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Performance Specification

For the Radio Fundamentals

Maintenance Trainer

1. SCOPE.

This specification establishes the performance requirements for the Radio Fundamentals Maintenance Trainer. 

1.1 Background

The Marine Corps Communication-Electronics School (MCCES) located in Twenty-nine Palms, California teaches radio fundamentals in a number of courses.  Currently, training devices are used in five different MOS producing courses (2831, 2846,  2862, 5937 and 5939). Curriculum requirements necessitate use of a training device to allow students to learn practical skills and to give them confidence needed to perform the same skills on specific tactical equipment.  All the courses have the requirements to teach radio fundamentals to their students.  Radio fundamentals include theory of transmit/receive principles, use of test measurement and diagnostic equipment, and basic troubleshooting techniques.

2. APPLICABLE DOCUMENTS.
The following documents of the exact issue listed form a part of this specification to the extent specified herein.  This specification is designated as a first tier document.  The documents referenced directly in this specification are designated as second tier documents and are considered part of this specification to the extent specified herein.  Documents referenced in successive tiers are not part of this specification and are to be used for guidance only.

2.1 Government documents.


Federal Regulations

	21 CFR 1040
	-
	Code of Federal Regulations, Title 21, Part 1040,  Performance Standards for Light-Emitting Products


2.2 
Non-Government documents.
American National Standards Institute (ANSI)

	ANSI Z35.1-72
	-
	Accident Prevention Signs, Specification for

	ANSI Z35.4‑73
	-
	Informational Signs Complementary to ANSI Z35.1, Accident Prevention Signs, Specification for

	ANSI Z53.1-79
	-
	Safety Color Code for Marking Physical Hazards



Electronic Industries Alliance (EIA)

	EIA RS-471 
	-
	Symbol and Label for Electrostatic Sensitive Devices



Institute of Electrical and Electronics Engineers (IEEE)

	IEEE 200-1975
Revision 1988
	-
	Standard Reference Designations for Electrical and Electronics Parts and Equipment (ANSI/IEEE Y32.16)

	ANSI/IEEE 446-1987 
	-
	Recommended Practice for Emergency and Standby Power Systems for Industrial and Commercial Applications


2.3 Order of precedence.

In the event of a conflict between the text of this specification and the references cited herein, the text of this specification takes precedence.  Nothing in this specification, however, supersedes applicable laws and regulations, unless a specific exemption has been obtained.

3. REQUIREMENTS.
3.1 Functional and performance requirements.


The trainer shall meet the following requirements:

a. Ruggedized for daily student activity, with a trainer life expectancy of 10 years.

b. Maximum size for Radio Trainer is 24” Long (front view) X 18” Wide (deep) X 10” High. Minimum size shall be 14” Long (front view) X 10” Wide (deep) X 5” high.

c. Headset/microphone combination with front panel connection for basic operational testing and to teach troubleshooting techniques on AM transmitters and FM transceivers. Require Push to Talk microphone activation as well as a hands free constant key capability.

d. Provide visual and audio indications of correct performance: i.e. Analog meter required to provide a visual indication of modulated and unmodulated carrier signal strength; and ability to monitor detected modulated audio tone/signals.  

e. Trainer shall be designed to allow troubleshooting and testing with standard military test, measurement, and diagnostic equipment e.g., oscilloscope, signal generators, multimeters, etc.

f. A transmitter antenna will be attached via an external BNC type connection. This will allow for not only antenna connection but also direct signal generator connection and dummy load connection. A dummy load of sufficient capacity will be provided to prevent transmitted emissions beyond the trainer during certain exercises.

g. Voltages, current and transmit power are required to be minimal in order to present a safe environment for the students and instructors.

h. Separate circuit cards, to the maximum extent possible, with distinct, testable inputs/outputs shall be used for each stage of AM Transmitter and FM transceiver operation(i.e., stages for radio frequency (RF), Intermediate Frequency (IF), Audio Frequency (AF), Power Supply, and other stages standard for these types of radios). Where physical design limitations (size) preclude a separate card for each stage of operation, multiple stages on one card will be permitted provided the separate stages are clearly delineated with some type of border to distinguish them from the other stage(s) on the card. At no time will one circuit card possess more than three stages. Again, separate circuit cards for each stage are to be used to the maximum extent possible. The new trainer will be incorporated into the existing Marine Corps courseware without changing the current training methodology.

i. Combination of discreet components, i.e., transistors, diodes, capacitors, resistors, integrated circuits, etc., to include at least but not limited to the following technologies:

(1) AC to DC power supply containing minimum of a full wave rectifier and voltage regulator circuits

(2) Circuits containing mixer and balanced mixer technology

(3) Squelch circuitry

(4) Oscillator circuits and amplifier circuits

(5) Phase lock loop 

(6) A mix of Digital and analog technology

j. Provide faulted circuit cards/modules.  Faulted cards/modules shall include at least the following individual faults: open resistors, open capacitors, and shorted capacitors, open runs, open transistor junctions, shorted transistor junctions, open inductors, open diodes, and shorted diodes.  Faults will remain faults regardless of whether the trainer is powered up or not. This is to facilitate the requirement to ohm check located faulty components. APPENDICES A-D list the required faulted cards by course.  The curriculum provides for one fault per exercise; at no time are multiple faults introduced to the student in this course of instruction.  Only one fault shall be on each prefaulted card.  Prefaulted cards will be identified with an alphanumeric encoding (stenciled, printed, label, or etc) to identify the specific fault inserted on the circuit card. This code will be placed on the circuit card in a position not visible to the student; i.e., bottom side.  A chart, card, or document of some type will be provided so the instructor can decipher what the fault is on each card by the code labeled/stenciled on it. To minimize student cheating, this code should be of sufficient characters to reduce a student’s chance of identifying a particular fault with a particular card and passing this knowledge to other students.

k. Trainer shall have a single chassis design with easy access to all circuit cards/components. This single chassis design will incorporate the capability of interchangeable circuit cards to change the configuration from functional AM transmitter to a functional FM transceiver. The trainer shall not be designed to provide both AM and FM simultaneously as that will not facilitate the training methodology. The training methodology also requires removal and replacement of circuit cards in order to reconfigure the trainer from an operational status to a controlled non-operational status.

l. Trainer shall have technical maintenance manuals that include interconnect diagrams, detailed block diagrams, schematics, theory of operation, troubleshooting matrix/flow chart, and faulted circuit card documentation, and instructor job aide cards.

m. Top and bottom panels of trainer must be removable due to requirement for students to have easy access to circuit cards and components as the trainer will be used to teach component level troubleshooting by signal tracing, direct current (DC) biasing, tracing bad DC, and power off resistance measurements.  

n. Trainer will have NO conformal coating.

o. Power source for the trainer will be 120VAC 60HZ

p. Front panel shall have an ON/OFF Power switch, and a circuit breaker will be located on the rear panel.

q. All switches, meters, connections, etc. will be located on the front panel except the power cord and circuit breaker.

3.1.1 Reliability.
The minimum acceptable serial Mean-Time-Between-Failures (MTBF) for the entire trainer shall be 2,000 hours.

3.1.1.1 Power supply reliability.
Power supplies shall be rated by the manufacturer at no less than 80,000 hours MTBF.  Power supplies which are an integral part of GFE, Commercial Items (see 6.1.1),  and Non-developmental Items (NDI - see 6.1.4) are exempt from this requirement.

3.1.2 Maintainability.
Quantitative maintainability requirements for the entire trainer shall be a Mean-Time-To-Repair (MTTR) of 30 minutes, a Maximum-repair-time (MMAX) of 60 minutes to the 90th percentile for Unscheduled On-site Maintenance (see 6.1.8), and a Mean-Preventive-Maintenance-Time (MPT) of 5 minutes per day for Scheduled Maintenance (see 6.1.6).

3.1.3 Environmental conditions.
a. The equipment shall withstand the following environmental conditions without deterioration:

(1) Temperature:

(a) Operating:  +10oC to +37.2oC (+50oF to +98oF)

(b) Non-operating: -18oC to +49oC (+0oF to +120oF)

(2) Relative humidity:

(a) Operating: 20-80 percent

(b) Non-operating:  Up to 100 percent, non-condensing

b. The equipment shall operate under the following electromagnetic environment:

Within a ¼ mile area of the classrooms this trainer will operate will be the full spectrum of Marine Corps Tactical Ground electronics equipment which range from DC to 5+GHz and up to 1KW of power. The classrooms this trainer will operate in are not shielded.

3.1.4 Materials and processes.
Materials and processes shall be in accordance with the following requirements.  Commercial and Non-Developmental Items (CaNDI) and GFE are exempt from these requirements, unless otherwise specified in this section.  CaNDI must comply with the Government’s definitions in order to be exempt.

3.1.4.1 Parts.
The trainer hardware shall be comprised of CaNDI to the maximum extent practicable. Trainer Peculiar Equipment (TPE - see 6.1.7) shall be kept to a minimum.

3.1.4.1.1 Custom designed microelectronic devices.
The use of custom designed microelectronic devices shall be avoided unless no reasonable alternative exists.

3.1.4.1.2 Power supplies.
All power supplies to be used in the trainer shall be commercial items to the maximum extent practicable.  The power supplies shall be embedded in the training device, and not stand alone. The use of trainer-peculiar and NDI power supplies shall require specific written authorization by the Government.

3.1.4.1.3 Electrostatic Discharge (ESD) sensitive assemblies and equipment.
The minimum requirements for ESD hardening of TPE, at the assembly or equipment inputs, outputs, and interface connection points shall be:

a. Assemblies:  +/- 2,000 volts

b. Equipment:  +/- 4,000 volts

3.1.4.2 Materials.

Materials selected for the trainer hardware shall meet the primary design requirements of their application and the following additional performance requirements:

a. Except in the case of consumable items, materials used in the construction of nonexempt equipment shall preclude deterioration in performance and appearance over the design service life of the equipment.

b. When it is commercially practicable, materials selected shall allow trainer-peculiar parts to be repairable by commonly applied commercial processes.  For example, where a weldable metal will perform as well as a non-weldable metal in a part that could be repairable by welding, the selected material shall be the weldable metal.

c. Materials selected shall withstand, without deterioration, the effects of the environment in which the equipment will be operated, stored, and transported. The environment these trainers will be operated and stored in is environmentally controlled classrooms.

d. Materials selected shall preclude exposure of personnel, facilities, and the environment to toxic, explosive, and fire hazards throughout the life cycle of the equipment and thereafter.

e. Materials selected shall conform to restrictions peculiar to the installation site.

3.1.4.2.1 Flammable materials.
Materials shall be noncombustible or fire retardant in the most hazardous conditions of atmosphere, pressure, and temperature to be expected in their application.  Nonpermanent fire retardant additives shall not be used to achieve fire retardation.

3.1.4.2.2 Fungus-inert materials.
When the specified environment is conducive to fungus growth, the equipment shall be fabricated using fungus-inert materials.

3.1.4.2.3 Hazardous materials.
The trainer shall not expose personnel or the environment to excessive levels of toxic, carcinogenic, teratogenic, and otherwise hazardous materials as defined by OSHA and the Environmental Protection Agency (EPA).  If hazardous materials must be used in order to meet the performance requirements of this specification, only Government-authorized materials shall be used, the hazardous items shall be suitably marked, and all due precautions shall be taken to prevent whatever harm the hazardous material may cause.

3.1.4.2.4 Metals.
Metals shall be corrosion-resistant, or shall be coated or metallurgically processed to resist corrosion.  The environmental conditions to which the equipment will be exposed shall not cause corrosion and shall not cause deterioration of metal parts.

3.1.4.2.5 Ozone-Depleting Substances (ODS).
The use of substances classified as Class I ODS (see 6.1.5), shall be avoided unless there is no suitable non-ODS alternative available.

3.1.4.2.6 Radioactive material.
Radioactive materials shall not be utilized.

3.1.4.3 Processes.
Processes shall be in accordance with established industry standards (e.g., American Society for Testing and Materials (ASTM), American National Standards Institute (ANSI), Institute of Electrical and Electronic Engineers (IEEE), etc.).  The following additional requirements shall apply to the fabrication of TPE, unless otherwise specified.

3.1.4.3.1 Protective finishes and coatings.
Class I ODS-based primers, coatings, and solvents shall be avoided.

3.1.4.3.1.1 Painting, and preparation for.
Surfaces to be painted shall be prepared and painted in accordance with the paint manufacturer’s recommendations.  Class I ODS-based solvents shall be avoided in the surface preparation process.

3.1.4.3.1.2 Nonskid surfaces.
Surfaces where personnel normally step during trainer use and maintenance shall be inherently nonskid surfaces, or shall be covered with nonskid paint or material.

3.1.4.3.2 Corrosion prevention.
The trainer shall not be subject to corrosion and shall not be subject to other forms of physical deterioration in its intended use.  The following is a list of  characteristics that may contribute to such corrosion and deterioration and shall be avoided:

a. Galvanic metal couples over 100 mV potential difference.

b. Moisture-tight designs without proper seals.

c. Untested adhesively bonded designs (stress and humidity tests).

d. Metallic construction where nonmetallic is suitable.

e. Hardware requiring field maintenance for corrosion control.

3.1.5 Electromagnetic radiation.

Electromagnetic radiation from the trainer shall not adversely impact the environment, as outlined in 3.1.3.

3.1.6 Nameplates or product markings.
Trainer equipment and cables shall be identified and marked in accordance with the following requirements.  Markings shall be permanent, securely fastened, and shall withstand the operational and storage environment of the trainer, environmental testing, and cleaning procedures.  Legibility shall be as required for ready readability.  Markings shall be of a color which is in contrast to the color of the background surface.  Markings of items shall not adversely affect the life and utility of the item.  Letters shall be without serifs (sans-serifs) such as Gothic or Futura capitals, and the numerals shall be Arabic, except when Roman numerals are used for type designations.

3.1.6.1 Units, assemblies, subassemblies, and parts.
Units, assemblies, subassemblies, and parts shall be identified and marked in accordance with the following requirements.

3.1.6.1.1 Units.
Each unit, as defined in IEEE 200-1975, shall be marked with a contractor-supplied identification (ID) plate as shown in Figure 1.  The ID plates shall be located in the front and back of the units, at the top center location, and shall be installed so that they are not obscured by other parts.  Information on the ID plates shall include the unit reference designator assigned in accordance with paragraph 3.1.6.2 below and the assembly information as shown below.  Unmodified GFE is exempt from the marking requirements of this paragraph.




Figure 1.
Unit ID Plate.

3.1.6.1.2 Plug-in assemblies.
Plug-in assemblies and subassemblies shall be keyed or permanently color coded so as to minimize the probability of incorrect connection and insertion.  Where keying or color coding are impractical, a permanent, legible directory or chart shall be posted conspicuously on or adjacent to the equipment, showing location and orientation of such assemblies and subassemblies.

3.1.6.1.3 Fuse holders.
The current rating of fuses shall be marked adjacent to the fuse holder.  In addition, “SPARE” shall be marked adjacent to each spare fuse holder.  This requirement shall apply to TPE and CaNDI which are procured using Control Drawings (CDs - see 6.1.2).  Unmodified Commercial items, GFE, and Contractor-Acquired Operational Equipment (CAOE) are exempt.

3.1.6.1.4 Controls and indicating devices.
Markings shall be provided on the front of each exterior and interior panel, panel door, control mounting surfaces of each chassis, subpanel, etc., to clearly (though necessarily briefly) designate the functions and operations of all controls, fuses, and indicating devices mounted thereon, protruding through, or available through access holes therein.  All markings shall be located on the panel or chassis in correct relationship to the respective designated items.  The requirements of this paragraph shall apply to TPE and CaNDI which are procured using CDs.  Unmodified commercial items, GFE, and CAOE are exempt from the requirements of this paragraph.

3.1.6.1.5 Sockets.
The chassis shall be marked to identify both sockets and parts, modules or assemblies to be plugged into the sockets.  The side of the chassis upon which items are plugged into sockets shall be marked, adjacent to each socket, with the reference designation for the item.  The reverse side of the chassis shall be marked, adjacent to each socket, with the reference designation used in the circuit diagram and table of parts to identify the socket itself.  If space does not permit marking of reference designations for sockets and parts, modules, or assemblies mounted in sockets, a location chart shall be placed where it is visible when viewing the chassis, and shall display the markings described herein. The requirements of this paragraph shall apply to TPE and CaNDI which are procured using CDs.  Unmodified commercial items, GFE, and CAOE are exempt from the requirements of this paragraph.

3.1.6.1.6 Printed wiring boards.
Markings on printed wiring boards shall not interfere with electrical operation.  When ink is used, it shall be non-conductive.  Markings shall be considered when leakage (creepage) distances are determined.  This requirement shall apply to TPE.  CaNDI, unmodified GFE, and CAOE are exempt from the requirements of this paragraph.

3.1.6.1.7 Terminals, terminal blocks and strips.
All terminals, terminal blocks, and terminal strips shall be identified and marked in a clear and permanent manner to facilitate replacement of connections.  Where space limitations prohibit marking on the terminal, terminal block, or terminal strip, the marking shall be on the chassis adjacent to the terminal, terminal block, or terminal strip.  The requirements of this paragraph shall apply to TPE and CaNDI which are procured using CDs.  Unmodified Commercial items, GFE, and CAOE are exempt from the requirements of this paragraph.

3.1.6.1.8 ESD marking.
Unless otherwise specified herein, electrostatic discharge sensitive assemblies and equipment shall be marked as follows.

3.1.6.1.8.1 ESD sensitive assemblies.
Electrostatic discharge sensitive assemblies shall be marked with either the EIA RS-471 or the military symbol as illustrated in Figure 2.  The symbol shall be located in a position readily visible to personnel when the assembly is incorporated in its next higher assembly.  The requirements of this paragraph shall apply to TPE and CaNDI.  Unmodified GFE is exempt from the requirements of this paragraph.


[image: image1.wmf]                 
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Figure 2.
ESD Symbols.

3.1.6.1.8.2 ESD sensitive equipment.
Equipment containing ESD sensitive parts and assemblies shall be marked with the EIA RS-471 or military symbol.  The symbol shall be located on the exterior surface of the equipment and readily visible to personnel prior to gaining access to ESD sensitive parts and assemblies within the equipment.  The following ESD caution statements shall be placed adjacent to the ESD sensitive symbol:

	CAUTION

CONTAINS PARTS AND

ASSEMBLIES SUSCEPTIBLE TO DAMAGE

BY ELECTROSTATIC DISCHARGE


3.1.6.1.8.3 External equipment terminals.
The EIA RS-471 or military symbol shall be applied on the exterior of the equipment cabinet adjacent to external terminals connected internally to ESD sensitive parts and assemblies.

3.1.6.2 Reference designators.
Reference designators in accordance with Section 4 of IEEE 200-1975 (Unit Numbering Method) shall be employed to identify and mark the location of electrical and electronic parts and equipment in the entire trainer.  The assignment of reference designators shall begin at the unit level of assembly and shall continue down to the basic part level of assembly as defined in IEEE 200-1975.  All unmodified GFE shall be identified on related system or assembly drawings and schematics with assigned unit or assembly level reference designators.  Marking and location of reference designators shall be in accordance with paragraphs 8.2 and 8.2.1 of IEEE 200-1975.  Method, permanency, and legibility of reference designators shall be as specified in 3.1.6. Cables and wires are exempt from the requirements of IEEE 200-1975, paragraphs 4.1.5.5 (Intersubassembly and Interunit Cable Connections) and 8.2.3 (Cable Assemblies); but shall be subject to the identification and marking requirements of 3.1.6.3 below.

3.1.6.3 Cable and wire markings.
Disconnectable cables and wires shall be permanently and legibly marked in accordance with the following requirements, which shall apply to all equipment categories (i.e., TPE, CaNDI, GFE, CAOE).  Types of disconnectables include plugs, jacks, lugged terminals, push-on captivated wires.  Jumpers or links located on terminal boards, jacks or plugs are exempt from such marking.  Soldered or wire wrap connections are also exempt from such marking.  Markings shall not damage the wires or cables attached to and shall be located within approximately 8 cm  from the connector, terminal or plug, oriented in such a manner as to be readable without removal of the wire or cable or support clamps.

3.1.6.3.1 Cable marking method.
The following methods shall be used to mark cables and wires:

a. Molded on the cable.

b. Stamped on the cable.

c. Securely attached, appropriately marked plastic bands.  (no less than .25 mm thickness).

d. Bands of appropriately marked heat shrinkable tubing.

3.1.6.3.2 Cable marking information.
The following information shall be marked on all disconnectable cables.

3.1.6.3.2.1 “W” and “P” cable designations.
A “W” designation (W1, W2, etc.) shall be assigned to uniquely identify cables and wires.  The numerical portion of the “W” designations shall be consecutive throughout the trainer.  In addition, each connector within the same cable shall be identified with a “P” designation (P1, P2, etc).  The numerical portion of the “P” designations shall be consecutive for a given cable.  The “W” and “P” designations shall be marked on cables in accordance with Figure 3.

3.1.6.3.2.2 To-from designators.
In addition to the “W” and “P” designations, cable and wire markings shall also include “to-from”  reference designators to identify the locations where they are connected.  Cables and wires internal to subassemblies are not required to be marked with the “from” designator.  The “to-from” designators shall be marked on cables in accordance with Figure 3.

3.1.6.3.2.3 Assembly/part number.
Trainer-peculiar wires, cables, and harnesses shall also be identified and marked with the applicable assembly or part number.  The number may be included with other required cable markings where space permits.  Otherwise, a separate marking shall be made adjacent to the “W”, “P”, and “to-from” designator markings.
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Figure 3.
Examples of Cable Markings
3.1.6.4 CaNDI marking.
Where CaNDI is authorized for use in the trainer, and the equipment external marking or identification of controls, fuses, or connectors is absent, such equipment shall be marked  with function or rating.  Method, permanency, and legibility of CaNDI markings shall be as specified in 3.1.6.  Where the equipment contains plug-in modules which are not keyed so as to prevent incorrect connection or insertion, a permanent legible directory or chart showing identification number, location, or orientation of such modules, shall be provided and posted conspicuously on or adjacent to the equipment.

3.1.6.4.1 CaNDI identification, nameplates, and labels.
All nameplates, instruction labels, and equipment identification furnished with authorized CaNDI shall be written in the English language and numbering system.

3.1.6.5 Trainer nameplate.
A nameplate shall be permanently affixed to the trainer in a prominent location designated by the contracting officer.  This nameplates will be supplied by the contracting officer for installation by the contractor on each serialized trainer procured.

3.1.6.5.1 Trainer-use-only identification.
The trainer-use-only identification shall consist of a sticker or nameplate with yellow background and the legend shown below in black.  The sticker or nameplate shall not obscure other identification or labeling.  Method of applying, permanency, legibility, and lettering shall be as specified in 3.1.6.

	WARNING: FOR TRAINING PURPOSES ONLY




3.1.6.6 Safety markings.
Danger, caution, and warning signs, labels, and markings shall be used to warn of specific hazards such as voltage, current, thermal, or physical.  Method, permanency, and legibility of equipment safety markings shall be as specified in 3.1.6.  Guards, barriers, and access doors, covers, or plates shall be marked to indicate the hazard which may be present upon removal of such devices.  When possible, marking shall be located such that it is not removed when the barrier or access door is removed.  Additionally, hazards internal to units shall be marked adjacent to hazards if they are significantly different from those surrounding items.

a. Physical hazards shall be marked in accordance with ANSI Z53.1-79.

b. Voltage hazards shall be marked in accordance with ANSI Z35.1-72, and ANSI Z35.4‑73.

c. Laser labels shall be in accordance with 21 CFR 1040.

3.1.7 Interchangeability.
Where practicable, TPE parts shall be made identical and Interchangeable (see 6.1.3).  For example, circuit card types shall be kept to as few as practicable so that a large inventory of spare circuit cards is unnecessary.

3.1.8 Logistics.

The contractor shall establish an ILS program designed to provide timely planning, implementation, verification, and support for the Radio Fundamental Maintenance Trainer.  The ILS program shall include all aspects of logistics including reliability, maintainability, and supportability for the trainer.
3.1.8.1 Maintenance.

3.1.8.1.1 Qualitative maintainability requirements.
General maintainability characteristics of the trainer equipment shall be as specified in the following paragraphs.

3.1.8.1.1.1 Special tools.
There shall be no need to use special tools for equipment maintenance unless common tools are inadequate.  Special tools shall be retained in holders provided inside of the equipment near where the tools are normally used.

3.1.8.1.1.2 Built-In Test (BIT). 

The trainer shall have a BIT capability.  This capability shall allow the operator to determine and display the functional status of the trainer.

3.1.8.1.1.3 Lamps.
All lamps used in TPE shall be replaceable from the front.  Government authorized CaNDI, GFE, and CAOE are exempt from this requirement.

3.1.8.1.1.4 Accessibility.
Trainer equipment shall provide for the necessary access to its interior parts, terminals, and wiring, for adjustments, required circuit checking, and the removal and replacement of maintenance parts.  Accessibility for testing shall not apply to parts located in nonrepairable assemblies.  For routine servicing and maintenance, unsoldering of wires, wire harnesses, parts, or subassemblies shall not be required in order to gain access to terminals, soldered connections, mounting screws, and the like.  The following additional requirements shall also apply.

3.1.8.1.1.4.1 Cable slack.
Adequate cable slack and cable bending features shall be provided to assure full extension access to multiple equipment extensions during maintenance without stressing the cables and associated connectors.  Adequate cable slack shall also be provided in the cables behind equipment panels to permit removal of each instrument, display, or control panel and disconnection from associated cables during maintenance operations without stressing the cables and associated connectors.

3.1.8.1.1.4.2 Parts.
Replaceable parts shall be readily removable.  For example, replaceable parts shall not be permanently mounted by means such as rivets, spot welding, or hard curing compounds.  No unsoldering of connections shall be necessary in order to remove front panels or subchassis for maintenance purposes.

3.1.8.1.1.4.3 Assemblies.
All parts shall be readily accessible for maintenance.  Each major assembly, subassembly, and unit of the trainer shall permit access to its interior components and parts for maintenance.  It shall not be necessary to displace or remove wires, cables, subassemblies, or assemblies in order to gain access to mounting screws, test points, adjustment points, lubricating points, and the like.  Where visual inspection is necessary, and open access is not feasible, transparent access panels shall be used.  The placement of parts shall be such as to provide space for the use of test probes and maintenance tools.  Assemblies subject to replacement or service shall not be permanently fastened.

3.1.8.1.1.4.4 Wiring board extender cards.

Wiring board extender cards shall not be utilized in the trainer design.

3.1.8.1.1.4.5 Covers, panels, and doors.

Front panels containing parts that require maintenance, such as instruments, switches, potentiometers, and the like, shall be designed to access parts without desoldering other components.

3.1.8.1.1.4.6 Handles.
Handles and/or handgrips shall be provided on the front panel for ease of carrying.

3.1.8.1.1.4.7 Replacement of modular assemblies.
Modular assemblies such as circuit boards shall be equipped with connectors so that they may be removed without desoldering.  All modular assemblies shall be designed so that they can be inserted into the equipment in one position only.  All sockets within each assembly shall be oriented in the same direction and positioned so that they are visible.  Modular circuits shall be grouped in functional units.

3.1.8.1.2 Circuit cards.
3.1.8.1.2.1 Circuit card connectors.
Circuit card connectors shall have means of positive connection without diminishing the life of the connector under normal mating and unmating cycles.

3.1.8.1.2.2 Circuit card connectors, power and ground.
Power and ground connections to circuit boards shall be arranged so that inadvertent insertion of a card in the wrong slot will not result in damage to the card or to other parts of the trainer.

3.1.8.2 Facilities and facility equipment.

The trainer shall operate in a classroom environment.
3.1.8.2.1 Trainer power requirements.

The trainer shall operate from 120VAC 60Hz with minimal current requirements.

3.1.8.2.1.1 Power-line monitoring/protection.
The trainer shall be protected against damage and malfunctions resulting from power line abnormalities described herein.  Appropriate monitors and indicators shall be provided to reveal the nature of the abnormality detected.

3.1.8.2.1.2 Under/overvoltage.
If power line voltage at the trainer input power distribution panel exceeds the operating limits specified for the trainer by more than + 5 percent for a period of 5 seconds or more, automatic shutdown of the trainer shall occur.  If operating limits are not specified elsewhere, the limits shall be presumed to be +6 percent and -13 percent of the nominal power line voltage supplied.

3.1.8.2.1.3 Voltage transients.
Phase-to-phase or phase-to-neutral voltage transients falling within the curve of figure 4 in ANSI/IEEE 446-1987 shall not cause part failures, prevent resumption of normal operation, or require the equipment to recycle when the transients have ceased.

3.1.8.2.1.4 Under-frequency.
Means shall be provided to automatically initiate safe shutdown of the trainer, or critical equipment within the trainer, when a deviation of more than 15 percent below the nominal operating frequency occurs for a period of 5 or more seconds.

3.1.8.2.1.5 Frequency transients.
The trainer shall continue operation during transients within +3 percent of nominal frequency.  A frequency variation of +15 percent for periods up to ten seconds, occurring not more than once every five minutes, shall not result in permanent damage, modification of characteristics, and loss or change of computer stored memory information.

3.1.8.2.1.6 Power interruption.
The equipment shall be protected from permanent damage, modification of characteristics, and loss or change of computer stored memory information, resulting from a power interruption with power restored within 1 to 30 seconds and occurring not more than once every five minutes.

3.2 Construction

3.2.1 Workmanship.
The following requirements shall apply.

3.2.1.1 Cleaning.
After fabrication, parts and assembled equipment shall be clean of smudges; loose, spattered, or excess solder; weld metal; metal chips and mold release agents; or any other foreign material that might detract from the intended operation, function, or appearance of the equipment.

3.2.1.2 Threaded fasteners.
Screws, nuts, and bolts shall show no evidence of cross threading, mutilation, or burrs, and shall be firmly secured.

3.2.1.3 Wiring.
Wires and cables shall be positioned or protected to avoid contact with rough surfaces, irregular surfaces and sharp edges, and to avoid damage to conductors and adjacent parts.  Harnesses and cable form containment means shall be neat in appearance, uniformly applied, and positioned to retain critical form factors and breakout locations.  The containment means (lacing, ties, tiedown straps, etc.) shall not cause the insulation to deform to the point where performance is adversely affected.  There shall be no evidence of burns, of abrading, or of pinch marks in the insulation which could cause short circuits or leakage.  Sufficient clearance shall be provided between wires or cables and heat generating parts to avoid deterioration of the wires and cables.

3.2.1.4 Shielding.
Shielding on wires and cables shall be secured in a manner that will prevent it from contacting or shorting exposed current-carrying parts.  The ends of the shielding or braid shall be secured to prevent fraying.

4. VERIFICATION.
4.1 Methods of verification.
The following methods will be utilized to accomplish the verification of requirements:

a. Analysis

b. Demonstrations

c. Examinations

d. Tests

4.2 Classes of verifications.

The trainer will be subject to the verification classes listed below.  Under each verification class, the trainer will be subject to inspections and tests as shown in the Requirement/Verification Cross-Reference Matrix, Table I.  The inspections and tests are specified in 4.3 below.

a. In-process inspections

b. Incremental Contractor Preliminary Inspection (ICPI)

c. Government Preliminary Inspection (GPI)

d. Contractor Final Inspection (CFI)

e. Government Final Inspection

	Table I.
Requirement/Verification Cross-Reference Matrix

     VERIFICATION METHOD


VERIFICATION CLASS


N/A - NOT APPLICABLE
A - IN-PROCESS INSPECTIONS


1 -  ANALYSIS 
B - INCREMENTAL CONTRACTOR PRELIMINARY


2 – DEMONSTRATION
       INSPECTION


3.- EXAMINATION
C - GOVERNMENT PRELIMINARY INSPECTION


4 - TEST

D - CONTRACTOR FINAL INSPECTION



E - GOVERNMENT FINAL INSPECTION
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4.3 Inspections and tests.

The trainer shall be subject to the following inspections and tests, to the extent specified in Table I:

4.3.1 Visual inspections.
The visual inspection shall consist of verification of the availability of trainer system documentation relative to testing requirements, a walk through inspection to determine compliance with safety requirements, and familiarization with emergency power-off procedures.

4.3.2 Functional tests.
Functional tests shall include the verification and validation of design documentation and shall include the following test sequence: 

4.3.2.1 Computer system tests.
Computer system tests shall consist of power-up sequencing, on-line readiness, verification of commercial computer vendor documentation including the computer operator’s manual, and the following:

4.3.2.2 Trainee station tests.
Trainee station tests shall consist of visual inspection to ensure weapon system equipment installation reflects the layout of the design basis platform, readiness tests for weapon system equipment and TPE emulating weapon system equipment, suitability of controls and control circuits for satisfactory mechanical and electrical operation.  Trainee station equipment operation, including all modes, shall be demonstrated and verified to operate as in the design basis platform and in accordance with the specified performance requirements.

4.3.2.3 Ancillary items tests.
4.3.2.3.1 Structural tests.

Structural tests shall verify compliance with the specified structural requirements.

4.3.2.3.2 Electrical tests.

Electrical tests shall verify compliance with the specified electrical requirements.  Electrical tests shall include power interrupt restarts.

4.3.2.3.3 Grounding and grounding systems test.

On-site grounding and grounding systems tests shall verify compliance with the specified grounding and grounding systems requirements.

4.3.2.4 Daily Operational Readiness Tests (DORT).
The DORT for the entire trainer including commercial, TPE, on-line and off-line equipment shall demonstrate compliance with the specified performance requirements.

4.3.3 Operation and mission tests.
The Operation and mission tests shall demonstrate compliance with the specified performance requirements.

4.3.3.1 Training scenarios.
The trainer scenarios test shall demonstrate the ability of the trainer to meet both the operational and controlled non-operational (troubleshooting) portions of curriculum. The curriculum will be defined by the government, provided to the contractor, and identified in the TP prior to the start of ICPI.
4.3.3.1.1 Free play tests.

The Government reserves the right to test the trainer performance with procedures other than defined in the Government-accepted Test Procedures.  The free play tests shall not exceed specified trainer capabilities and shall be conducted within the specified gaming area.

4.3.3.2 Malfunctions tests.
Malfunction tests shall consist of operator initiated and simulation system scenario generated malfunctions.  The trainer system indications and resultant system responses shall replicate the design basis platform response to the same malfunctions.

4.3.4 Product assurance tests.
The product assurance tests shall determine compliance with the specified performance requirements.

4.3.4.1 ESD tests.
All operator accessible electronic equipment shall be subject to ESD tests to verify compliance with the specified trainer ESD requirements.

4.3.4.2 Nonfunctional examinations.

The trainer shall be subject to the non-functional examinations performed to demonstrate the trainer as-built design satisfies the specified requirements.  The examinations will encompass all areas, major assemblies, and sub-assemblies of the areas of the completely assembled trainer.  The examinations, which shall be performed with trainer power off, shall verify conformance to the requirements for:

a. Materials

b. Parts (standard/nonstandard)

c. Design

d. Construction

e. Assembly and fit

f. Wire markings

g. Dimensions and tolerances

h. Size, weight and transportability

i. Finish (corrosion protection and treatment)

j. Nameplates and product markings

k. Safety

l. Workmanship.

5. PACKAGING.

Packaging used for the trainer shall utilize commercial standards.

6. NOTES.
6.1 Definitions.
The following definitions are applicable to this specification.

6.1.1 Commercial Item.
Per the Federal Acquisition Regulations, Part 2.101, “Commercial item” means:

a. Any item, other than real property, that is of a type customarily used for nongovernmental purposes and that--

(1) Has been sold, leased, or licensed to the general public; or,

(2) Has been offered for sale, lease, or license to the general public;

b. Any item that evolved from an item described in paragraph a. of this definition through advances in technology or performance and that is not yet available in the commercial marketplace, but will be available in the commercial marketplace in time to satisfy the delivery requirements under a Government solicitation;

c. Any item that would satisfy a criterion expressed in paragraphs a. or b. of this definition, but for--

(1) Modifications of a type customarily available in the commercial marketplace; or

(2) Minor modifications of a type not customarily available in the commercial marketplace made to meet Federal Government requirements. Minor modifications means modifications that do not significantly alter the nongovernmental function or essential physical characteristics of an item or component, or change the purpose of a process. Factors to be considered in determining whether a modification is minor include the value and size of the modification and the comparative value and size of the final product. Dollar values and percentages may be used as guideposts, but are not conclusive evidence that a modification is minor;

d. Any combination of items meeting the requirements of paragraphs a., b., c., or e. of this definition that are of a type customarily combined and sold in combination to the general public; 

e. Installation services, maintenance services, repair services, training services, and other services if such services are procured for support of an item referred to in paragraphs a., b., c., or d. of this definition, and if the source of such services--

(1) Offers such services to the general public and the Federal Government contemporaneously and under similar terms and conditions; and

(2) Offers to use the same work force for providing the Federal Government with such services as the source uses for providing such services to the general public;

f. Services of a type offered and sold competitively in substantial quantities in the commercial marketplace based on established catalog or market prices for specific tasks performed under standard commercial terms and conditions. This does not include services that are sold based on hourly rates without an established catalog or market price for a specific service performed;

g. Any item, combination of items, or service referred to in paragraphs a. through f., notwithstanding the fact that the item, combination of items, or service is transferred between or among separate divisions, subsidiaries, or affiliates of a contractor; or

h. A nondevelopmental item, if the procuring agency determines the item was developed exclusively at private expense and sold in substantial quantities, on a competitive basis, to multiple State and local governments.

6.1.2 Control Drawing.

A drawing disclosing engineering form, fit, and function performance specifications for the acquisition of interchangeable vendor or commercial items of existing designs, and of items specially developed by vendors to the control drawing requirements.

6.1.3 Interchangeable item.
An item which:

a. Possesses such functional and physical characteristics as to be equivalent in performance, reliability, and maintainability, to another item of similar or identical purposes, and

b. Can be exchanged for the other item without selection for fit or performance, and without alteration of the items themselves or of adjoining items, except for adjustment.

6.1.4 Non-developmental Items (NDI).
Per the Federal Acquisition Regulations, Part 2.101, NDI means:

a. Any previously developed item of supply used exclusively for governmental purposes by a Federal agency, a State or local government, or a foreign government with which the United States has a mutual defense cooperation agreement;

b. Any item described in paragraph a. of this definition that requires only minor modification or modifications of a type customarily available in the commercial marketplace in order to meet the requirements of the procuring department or agency; or

c. Any item of supply being produced that does not meet the requirements of paragraph a. or b. solely because the item is not yet in use.

6.1.5 Ozone-Depleting Substance (ODS).
Any chemical which is listed as a Class I or II substance in 42 U.S.C. 7671a(a).

6.1.6 Scheduled Maintenance.
Those maintenance tasks performed at predetermined time intervals in accordance with maintenance documentation prepared by the contractor to ensure continuous satisfactory operation of the equipment.

6.1.7 Trainer Peculiar Equipment (TPE).
The following types of equipment are defined as TPE:

a. Trainer equipment which has not been classified by the Government as  a Commercial item, “NDI that is exempt from TPE requirements”, Government Furnished Equipment (GFE), or Contractor Acquired Operational Equipment (CAOE), and which is to be delivered to the Government as a result of the requirements of the contract.

b. Trainer equipment, which is to be delivered to the Government as a result of the requirements of the contract, which has been classified as a Commercial item, NDI, GFE, or CAOE, and:

(1) needs other than Minor modifications (See 6.1.1 c.(1)) or modifications which are not of a type customarily available in the commercial marketplace to meet the requirements of the contract, or:

(2) has insufficient existing product documentation for Government logistic support.

6.1.8 Unscheduled On-site Maintenance.
Those corrective maintenance tasks performed on-line at the equipment by operators, instructors, or maintenance personnel to remedy malfunctions and return the equipment to an operable status.
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