1.0	ABSTRACT



	This Item establishes the minimum requirements for ship's electrical and electronics systems.



2.0	REFERENCES



	2.1	IEEE Standard 45, Recommended Practice for Electric Installations on Shipboard.



	2.2	National Electrical Manufacturers Association, NEMA 250, Enclosures for Electrical Equipment (1000 volts maximum).



	2.3	American National Standards Institute (ANSI)/Underwriters Laboratory (UL), 486A - 1991, Wire Connectors and Soldering Lugs for Use With Copper Cables.



	2.4	MIL-STD-1680 (Series) (SH), Installation Criteria for Shipboard Secure Electrical Information Processing Systems.  (Confidential-Used when applicable)



	2.5	American National Standards Institute (ANSI)/Underwriters Laboratory (UL), 62-1991, Standard for Safety for Flexible Cord and Fixture Wire.



	2.6	MIL-C-176 (Series), Cables, RF, Flexible and Semi-rigid, General Specifications for.



	2.7	MIL-HDBK-299 (SH), Cable Comparison Handbook, Data Pertaining to Electric Shipboard Cable.



	2.8	DOD-STD-1399 (NAVY), Interface Standard for Shipboard Systems, Section 300A.



	2.9	MIL-STD-1310 (Series) (SH), Shipboard Bonding, Grounding, and Other Techniques for Electromagnetic Compatibility and Safety.



3.0	EQUIPMENT INSTALLATION



	3.1	Installations shall comply with the requirements of  Reference 2.1 unless otherwise noted.



	3.2	Equipment which depends upon forced ventilation for cooling must be provided with an imbedded temperature device that will initiate an alarm to indicate that the internal temperature of the equipment has risen above design limits.



4.0	EQUIPMENT DESIGN AND CONSTRUCTION



	4.1	Voltage and Frequency Range



		4.1.1	Power consuming equipment shall operate within 5% of rated voltage and 3% of rated frequency in accordance with Table 28-1.  Unless otherwise specified, 60 Hz power shall be Type 1 and 400 Hz power shall be Type 2.  To ensure power quality and reduce harmonic effects, physical and electrical isolation should be provided between electronic systems and power systems which supply large numbers of solid state devices, or significantly sized solid state motor controllers.



		4.1.2	Source power for electronic equipment shall be Type 1 per Table 28-1.  



	4.2	Enclosures



		4.2.1	Connection boxes, outlet boxes, junction boxes, and similar devices and fixtures exposed to the weather, condensation, or excessive dampness shall comply with Reference 2.2.  Steel enclosures may be used in dry locations.  



		4.2.2	Enclosures in the weather must meet as a minimum the requirements of NEMA 250 Type 4X.  Enclosures in interior locations exposed to dripping liquids or falling objects must meet as a minimum NEMA 250 Type 2.  Other interior locations must meet as a minimum NEMA 250 Type 1.  Enclosures in interior locations exposed to water spray, mist or splashing water must meet NEMA 250 Type 4X as a minimum.  Control equipment enclosures should meet as a minimum NEMA Type 2.  Watertight distribution panel cabinets should be cast or welded construction with external mounting lugs and externally operable switches.



		4.2.3	Any penetration into an enclosure shall not affect the degree of protection of the enclosure.



		4.2.4	Enclosures, foundations, and base plates shall not be made of wood or materials with a flame point below 1000 °F.



	4.3	Corrosion Protection



		Ferrous components of equipment subject to corrosion shall be galvanized or similarly treated before painting.  Painting is an acceptable corrosion resistant treatment for switchboard panels, distribution cabinets, and similar enclosures.



	4.4	Terminal Boards



		External wires for electrical equipment (except motors and lighting fixtures) shall have terminal boards or blocks.  Terminal boards are not required in motor terminal boxes.  The leads shall be equipped with lugs for direct connection to lugs on ship cables and provide adequate contact, low voltage drop, low temperature rise, and mechanical strength to resist pullout and withstand shipboard vibration.  For motors, lighting fixtures, and vital electrical equipment crimp type connectors shall be used that conform to Reference 2.3.  Connections shall be wrapped in insulating tape.  All connections shall be made within an enclosure.



5.0	DISTRIBUTION SYSTEMS



	5.1	Supply power (voltage, phase, frequency) shall be from a switchboard, load center, or distribution panel and shall comply with Reference 2.1 and Table 28-1.



	5.2	The power distribution system, lighting distribution system, interior communications, and electronics distribution systems shall be maintained as separate distribution systems fed from the ship service generator and emergency generator switchboards. 



	5.3	Weather deck and cargo hold floodlights permanently installed above the deck may operate at 440 volts.



6.0	ELECTRONIC EQUIPMENT ARRANGEMENT



	6.1	Electronic equipment shall be arranged and installed to comply with Reference 2.1 or 2.4 for secure communications.  



	6.2	On the navigation bridge (pilothouse), equipment shall be grouped into navigation, maneuvering, communication, and monitoring functions.  Communication equipment shall be located as high in the vessel as practicable.   



7.0	ELECTRIC CABLE



	7.1	General



		7.1.1	Cable containing asbestos shall not be used.



		7.1.2	Only low smoke cable complying with Reference 2.1 shall be used.



		7.1.3	Special cable or conductor types, such as coaxial cables, shielded twisted pairs, and antenna connections shall be used as recommended by equipment manufacturers.  



		7.1.4	Portable cords shall have two current carrying conductors and one ground conductor and shall be heavy duty rubber jacketed except where used for small appliances that contain heating elements.  For these applications, a heat and flame resistant portable cord shall be used.  The minimum size of conductors for portable cords shall be No. 16 AWG and meet the requirements of Reference 2.5.  Portable cords shall not be used for permanent installations.



		7.1.5	Connectors exposed to the weather shall be suitable for the installation and  be wrapped with plastic electrical tape at least 38 mm (1.5 in) beyond the connector.  The connector shall be covered with a durable weather tight jacket of the heat shrink or cold shrink type.  Before installing connectors, threaded sections shall be coated with an anti-seize compound if permitted by the manufacturer.



		7.1.6	Cable armor shall be electrically and mechanically grounded to the metal hull at the supply end of final sub-circuits and grounded to the metal hull at each end for other circuits.  Single conductor AC cables shall have their armor grounded at the midpoint only.  Armor may not be used as the system or safety ground. 



		7.1.7	Power cables wherever practical shall be installed in a single bank. Where double banking is unavoidable, cable current values are to be derated by 80%.  Bunching of cables is not permitted.



		7.1.8	Cable banding shall be installed in accordance with Reference 2.1.



		7.1.9	Electronic and RF cables shall be installed to obtain the best possible operation and to reduce losses and interference in accordance with References 2.1, 2.4, 2.6, 2.7, 2.8, and 2.9.



		7.1.10	Fiber optic cable shall be of type four (4) fiber, (OFNP) rated Plenum, Fiber Optic Breakout cable and comply with Reference 2.1.



	7.2	Cable Installation



		7.2.1	Cable runs shall be direct and installed according to References 2.1, 2.4, and 2.6.



		7.2.2	Cables shall be kept at least 1 meter (3 ft) from surfaces dissipating extreme heat.  Where it is not possible to avoid installing cables near heat dissipating surfaces, heat insulating barriers shall be used.  Cables shall not be installed adjacent to piping or other apparatus which may leak or drip condensation.  If such proximity is unavoidable, the cables shall be mechanically shielded.  Cables should not be located in cargo tanks, ballast tanks, fuel tanks, or water tanks except to supply equipment specifically designed for such locations and whose functions require it to be installed in the tank.  Cable installation in refrigerated spaces or hazardous spaces is not permitted unless no other routing is possible.  Cable installation in refrigerated spaces, where unavoidable, shall be stepped away from the flat surfaces and shall never be installed behind or within the insulation.  Cables shall be installed in existing cableways to the maximum extent practicable. 



		7.2.3	Cable runs shall not be exposed to the weather unless weather exposure is unavoidable. Cables for fixtures and equipment located in the weather shall be installed on the inside surface of house structures and other structures that support the fixtures.



		7.2.4	Cables shall not to be installed on gratings or walkways in engine rooms, in bilges, or in spaces exposed to oil.  If running of cables under gratings or walkways is unavoidable, the cables shall be on the underside of drip proof galvanized metal pans that have side flanges at least 13 mm (0.5 in) wide.



		7.2.5	Cable runs shall keep external magnetic fields to a minimum and shall be protected from excessive external magnetic fields in accordance with References 2.1, 2.6, and 2.7.  Cable runs shall be continuous between outlet boxes, connection boxes, switchboards, and panelboards.  Where a box or wiring device is not grounded to the ship's structure by its mounting arrangement, a separate grounding conductor grounded at the panelboard shall be installed.



		7.2.6	Circuits containing nonlinear currents, such as thyrister drive cables, shall be separated from other circuits according to Reference 2.1.  Low level signal and control cables and wires shall not be run in the cableways or wire bundles containing other cables and wires.  Wireways with cables carrying nonlinear currents shall be separated by 1 meter (3 ft) from those containing other cables.



		7.2.7	Interior Communications (IC)



			a.	Cable size for communications circuits shall allow for possible future system expansion.  At least 10% additional wires or circuits, based on the actual number of conductors used, shall be provided in IC cables that have five or more conductors.  Four conductor IC cables shall have at least one spare conductor.



			b.	Voltage drop for interior communication circuits shall not exceed 5%. 



8.0	PANELBOARDS



	Distribution panelboards shall comply with Reference 2.1 requirements and shall be the circuit breaker type with at least 50 ampere frame size circuit breakers.  Distribution panelboard buses shall be three phase.  Drip proof cabinet fronts for panel boards shall have one hinged door for access to the circuit breaker handles. Dead front distribution panels shall be used.  



9.0	ELECTRICAL PROTECTIVE DEVICES



	Circuit breakers used in local distribution panelboards shall be the commercial marine molded case type, quick make, quick break, with inverse time tripping characteristics on overloads and an instantaneous trip device for short circuits.  



10.0	MOTORS



	Motors rated over 1/4 horsepower shall be AC squirrel cage induction type, designed for the ship’s distribution system, typically 440 volts, 3 phase, 60 hertz, and continuous duty.  Small appliances and fractional horsepower motors less than 1/4 horsepower shall operate on 115 volts AC.  Motors shall be single speed unless the application of driven equipment requires a two speed motor.  Two speed motors shall be the two winding type.  Motors shall be equipped with sealed antifriction bearings to meet thrust and radial load requirements.  Fractional horsepower motors, less than 1/4 horsepower may be equipped with sleeve bearings.  Shaft seals on the above motors shall be of the nonrubbing labyrinth type.  Round frame motors shall be provided for axial flow and propeller fans.  No type of silicone varnish, compound, rubber, grease, laminate, or binder shall be used in enclosed DC motors or enclosed AC motors that have collector rings within the motor enclosure.  



11.0	ANTENNAS



	11.1	Antennas should be mounted as high as practicable.  Radar antennas and satellite system antennas shall be positioned to minimize shadowing.  Antennas shall be physically separated to reduce electrical interaction and to avoid physical contact due to antenna deflection caused by ice loading, wind or sea conditions.



	11.2	RF cable installation shall comply with Reference 2.6.  All hardware used to secure antennas and couplers shall be stainless steel.



12.0	MOTOR CONTROLLERS



	Motor controllers shall have nonresettable hour-meters.  Motor controllers shall be across the line magnetic type.  Controllers shall have integral disconnect circuit breakers.  Whenever several motors are installed in close proximity to one another, their controllers shall be grouped on a bulkhead or framework at an accessible location near the motors, or a motor control center shall be used.  Heaters shall be installed for motors with insulation resistance monitors and motor controllers located in the weather.  The heater circuits shall be interlocked with motor control circuits to prevent moisture condensation when the motors and controllers are deenergized.



13.0	BONDING AND GROUNDING



	All equipment bonding and grounding shall be in accordance with Reference 2.9.  This includes but is not limited to:  



Work benches

Machinery and equipment

Exterior doors, hatches, ladders and stairs

Metal handrails

Exterior vent hood covers, access covers, and soft patches

Antennas, waveguides, and cables

Rigging and load lifting davits



	If secured to the metal deck, equipment foundations may be considered as an effective bonding arrangement to the hull. 



�TABLE 28-1



POWER SYSTEM CHARACTERISTICS AT INTERFACE



CHARACTERISTICS�TYPE 1�TYPE 2�TYPE 3�������VOLTAGE�����(a)	Nominal User Voltage�460 or

115 volts rms�460 or

115 volts rms�460, 115 or

115/200 volts rms�������(b)	User Voltage Tolerance�����	(1)	Average of the 3 line-to-line voltages ��symbol 177 \f "Symbol"�� 5%��symbol 177 \f "Symbol"�� 5%��symbol 177 \f "Symbol"�� 2%��	(2)	Any one line-to-line voltage including (b)(1) and line voltage unbalance tolerance��symbol 177 \f "Symbol"�� 7%��symbol 177 \f "Symbol"�� 7%��symbol 177 \f "Symbol"�� 3%�������(c)	Line Voltage Unbalance�3%�3%�2%�������(d)	Voltage Modulation�2%�2%�1%�������(e)	Voltage Transient�����	(1)	Voltage transient tolerance��symbol 177 \f "Symbol"�� 16%��symbol 177 \f "Symbol"�� 16%��symbol 177 \f "Symbol"�� 5%��	(2)	Voltage transient recovery time�2 seconds�2 seconds�0.25 second�������(f)	Voltage Spike (peak value, includes fundamental) ��symbol 177 \f "Symbol"��2500 volts

(460 V sys)

�symbol 177 \f "Symbol"��1000 volts

(115 V sys)��symbol 177 \f "Symbol"��2500 volts

(460 V sys)

�symbol 177 \f "Symbol"��1000 volts

(115 V sys)��symbol 177 \f "Symbol"��2500 volts

(460 V sys)

�symbol 177 \f "Symbol"��1000 volts

(115 V sys)�������(g)	Maximum Departure Voltage resulting from (b)(1) and (d) combined, except under transient or emergency conditions��symbol 177 \f "Symbol"�� 6%��symbol 177 \f "Symbol"�� 6%��symbol 177 \f "Symbol"�� 2½%�������(h)	Worst Case Voltage Excursion from nominal user voltage resulting from (b)(1), (d), and (e)(1) combined, except under emergency conditions �± 20%�± 20%�± 5½%�������WAVEFORM (VOLTAGE)�����(i)	Maximum Total Harmonic Distortion�5%�5%�3%��(j)	Maximum Single Harmonic�3%�3%�2%��(k)	Maximum Deviation Factor�5%�5%�5%���TABLE 28-1 (Cont.)



POWER SYSTEM CHARACTERISTICS AT INTERFACE



CHARACTERISTICS�TYPE 1�TYPE 2�TYPE 3�������FREQUENCY�����(l)	Nominal Frequency�60 Hz�400 Hz�400 Hz or 

60 Hz�������(m)	Frequency Tolerances�± 3%�± 5%�± ½%�������(n)	Frequency Modulation�½%�½%�½%�������(o)	Frequency Transient Tolerances�± 4%�± 4%�± 1%�������(p)	Frequency Transient Recovery Time�2 seconds�2 seconds�0.25 second�������(q)	Worst Case Frequency Excursion from nominal frequency resulting from (m), (n), and (o) combined, except under emergency conditions �5 ½%�6 ½%�1 ½%�������EMERGENCY CONDITIONS�����(r)	Frequency Excursion�-100 to + 12%�-100 to + 12%�-100 to + 12%�������(s)	Duration of Frequency Excursion�Up to 2 minutes�Up to 2 minutes�Up to 2 minutes�������(t)	Voltage Excursion�-100 to + 35%�-100 to + 35%�-100 to + 35%�������(u)	Duration of Voltage Excursion �����	(1)	Lower limit (-100%)�Up to 2 minutes�Up to 2 minutes�Up to 2 minutes��	(2)	Upper limit (+35%)�2 minutes�0.17 second�0.17 second��
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