5. Temperature Rise: 95 °C/40°C ambient.  
E. Motor: 480-Volt, 3-Phase Motor

1. 1200 RPM.
2. Brushless.
3. Synchronous.
4. Hp rating: 120% of rated load.  
5. Power factor 1.0 nominal.  
6. Static exciter.
7. Overload capacity:

a. 110% for two hours minimum.

b. 150% for 5 minutes per 24 hour period.

c. 300 % for 10 seconds for circuit breaker trip current.

d. Efficiency: 88% or better at full load.

e. Step load: Voltage dip ±3.5% maximum for step loads of 20% of full load.

F. 400 Hz, 575-Volt, 3-phase, 4-wire, Generator:
1. Overload capacity:
a. 110% for two hours minimum

b. 150% overload for 5 minutes per 24-hour period.

c. 300% for 10 seconds for circuit breaker trip current.

2. Efficiency: 88% or better at full load.

3. Step Load: Voltage dip ±3.5% maximum for step loads of 20% of full load.

4. Full load application voltage dip 16% maximum

5. 1200 RPM.
6. Brushless.
7. Synchronous.
8. Static exciter.
9. Power factor: 0.8.  
10. Frequency regulation: ±1 %.
11. Voltage adjustment: ±10 %.
12. Voltage regulation: ±1% no load to full load.
13. Voltage drift: ±0.5% 10º C to 50ºC.
14. Total RMS harmonic distortion: 12% max, line-to-line and line-to-neutral.
G. Protective controls:
1. Overvoltage.
2. Undervoltage.
3. Reverse power.
4. Underfrequency.
5. Over/under excitation.
H. Alarms:
1. Undervoltage.
2. Overvoltage.
3. Underfrequency.
4. Underexcitation.
5. Reverse Power.
6. Failure to parallel (if applicable).
I. 60 Hz metering:
1. Line-to line voltage, three-phase selectable.
2. Amps, three-phase selectable.
J. 400 Hz metering:
1. Line-to-line RMS Voltage, three-phase selectable.
2. Output Amps, three-phase-selectable.
3. Output frequency.
4. Running time meter, 99,999 hours.
Subparagraph below is required only when paralleling multiple units.

5. Line-to-line bus voltage three-phase selectable.
Consider remote monitoring of voltage, amperes, frequency and running time to meet Port requirements. List specific requirements below.

K. Match motor and generator torque requirements.

L. Accessories:

1. RFI filter.

Radio Frequency Interference is a primary concern at Sea-Tac Airport. RFI filtering should be given careful consideration.

M. Fabrication:

1. Finish unit using [manufacturer’s standard finish].

2. Ship equipment completely assembled, pre-wired and tested.

2.3 ANCILLARY EQUIPMENT

A. Gate Box(s) including the following:
1. The gate boxes shall be manufactured by a firm experienced in the manufacture of equipment for this application
2. Weather enclosure.

3. Voltage step-down transformer.

4. Controls.
5. Circuit protection.
6. Receptacles for connection of 200 Volt aircraft ground power cables. Match receptacles to aircraft ground power cord requirements.
7. UL label.
B. Line Drop Compensators: UL listed passive capacitor type compensation.
Consider use of passive capacitor type compensation to offset 400 Hz inductive reactance of long cable runs. Obtain guidance from firm with experience in this application and ability to UL list equipment.
2.4 SOURCE QUALITY CONTROL

Select one of the following two subparagraphs:

A. Provide factory inspection and testing reports prior to shipping equipment.

B. Make provision for Owner acceptance testing at manufacturer’s factory prior to packaging for shipment. Notify Port at least seven days before inspection is allowed.

PART 3   EXECUTION

3.1 EXAMINATION

A. Examine elements and surfaces to receive equipment for compliance with installation tolerances and other conditions affecting performance, including but not limited to, ambient temperature, cooling air circulation, contaminants, and disassembly and maintenance space.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

Delete paragraphs below if no existing work, or modify for Project.

3.2 EXISTING WORK

A. Disconnect and remove abandoned rotary converters.

B. Clean and repair existing rotary converters, which are to remain or be reinstalled.

3.3 INSTALLATION

A. Assure anchorage complies with seismic zone 3 requirements. Refer to Section 26 05 48 – Seismic Controls for Electrical and Communication Work.  
B. Install motor-generator set on 3-1/2” concrete base.  
C. Verify integrity of equipment grounding conductor.

D. Route all 400 Hz wiring in aluminum conduit above ground and schedule 40 PVC conduits underground.

E. Verify integrity of neutral bonding jumper, if required as a separately derived source.

3.4 IDENTIFICATION

A. Provide labels for enclosures and components as specified in Section 26 05 53 - Electrical Identification.
B. Identify equipment designation, primary and secondary voltages, primary source, and secondary loads and locations.

3.5 FIELD QUALITY CONTROL

A. Engage a factory-authorized service representative with experience and capability to conduct the specialized testing for 400 Hz systems as prescribed by OSHA 29 CFR 1910.7 or a full member of the International Electrical Testing Association.

B. In general, tests that are performed and certified at the factory need not be duplicated in the field.

C. Provide test equipment as follows:

1. Certified digital AC voltmeter.

2. Certified clamp-on AC ammeter.

3. Combination resistive and reactive load bank with total capacity of 90kVA (54kVAR reactive and 72kW resistive). Employ two sets of load banks for dual output gate boxes.

D. Prior to energizing, test installed wire for continuity and faults. Record initial settings of breakers.

E. On-Site Testing:

1. Check phase rotation with load bank or phase rotation tester and modify wiring if required.

2. Test proper operation of motor generator controls, alarms and metering devices, and proper operation of gate box control buttons.

3. Test proper operation of auto-paralleling function.

4. Verify proper circuit breaker fault isolation and test ground fault on the feeder side of each gate box.

5. Verify over-voltage, under-voltage and overload protection provided by gate box.

6. Check each individual position for no-load and full-load voltage drop using both resistive and reactive loads attached to the output of the aircraft cable and record results.

a. Apply load bank to each narrow body position with 90kVA load at 0.80 power factor.

b. Test each wide body position at no load, full reactive load, resistive load and 0.80 power factor load with 140kVA load (90kVA on one cable and 50kVA on the other at 0.80 power factor). Reverse loads on the cables and re-test.

7. Use test points on gate box test panel and verify the following:

a. Output voltage of each of the three phases.

b. Output voltage of the DC power supply.

c. Contactor auxiliary contacts.

d. Contactor auxiliary relay.

e. Under-voltage relay contacts.

f. Over-voltage relay contacts.

g. Overload relay contacts.

h. Overload relay.

i. Protective monitor.  
8. Inspect and test grounding system for compliance with Section 26 05 26 – Grounding.  
3.6 DEMONSTRATION AND TRAINING

A. Engage a factory-authorized service representative to train Port maintenance personnel to adjust, operate, and maintain rotary 400 Hz converters.

1. Train Port maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining equipment and schedules.

2. Review data in maintenance manuals. Refer to Section 01 78 23.13 - Operations and Maintenance Data.
3. Schedule training with the Port with at least seven days’ advance notice.

3.7 OPERATION AND MAINTENANCE MANUALS

A. Comply with Section 01 78 23.13 - Operations and Maintenance Data and Part 1 of this specification.

PART 4   MEASUREMENT AND PAYMENT

4.1 GENERAL

A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
Revision History:

05/01/2014 Conversion to 2004 CSI Numbering System

10/15/2014 Added Sole Source and Salient Characteristics Note to Part 2 and revisions
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