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1.0 Scope

This specification establishes the performance, test and acceptance requirements for the Expeditionary Fire Support System (EFSS).

1.1 System Description

EFSS equipped units will provide all weather, ground based, close supporting, accurate, immediately responsive, lethal indirect fires in support of the Marine Air Ground Task Force (MAGTF).  EFSS equipped units will be especially well suited for missions requiring speed, tactical agility and vertical transportability.  EFSS will be the principle indirect fire support system for the vertical assault element of a Ship to Objective Maneuver (STOM) force and as friendly forces converge, it will be integrated into the MAGTF’s overall fire support plan.

The EFSS is defined as a Launcher, Mobility Platform (prime mover), Ammunition, Ammunition Supply Vehicle and Technical Fire Direction and Control equipment necessary for orienting the weapon on to an azimuth of fire and accurately computing firing data. 
1.2 Key Performance Parameters (KPPs)

The following performance parameters are key to system operation and shall not be deviated from:

1. The EFSS indirect fire maximum range for an unassisted standard high explosive (HE) projectile shall be no less than 7 kilometers (threshold, KPP); 14 kilometers (objective).

2. The EFSS shall be capable of achieving a Range Error, Probable (PEr) of 0.6% of range and a Deflection Error, probable (PEd) of 0.6% of range for HE at 66% of maximum range (threshold, KPP); PEr of 0.3% of range and a PEd of 0.1% of range for HE at 66% of maximum range (objective).

3. The EFSS shall be internally transportable 110 nautical miles (nm) by both the MV-22 and CH-53E.  The prime mover, launcher, a portion of the basic load of ammunition, and a portion of the crew shall be transported within the same MV-22 or CH-53E (threshold, KPP).
4. The EFSS shall be capable of exchanging information with a Fire Direction Center (FDC) by voice (threshold, KPP); voice and variable message format (VMF) (objective).
2.0 Applicable Documents

The following documents are cited as references for defining requirements and limitations.  Unless otherwise noted in Section 3.0 Requirements these references will be used for guidance only. 

2.1 General

2.2 Government Documents

2.2.1 Specifications, Standards, Manuals, Supplements, and Handbooks

2.2.1.1 Specifications

MIL-PRF-49506, Performance Specification Logistics Management Information
2.2.1.2 Standards

AR 70-38, Research, Development, Test and Evaluation of Materiel for Extreme Climatic Conditions

FMVSS, Federal Motor Vehicle Safety Standards 

MIL-STD-129, Military Marking for Shipment and Storage

MIL-STD-209J, Interface Standard for Lifting and Tie-down Provisions (plus NAVAIR Supplement)

MIL-STD-209J is currently undergoing revision to incorporate the requirements described in this

appendix.  Upon completion of MIL-STD-209K and notification by the Government, MIL-STD-209J 

and this supplement shall no longer be utilized and MIL-STD-209K will take precedent.
MIL-STD-331, Environmental and Performance Tests for Fuze and Fuze Components

MIL-STD-461, Requirements for the Control of Electromagnetic Interference Characteristics of Subsystems and Equipment

MIL-STD-464, Electromagnetic Environmental Effects Requirements for Systems

MIL-STD-810, DOD Test Method Standard for Environmental Engineering Considerations and Laboratory Tests

MIL-S-901, Requirements for Shock Tests H.I. (High-Impact) Shipboard Machinery, Equipment and Systems
MIL-STD-913, Requirements For The Certification Of Sling Loaded Military Equipment For External Transportation By Department Of Defense Helicopters
MIL-STD-1316, Safety Criteria for Fuze Design

MIL-STD-1366, Interface Standard for Transportability Criteria

MIL-STD-1916, DOD Preferred Methods for Acceptance of Product

MIL-STD-2105, Hazard Assessment Tests for Non-Nuclear Munitions

2.2.1.3 Manuals

A1-V22AB-CLG-000, Cargo Loading Manual, MV-22B

A1-H53BE-CLG-000, Cargo Loading Manual, Navy Models CH-53A, CH-53D, RH-53D, CH-53E and MH53-E Helicopters

2.2.1.4 Supplements

NAVSUP PUB 505, Preparing Hazardous Material for Military Air Shipments

2.2.1.5 Handbooks

MIL-HDBK-783, Chemical and Biological (CB) Contamination Avoidance and Decontamination

(Unless otherwise indicated, copies of the above specifications, standards and handbooks are available from the Standardization Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

2.2.2 Other Government Documents

The following other Government documents, drawings and publications form a part of this document to the extent specified herein.  Unless otherwise specified, the issues are those cited in the solicitation.

MCWP 3-37.3, Nuclear, Biological and Chemical Decontamination
(Copies of the above publication is available from Marine Corps Logistics Base, Albany, GA 31704-5001, by following the instruction in Marine Corps Bulletin 5600 or via universal reference locator: http://www.doctrine.quantico.usmc.mil).

2.2.3 Non-Government Documents

2.2.3.1 Rail Regulations – United States

American Association of Railroads

2.2.3.2 Rail Regulations - Foreign

Gabrit International de Chargement

2.3 Order of Precedence

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

3.0 Requirements

Definitions for the following paragraphs:

System:  The EFSS is defined as a Launcher, Mobility Platform (prime mover), Ammunition, Ammunition Supply Vehicle, and Technical Fire Direction and Control equipment necessary for orienting the weapon on to an azimuth of fire and accurately computing firing data.

Threshold:  The minimum accepted value that satisfies the given requirement.

Objective:  The performance value that is desired.

Shall:  An imperative.

Should:  An expected course of action that is to be followed unless inappropriate for a particular circumstance.

Mobility Platform:  A vehicle capable of self-propulsion.

3.1 EFSS System 

3.1.1 Mobility

3.1.1.1 Off Road Speed

The EFSS shall be capable, under its own power, of sustained off-road speeds of no less than 5 mph (threshold, Critical).  See Paragraph 6.1.1.

3.1.1.2 Unimproved Road Speed

The EFSS shall be capable, under its own power, of sustained unimproved road speeds of no less than 10 mph (threshold, Critical).  See Paragraph 6.1.2.

3.1.1.3 Fording

The EFSS, without special preparations, should be capable of hard bottom fording in salt or fresh water to a depth of 30 inches (threshold); 36 inches (w/kit) (objective) at speeds up to five mph.  The vehicle must not require any immediate maintenance to continue operation after fording.

3.1.1.4 Braking

3.1.1.4.1 Service Brakes

The EFSS brakes shall be capable of decelerating, stopping, holding and controlling the system (threshold).  The service brakes should meet the requirements of FMVSS 105 (threshold).

3.1.1.4.2 Emergency Braking

The EFSS shall be equipped with an emergency braking capability, in the event of a single point failure of the service brake (threshold).  The emergency braking capability should be compliant with FMVSS 105.
3.1.1.4.3 Parking Brake

The EFSS shall be equipped with a parking brake (threshold).  The parking brake should be capable of holding the system motionless on a grade, either headed uphill or downhill on a dry, hard surface, free from loose material.

3.1.1.4.4 Non-powered Rolling Stock Restraint(s)

The EFSS, if necessary, shall be equipped with either a settable brake or chocks to restrain non-powered rolling stock (threshold).

3.1.1.5 

3.1.1.6 Break-Over Angle

The EFSS shall have a break-over angle sufficient to load on and off the MV-22 and CH-53E, in accordance with the Cargo Loading Manual Navy Model MV-22B Tiltrotor, and Cargo Loading Manual, Navy Models CH-53A, CH-53D, RH-53D, CH-53E and MH53-E Helicopters (threshold).

3.1.1.7 Range

The EFSS should be capable of operating on internally carried fuel for a minimum distance of 140 statute miles at an average speed of 5 mph on a hard level surface (threshold).  Internally carried fuel includes all fuel reserves at no more than 95% full, with five percent allowed for spillage.

3.1.2 Transportability and Movement

The definition of modifications for this section includes, but is not limited to:

Wheel removal

Tire deflation

Any disassembly of launcher or vehicle

Aircraft tie-down point

3.1.2.1 Organic Equipment

The EFSS should be capable of movement by organic Materiel Handling Equipment (MHE) within the Marine Corps inventory (threshold).  See Paragraph 6.1.3.

3.1.2.2 Ground

3.1.2.2.1 Highway

The EFSS should be transportable by the Medium Tactical Vehicle Replacement (MTVR), Logistics Vehicle System (LVS), Logistics Vehicle System-Replacement (LVS-R) (threshold).

3.1.2.2.2 Rail

The EFSS should meet the clearance diagrams and pass rail impact tests for the American Association of Railroads (AAR) and the Gabarit International de Chargement (threshold).

3.1.2.2.3 Towing

The EFSS should be capable of being towed, during emergency or extreme conditions, by the Marine Corps family of MHE, the Light Armored Vehicle (LAV), the Expeditionary Fighting Vehicle (EFV), the Amphibious Assault Vehicle (AAV) and the High Mobility Multi-Wheeled Vehicle (HMMWV) (objective).  The EFSS should have clearly identified tow points both in the front and rear of the vehicle of sufficient strength to withstand the maximum forces encountered during hasty recovery and towing operations.  Towing provisions should allow all vehicles to be front lift towed at Cross-Country Gross Vehicle Weight (CCGVW) and rear lift towed at Curb Weight (CW).  Towing provisions should allow all vehicles to be capable of being flat towed at CCGVW by a vehicle using tow bar P/N 1448250U CAGE 45152.  If towing points are used as a tiedown or lifting fixture, they should meet the requirements of MIL-STD-209J and MIL-HDBK-1791 (change 2).  See Paragraph 6.1.4.
3.1.2.3 Water

3.1.2.3.1 Ships

The EFSS shall be transportable by all applicable U.S. Navy amphibious and transport ships and contracted transport ships (threshold, Critical). See Paragraph 6.1.5.

3.1.2.3.2 Landing Craft

The EFSS should be transportable by the Landing Craft, Air Cushion (LCAC) and larger landing craft (threshold).

3.1.2.4 Air

3.1.2.4.1 Strategic Lift

The EFSS shall be transportable by U.S. Air Force C-141 aircraft and larger (threshold, Critical); by all U.S. military transport aircraft, C-130 and larger (objective), without requiring disassembly or modification of either EFSS or aircraft.

3.1.2.4.2 Vertical Transportability – Internal

The following dimensions and other criteria are provided for informational purposes for Paragraphs 3.1.2.4.2.1 through 3.1.2.4.2.3.

Aircraft Specifications:

MV-22 Floor Loading:

· Contact Point PSI - < 17psi 
· Axle Loading - <2450#/axle 

· Axle Spacing - > 48” between axles 
·  Tire contact width must be located within a treadway located 20-30" left
and right of the vehicle centerline and vehicle must be centered during flight
MV-22 EFSS Allowable Dimensions:

· 60”Wx60”Hx200”L (3 passengers and an aft-seated aircrew member)

· Each additional row of seats required decreases available length by 20”

· Tie-down/restraint concepts may reduce dimensions further than 200”

MV-22 Tie-down Criteria

· The EFSS must be secured to:  4’Gs’ forward, 3’Gs’ aft, 3’Gs’ lateral, 3’Gs’ vertical

· Tie-down ring strength must equal chain rating

· Stress analysis required for all connection points

· See Appendix A

MV-22 ramp angle – 18.5°

MV-22 Center of gravity shall be in accordance with Appendix B at full drive-on vehicle weight for back-in and drive-in condition

CH-53E Floor Loading:

· <3450#/axle for forward and aft treadways

· <5150#/axle for center treadway

CH-53E Dimensions:

· 66”Wx67”Hx240”L (6 crashworthy seats (3 per side) and a forward seated aircrew member)

· Each additional row of seats required decreases available length by 20” with crashworthy seating

· Tie-down/restraint concepts may reduce dimensions further than 240”

CH-53E Tie down Criteria

· The EFSS must be secured to:  4’Gs’ forward, 3’Gs’ aft, 3’Gs’ lateral, 3’Gs’ vertical

· Tie-down ring strength must equal chain rating

· Stress analysis required for all connection points

CH-53E ramp angle – 16.5°

In addition, the following further defines air transportability:

· Ability of EFSS to maintain line of sight with Crew Chief during loading/unloading (back-in and drive-in condition at full-drive on weight)

· Ability of EFSS to approach the aircraft (small maneuvering adjustments) in forward and reverse direction

· Ability/ease to steer and winch un-powered EFSS components from ground, up ramp, and into cabin within the confines of the cargo envelope (back-in/pull-out and drive-in/back-out)

· Ability to maneuver the powered EFSS components from ground, up ramp, and into cabin within the confines of the cargo envelope in all transport modes (back-in/pull-out and drive-in/back-out)

· Ability of EFSS driver to enter/exit vehicle within confines of the cargo envelope and move to the back of the V-22 (back-in and drive-in condition at full-drive on weight)

· Ability of the aircrew to maneuver around the forward-loaded EFSS component to continue the loading process with the second EFSS component to be loaded

· Ability of the tie-down pattern to be achieved by aircrew

· Ability of the aircrew to reach all tie-down rings on EFSS components and have accessibility to the floor rings to run the straps in-between

· Ability of the aircrew to perform crew duties around EFSS components, EFSS crew gear and EFSS seated occupants

· Ability/ease of EFSS components to be loaded in a nighttime blackout condition

3.1.2.4.2.1 Range

The EFSS shall be internally transportable 110 nautical miles (nm) by both the MV-22 and CH-53E.  The prime mover, launcher, a portion of the basic load of ammunition, and a portion of the crew shall be transported within the same MV-22 or CH-53E (threshold, KPP).  
3.1.2.4.2.2 Embarkation

The EFSS shall be capable of an internal embarkation time onto the MV-22 and CH-53E (without modification to either the EFSS or aircraft) of 20 minutes or less (threshold, Critical); 10 minutes or less (objective).  The EFSS shall be capable of driving onto the aircraft in both forward and reverse directions.  See Paragraph 6.1.6.

3.1.2.4.2.3 Vehicle Cargo Restraints

The EFSS mobility platform(s) shall have tie-down provisions or a cargo restraint system to allow for secure stowage inside the vehicle (threshold).

3.1.2.4.2.4 Debarkation

The EFSS shall be capable of an internal debarkation from the MV-22 and CH-53E of 10 minutes or less (threshold, Critical); 5 minutes or less (objective).  The EFSS shall be capable of driving off the aircraft in both forward and reverse direction.  See Paragraph 6.1.7.

3.1.2.4.3 Vertical Transportability – External

3.1.2.4.3.1 Capability

The EFSS (minus the crew) shall be capable of external transport by CH-53E (threshold) and MV-22 aircraft (objective) to the maximum capability of the aircraft.

3.1.2.4.3.2 Unload

The EFSS, when externally transported by an MV-22 or CH-53E, shall be capable of an unload time by the crew in a cleared landing zone of 5 minutes (threshold, Critical) and 3 minutes (objective), not including approach and hover times.

3.1.3 Painting and Marking

3.1.3.1 Painting

The EFSS should be painted or treated to provide non-reflective surfaces (threshold).  The vehicle should use non-reflective paint; color Green 383, FS 34094 for the interior and exterior.

3.1.3.2 Marking

The EFSS should be marked at a minimum, in accordance with MIL-STD-209J paragraph 5.6.2, with all winch, hoist and tie down points (threshold).

3.1.4 Environmental

The definitions for this section include, but are not limited to:

Climates:  arctic, tropical, temperate and desert 

Terrain:  sand, swamp, muskeg, tundra, grassland, forest, jungle, urban areas and mountain

Weather:  rain, snow, hail, ice, fog, dust, sand and high humidity

3.1.4.1 Operating

The EFSS shall be capable of operating during daylight and darkness under all weather conditions, climates and terrain where Marines are expected to deploy (threshold).

3.1.4.2 Maintenance

The EFSS shall be capable of being maintained at the organizational level in all types of weather conditions, climates and terrain where Marines are expected to deploy (threshold).

3.1.4.3 Operating Temperatures

The EFSS should be capable of operating during full exposure to temperatures ranging from –21oC to +49oC (threshold); -32oC to +51oC (objective).

3.1.4.4 Storage

The EFSS should be capable of resisting corrosion indefinitely in protected storage consistent with warehouse conditions and maritime preposition shipping (threshold).

3.1.4.5 Salt Water Effects

The EFSS should incorporate features to protect exposed and non-exposed metal surfaces from corrosion due to exposure to salt water and salt fog for periods of up to 96 hours (threshold).

3.1.4.6 Decontamination

The EFSS shall be capable of withstanding standard NBC decontamination procedures (threshold).

3.1.5 Human Factors

3.1.5.1 Crew Size

The EFSS should be operated by a crew of 10 or less (threshold); 5 or less (objective).  Vehicle drivers are included in determination of crew size
3.1.5.2 Cold Weather

3.1.5.2.1 Operations

The EFSS shall be operable while wearing standard issue cold weather protective clothing (threshold).

3.1.5.2.2 Maintenance

The EFSS should be maintainable while wearing standard issue cold weather protective clothing (threshold).

3.1.5.3 MOPP

The EFSS shall be operable and maintainable by personnel in Mission Oriented Protective Posture (MOPP) Level IV (threshold).

3.1.5.4 Hazards

The EFSS shall present no uncontrolled hazards to the system operators and maintainers under all authorized operational conditions (threshold).

3.2 EFSS Launcher

3.2.1 Lethality

3.2.1.1 Range

The EFSS indirect fire maximum range for an unassisted standard high explosive (HE) projectile shall be no less than 7 kilometers (threshold, KPP); 14 kilometers (objective).

3.2.1.2 Precision

The EFSS shall be capable of achieving a Range Error, Probable (PEr) of 0.6% of range and a Deflection Error, probable (PEd) of 0.6% of range for HE at 66% of maximum range (threshold, KPP); PEr of 0.3% of range and a PEd of 0.1% of range for HE at 66% of maximum range (objective).

3.2.1.3 Effects

The EFSS, firing a standard HE round against selected targets, shall have effects greater than a M889A1 HE round (threshold, Critical); equal to a M107 HE round (objective).

The required effects and target sets are:

· Suppress, neutralize and destroy motorized targets

· Suppress and neutralize light armored targets

· Destroy dismounted personnel and soft command and control targets

3.2.2 Degraded Operations

The EFSS should, if applicable, be capable of determining the location of and reciprocally laying a second EFSS that is within the line of sight (threshold).
3.2.3 Rate of Fire

3.2.3.1 Maximum

The EFSS shall attain a maximum rate of fire of 4 rounds per minute (threshold, Critical) for two minutes; 15 rounds per minute (objective) for two minutes for all ammunition types and allowable shell/fuze combinations.

3.2.3.2 Sustained

The EFSS shall attain a sustained rate of fire of 1 round per minute (threshold, Critical); 6 rounds per minute (objective) for all ammunition types.

The sustained rate of fire shall be the period it takes the weapon system to expend its basic load.

3.2.4 Engagement

The EFSS should be capable of engaging targets between its minimum and maximum ranges without any gaps and without repositioning (threshold).

3.2.5 Traverse

The EFSS launcher should be capable of being shifted 3200 mils left or right of its azimuth of lay by the crew, in 3 minutes (threshold); 1 minute or less (objective).

3.2.6 Emplacement

The EFSS should be capable of being emplaced by the crew in 3 minutes (threshold); 2 minutes or less (objective). See Paragraph 6.1.8.

3.2.7 Displacement

The EFSS should be capable of displacement from a firing position within 2 minutes (threshold).  See Paragraph 6.1.9.

3.2.8 First-Round Responsiveness

After the EFSS is emplaced in a firing position and with a projectile ready to load, the EFSS shall be able to fire the first round within 30 seconds (threshold); 20 seconds (objective) of the section chief receiving Quadrant Elevation (QE) (threshold).

3.2.9 Fire Control

3.2.9.1 Ballistic Solution

The EFSS shall be capable of determining ballistics solutions (threshold, Critical).  See Paragraph 6.1.10.

3.2.9.2 Enter/Edit Technical Firing Data

The EFSS fire control system shall permit the crew to manually enter/edit all technical fire control data (threshold, Critical).

3.3 EFSS Mobility Platform(s)

3.3.1 Crew, Equipment and Ammunition Mobility

The EFSS mobility platform(s) shall be capable of transporting the crew, crew personal equipment, system equipment and a basic load of ammunition (threshold, Critical).  See Appendix C for a list of required crew personnel equipment.

3.3.2 Fuels

3.3.2.1 Types

The EFSS mobility platform(s) shall operate in all performance requirements and environmental conditions with the applicable standard kerosene based military fuel JP8 (threshold);operates with kerosene based JP5, JP8, DF1 and DF2 (objective).

3.3.2.2 Drain

The EFSS should be equipped with a drain to provide a method of removing and collecting fuel from all tanks at the Organizational level (objective).

3.3.2.3 Fill Port

The EFSS should be equipped with minimum 7.6cm (three-inch) diameter, safety type, tank filler cap(s) clearly identified as "Diesel / JP8 only" (threshold).

3.3.3 Slave Receptacle

The EFSS mobility platform(s) should have a standard North Atlantic Treaty Organization (NATO) slave cable receptacle per P/N 11674728-19207 (threshold).  The vehicle should be capable of being jump started with or without the batteries connected, using a standard NATO power cable and plug assembly.

3.3.4 Starter

The EFSS mobility platform(s) should be equipped with a push button or turn lever type ignition starter (threshold).

3.3.5 Transmission

The EFSS mobility platform(s)’ transmission should provide reverse, neutral and forward capability (threshold); an automatic transmission, providing reverse, forward and neutral capability (objective).

3.3.6 Seats

The EFSS mobility platform(s) shall be equipped with seats compliant with FMVSS 207 and 302 and each occupant shall have a seat (threshold).

3.3.7 Safety

3.3.7.1 Rollover Protection

The EFSS shall be equipped with rollover protection for the crew in the event of a rollover (threshold).  Rollover protection should be in accordance with FMVSS 216 (threshold).

3.3.7.2 Portable Fire Extinguisher

The EFSS shall be equipped with at least one portable, rechargeable fire extinguisher using an environmentally safe clean agent with at least a 2B:C rating (threshold).

3.3.7.3 Personnel Restraints

The EFSS mobility platform(s) shall be equipped with personnel restraints (threshold). Personnel restraints should conform to FMVSS 208, 209 and 210 (threshold).

3.3.7.4 Windshield

The EFSS mobility platform(s)’ windshield should be adaptable for external helicopter transport and tactical operations, if equipped with a windshield (objective).  Any disassembly/assembly shall be performed at the operator level, using vehicle Basic Issue Items, On Vehicle Equipment.

3.3.7.5 Windshield Wipers/Washers

The EFSS mobility platform(s) should be equipped with windshield wipers and windshield washers, if equipped with a windshield (objective).

3.3.8 Recovery

The EFSS mobility platform(s) should have a self-recovery capability (objective).

3.3.9 Night Operations 

The EFSS mobility platform(s) should be capable of operation by personnel wearing fielded night vision devices (threshold).  Night vision devices are considered to be the AN/PVS-5 and AN/PVS-7B.

3.3.10 Run Flat

The EFSS mobility platform(s) should have a run-flat capability for a minimum of 10 miles at a minimum speed of 5 mph (objective). 

3.3.11 Electrical Systems

The EFSS mobility platform(s) shall be compatible with 24-volt tactical electrical systems (threshold); provide a 12-Volt, 20 - 50 Amps capacity, fuse-protected commercial automotive power receptacle (objective).

3.3.12 Gauges and Indicators

The EFSS mobility platform(s) should have the ability to measure and visually display the following parameters:

· Fuel level (threshold)

· Speed (KPH and MPH) (threshold)

· Total vehicle miles traveled (threshold)

· Low fuel (objective)

· Engine oil pressure (objective)

· Low engine oil pressure (objective)

· Coolant temperature (objective)

· High coolant temperature (objective)

· Mission miles traveled w/reset capability (objective)  

· Turn signal lights and emergency flashers (objective)

· Engine hour meter (objective)

· Air restriction gauge (objective)

· Voltmeter (objective)

3.3.13 Battery Charger

The EFSS mobility platform(s) should be capable of recharging batteries for the onboard communications equipment (threshold).  Technical Information for the “Charger On The Move” Charger (PP-8481 A/U) and the associated rechargeable batteries it accommodates can be downloaded from the Marine Corps Systems Command website: http://www.marcorsyscom.usmc.mil/sites/pmeps/pp8481Charger.asp
3.4 Ammunition 

3.4.1 Types

The EFSS shall be capable of firing the following ammunition suite, to include:  obscuration (visible light spectrum), illumination, practice, incendiary (e.g., phosphorous), adjustable and/or variable time HE munitions (threshold, Critical); extended range munitions, precision guided munitions (PGM), improved conventional munitions (ICM), or munitions that provide comparable effects (objective).

3.4.2 Diameter

The EFSS shall be capable of firing ordnance of 105mm in diameter or larger (threshold, Critical). 

3.5 EFSS Interoperability and Compatibility

3.5.1 Information Exchange

The EFSS shall be capable of exchanging information with a Fire Direction Center (FDC) by voice (threshold, KPP); voice and variable message format (VMF) (objective).  Any hardware/software developed or fielded for the EFSS FDC should be in accordance with the open system architecture and standards as specified in the DoD Joint Technical Architecture (JTA), as per existing guidance for such systems.  Hardware/software fielded to satisfy EFSS requirements must comply with applicable information technology standards in the DoD Technical Architecture Framework for Information Management.  See Paragraph 6.1.11.

3.5.2 Information Protection, Security and Assurance

The EFSS shall comply with current security requirements and be capable of evolving to meet the state-of-the art technological advances designed to protect information from unwanted exploitation as imposed by national, DoD and joint policy.  The EFSS shall be capable of protecting critical, sensitive information stored, processed, received or transmitted by the system.  As defined in DODD 8500.1 EFSS Mission Assurance Category (MAC) is III and the Confidentiality Level (CL) is unclassified.  EFSS shall implement Information Assurance Control Measures as defined in DODI 8500.2 to ensure appropriate system availability, integrity, confidentiality, authentication and non-repudiation.  EFSS will employ Defense in Depth to protect, detect and react to adversarial Information Warfare.  EFSS will incorporate appropriate means to restore both system functionality and tactical information residing within (threshold).
3.6 EFSS Reliability, Availability and Maintainability

3.6.1 Reliability

The EFSS shall have an operational reliability of 0.90 (threshold) to 0.95 (objective).  Reliability shall be based on an 18-hour mission day.

3.6.2 Achieved Availability (Aa)

The EFSS should have an Achieved Availability (Aa) of 0.90 (threshold); 0.98 (objective).

3.6.3 Preventive Maintenance

3.6.3.1 Munitions

The EFSS munitions should require no crew level preventative maintenance (threshold).

3.6.3.2 Launcher

The mean time to perform preventive maintenance on the launcher should be no more than 3 hours (threshold); 1 hour (objective) at the organizational (unit) level.

3.6.3.3 Mobility Platform(s)

The mean time to perform preventive maintenance on any mobility platform should be no more than 3 hours (threshold); 1 hour (objective) at the organizational (unit) level.

3.6.3.4 Corrosion Control

Preventive maintenance parameters for the entire system, excluding munitions, should include the capability for corrosion protection maintenance (corrosion control) (threshold).

4.0 VERIFICATION

4.1 Classification of Inspections

4.1.1 Acceptance Testing

The government reserves the right to verify and validate requirement conformance through independent analyses, inspections and/or testing.  Deficiencies found as a result of testing/inspection shall be a cause for rejection of the EFSS until the prime vendor has provided evidence that corrective action has been taken to eliminate the deficiency.  The prime vendor, at no additional cost to the government, shall correct such deficiencies on all EFSS deliverables.

4.1.2 Responsibility for Compliance

The absence of any verification statement within this performance specification shall not relieve the contractor of the responsibility for acceptance and compliance.  Unless otherwise specified within the contract or performance specification, the contractor is responsible for the execution of all inspections and certifications as stated in this performance specification.  The contractor is responsible for ensuring that components and materials are manufactured, inspected and tested in accordance with referenced specifications and standards (i.e. MIL-STD-810 F), as applicable. 

4.1.3 Contractor Certifications

The contractor shall provide certification that the components of the EFSS comply with all the requirements stated within Section 3 of this performance specification.

4.2 Verification Definitions

4.2.1 Analysis

Analysis is an element of verification that uses established technical or mathematical models or simulations, algorithms, charts, graphs, circuit diagrams, or other scientific principles and procedures to provide evidence that stated requirements were met.

4.2.2 Demonstration

Demonstration is an element of verification that involves the actual operation, under Government supervision, of an item to provide evidence that the required functions were accomplished under specific scenarios.  The items may be instrumented or performance monitored.

4.2.3 Examination

Examination is an element of verification that is generally nondestructive and typically includes the use of sight, hearing, smell, touch and taste; simple physical manipulation; and mechanical and electrical gauging and measurement.

4.2.4 Test

Testing is an element of verification in which scientific principles and procedures are applied to determine the properties or functional capabilities of items.

4.3 Requirements Verification 

4.3.1 Mobility

4.3.1.1 Off Road Speed

Demonstrate the EFSS’s ability to achieve, under its own power, sustained off-road speeds of no less than 5 mph.

4.3.1.2 Unimproved Road Speed

Demonstrate the EFSS’s ability to achieve, under its own power, sustained unimproved road speeds of no less than 10 mph. 

4.3.1.3 Fording

Demonstrate the EFSS’s ability to hard bottom ford in salt or fresh water to a depth of 30 inches at speeds up to five mph.  Demonstrate no maintenance is required after fording.

4.3.1.4 Braking

4.3.1.4.1 Service Brakes

Demonstrate the EFSS’s ability to decelerate, stop, hold and control the system.

4.3.1.4.2 Emergency Braking

Demonstrate the EFSS’s ability to bring the system to a complete stop using the emergency braking capability, in the event of a single point failure of the service brake.  

4.3.1.4.3 Parking Brake

Demonstrate the EFSS’s parking brake ability to hold the system motionless, either headed uphill or downhill on a dry, hard surface, free from loose material.

4.3.1.4.4 Non-powered Rolling Stock Restraint(s)

Demonstrate the EFSS is equipped with either a settable brake or chocks for non-powered rolling stock, as necessary.

4.3.1.5 

4.3.1.6 Break-Over Angle

Demonstrate the EFSS’s break-over angle is sufficient to load on and off the MV-22 and CH-53E. 

4.3.1.7 Range

Demonstrate the EFSS’s ability to operate on internally carried fuel for a minimum distance of 140 statute miles at an average speed of 5 mph on a hard level surface.

4.3.2 Transportability and Movement

4.3.2.1 Organic Equipment

Demonstrate the EFSS’s ability to be moved by organic Materiel Handling Equipment (MHE) within the Marine Corps inventory.

4.3.2.2 Ground

4.3.2.2.1 Highway

Demonstrate the EFSS’s ability to be transportable by the Medium Tactical Vehicle Replacement (MTVR), Logistics Vehicle System (LVS) and Logistics Vehicle System-Replacement (LVS-R).

4.3.2.2.2 Rail

Analyze the EFSS’s ability to meet the clearance diagrams and pass rail impact tests for the American Association of Railroads (AAR) and the Gabarit International de Chargement.

4.3.2.2.3 Towing

Analyze the EFSS’ ability to be towed, during emergency or extreme conditions, by the Marine Corps family of MHE, the LAV, the EFV, AAV and HMMWV. 
4.3.2.3 Water

4.3.2.3.1 Ships

Analyze the EFSS’s ability to be transported by all applicable U.S. Navy amphibious and transport ships and contracted transport ships. 

4.3.2.3.2 Landing Craft

Analyze the EFSS’s ability to be transported by the Landing Craft, Air Cushion (LCAC) and larger landing craft. 

4.3.2.4 Air

4.3.2.4.1 Strategic Lift

Analyze and demonstrate the EFSS’s ability to be transported without disassembly or modification of either EFSS or aircraft by U.S. Air Force C-141 aircraft and larger.

4.3.2.4.2 Vertical Transportability – Internal

4.3.2.4.2.1 Range

Demonstrate the EFSS’s ability to be internally transportable 110nm by the MV-22 and CH-53E.

4.3.2.4.2.2 Embarkation

Demonstrate the EFSS’s ability to achieve an internal embarkation time (without modification to either the EFSS or aircraft) of 20 minutes or less in both forward and reverse directions.  

4.3.2.4.2.3  Vehicle Cargo Restraints

Demonstrate the EFSS’s ability to restrain cargo to allow for secure stowage inside the vehicle.

4.3.2.4.2.4 Debarkation

Demonstrate the EFSS’s ability to achieve an internal debarkation of 10 minutes or less in both forward and reverse directions.

4.3.2.4.3 Vertical Transportability – External

4.3.2.4.3.1 Capability

Demonstrate the EFSS’s ability to be externally transported by a CH-53E.

4.3.2.4.3.2 Unload

Demonstrate the EFSS’s ability when transported externally by an MV-22 or CH-53E, to be unloaded by the crew in a cleared landing zone within 5 minutes.

4.3.3 Painting and Marking

4.3.3.1 Painting

Examine the EFSS’s paint or surface treatment to ensure it is non-reflective. Verify paint as non-reflective color Green 383, FS 34094 or equivalent, for the interior and exterior.

4.3.3.2 Marking

Examine the EFSS winch, hoist and tie down points to ensure proper marking.

4.3.4 Environmental

4.3.4.1 Operating

Analyze the EFSS’s ability to operate during daylight and darkness under weather conditions, climates and terrain to be specified by the Government. 
4.3.4.2 Maintenance

Analyze the EFSS’s ability to be maintained in weather conditions, climates and terrain to be specified by the Government.

4.3.4.3 Operating Temperatures

Test the EFSS’s ability to operate during full exposure to temperatures ranging from –21oC to +49oC.

4.3.4.4 Storage

Analyze the EFSS’s ability to resist corrosion indefinitely in protected storage consistent with warehouse conditions and maritime preposition shipping.

4.3.4.5 Salt Water Effects

Analyze the incorporated features and test the EFSS’s ability to resist corrosion of exposed and non-exposed metal surfaces when exposed to salt water and salt fog for periods of up to 96 hours.

4.3.4.6 Decontamination

Analyze the EFSS’s ability to withstand standard NBC decontamination procedures.

4.3.5 Human Factors

4.3.5.1 Crew Size

Demonstrate the EFSS’s ability to be operated by a crew of 10 or less.

4.3.5.2 Cold Weather

4.3.5.2.1 Operations

Demonstrate the EFSS’s ability to be operable while wearing standard issue cold weather protective clothing.

4.3.5.2.2 Maintenance

Demonstrate the EFSS’s ability to be maintainable while wearing standard issue cold weather protective clothing.

4.3.5.3 MOPP

Demonstrate the EFSS’s ability to be operable and maintainable by personnel in Mission Oriented Protective Posture (MOPP) Level IV.

4.3.5.4 Hazards

Analyze the EFSS to ensure no uncontrolled hazards to the system operators or maintainers under all authorized operational conditions.

4.4 EFSS Launcher

4.4.1 Lethality

4.4.1.1 Range

Demonstrate the EFSS ability to indirect fire an unassisted standard High Explosive (HE) projectile no less than 7 kilometers.

4.4.1.2 Precision

Demonstrate the EFSS launcher’s ability to achieve a Range Error, Probable (PEr) of 0.6% of range and a Deflection Error, probable (PEd) of 0.6% of range for HE at 66% of maximum range.

4.4.1.3 Effects

Analyze that the EFSS, firing a standard HE round against the specified target sets, has effects greater than an M889A1 HE round.

4.4.2 Degraded Operations

Demonstrate the EFSS’s ability to locate and reciprocally lay a second EFSS that is within the line of sight.
4.4.3 Rate of Fire

4.4.3.1 Maximum

Demonstrate the EFSS’s ability to achieve a maximum rate of fire of at least 4 rounds per minute for all ammunition types and allowable shell/fuze combinations for two minutes.

4.4.3.2 Sustained

Demonstrate the EFSS’s ability to achieve a sustained rate of fire of at least 1 round per minute for all ammunition types, until the basic load of ammunition is expended.

4.4.4 Engagement

Demonstrate the EFSS’s ability to engage targets between its minimum and maximum ranges without any gaps without repositioning.

4.4.5 Traverse

Demonstrate the EFSS’s ability of being shifted 3200 mils left or right of its azimuth of lay by the crew, in 3 minutes or less.

4.4.6 Emplacement

Demonstrate the EFSS’s ability to be emplaced by the crew in at least 3 minutes.

4.4.7 Displacement

Demonstrate the EFSS’s ability to be displaced from its firing position within 2 minutes.

4.4.8 First-Round Responsiveness

Demonstrate the EFSS’s ability after emplacement, to fire a prepared projectile within 30 seconds of the section chief receiving Quadrant Elevation (QE).

4.4.9 Fire Control

4.4.9.1 Ballistic Solution

Demonstrate the EFSS’s ability to determine ballistics solutions.

4.4.9.2 Enter/Edit Technical Firing Data

Demonstrate the EFSS’s ability to manually enter/edit all technical fire control data.

4.5 EFSS Mobility Platform(s)

4.5.1 Crew, Equipment and Ammunition Mobility

Demonstrate the EFSS’s mobility platform(s) ability to transport the crew, crew personal equipment, system equipment and a representative of the basic load of ammunition.

4.5.2 Fuels

4.5.2.1 Types 

Demonstrate the ability of the EFSS mobility platform(s) to operate with the applicable standard kerosene based military fuel JP8.

4.5.2.2 Drain

Demonstrate the ability to remove and collect fuel from all EFSS fuel tanks at the Organizational level.

4.5.2.3 Fill Port

Examine that the EFSS mobility platform(s) are equipped with a minimum 7.6cm diameter, safety type, tank filler cap(s) clearly identified as "Diesel / JP8 only".

4.5.3 Slave Receptacle

Demonstrate the ability of the EFSS mobility platform(s) to be capable of being jump started with or without the batteries connected, using the standard NATO power cable and plug assembly.

4.5.4 Starter

Demonstrate the EFSS’s mobility platform(s) push-button or turn lever starter.

4.5.5 Transmission

Demonstrate the EFSS mobility platform(s) ability to drive in forward or reverse or idle in neutral.

4.5.6 Seats

Examine the EFSS mobility platform(s) to ensure that each occupant has a seat.

4.5.7 Safety

4.5.7.1 Rollover Protection

Demonstrate the EFSS mobility platform(s) to ensure the presence of rollover protection.

4.5.7.2 Portable Fire Extinguisher

Demonstrate the EFSS mobility platform(s)’ fire extinguisher.

4.5.7.3 Personnel Restraints

Examine that the EFSS mobility platform(s) to ensure the presence of personnel restraints.

4.5.7.4 Windshield

Analyze the ability of the EFSS mobility platform(s)’ windshield to be adaptable for external helicopter transport and tactical operations, if equipped with a windshield.

4.5.7.5 Windshield Wipers/Washers

Demonstrate the EFSS mobility platform(s) windshield wipers and windshield washers, if equipped with a windshield.

4.5.8 Recovery

Demonstrate the EFSS mobility platform(s) should have a self-recovery capability (objective).

4.5.9 Night Operations

Demonstrate the ability of the EFSS mobility platform(s) to be operated by personnel wearing fielded night vision devices.

4.5.10 Run Flat

Demonstrate the EFSS mobility platform(s) ability to run-flat for a minimum of 10 miles at a minimum speed of 5 mph.

4.5.11 Electrical Systems

Demonstrate that the EFSS mobility platform(s) are compatible with 24-volt tactical electrical systems.

4.5.12 Gauges and Indicators

Demonstrate the EFSS mobility platform(s) ability to measure and visually display the following parameters:  Fuel Level, Speed, and Total Vehicle Miles Traveled.

4.5.13 Battery Charger

Demonstrate the EFSS mobility platform(s)’ ability to recharge batteries for the onboard communications equipment.

4.6 Ammunition 

4.6.1 Types

Demonstrate the EFSS’s ability to fire the following types of ammunition:  obscuration (visible spectrum), illumination, practice, incendiary (e.g., phosphorous), adjustable and/or variable time HE munitions.

4.6.2 Diameter

Verify via examination that the EFSS fires ordnance of 105mm diameter or larger.

4.7 EFSS Interoperability and Compatibility

4.7.1 Information Exchange

Demonstrate the EFSS’s ability to exchange information with a Fire Direction Center (FDC) by voice.

4.7.2 Information Protection, Security and Assurance

Verify through analysis that the EFSS complies with current requirements and is capable of evolving to meet state-of-the-art technological advances designed to protect information from unwanted exploitation.

4.8 EFSS Reliability, Availability and Maintainability

4.8.1 Reliability

Demonstrate the EFSS operational reliability to be 0.90, based on an 18-hour mission day.

4.8.2 Achieved Availability (Aa)

Demonstrate the EFSS’s ability to meet an Achieved Availability (Aa) of 0.90.

4.8.3 Preventive Maintenance

4.8.3.1 Munitions

Verify through analysis the EFSS’s munitions do not require crew level preventative maintenance (PM).

4.8.3.2 Launcher

Demonstrate the EFSS launcher’s mean time to perform preventive maintenance on the launcher is no more than 3 hours at the organizational level.

4.8.3.3 Mobility Platform

Demonstrate the EFSS mobility platforms’ mean time to perform preventive maintenance on any mobility platform is no more than 3 hours per platform at the organizational level.

4.8.3.4 Corrosion Control

Verify through analysis the EFSS’s preventive maintenance parameters for the entire system, excluding munitions, includes the capability for corrosion protection maintenance (corrosion control).

4.9 Requirement Verification Table 

	Requirement

Paragraph
	Requirement
	Verification

Paragraph
	Source Selection

Location/Asset
	Source Selection

Verification Method
	Sys Demo/Dev

Location/Asset
	Sys Demo/Dev

Verification

Method

	3.1.1.1
	Off Road Speed
	4.3.1.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.1.1.2
	Unimproved Road Speed
	4.3.1.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.1.1.3
	Fording
	4.3.1.3
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.1.1.4.1
	Service Brakes
	4.3.1.4.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.1.1.4.2
	Emergency Braking
	4.3.1.4.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.1.1.4.3
	Parking Brake
	4.3.1.4.3
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.1.1.4.4
	Non-powered Rolling Stock Restraint(s)
	4.3.1.4.4
	NAS Patuxent River

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.1.1.5
	Break-Over Angle
	4.3.1.5
	NAS Patuxent River 

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.1.6
	Range
	4.3.1.6
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration

Analysis

	3.1.2.1
	Organic Equipment
	4.3.2.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.2.2.1
	Highway
	4.3.2.2.1
	N/A
	Analysis
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.1.2.2.2
	Rail
	4.3.2.2.2
	N/A
	Analysis
	Proving Ground

Test Article 2
	Analysis

	3.1.2.2.3
	Towing (Objective)
	4.3.2.2.3
	N/A
	Analysis
	Nevada Automotive Test Center

Test Article 1
	Analysis

	3.1.2.3.1
	Ships
	4.3.2.3.1
	N/A
	Analysis
	Norfolk VA
Test Article 4
	Analysis

	3.1.2.3.2
	Landing Craft
	4.3.2.3.2
	N/A
	Analysis
	Marine Corps Air Ground Combat Center
Test Article 3
	Analysis

	3.1.2.4.1
	Strategic Lift
	4.3.2.4.1
	N/A
	Analysis
	NAS Patuxent River
Test Article 4
	Analysis

Demonstration

	3.1.2.4.2.1
	Vertical Transportability  (Internal) - Range
	4.3.2.4.2.1
	NAS Patuxent River

Source Selection Article
	Analysis/ Demonstration
	TBD
	Demonstration/Analysis

	3.1.2.4.2.2
	Embarkation (note 1)
	4.3.2.4.2.2
	NAS Patuxent River

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.2.4.2.3
	Vehicle Cargo Restraint
	4.3.2.4.2.3
	NAS Patuxent River

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.2.4.2.4
	Debarkation
	4.3.2.4.2.4
	NAS Patuxent River

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.2.4.3.1
	Vertical Transportability (External)
	4.3.2.4.3.1
	N/A
	Analysis
	TBD
	Demonstration/Analysis

	3.1.2.4.3.2
	Vertical Transportability (External) – Unload
	4.3.2.4.3.2
	N/A
	Analysis
	TBD
	Demonstration/Analysis

	3.1.3.1
	Painting
	4.3.3.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.1.3.2
	Marking
	4.3.3.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.1.4.1
	Operating
	4.3.4.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.4.2
	Maintenance
	4.3.4.2
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3
	Analysis

	3.1.4.3
	Operating Temperature
	4.3.4.3
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3
	Analysis

	3.1.4.4
	Storage
	4.3.4.4
	N/A
	Analysis
	Nevada Automotive Test Center

Test Article 1
	Analysis

	3.1.4.5
	Salt Water Effects
	4.3.4.5
	N/A
	Analysis
	Nevada Automotive Test Center

Test Article 1
	Analysis

	3.1.4.6
	Decontamination
	4.3.4.6
	N/A
	Analysis
	Proving Ground

Test Article 1
	Analysis

	3.1.5.1
	Crew Size
	4.3.5.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.5.2.1
	Operations
	4.3.5.2.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.5.2.2
	Maintenance
	4.3.5.2.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.5.3
	MOPP
	4.3.5.3
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.1.5.4
	Hazards
	4.3.5.4
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3
	Demonstration/Analysis

	3.2.1.1
	Range
	4.4.1.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.1.2
	Precision
	4.4.1.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.1.3
	Effects
	4.4.1.3
	N/A
	Analysis
	N/A
	N/A

	3.2.2
	Degraded Operations
	4.4.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.3.1
	Maximum
	4.4.3.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.3.2
	Sustained
	4.4.3.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis
	N/A
	N/A

	3.2.4
	Engagement
	4.4.4
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3
	Demonstration/Analysis

	3.2.5
	Traverse
	4.4.5
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.6
	Emplacement
	4.4.6
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.7
	Displacement
	4.4.7
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.8
	First-Round Responsiveness
	4.4.8
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.9.1
	Ballistic Solution
	4.4.9.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.2.9.2
	Enter/Edit Technical Firing Data
	4.4.9.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.1
	Crew, Equipment and Ammunition Mobility
	4.5.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.2.1
	Fuel Types
	4.5.2.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.2.2
	Fuel Drain (Objective)
	4.5.2.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.2.3
	Fuel Fill Port
	4.5.2.3
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.3
	Slave Receptacle
	4.5.3
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.4
	Starter
	4.5.4
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.5
	Transmission
	4.5.5
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.3.6
	Seats
	4.5.6
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.3.7.1
	Rollover Protection
	4.5.7.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.3.7.2
	Portable Fire Extinguisher
	4.5.7.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	N/A
	N/A

	3.3.7.3
	Seat Belts
	4.5.7.3
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.3.7.4
	Windshield (Objective)
	4.5.7.4
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	Nevada Automotive Test Center

Test Article 1
	Analysis/Demonstration

	3.3.7.5
	Windshield Wipers/Washers (Objective)
	4.5.7.5
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Examination
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.3.8
	Recovery (Objective)
	4.5.8
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration

	3.3.9
	Night Operations
	4.5.9
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.10
	Run Flat (Objective)
	4.5.10
	N/A
	Analysis
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.3.11
	Electrical Systems
	4.5.11
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Nevada Automotive Test Center

Test Article 1
	Demonstration/Analysis

	3.3.12
	Gauges and Indicators
	4.5.12
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.3.13
	Battery Charger
	4.5.13
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.4.1
	Types
	4.6.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.4.2
	Diameter
	4.6.2
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	N/A
	N/A

	3.5.1
	Information Exchange
	4.7.1
	Marine Corps Air Ground Combat Center

Source Selection Article
	Analysis/ Demonstration
	Marine Corps Air Ground Combat Center

Test Article 3
	Demonstration/Analysis

	3.5.2
	Information Protection, Security and Assurance
	4.7.2
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3 
	Analysis

	3.6.1
	Reliability
	4.8.1
	N/A
	Analysis
	Marine Corps Air Ground Combat Center 

Test Article 3 & Nevada Automotive Test Center

Test Article 2
	Demonstration

	3.6.2
	Achieved Availability (Aa)
	4.8.2.
	N/A
	Analysis
	Marine Corps Air Ground Combat Center 

Test Article 3 & Nevada Automotive Test Center

Test Article 2
	Demonstration

	3.6.3.1
	Munitions
	4.8.3.1
	N/A
	Analysis
	Proving Ground

Test Ammunition
	Analysis

	3.6.3.2
	Launcher
	4.8.3.2
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3
	Demonstration/Analysis

	3.6.3.3
	Mobility Platform
	4.8.3.3
	N/A
	Analysis
	Marine Corps Air Ground Combat Center

Test Article 3
	Demonstration/Analysis

	3.6.3.4
	Corrosion Control
	4.8.3.4
	N/A
	Analysis
	Nevada Automotive Test Center

Test Article 1
	Analysis


Note 1 – Aircraft certification will be accomplished during System Development and Demonstration phase.

5.0 Packaging

Refer to Section D of the solicitation.

6.0 Notes

6.1 Amplifications

6.1.1 Paragraph 3.1.1.1 Off Road Speed

The EFSS shall be capable of sustained off-road speeds of no less than 5 mph (threshold, Critical).

Off-road is characterized as ‘cross-country’.  Cross-country is defined as having no defined road or a trail without manmade improvements.

6.1.2 Paragraph 3.1.1.2 Unimproved Road Speed

The EFSS shall be capable of sustained unimproved road speeds of no less than 10 mph  (threshold, Critical).

Unimproved road is characterized as’ trails’.  Trails are defined as one lane, loose surface, minimum or no maintenance of surface.

6.1.3 Paragraph 3.1.2.1 Organic Equipment.

The EFSS should be capable of movement by organic Materiel Handling Equipment (MHE) within the Marine Corps inventory (threshold).

MHE is considered to be Light Capability, Rough Terrain Forklift.  Movement is defined as the capability to on-load/off-load EFSS to and from commercial and military transports.

6.1.4 Paragraph 3.1.2.2.3 Towing

The EFSS should be capable of being towed, during emergency or extreme conditions, by the Marine Corps family of MHE, the Light Armored Vehicle (LAV), the Expeditionary Fighting Vehicle (EFV), the Amphibious Assault Vehicle (AAV) and the High Mobility Multi-Wheeled Vehicle (HMMWV) (objective).  The EFSS should have clearly identified tow points both in the front and rear of the vehicle of sufficient strength to withstand the maximum forces encountered during hasty recovery and towing operations.    Towing provisions should allow all vehicles to be front lift towed at Cross-Country Gross Vehicle Weight (CCGVW) and rear lift towed at Curb Weight (CW).  Towing provisions should allow all vehicles to be capable of being flat towed at CCGVW by a vehicle using tow bar P/N 1448250U CAGE 45152.  If towing points are used as a tiedown or lifting fixture, they should meet the requirements of MIL-STD-209J and MIL-HDBK-1791 (change 2).
The following provides dimensions and weights for MTVR MK 23, MTVR MK 27, LAV and HMMWV

	
	MTVR MK23
	MTVR MK27
	HMMWV
	LAV

	Width
	98 inches
	98 inches
	85 inches
	102 inches

	Height
	141.2 inches
	141.2 inches
	72 inches
	90 inches

	Length
	314.9 inches
	386.5 inches
	180 inches
	258 inches

	Clearance – Cross Country
	16.2 inches
	16.2 inches
	16 inches
	16 inches

	Vehicle Curb Weight
	27753 pounds
	30067 pounds
	8580 pounds
	26400 pounds


6.1.5 Paragraph 3.1.2.3.1 Ships

The EFSS shall be transportable by all applicable U.S. Navy amphibious and transport ships and contracted transport ships (threshold, Critical).

The following provides ramp angles, heights and capacities of U.S. Navy amphibious ship classes.

	SHIP
	STOW LOCATION
	MIN HT
	RAMP
ANGLE
	RAMP/DECK 
CAPACITY
	REMARKS

	LHD
	WELL DECK
	28' 7"
	0
	 
	

	
	RAMP WELL DECK TO UPPER VEHICLE
	N/A
	15
	140K
	FIXED

	
	UPPER VEHICLE
	14' 11"
	0
	140K
	

	
	RAMP UPPER VEHICLE TO LOWER VEHICLE
	8' 10"
	15
	47K
	HINGED

	
	LOWER VEHICLE
	8' 10"
	0
	 
	

	
	RAMP UPPER VEHICLE TO HANGAR DECK
	9' 6"
	15
	43K
	FIXED

	
	HANGAR DECK
	N/A
	0
	 
	

	
	RAMP HANGER DECK TO FLIGHT DECK
	77"
	13.3
	7.5
	FIXED

	
	FLIGHT DECK
	N/A
	0
	 
	

	
	SIDEPORT
	11'
	0
	 
	

	
	SIDEPORT RAMP
	N/A
	**
	47K
	PORTABLE

	**
	ANGLE DEPENDENT ON TIDE AND PIER HT.
	 
	 
	 
	

	LHA
	WELL DECK
	21'
	 
	 
	

	
	RAMP WELL DECK TO UPPER VEHICLE
	21'
	12
	70 S/T
	FIXED

	
	UPPER VEHICLE
	15'
	N/A
	 
	

	
	RAMP UPPER VEHICLE TO LOWER VEHICLE (FWD)
	10'
	15
	 
	HINGED

	
	LOWER VEHICLE (FWD)
	10'
	N/A
	 
	

	
	RAMP UPPER VEHICLE TO LOWER VEHICLE (AFT)
	9'5"
	15
	 
	HINGED

	
	LOWER VEHICLE (AFT)
	9' 5"
	N/A
	 
	

	
	RAMP UPPER VEHICLE TO HANGAR DECK
	12'
	15
	22.5 S/T
	FIXED

	
	HANGAR DECK
	N/A
	N/A
	 
	

	
	RAMP HANGER DECK TO FLIGHT DECK
	12'
	15
	 
	FIXED

	
	FLIGHT DECK
	N/A
	N/A
	 
	

	
	SIDEPORT
	10'
	N/A
	 
	

	
	SIDEPORT RAMP
	N/A
	**
	22.25 S/T
	PORTABLE

	**
	ANGLE DEPENDENT ON TIDE AND PIER HT.
	 
	 
	 
	

	LPD 17
	WELL DECK
	26’ 2” 
	0 
	 
	

	
	RAMP WELL DECK TO UPPER VEHICLE
	N/A 
	 15
	80S/T / NA 
	FIXED

	
	MAIN VEHICLE (FR 120-142)
	15' 8"
	0
	 
	

	
	MAIN VEHICLE (FR 63-120)
	12' 7"
	0
	 
	

	
	RAMP MAIN V TO UPPER V
	12’ 7”
	15
	27S/T / N/A
	FIXED

	
	UPPER VEHICLE
	 11’ 0”
	 0
	 
	

	
	RAMP Main VEHICLE TO LOWER VEHICLE (FWD)
	7’ 11” 
	15
	8.9S/T / 80ST 
	HINGED

	
	LOWER VEHICLE (FWD)
	 8’ 0”
	0
	 
	

	
	RAMP Main VEHICLE TO LOWER VEHICLE (AFT)
	7’ 11” 
	15
	8.9S/T / 80S/T 
	HINGED

	
	LOWER VEHICLE (AFT)
	 8’ 0”
	0
	 
	

	
	BRIDGE RAMP UPPER VEHICLE TO FLIGHT DECK RMP
	 12’ 7”
	15
	27S/T / 51S/T 
	HINGED

	
	FLT DECK RAMP
	11’ 7”
	
	27S/T/  N/A
	Fixed

	
	FLIGHT DECK
	 N/A
	0
	 
	

	
	SIDEPORT
	11’ 9” 
	0
	 
	

	SHIP
	STOW LOCATION
	MIN HT
	RAMP
ANGLE
	RAMP/DECK 
CAPACITY 
	REMARKS

	
	SIDEPORT RAMP
	N/A 
	0 – 15**
	23.5 S/T
	

	LSD-41
	WELL DECK
	30'
	0
	 
	 

	 
	RAMP WELL DECK TO TURNTABLE AREA
	11' 10"
	15
	20 S/T
	PORTABLE

	 
	TURNTABLE AREA
	11' 10"
	0
	17.5 S/T
	 

	 
	RAMP TO VEHICLE TUNNEL
	11' 10"
	15
	20 S/T
	FIXED

	 
	VEHICLE TUNNEL
	11' 10"
	0
	2225 S/T
	 

	 
	BOAT DECK
	11' 10"
	0
	 
	 

	 
	RAMP TO FLIGHT DECK
	11'10"
	15
	 
	FIXED

	 
	FLIGHT DECK
	N/A
	0
	 
	 

	LSD-41(CV)
	WELL DECK
	28' 7"
	0
	 
	 

	 
	RAMP WELL DECK TO VSA
	14' 3"
	15
	70 S/T
	 

	 
	VEHICLE STOW AREA
	14' 3"
	0
	 
	 

	 
	RAMP TO TURNING AREA
	14' 3"
	15
	18 S/T
	 

	 
	VEHICLE TURNING AREA
	14' 3"
	0
	235 S/T
	 

	 
	RAMP TO VEHICLE TUNNEL AREA
	11'5"
	15
	512 S/T
	 

	 
	VEHICLE TUNNEL AREA
	11' 5"
	0
	 
	 

	 
	BOAT DECK
	 
	0
	427 S/T
	 

	 
	RAMP TO FLIGHT DECK
	11' 5"
	15
	18 S/T
	 

	 
	FLIGHT DECK
	 
	0
	2225 S/T
	 

	LPD 4
	WELL DECK
	 
	 
	 
	 

	 
	RAMP WELL DECK TO UPPER VEHICLE
	15' 10"
	12
	45 S/T
	FIXED

	 
	UPPER VEHICLE
	15' 10"
	 
	7343 S/T
	 

	 
	RAMP TO LOWER VEHICLE
	 
	20
	 
	HINGED


6.1.6 Paragraph 3.1.2.4.2.2 Embarkation

The EFSS shall be capable of an internal embarkation time (without modification to either the EFSS or aircraft) of 20 minutes or less (threshold, Critical); 10 minutes or less (objective).  The EFSS shall be capable of driving onto the aircraft in both forward and reverse directions.
Embarkation is defined as:  From the time the first set of wheels touch the bottom of the ramp to the time the crew chief/loadmaster declares the system secure for flight.

6.1.7 Paragraph 3.1.2.4.2.4 Debarkation

The EFSS shall be capable of an internal debarkation of 10 minutes or less (threshold, Critical); 5 minutes or less (objective).  The EFSS shall be capable of driving off the aircraft in both forward and reverse directions.
Debarkation is defined as:  From the time the first tie-down strap is released to the time the system is clear of the ramp.

6.1.8 Paragraph 3.2.6 Emplacement

The EFSS should be capable of being emplaced by the crew in 3 minutes (threshold); 2 minutes or less (objective) 

Emplacement of EFSS is defined as the time from when the mobility platform stops at the firing position to when the system is ‘firing capable’ (weapon is laid, at least one reference point has been established and one round of ammunition is ready to be loaded)

6.1.9 Paragraph 3.2.7 Displacement

The EFSS should be capable of displacement from a firing position within 2 minutes (threshold).  

Displacement of EFSS is defined as the time from when the command is given to displace to when the system is in the travel configuration, the equipment is stowed and the crew is mounted and ready for movement.

6.1.10 Paragraph 3.2.9.1 Ballistic Solution. 

The EFSS shall be capable of determining ballistic solutions (threshold, critical).

Explanation.  An EFSS unit, when generating its ballistic firing solution, will operate very similar to an artillery firing battery.  The ballistic solution will be generated at the EFSS’ Fire Direction Center (FDC), which is located separate from the EFSS firing section(s), but within the same EFSS Firing Unit’s position.  As depicted in the diagram below, a six launcher EFSS Firing Unit’s position is notionally 300 meters by 300 meters in size.

When a call for fire (CFF) is received at the FDC, FDC personnel, using the EFSS ballistic computational device(s), will generate a ballistic solution (depending on the Offeror’s solution, the EFSS ‘ballistic computational device(s)’ may be any thing ranging from an automated device to conventional manual methods).  The ballistic solution is then checked by the appropriate FDC safety personnel, and once approved, transmitted to the EFSS section(s) for execution.

Constraint.  A ballistic solution shall not be fired until it has been approved by the EFSS Firing Unit’s FDC.  If an offeror’s ballistic computational device(s) involves generating the ballistic solution at the individual EFSS/piece location, the offeror’s system shall make provisions for the review and approval of the ballistic solution at the FDC prior to firing the mission.









6.1.11 Paragraph 3.5.1 Information Exchange.

The EFSS shall be capable of exchanging information with a Fire Direction Center (FDC) by voice (T) (KPP); voice and variable message format (VMF) (O).

Explanation.  The intent of the Threshold requirement “capable of exchanging information with a Fire Direction Center (FDC) by voice ” is to ensure positive communications between the FDC and the EFSS section(s).  Data exchanged between the section(s) and the FDC will primarily consist of ballistic firing solutions, command and control type orders, and safety checks.  Current operational concepts reflect that Marine Artillery Regiments using existing manpower structure and communications equipment will man and operate the EFSS.  Therefore, offeror’s solutions do not necessarily have to provide communications hardware, i.e., wire communications or short-range radio like equipment to accomplish the Threshold requirement.  As long as the FDC Fire Controlman MOS 0844/48 operating the offeror’s EFSS ballistics computational device can physically record and transmit the firing data by voice over either existing communications equipment, or over the offeror’s communications equipment, to the individual EFSS section(s), the Threshold requirement is met.

The objective portion of the requirement “…capable of exchanging information with a FDC by voice and variable message format (VMF)” is intended to facilitate EFSS compatibility with the Advanced Field Artillery Tactical Data System (AFATDS).  To meet this objective requirement, the offeror’s ballistics computational device must be able to:

a. Receive and transmit applicable VMF messages that provide the appropriate tactical data for the EFSS’ mission.

b. Receive and transmit applicable VMF messages that provide the appropriate technical data for the EFSS’ mission.    

c. Be capable of communicating over an FDC’s existing LAN or Combat Net Radio.

The applicable tactical and technical VMF messages are:

	Label
	Title
	Classification
	Transmit/

Receive
	Purpose

	K01.1
	Free Text Message
	Up to Secret
	T/R
	Exchange Free Text information

	K01.2
	Unit Reference Query/Response Message
	Up to Secret
	T/R
	Exchange Unit information

	K01.3
	Information Request
	Up to Secret
	T/R
	Receive requests for information and respond with the appropriate message

	K02.1
	Check Fire Message
	Up to Secret
	T/R
	Receive and process a command to Check Fire

	K02.2
	Registration Data Message
	Up to Secret
	T/R
	Receive and process registration data

	K02.3
	Fire Support Meteorological Data Message
	Up to Secret
	T/R
	Receive and process a Met Message

	K02.4
	Call For Fire Message
	Up to Secret
	T/R
	Receive, process, and respond to a CFF

	K02.6
	Observer Mission Update Message
	Up to Secret
	T/R
	Receive and process Observer Information

	K02.7
	Survey Control Point Message
	Up to Secret
	T/R
	Receive Survey Control Point Information

	K02.8
	Schedule of Fires
	Up to Secret
	T/R
	Receive a Schedule of Fires 

	K02.9
	Target Data Message
	Up to Secret
	T/R
	

	K02.11
	Ammunition Inventory Message
	Up to Secret
	T/R
	Report Ammunition Inventory

	K02.12
	Command to Fire Message
	Up to Secret
	T/R
	Receive Command to Fire, Process and send to firing platform

	K02.13
	Mission Clearance Message
	Up to Secret
	T/R
	

	K02.14
	Message to Observer Message
	Up to Secret
	T/R
	Exchange MTO information

	Label
	Title
	Classification
	Transmit/

Receive
	Purpose

	K02.15
	Fire Support Coordination Measures Message
	Up to Secret
	T/R
	Exchange and process FSCM information

	K02.16
	End of Mission and Surveillance Message
	Up to Secret
	T/R
	Exchange BDA information

	K02.18
	Fire Unit Status Message
	Up to Secret
	T/R
	Report Fire Unit Status

	K02.19
	Target Query/Standing Request for Information
	Up to Secret
	T/R
	Exchange target information with sensors and other systems

	K02.20
	Survey Control Point Information Request Message
	Up to Secret
	T/R
	Request and Receive Survey Control Point Information

	K02.22
	Subsequent Adjust Message
	Up to Secret
	T/R
	Receive, process, and respond to a subsequent adjustment

	K02.25
	End of Mission Notification Message
	Up to Secret
	T/R
	Process EOM that does not have BDA

	K02.40
	Cannon/Mortar Fire Order Message
	Up to Secret
	T/R
	Process Fire Order information

	K02.51
	Fire Support Reply/Remarks Message
	Up to Secret
	T/R
	

	K02.55
	Record of Fire Message
	Up to Secret
	T
	Transmit Records of Fire

	K02.56
	Fire Support Database Exchange Message
	Up to Secret
	T/R
	Exchange database information

	K04.13
	Basic Weather Report Message
	Up to Secret
	T/R
	Process MET Message

	K04.14
	Forecast Meteorological Data Message
	Up to Secret
	T/R
	Process MET Message

	K05.1
	Position Report Message
	Up to Secret
	T/R
	Provide positional data for navigation/synchronization

	K05.15
	Situation Report Message
	Up to Secret
	T/R
	Exchange situational information

	K05.15
	Field Orders Message
	Up to Secret
	T/R
	

	
	
	
	
	

	
	
	
	
	

	Legend
	
	
	
	

	T
	Transmit
	
	
	

	R
	Receive
	
	
	

	MTO
	Message to Observer
	
	
	

	CFF
	Call For Fire
	
	
	

	FSCM
	Fire Support Coordination Measure
	
	
	

	BDA
	Battle Damage Assessment
	
	
	

	EOM
	End of Mission
	
	
	

	MET
	Meteorological
	
	
	


APPENDIX A
Supplement to MIL STD-209J

D.3 REQUIREMENTS.  

D.3.1   Application.  Cargo equipment to be transported internally by helicopter, tilt-rotor aircraft, or the USMC C-130 aircraft must be designed for restraint to the values in the following table 

	Aircraft Type 
	Static Limit Load Restraint Criteria

	
	Forward G’s
	Aft

G’s
	Lateral G’s
	UP

G’s

	USMC C-130
	3
	2
	1.5
	2

	Helicopter/

Tilt-rotor
	4
	3
	3
	3

	Fixed-wing
	3
	2
	2
	2

	Carrier On-board Delivery (COD) transport
	201
	7
	7
	4

	1. COD forward G is defined as the ultimate load factor


Cargo equipment must be properly restrained and have the structural integrity to maintain the noted G loads, defined as limit load factors, for the required aircraft.  Item weight for calculating restraint requirements for the subject aircraft will be the items transportable weight and its weight distribution.  The ultimate load factors are found by multiplying a factor of 1.5 to the limit load cases in paragraph D.3.1.

D.3.3 Method of Analysis for Determination of Retention Loads.  The load factors defined in section D.3.1 shall be applied to the structure to determine cargo retention loads and analyzed using two methodologies.  The first method uses geometry of the chain to the aircraft tie-down ring and cargo item, stiffness of the chain/strap and cargo item suspension system rates to determine retention loads.  This method also takes into account the location of center of gravity of the cargo item. With this method, the chain/strap limit load and aircraft tie down ring limit load are fixed constraints.   The sizing, location and geometry of the tie-down provision on the cargo item are varied along with the tie-down device geometry to ensure the limit loads are not exceeded.   Examples of the second method are given in the cargo loading manuals cited in section D.2.  Briefly, the second method computes total restraint required unidirectionally without regard to center of gravity location and stiffness of tie down member, with a geometric reduction or knockdown factor.  Details of the second method can be found in the cargo loading manuals cited in section D.2.   Both methods are required to be presented in a report to NAVAIR for approval when calculating chain/strap loads for vehicle restraint.  Method one shall be labeled the “Engineering Method”, method two “Loadmaster Method”.  When determining retention loads using method one, since several worst case load solutions may result. The worst-case conditions define the method one design loads for the provision and vehicle backup structure. However, many more solutions are possible during aircrew restraint operations of the cargo item for transport. To assist the loadmaster in his determination of where to place cargo, the reaction load at the tie-down provision from method one analysis should be rounded up to the nearest 5000 lb whole number increment. The rounding up of the results from method one to the nearest 5000 lb determines method one design loads. For example, if method one in a provision design load of 4900 lb, rounding to the nearest 5000 lb increment results in a method one design load of 5000 lb. If method one results in a provision design load of 8250lb, the method one design load is 10,000 lb. This philosophy is to accommodate the loadmaster techniques used in the Navy/Marine Corps. Final retention design loads are determined from the larger values from the two methodologies.  

D.3.4.5 Structural Load Criteria   Structural load factors for determining load requirements for transport of cargo equipment in Navy/Marine Corp aircraft are shown in paragraph D.3.1.  Positive margins of safety for limit and ultimate load conditions are required for all structure, aircraft, vehicle and cargo. Limit load cases shall show no permanent set by analysis or test.

D.3.5 Supporting Structure.  The supporting structure is considered to be vehicle/cargo structure, which supports and attaches the tie down provision to the vehicle/cargo.  The design and testing of individual provisions and vehicle back-up structure must be proven structurally adequate for all applied load conditions.  The load conditions for the vehicle are in paragraph D.3.1. The back up or provisions structure can be structurally substantiated by hand analysis, finite element analysis or static test. Upon review of the analysis, NAVAIR will determine if the supporting analysis is adequate. Whenever possible, such decisions will seek to reduce the overall cost impact based on sound risk/benefit analysis. Bypassing the submission of analysis and performing a test to prove structural adequacy, may require additional local structural testing or analysis to adequately substantiate the back-up structure and determine locations of high stress.  Positive margins of safety for limit and ultimate load conditions are required for all structure.

D.3.6 Structural Analysis.  Structural analysis consists of structural substantiation of the vehicle; tie down provisions and backup structure for the load factors in paragraph D.3.1.  As part of a preliminary structural analysis package, a matrix of all possible tie down patterns, cone of action for each vehicle tie down, and plans to structurally substantiate the individual tie down patterns and cones of action shall be submitted to NAVAIR for approval.  The analysis package shall show structural substantiation by structural testing, analysis or both for securing the vehicle to the aircraft. The analysis shall include substantiation of the vehicle, vehicle backup structure and provision.  Methods of structural analysis and substantiation include hand analysis, finite element analysis and structural test.  All high stress structural members and critical load cases shall be identified, margin of safety calculations shown, location of high stress in the model illustrated, assumption stated for boundary conditions and interpretation of results, and enough information in the vendor submitted structural report such that an analyst can reproduce the results from the information provided.  Load paths shall be identified for each provision with structural analysis showing positive margin of safety or passage of structural testing.  All analysis shall be performed to structurally substantiate the local tie down provision and back up structure to the point where nominal uniform stress occurs.  When multiple provisions use the same back up structure the worst loading case scenarios shall be assumed, identified and analyzed. Standard structural analysis techniques shall be applied, such as stress reduction factors for welds, detailed finite element analysis identifying local high stress areas, conservative assumptions for load application and load distribution, etc. Margins of safety shall be positive for all ultimate load cases as defined in paragraph D.3.1. Positive margins of safety for limit and ultimate load conditions are required for all structure. Limit load cases shall show no permanent set by analysis or test. A structural analysis report shall be submitted for approval to the transport-approving agent.

D.3.6.5 Vehicle Structural Analysis and Test. The entire vehicle shall be structurally substantiated for carriage in Navy/Marine Corps aircraft by test and/or structural analysis.  The vehicle structure and all peripheral components shall remain undeformed and an integrated unit when subject to the limit load conditions specified in paragraph D.3.1.  The vehicle subject to ultimate load conditions can deform, but must remain as an integral unit.  Structural substantiation can be shown by test, structural analysis by hand or finite element, engineering inference or a combination of methods.  The vehicle and all peripheral components, such as cargo, weapon systems, seats, mirrors, windshield, seats etc., shall be shown to be retained and undeformed for the appropriate condition in paragraph D.3.1.  A test plan or structural analysis shall be submitted for approval to the approving air transport certifying authority. Testing maybe static or dynamic in nature or a combination of both.  For example, a windshield can be tested using a dynamic/impact test with a Navy/Marine Corps specified pulse as part of peripheral vehicle equipment test where as, a machine gun installation can be structurally substantiated by hand analysis for a critical static load condition.   Cargo items within the vehicle may have multiple configurations for carriage and are also required to be restrained to the appropriate conditions in paragraph D.3.1. All configurations must be structurally substantiated by analysis or test.

D 3.7 Provision Testing. Provision testing consists of structurally substantiating each vehicle provision for the vehicle loads generated from the application of load conditions in paragraph D.3.1.    A matrix of all possible tie down patterns shall be submitted as part of the provision testing process, along with provision cone of action.  Testing of the provisions and back-up structure shall be of a production representative configuration.  The tie-down provisions and back-up structure shall be analyzed through the entire stated cone of action from loads calculated in procedures in paragraph D.3.3.  Provision pull testing will be conducted to validate the results of the analysis.  The number and direction of pull tests maybe determined from a combination of structural analysis and engineering inference based on the actual structure and geometry being tested.  In general, a minimum of 4 pull tests will be performed to simulate worst load case vehicle tie down pattern geometry, for each provision, within the cone of action.  If the vendor can show structural substantiation with less than the minimum tests, a complete data package shall be submitted to NAVAIR. A test plan with total number of pulls and directions with substantiating documentation will be submitted to NAVAIR or the appropriate service transportability agent for approval.

D.3.8. Aircraft Restraint Pattern Testing. The aircraft restraint pattern testing shall structurally substantiate the vehicle tie down patterns for a specific aircraft platform.   The vehicle will be restrained to an aircraft mockup using the procedures submitted for paragraph D.3.6.  The forward restraint criteria will be applied to the vehicle to simulate the tie down geometry in the aircraft.  The same will be performed in the other test directions. At least one complete tie down pattern pull test shall be performed in the forward, aft and side directions to simulate the worst case loading. This test will be performed for each aircraft platform. When performing pattern testing five items must be considered when developing and executing the aircraft restraint pattern test plan: 1) Local provision strength and influence on strength capability from neighboring provisions, 2) provisions sharing the same backup structure 3) Combinations of tie down patterns which simulate worst case loading, 4) simultaneous testing of provisions that share the same backup structure, 5) Influence of suspension system of the vehicle.  A test plan shall be submitted to NAVAIR for approval.  The plan shall show the range of tie down patterns for the vehicle in the aircraft, justification for choosing the test patterns proposed for testing, loads predicted in tie downs devises, loads and stresses predicted in vehicle structure for each test condition.  A posttest report documenting results and how they compare to predicted values shall be submitted to NAVAIR.
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Appendix C

Individual Marine Equipment 

Tables 1 and 2 depict the individual Marine’s equipment and weights that will be used for the Internal Transportability and System Demonstrations to determine embarkation / load data for the Offerors system.  The Government will furnish adequate sets of equipment for the demonstrations.

The equipment listed in Table 1 will be worn and/or carried at all times by the Contractor(s) demonstrating / operating their system throughout the Internal Transportability Demonstration, including the driver(s) of the vehicle(s). 

Table 1

	ITEM
	Weight (Lbs.)
	Quantity
	Total Weight

	Average Male Marine
	169.000
	1
	169.000

	Uniform, Utility, Camouflage
	2.970
	1
	2.970

	Uniform, Utility, Belt, Khaki, Web
	0.300
	1
	0.300

	T-shirt, Green
	0.180
	1
	0.180

	Under Shorts, Boxer
	0.250
	1
	0.250

	Boots, Combat with Laces
	4.100
	1
	4.100

	Socks, Combat with Liners (2)
	0.160
	1
	0.160

	Watch, Wrist
	0.100
	1
	0.100

	Card, Identification
	0.028
	1
	0.028

	Dog Tags
	0.100
	1
	0.100

	Uniform, Utility, Cap
	0.220
	1
	0.220

	Helmet w/ Cover and Band
	3.600
	1
	3.600

	Ear Plugs w/ Case
	0.100
	1pr
	0.100

	1st Aid Kit
	1.000
	1
	1.000

	Interceptor Body Armor (outer tactical vest)
	8.400
	1
	8.400

	SAPI Plates (front and back)
	8.000
	1
	8.000

	Assault Load Carrier (ALC)
	2.000
	1
	2.000

	3 Double Magazine Pockets, 1 Utility/Canteen Pouch
	1.900
	1
	1.900

	Ammo Magazines, M16 (30 rds each)
	1.050
	7
	7.350

	Bayonet, M7 w/ Scabbard
	1.300
	1
	1.300

	Grenade, Hand, Fragment
	2.000
	2
	4.000

	100 oz Hydration System (filled)
	6.906
	1
	6.906

	Mask, M40 w/Hood, Carrier & Water Proof Bag, Canister Filter C2A1
	4.190
	1
	4.190

	Infantry Weapon Night Targeting Device, AN/PAQ-4C w/ Batteries
	0.800
	1
	0.800

	Night Vision Monocle AN/PVS-14 w/Batteries
	1.000
	1
	1.000

	Service Rifle, M16A2
	7.900
	1
	7.900

	Sling, M16A4
	0.420
	1
	0.420

	Total Wt of Table 1 
	236.274


The equipment listed in Table 2 is equipment that will be packed in/on the Individual Marine’s Main Pack and will be accounted for in the overall system’s vertical internal transportability and ground mounted operational configurations.  The exact stowage location of this equipment is subject to the individual Offeror’s system design, but must be accounted for in the vertical internal transportability configuration as well as the systems ground mounted operational configuration.
Table 2

	ITEM
	Weight (Lbs.)
	Quantity
	Total Weight

	Main Pack and Frame to include shoulder suspension system & hip belt
	8.075
	1
	8.075

	Entrenching Tool w/case
	2.500
	1
	2.500

	Patrol Pack
	2.425
	1
	2.425

	Gloves, Black Leather w/ liners
	0.480
	1pr
	0.480

	Paint, Face, Camouflage Stick
	0.140
	1
	0.140

	Flashlight w/red & blue lens and extra bulb
	0.500
	1
	0.500

	Goggles, Sun, Wind and Dust
	0.150
	1
	0.150

	Extra Socks, Combat
	0.160
	2
	0.320

	Tooth Brush w/ Paste
	0.300
	1
	0.300

	Chap Stick
	0.010
	1
	0.010

	Poncho w/ Liner
	3.200
	1
	3.200

	Canteen, 1 Quart filled
	2.475
	2
	4.950

	MRE
	1.300
	4
	5.200

	Total Wt of Table 2
	28.25


Note:  This Individual Marine Equipment list/load plan is derived from Appendix E - Standard Load Definitions and Appendix G - Approach March Load of the Improved Load Bearing Equipment (ILBE) Capability Development Document.  
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MV-22 Block A

		

		MV-22 - Amphibious Pre-Assault Mission																MV-22 - Amphibious Pre-Assault Mission

		Permissible Vehicle Loading C.G. Range																Permissible Vehicle Loading C.G. Range

		No Gun, No Probe, and Aft Sponson Tank																No Gun, No Probe, and Aft Sponson Tank (no fuel)

		Fwd. C.G. Limit - Veh.						Aft  C.G. Limt - Veh.						RST-V				Fwd. C.G. Limit - Veh.						Aft C.G. Limit - Veh.

		Load Range in MV-22						Load Range in MV-22						Weight				Load Range in MV-22						Load Range in MV-22

		53258.2774193548		344.50				55408.2774193548		388.00				9000										45511.6		409.00

		52258.2774193548		336.50				54408.2774193548		387.00				8000										44511.6		410.60

		51258.2774193548		326.50				53408.2774193548		385.50				7000										43511.6		412.50

		50258.2774193548		313.00				52408.2774193548		384.00				6000										42511.6		415.50

		50008.2774193548		309.00				52158.2774193548		383.00				5750										42261.6		416.00

		49258.2774193548		309.00				51408.2774193548		381.00				5000										41511.6		420.00

		48258.2774193548		309.00				50408.2774193548		377.00				4000										40511.6		425.00

		47258.2774193548		309.00				49408.2774193548		373.50				3000										39511.6		433.00

		55408.2774193548		388.00										9000				45511.6		409.00

		53258.2774193548		344.50										9000				53258.2774193548		344.50

		49408.2774193548		373.50										3000				39511.6		433.00

		47258.2774193548		309.00										3000				47258.2774193548		309.00

								52600.2774193548		317.00				6192

								52600.2774193548		384.30				6192

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00
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Vehicle & Equipment Weight That Matches MV-22 Block A Most Forward Cargo C.G. Limit (F.S. 309)
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MV-22 Block B

		

		MV-22 - Amphibious Pre-Assault Mission

		Permissible Vehicle Loading C.G. Range

		No Gun, Probe, and Wing Auxilliary Tank

		Fwd. C.G. Limit - Veh.						Aft  C.G. Limt - Veh.						RST-V

		Load Range in MV-22						Load Range in MV-22						Weight

		57625.2226110363		361.50				57625.2226110363		415.50				9000

		56625.2226110363		355.50				56625.2226110363		417.50				8000

		55625.2226110363		347.00				55625.2226110363		421.00				7000

		54625.2226110363		337.50				54625.2226110363		425.00				6000

		53625.2226110363		322.00				53625.2226110363		430.25				5000

		52625.2226110363		309.00				52625.2226110363		435.00				4350

		52975.2226110363		309.00				52975.2226110363		439.50				4000

		51625.2226110363		309.00				51625.2226110363		455.00				3000

				349.40										9000

		57625.2226110363		415.50										9000

		57625.2226110363		361.50										9000

		51625.2226110363		455.00										3000

		51625.2226110363		309.00										3000

								52600.2774193548		312.00				4454.8

								52600.2774193548		434.00				4454.8

								57000		360.5				8854.8

								57000		416.00				8854.8

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00
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Combined A & B

		

																																				3100		3010		4650		315

																																								4650		320

																																								4750		320

																																								4650		325

																																				3220		315		4650		330		3130		398

																																				3420		315		4650		333.4		3330		398

																																				3620		315		4850		333.4		3530		398

																																				3820		315		4650		336.8		3730		398

																																				4020		315		4850		325

																																				4220		315		4850		330

																																				3220		320		4850		336.8		3930		398

																																								5050		325

																																								5050		330

																																								5050		333.4

																																				3420		320		5050		336.8		4130		398

																																								5250		330

																																								5250		333.4

																																				3620		320		5250		336.8		4330		398

																																				3820		320		4650		340.2		4530		398

																																				4020		320		4850		340.2		4730		398

																																				4220		320		5050		340.2		4930		398

																																				3220		325		5250		340.2		5130		398

																																								5450		333.4

																																								5450		336.8

																																				3420		325		5450		340.2		5330		398

																																				3620		325		4650		343.6		5530		398

																																				3820		325		4850		343.6		5730		398

																																				4020		325		5050		343.6		5930		398

																																				4220		325		5250		343.6		6130		398

																																				3220		330		5450		343.6		6330		398

																																				3420		330		5650		343.6		6530		398

																																				3620		330		4650		347		6730		398

																																				3820		330		4850		347		6930		398

																																				4020		330		5050		347		7130		398

																																				4220		330		5250		347		7330		398

																																				3220		335		5450		347		7530		398

																																								5650		336.3

																																								5650		340.2

																																				3420		335		5650		347		7730		398

																																								5850		340.3

																																								5850		343

																																				3620		335		5850		347		7930		398

																																								6050		343

																																				3820		335		6050		347		8130		398

																																				4020		335		4650		350.4		8330		398

																																				4220		335		4850		350.4		8530		398

																																				3220		340		5050		350.4		8730		398

																																				3420		340		5250		350.4		3130		401.4

																																				3620		340		5450		350.4		3330		401.4

																																				3820		340		5650		350.4		3530		401.4

																																				4020		340		5850		350.4		3730		401.4

																																				4220		340		6050		350.4		3930		401.4

																																								6250		343

																																								6250		347

																																				3220		345		6250		350.4		4130		401.4

																																								6450		347

																																				3420		345		6450		350.4		4330		401.4

																																				3620		345		4650		353.8		4530		401.4

																																				3820		345		4850		353.8		4730		401.4

																																				4020		345		5050		353.8		4930		401.4

																																				4220		345		5250		353.8		5130		401.4

																																				3220		350		5450		353.8		5330		401.4

																																				3420		350		5650		353.8		5530		401.4

																																				3620		350		5850		353.8		5730		401.4

																																				3820		350		6050		353.8		5930		401.4

																																				4020		350		6250		353.8		6130		401.4

																																				4220		350		6450		353.8		6330		401.4

																																								6650		347

																																								6650		350.4

																																				3220		355		6650		353.8		6530		401.4

																																				3420		355		4650		357.2		6730		401.4

																																				3620		355		4850		357.2		6930		401.4

																																				3820		355		5050		357.2		7130		401.4

																																				4020		355		5250		357.2		7330		401.4

																																				4220		355		5450		357.2		7530		401.4

																																				3220		360		5650		357.2		7730		401.4

																																				3420		360		5850		357.2		7930		401.4

																																				3620		360		6050		357.2		8130		401.4

																																				3820		360		6250		357.2		8330		401.4

																																				4020		360		6450		357.2		8530		401.4

																																				4220		360		6650		357.2		8730		401.4

																																								6850		350.4

																																								6850		353.8

																																				3220		365		6850		357.2		3130		404.8

																																								7050		353.8

																																				3420		365		7050		357.2		3330		404.8

																																				3620		365		4650		360.6		3530		404.8

																																				3820		365		4850		360.6		3730		404.8

																																				4020		365		5050		360.6		3930		404.8

																																				4220		365		5250		360.6		4130		404.8

																																				3220		370		5450		360.6		4330		404.8

																																				3420		370		5650		360.6		4530		404.8

																																				3620		370		5850		360.6		4730		404.8

																																				3820		370		6050		360.6		4930		404.8

																																				4020		370		6250		360.6		5130		404.8

																																				4220		370		6450		360.6		5330		404.8

																																								6650		360.6		5530		404.8

																																								6850		360.6		5730		404.8

																																								7050		360.6		5930		404.8

																																								7250		353.8

																																								7250		357.2

																																								7250		360.6		6130		404.8

																																								7450		357.2

																																				4020		375		7450		360.6		6330		404.8

																																								7650		357.2

																																				4220		375		7650		360.6		6530		404.8

																																				3220		380		4650		364		6730		404.8

																																				3420		380		4850		364		6930		399.2

																																				3620		380		5050		364		7130		404.8

																																				3820		380		5250		364		7330		404.8

																																				4020		380		5450		364		7530		404.8

																																				4220		380		5650		364		7730		404.8

																																				3220		385		5850		364		7930		404.8

																																				3420		385		6050		364		8130		404.8

																																				3620		385		6250		364		8330		404.8

																																				3820		385		6450		364		8530		404.8

																																				4020		385		6650		364		8730		404.8

																																				4220		385		6850		364		3130		408.2

																																				3220		390		7050		364		3330		408.2

																																				3420		390		7250		364		3530		408.2

																																				3620		390		7450		364		3730		408.2

																																								7650		360.6

																																				3820		390		7650		364		3930		408.2

																																								7850		360.6

																																				4020		390		7850		364		4130		408.2

																																								8050		360.6

																																				4220		390		8050		364		4330		408.2

																																								8250		360.6

																																								8250		364		4530		408.2

																																								4650		367.4		4730		408.2

																																								4850		367.4		4930		408.2

																																								5050		367.4		5130		408.2

																																								5250		367.4		5330		408.2

																																								5450		367.4		5530		408.2

																																								5650		367.4		5730		408.2

																																								5850		367.4		5930		408.2

																																								6050		367.4		6130		408.2

																																								6250		367.4		6330		408.2

																																								6450		367.4		6530		408.2

																																								6650		367.4		6730		408.2

																																								6850		367.4		6930		408.2

																																								7050		367.4		7130		408.2

																																								7250		367.4		7330		408.2

																																								7450		367.4		7530		408.2

																																								7650		367.4		7730		408.2

																																								7850		367.4		7930		408.2

																																								8050		367.4		8130		408.2

																																								8250		367.4		8330		408.2

																																								8450		364

																																								8450		367.4		8530		408.2

																																								8650		364

																																								8650		367.4		8730		408.2

																																								4650		370.8		3130		411.6

																																								4850		370.8		3330		411.6

																																								5050		370.8		3530		411.6

																																								5250		370.8		3730		411.6

																																								5450		370.8		3930		411.6

																																								5650		370.8		4130		411.6

																																								5850		370.8		4330		411.6

																																								6050		370.8		4530		411.6

																																								6250		370.8		4730		411.6

																																								6450		370.8		4930		411.6

																																								6650		370.8		5130		411.6

																																								6850		370.8		5330		411.6

																																								7050		370.8		5530		411.6

																																								7250		370.8		5730		411.6

																																								7450		370.8		5930		411.6

																																								7650		370.8		6130		411.6

																																								7850		370.8		6330		411.6

																																								8050		370.8		6530		411.6

																																								8250		370.8		6730		411.6

																																								8450		370.8		6930		411.6

																																								8650		370.8		7130		411.6

																																								4650		374.2		7330		411.6

																																								4850		374.2		7530		411.6

																																								5050		374.2

																																												3130		383

																																												3330		383

																																												3530		383

																																												3730		383

																																												3930		383

																																												4130		383

																																												4330		383

																																												4530		383

																																												4730		383

																																												4930		383

																																												5130		383

																																												5330		383

																																								5250		374.2

																																												3130		380

																																												3330		380

																																												3530		380

																																												3730		380

																																												3930		380

																																								5450		374.2		4130		380

																																								5650		374.2		4330		380

																																								5850		374.2		4530		380

																																								6050		374.2

																																								6250		374.2		3130		415

																																								6450		374.2		3330		415

																																								6650		374.2		3530		415

																																								6850		374.2		3730		415

																																								7050		374.2		3930		415

																																								7250		374.2		4130		415

																																								7450		374.2		4330		415

																																								7650		374.2		4530		415

																																								7850		374.2		4730		415

																																								8050		374.2		4930		415

																																								8250		374.2		5130		415

																																								8450		374.2		5330		415

																																								8650		374.2		5530		415

																																								4650		377.6		5730		415

																																								4850		377.6		5930		415

																																								5050		377.6		6130		415

																																								5250		377.6

																																								5450		377.6		3130		377

																																								5650		377.6		3330		377

																																								5850		377.6		3530		377

																																								6050		377.6		3730		377

																																								6250		377.6

																																								6450		377.6

																																								6650		377.6

																																								6850		377.6

																																								7050		377.6

																																								7250		377.6

																																								7450		377.6

																																								7650		377.6

																																								7850		377.6		3130		418.4

																																								8050		377.6		3330		418.4

																																								8250		377.6		3530		418.4

																																								8450		377.6		3730		418.4

																																								8650		377.6		3930		418.4

																																												4130		418.4

																																												4330		418.4

																																												4530		418.4

																																								5250		381		4730		418.4

																																								5450		381		4930		418.4

																																								5650		381		5130		418.4

																																								5850		381		5330		418.4

																																								6050		381

																																								6250		381

																																								6450		381

																																								6650		381

																																								6850		381

																																								7050		381

																																								7250		381

																																								7450		381

																																								7650		381

																																								7850		381

																																								8050		381

																																								8250		381		3130		421.8

																																								8450		381		3330		421.8

																																								8650		381		3530		421.8

																																												3730		421.8

																																												3930		421.8

																																												4130		421.8

																																												4330		421.8

																																												4530		421.8

																																												4730		421.8

																																												3130		386

																																												3330		386

																																												3530		386

																																												3730		386

																																												3930		386

																																												4130		386

																																												4330		386

																																												4530		386

																																												4730		386

																																												4930		386

																																												5130		386

																																												5330		386

																																												5530		386

																																												5730		386

																																								6450		384.4		5930		386

																																								6650		384.4		6130		386

																																								6850		384.4		6330		386

																																								7050		384.4		6530		386

																																								7250		384.4

																																								7450		384.4

																																								7650		384.4		3130		425.2

																																								7850		384.4		3330		425.2

																																								8050		384.4		3530		425.2

																																								8250		384.4		3730		425.2

																																								8450		384.4		3930		425.2

																																								8650		384.4

																																												3130		392

																																												3330		392

																																												3530		392

																																												3730		392

																																												3930		392

																																												4130		392

																																												4330		392

																																												4530		392

																																												4730		392

																																												4930		392

																																												5130		392

																																												5330		392

																																												5530		392

																																												5730		392

																																												5930		392

																																												6130		392

																																												6330		392

																																												6530		392

																																												6730		392

																																												6930		392

																																												7130		392

																																								4650		387.8		7330		392

																																								4850		387.8		7530		392

																																								5050		387.8		7730		392

																																								5250		387.8		7930		392

																																								5450		387.8		8130		392

																																								5650		387.8		8330		392

																																								5850		387.8		8530		392

																																								6050		387.8		8730		392

																																								6250		387.8		3130		428.6

																																								6450		387.8		3330		428.6

																																								6650		387.8		3530		428.6

																																								6850		387.8

																																												3130		389

																																												3330		389

																																												3530		389

																																												3730		389

																																												3930		389

																																												4130		389

																																												4330		389

																																												4530		389

																																												4730		389

																																												4930		389

																																												5130		389

																																												5330		389

																																												5530		389

																																								7250		387.8		5730		389

																																								7450		387.8		5930		389

																																								7650		387.8		6130		389

																																								7850		387.8		6330		389

																																								8050		387.8		6530		389

																																												6730		389

																																												6930		389

																																												7130		389

																																												7330		389

																																												7530		389

																																												7730		389

																																												7930		389

																																												8130		389

																																												8330		389

																																												8530		389

																																								8250		387.8		8730		389

																																								8450		387.8		3130		432

																																								8650		387.8

																																								4650		391.2		3130		395

																																								4850		391.2		3330		395

																																								5050		391.2		3530		395

																																								5250		391.2		3730		395

																																								5450		391.2		3930		395

																																								5650		391.2		4130		395

																																								5850		391.2		4330		395

																																								6050		391.2		4530		395

																																								6250		391.2		4730		395

																																								6450		391.2		4930		395

																																								6650		391.2		5130		395

																																								6850		391.2		5330		395

																																								7050		391.2		5530		395

																																								7250		391.2		5730		395

																																								7450		391.2		5930		395

																																								7650		391.2		6130		395

																																								7850		391.2		6330		395

																																								8050		391.2		6530		395

																																								8250		391.2		6730		395

																																								8450		391.2		6930		395

																																												7130		395

																																												7330		395

																																												7530		395

																																												7730		395

																																												7930		395

																																												8130		395

																																												8330		395

																																												8530		395

																																												8730		395

																																								8650		391.2		3330		442.2

																																								7450		360.6		3530		442.2

																																												3730		442.2

																																												3130		445.6

																																												3330		445.6

																																												3530		445.6

																																												3130		449





Combined A & B

		360.5		409		9000		349.4		455		344.5		388		349.4		455		309		361.5		415.5		312		0		0		0		317		360.5

		416		410.6		8000		415.5		309		336.5		387		415.5		309		309		355.5		417.5		434		0		0		0		384.3		416

				412.5		7000		361.5				326.5		385.5		361.5				309		347		421				0		0		0

				415.5		6000						313		384						309		337.5		425				0		0		0

				416		5750						309		383								322		430.25				0		0		0

				420		5000								381								309		435				0		0		0

				425										377								309		439.5				0		0		0

				433										373.5										455				0		0		0

																												0		0		0

																												0		0		0

																												0		0		0
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																														0		0
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Vehicle, Equipment, & Crew
Fwd. C.G. Limt That Matches
MV-22 Fwd. C.G. Limit

Vehicle & Equipment
Aft C.G. Limt That Matches
MV-22 Aft C.G. Limit

Vehicle & Equipment
Aft C.G. limt
That Matches MV-22
Block A Aft C.G. Limit 
with Limited Fuel in Aft
Sponson Tank

Veh. & Equip. Wt. For Block A & B VTOL Max. Weight Limit (52,600 lb.)

Vehicle & Equipment Weight That Matches MV-22 Block A & B Most Forward Cargo C.G. Limit (F.S. 309)

Block A

Block B

Block A

Block B

Veh. & Equip. Wt. For Block B STOL Max. Weight Limit (57,000 lb.)

Block B

Block A

Block A & B Common
Veh. & Equip. Weight & C.G.
VTOL Max Wt. Limit 52,600 lb.

Block A & B Common
Veh. & Equip. Weight & C.G.
STOL Max Wt. Limit 57,000 lb.

Block A (Limited Aft Sponson Fuel) & Block B Common Veh. & Equip. Weight & C.G. - STOL Max Wt. Limit 57,000 lb.

VTOL Wt Limit

Center of Gravity Envelope in MV-22 Block A (in.)
(Vehicle & Equipment)

Weight (lb.)
(Vehicle & Equipment)

Vehicle Loading Center of Gravity Envelope
MV-22 Block A & B  Multi-Mission Capable Amphibious Pre-Assault Mission,
6 240 lb. Crew @ F.S. 540.1, Hoist, No Gun
Block A - No Probe, Aft Sponson Tank       Block B - Probe, Wing Aux. Tanks
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																														377.6

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																														377.6		418.4

																																418.4

																																418.4

																																418.4

																														381

																														381

																														381

																														381

																														381

																														381

																														381

																														381

																														381

																														381

																														381

																														381		421.8

																														381		421.8

																														381		421.8

																														381		421.8

																														381		421.8

																														381		421.8

																														381		421.8

																																421.8

																																421.8

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																																386

																														384.4

																														384.4

																														384.4		425.2

																														384.4		425.2

																														384.4		425.2

																														384.4		425.2

																														384.4		425.2

																														384.4

																														384.4		392

																														384.4		392

																														384.4		392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																392

																																428.6

																																428.6

																																428.6

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																389

																																432

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395

																																395



Vehicle, Equipment, & Crew
Fwd. C.G. Limt That Matches
MV-22 Fwd. C.G. Limit

Vehicle & Equipment
Aft C.G. Limt That Matches
MV-22 Aft C.G. Limit

Vehicle & Equipment
Aft C.G. limt
That Matches MV-22
Block A Aft C.G. Limit 
with Limited Fuel in Aft
Sponson Tank

Veh. & Equip. Wt. For Block A & B VTOL Max. Weight Limit (52,600 lb.)

Vehicle & Equipment Weight That Matches MV-22 Block A & B Most Forward Cargo C.G. Limit (F.S. 309)

Block A

Block B

Block A

Block B

Veh. & Equip. Wt. For Block B STOL Max. Weight Limit (57,000 lb.)

Block B

Block A

Block A & B Common
Veh. & Equip. Weight & C.G.
VTOL Max Wt. Limit 52,600 lb.

Block A & B Common
Veh. & Equip. Weight & C.G.
STOL Max Wt. Limit 57,000 lb.

Block A (Limited Aft Sponson Fuel) & Block B Common Veh. & Equip. Weight & C.G. - STOL Max Wt. Limit 57,000 lb.

VTOL Wt Limit

Center of Gravity Envelope in MV-22 Block A (in.)
(Vehicle & Equipment)

Weight (lb.)
(Vehicle & Equipment)

Vehicle Loading Center of Gravity Envelope
MV-22 Block A & B  Multi-Mission Capable Amphibious Pre-Assault Mission,
6 240 lb. Crew @ F.S. 540.1, Hoist, No Gun
Block A - No Probe, Aft Sponson Tank       Block B - Probe, Wing Aux. Tanks

8854.8

9000

9000

3000

9000

9000

9000

3000

5750

9000

9000

4454.8

3100

4650

3130

6192

8854.8

8854.8

8000

9000

3000

8000

8000

9000

3000

5000

8000

8000

4454.8

4650

3330

6192

8854.8

7000

9000

7000

7000

9000

4000

7000

7000

4750

3530

6000

6000

6000

3000

6000

6000

4650

3730

5750

5750

5750

5000

5000

3220

4650

5000

5000

4350

4350

3420

4650

4000

4000

4000

4000

3620

4850

3930

3000

3000

3000

3820

4650

4020

4850

4220

4850

3220

4850

4130

5050

5050

5050

4330

3420

5050

4530

5250

4730

5250

4930

3620

5250

5130

3820

4650

4020

4850

4220

5050

3220

5250

5330

5530

5450

5730

5450

5930

3420

5450

6130

3620

4650

6330

3820

4850

6530

4020

5050

6730

4220

5250

6930

3220

5450

7130

3420

5650

7330

3620

4650

7530

3820

4850

4020

5050

4220

5250

7730

3220

5450

5650

5650

7930

3420

5650

5850

8130

5850

8330

3620

5850

8530

6050

8730

3820

6050

3130

4020

4650

3330

4220

4850

3530

3220

5050

3730

3420

5250

3930

3620

5450

3820

5650

4020

5850

4130

4220

6050

6250

4330

6250

4530

3220

6250

4730

6450

4930

3420

6450

5130

3620

4650

5330

3820

4850

5530

4020

5050

5730

4220

5250

5930

3220

5450

6130

3420

5650

6330

3620

5850

3820

6050

4020

6250

6530

4220

6450

6730

6650

6930

6650

7130

3220

6650

7330

3420

4650

7530

3620

4850

7730

3820

5050

7930

4020

5250

8130

4220

5450

8330

3220

5650

8530

3420

5850

8730

3620

6050

3820

6250

4020

6450

3130

4220

6650

6850

3330

6850

3530

3220

6850

3730

7050

3930

3420

7050

4130

3620

4650

4330

3820

4850

4530

4020

5050

4730

4220

5250

4930

3220

5450

5130

3420

5650

5330

3620

5850

5530

3820

6050

5730

4020

6250

5930

4220

6450

6650

6850

6130

7050

7250

6330

7250

7250

6530

7450

6730

4020

7450

6930

7650

7130

4220

7650

7330

4650

7530

4850

7730

5050

7930

5250

8130

5450

8330

5650

8530

5850

8730

6050

3130

6250

3330

6450

3530

6650

3730

6850

7050

3930

7250

7450

4130

7650

7650

4330

7850

7850

4530

8050

4730

8050

4930

8250

5130

8250

5330

4650

5530

4850

5730

5050

5930

5250

6130

5450

6330

5650

6530

5850

6730

6050

6930

6250

7130

6450

7330

6650

7530

6850

7730

7050

7930

7250

8130

7450

8330

7650

7850

8530

8050

8250

8730

8450

3130

8450

3330

8650

3530

8650

3730

4650

3930

4850

4130

5050

4330

5250

4530

5450

4730

5650

4930

5850

5130

6050

5330

6250

5530

6450

5730

6650

5930

6850

6130

7050

6330

7250

6530

7450

6730

7650

6930

7850

7130

8050

7330

8250

7530

8450

8650

4650

3130

4850

3330

5050

3530

3730

3930

4130

4330

4530

4730

4930

5130

5330

3130

3330

3530

5250

3730

3930

4130

4330

4530

5450

3130

5650

3330

5850

3530

6050

3730

6250

3930

6450

4130

6650

4330

6850

4530

7050

4730

7250

4930

7450

5130

7650

5330

7850

5530

8050

5730

8250

5930

8450

6130

8650

4650

3130

4850

3330

5050

3530

5250

3730

5450

5650

5850

6050

6250

6450

6650

6850

7050

3130

7250

3330

7450

3530

7650

3730

7850

3930

8050

4130

8250

4330

8450

4530

8650

4730

4930

5130

5330

5250

5450

5650

5850

6050

6250

6450

6650

6850

7050

7250

7450

3130

7650

3330

7850

3530

8050

3730

8250

3930

8450

4130

8650

4330

4530

4730

3130

3330

3530

3730

3930

4130

4330

4530

4730

4930

5130

5330

5530

5730

5930

6130

6330

6530

6450

6650

6850

3130

7050

3330

7250

3530

7450

3730

7650

3930

7850

8050

3130

8250

3330

8450

3530

3730

3930

4130

4330

4530

4730

4930

5130

5330

5530

5730

5930

6130

6330

6530

6730

6930

7130

7330

7530

7730

7930

8130

8330

8530

8730

3130

3330

3530

3130

3330

3530

3730

3930

4130

4330

4530

4730

4930

5130

5330

5530

5730

5930

6130

6330

6530

6730

6930

7130

7330

7530

7730

7930

8130

8330

8530

8730

3130

3130

3330

3530

3730

3930

4130

4330

4530

4730

4930

5130

5330

5530

5730

5930

6130

6330

6530

6730

6930

7130

7330

7530

7730

7930

8130

8330

8530

8730



MV-22 Block A

		

		MV-22 - Amphibious Pre-Assault Mission																MV-22 - Amphibious Pre-Assault Mission

		Permissible Vehicle Loading C.G. Range																Permissible Vehicle Loading C.G. Range

		No Gun, No Probe, and Aft Sponson Tank																No Gun, No Probe, and Aft Sponson Tank (no fuel)

		Fwd. C.G. Limit - Veh.						Aft  C.G. Limt - Veh.						RST-V				Fwd. C.G. Limit - Veh.						Aft C.G. Limit - Veh.

		Load Range in MV-22						Load Range in MV-22						Weight				Load Range in MV-22						Load Range in MV-22

		53258.2774193548		344.50				55408.2774193548		388.00				9000										45511.6		409.00

		52258.2774193548		336.50				54408.2774193548		387.00				8000										44511.6		410.60

		51258.2774193548		326.50				53408.2774193548		385.50				7000										43511.6		412.50

		50258.2774193548		313.00				52408.2774193548		384.00				6000										42511.6		415.50

		50008.2774193548		309.00				52158.2774193548		383.00				5750										42261.6		416.00

		49258.2774193548		309.00				51408.2774193548		381.00				5000										41511.6		420.00

		48258.2774193548		309.00				50408.2774193548		377.00				4000										40511.6		425.00

		47258.2774193548		309.00				49408.2774193548		373.50				3000										39511.6		433.00

		55408.2774193548		388.00										9000				45511.6		409.00

		53258.2774193548		344.50										9000				53258.2774193548		344.50

		49408.2774193548		373.50										3000				39511.6		433.00

		47258.2774193548		309.00										3000				47258.2774193548		309.00

								52600.2774193548		317.00				6192

								52600.2774193548		384.30				6192

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00



&RK. Barr   5/10/99



MV-22 Block A

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0						0		0								0

		0		0						0		0								0

		0		0						0		0

		0		0								0

		0										0

		0										0



Vehicle, Equipment, & Crew
Fwd. C.G. Limt That Matches
MV-22 Fwd. C.G. Limit

Vehicle & Equipment
Aft C.G. Limt That Matches
MV-22 Aft C.G. Limit

Vehicle & Equipment
Aft C.G. limt
That Matches MV-22
Aft C.G. Limit with
Limited Fuel in Aft
Sponson Tank

Vehicle & Equipment Weight
That Matches MV-22 Block A Maximum VTOLWeight Limit (52,600 lb.) with Full Aft Sponson Tank (9850 lb. Total Fuel Wt.)

Vehicle & Equipment Weight That Matches MV-22 Block A Most Forward Cargo C.G. Limit (F.S. 309)

VTOL Wt Limit

Center of Gravity Envelope in MV-22 Block A (in.)
(Vehicle & Equipment)

Weight (lb.)
(Vehicle & Equipment)

Vehicle Loading Center of Gravity Envelope
MV-22 Block A  Multi-Mission Capable Amphibious Pre-Assault Mission,
6 240 lb. Crew @ F.S. 540.1, Hoist, No Gun, No Probe, and Aft Sponson Tank

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



MV-22 Block B

		

		MV-22 - Amphibious Pre-Assault Mission

		Permissible Vehicle Loading C.G. Range

		No Gun, Probe, and Wing Auxilliary Tank

		Fwd. C.G. Limit - Veh.						Aft  C.G. Limt - Veh.						RST-V

		Load Range in MV-22						Load Range in MV-22						Weight

		57625.2226110363		361.50				57625.2226110363		415.50				9000

		56625.2226110363		355.50				56625.2226110363		417.50				8000

		55625.2226110363		347.00				55625.2226110363		421.00				7000

		54625.2226110363		337.50				54625.2226110363		425.00				6000

		53625.2226110363		322.00				53625.2226110363		430.25				5000

		52625.2226110363		309.00				52625.2226110363		435.00				4350

		52975.2226110363		309.00				52975.2226110363		439.50				4000

		51625.2226110363		309.00				51625.2226110363		455.00				3000

				349.40										9000

		57625.2226110363		415.50										9000

		57625.2226110363		361.50										9000

		51625.2226110363		455.00										3000

		51625.2226110363		309.00										3000

								52600.2774193548		312.00				4454.8

								52600.2774193548		434.00				4454.8

								57000		360.5				8854.8

								57000		416.00				8854.8

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00

																		0.0		0.00				0.0		0.00



&RK. Barr   5/10/99



MV-22 Block B

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0						0		0								0

		0						0		0

		0						0		0

		0						0		0

										0

										0



Vehicle, Equipment, & Crew
Fwd. C.G. Limt That Matches
MV-22 Fwd. C.G. Limit

Vehicle & Equipment
Aft C.G. Limt That Matches
MV-22 Aft C.G. Limit

Vehicle & Equipment Weight
That Matches MV-22 Block B
Maximum VTOLWeight Limit (52,600 lb.)
with Full Fuel (11,700 lb. Total Fuel Wt. )

Vehicle & Equipment Weight That Matches MV-22 Block B Most
Forward Cargo C.G. Limit (F.S. 309)

Vehicle & Equipment Weight
That Matches MV-22 Block B
Maximum VTOLWeight Limit (57,000 lb.)
with Full Fuel (11,700 lb. Total Fuel Wt. )

VTOL Wt Limit

STOL Wt Limit

Center of Gravity Envelope in MV-22 Block B (in.)
(Vehicle & Equipment)

Weight (lb.)
(Vehicle & Equipment)

Vehicle Loading Center of Gravity Envelope
MV-22 Block B  Multi-Mission Capable Amphibious Pre-Assault Mission,
6 240 lb. Crew @ F.S. 540.1, Hoist, No Gun, Probe, and Wing Auxilliary Tanks

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Combined A & B

		

																																				3100		3010		4650		315

																																								4650		320

																																								4750		320

																																								4650		325

																																				3220		315		4650		330		3130		398

																																				3420		315		4650		333.4		3330		398

																																				3620		315		4850		333.4		3530		398

																																				3820		315		4650		336.8		3730		398

																																				4020		315		4850		325

																																				4220		315		4850		330

																																				3220		320		4850		336.8		3930		398

																																								5050		325

																																								5050		330

																																								5050		333.4

																																				3420		320		5050		336.8		4130		398

																																								5250		330

																																								5250		333.4

																																				3620		320		5250		336.8		4330		398

																																				3820		320		4650		340.2		4530		398

																																				4020		320		4850		340.2		4730		398

																																				4220		320		5050		340.2		4930		398

																																				3220		325		5250		340.2		5130		398

																																								5450		333.4

																																								5450		336.8

																																				3420		325		5450		340.2		5330		398

																																				3620		325		4650		343.6		5530		398

																																				3820		325		4850		343.6		5730		398

																																				4020		325		5050		343.6		5930		398

																																				4220		325		5250		343.6		6130		398

																																				3220		330		5450		343.6		6330		398

																																				3420		330		5650		343.6		6530		398

																																				3620		330		4650		347		6730		398

																																				3820		330		4850		347		6930		398

																																				4020		330		5050		347		7130		398

																																				4220		330		5250		347		7330		398

																																				3220		335		5450		347		7530		398

																																								5650		336.3

																																								5650		340.2

																																				3420		335		5650		347		7730		398

																																								5850		340.3

																																								5850		343

																																				3620		335		5850		347		7930		398

																																								6050		343

																																				3820		335		6050		347		8130		398

																																				4020		335		4650		350.4		8330		398

																																				4220		335		4850		350.4		8530		398

																																				3220		340		5050		350.4		8730		398

																																				3420		340		5250		350.4		3130		401.4

																																				3620		340		5450		350.4		3330		401.4

																																				3820		340		5650		350.4		3530		401.4

																																				4020		340		5850		350.4		3730		401.4

																																				4220		340		6050		350.4		3930		401.4

																																								6250		343

																																								6250		347

																																				3220		345		6250		350.4		4130		401.4

																																								6450		347

																																				3420		345		6450		350.4		4330		401.4

																																				3620		345		4650		353.8		4530		401.4

																																				3820		345		4850		353.8		4730		401.4

																																				4020		345		5050		353.8		4930		401.4

																																				4220		345		5250		353.8		5130		401.4

																																				3220		350		5450		353.8		5330		401.4

																																				3420		350		5650		353.8		5530		401.4

																																				3620		350		5850		353.8		5730		401.4

																																				3820		350		6050		353.8		5930		401.4

																																				4020		350		6250		353.8		6130		401.4

																																				4220		350		6450		353.8		6330		401.4

																																								6650		347

																																								6650		350.4

																																				3220		355		6650		353.8		6530		401.4

																																				3420		355		4650		357.2		6730		401.4

																																				3620		355		4850		357.2		6930		401.4

																																				3820		355		5050		357.2		7130		401.4

																																				4020		355		5250		357.2		7330		401.4

																																				4220		355		5450		357.2		7530		401.4

																																				3220		360		5650		357.2		7730		401.4

																																				3420		360		5850		357.2		7930		401.4

																																				3620		360		6050		357.2		8130		401.4

																																				3820		360		6250		357.2		8330		401.4

																																				4020		360		6450		357.2		8530		401.4

																																				4220		360		6650		357.2		8730		401.4

																																								6850		350.4

																																								6850		353.8

																																				3220		365		6850		357.2		3130		404.8

																																								7050		353.8

																																				3420		365		7050		357.2		3330		404.8

																																				3620		365		4650		360.6		3530		404.8

																																				3820		365		4850		360.6		3730		404.8

																																				4020		365		5050		360.6		3930		404.8

																																				4220		365		5250		360.6		4130		404.8

																																				3220		370		5450		360.6		4330		404.8

																																				3420		370		5650		360.6		4530		404.8

																																				3620		370		5850		360.6		4730		404.8

																																				3820		370		6050		360.6		4930		404.8

																																				4020		370		6250		360.6		5130		404.8

																																				4220		370		6450		360.6		5330		404.8

																																								6650		360.6		5530		404.8

																																								6850		360.6		5730		404.8

																																								7050		360.6		5930		404.8

																																								7250		353.8

																																								7250		357.2

																																								7250		360.6		6130		404.8

																																								7450		357.2

																																				4020		375		7450		360.6		6330		404.8

																																								7650		357.2

																																				4220		375		7650		360.6		6530		404.8

																																				3220		380		4650		364		6730		404.8

																																				3420		380		4850		364		6930		399.2

																																				3620		380		5050		364		7130		404.8

																																				3820		380		5250		364		7330		404.8

																																				4020		380		5450		364		7530		404.8

																																				4220		380		5650		364		7730		404.8

																																				3220		385		5850		364		7930		404.8

																																				3420		385		6050		364		8130		404.8

																																				3620		385		6250		364		8330		404.8

																																				3820		385		6450		364		8530		404.8

																																				4020		385		6650		364		8730		404.8

																																				4220		385		6850		364		3130		408.2

																																				3220		390		7050		364		3330		408.2

																																				3420		390		7250		364		3530		408.2

																																				3620		390		7450		364		3730		408.2

																																								7650		360.6

																																				3820		390		7650		364		3930		408.2

																																								7850		360.6

																																				4020		390		7850		364		4130		408.2

																																								8050		360.6

																																				4220		390		8050		364		4330		408.2

																																								8250		360.6

																																								8250		364		4530		408.2

																																								4650		367.4		4730		408.2

																																								4850		367.4		4930		408.2

																																								5050		367.4		5130		408.2

																																								5250		367.4		5330		408.2

																																								5450		367.4		5530		408.2

																																								5650		367.4		5730		408.2

																																								5850		367.4		5930		408.2

																																								6050		367.4		6130		408.2

																																								6250		367.4		6330		408.2

																																								6450		367.4		6530		408.2

																																								6650		367.4		6730		408.2

																																								6850		367.4		6930		408.2

																																								7050		367.4		7130		408.2

																																								7250		367.4		7330		408.2

																																								7450		367.4		7530		408.2

																																								7650		367.4		7730		408.2

																																								7850		367.4		7930		408.2

																																								8050		367.4		8130		408.2

																																								8250		367.4		8330		408.2

																																								8450		364

																																								8450		367.4		8530		408.2

																																								8650		364

																																								8650		367.4		8730		408.2

																																								4650		370.8		3130		411.6

																																								4850		370.8		3330		411.6

																																								5050		370.8		3530		411.6

																																								5250		370.8		3730		411.6

																																								5450		370.8		3930		411.6

																																								5650		370.8		4130		411.6

																																								5850		370.8		4330		411.6

																																								6050		370.8		4530		411.6

																																								6250		370.8		4730		411.6

																																								6450		370.8		4930		411.6

																																								6650		370.8		5130		411.6

																																								6850		370.8		5330		411.6

																																								7050		370.8		5530		411.6

																																								7250		370.8		5730		411.6

																																								7450		370.8		5930		411.6

																																								7650		370.8		6130		411.6

																																								7850		370.8		6330		411.6

																																								8050		370.8		6530		411.6

																																								8250		370.8		6730		411.6

																																								8450		370.8		6930		411.6

																																								8650		370.8		7130		411.6

																																								4650		374.2		7330		411.6

																																								4850		374.2		7530		411.6

																																								5050		374.2

																																												3130		383

																																												3330		383

																																												3530		383

																																												3730		383

																																												3930		383

																																												4130		383

																																												4330		383

																																												4530		383

																																												4730		383

																																												4930		383

																																												5130		383

																																												5330		383

																																								5250		374.2

																																												3130		380

																																												3330		380

																																												3530		380

																																												3730		380

																																												3930		380

																																								5450		374.2		4130		380

																																								5650		374.2		4330		380

																																								5850		374.2		4530		380

																																								6050		374.2

																																								6250		374.2		3130		415

																																								6450		374.2		3330		415

																																								6650		374.2		3530		415

																																								6850		374.2		3730		415

																																								7050		374.2		3930		415

																																								7250		374.2		4130		415

																																								7450		374.2		4330		415

																																								7650		374.2		4530		415

																																								7850		374.2		4730		415

																																								8050		374.2		4930		415

																																								8250		374.2		5130		415

																																								8450		374.2		5330		415

																																								8650		374.2		5530		415

																																								4650		377.6		5730		415

																																								4850		377.6		5930		415

																																								5050		377.6		6130		415

																																								5250		377.6

																																								5450		377.6		3130		377

																																								5650		377.6		3330		377

																																								5850		377.6		3530		377

																																								6050		377.6		3730		377

																																								6250		377.6

																																								6450		377.6

																																								6650		377.6

																																								6850		377.6

																																								7050		377.6

																																								7250		377.6

																																								7450		377.6

																																								7650		377.6

																																								7850		377.6		3130		418.4

																																								8050		377.6		3330		418.4

																																								8250		377.6		3530		418.4

																																								8450		377.6		3730		418.4

																																								8650		377.6		3930		418.4

																																												4130		418.4

																																												4330		418.4

																																												4530		418.4

																																								5250		381		4730		418.4

																																								5450		381		4930		418.4

																																								5650		381		5130		418.4

																																								5850		381		5330		418.4

																																								6050		381

																																								6250		381

																																								6450		381

																																								6650		381

																																								6850		381

																																								7050		381

																																								7250		381

																																								7450		381

																																								7650		381

																																								7850		381

																																								8050		381

																																								8250		381		3130		421.8

																																								8450		381		3330		421.8

																																								8650		381		3530		421.8

																																												3730		421.8

																																												3930		421.8

																																												4130		421.8

																																												4330		421.8

																																												4530		421.8

																																												4730		421.8

																																												3130		386

																																												3330		386

																																												3530		386

																																												3730		386

																																												3930		386

																																												4130		386

																																												4330		386

																																												4530		386

																																												4730		386

																																												4930		386

																																												5130		386

																																												5330		386

																																												5530		386

																																												5730		386

																																								6450		384.4		5930		386

																																								6650		384.4		6130		386

																																								6850		384.4		6330		386

																																								7050		384.4		6530		386

																																								7250		384.4

																																								7450		384.4

																																								7650		384.4		3130		425.2

																																								7850		384.4		3330		425.2

																																								8050		384.4		3530		425.2

																																								8250		384.4		3730		425.2

																																								8450		384.4		3930		425.2

																																								8650		384.4

																																												3130		392

																																												3330		392

																																												3530		392

																																												3730		392

																																												3930		392

																																												4130		392

																																												4330		392

																																												4530		392

																																												4730		392

																																												4930		392

																																												5130		392

																																												5330		392

																																												5530		392

																																												5730		392

																																												5930		392

																																												6130		392

																																												6330		392

																																												6530		392

																																												6730		392

																																												6930		392

																																												7130		392

																																								4650		387.8		7330		392

																																								4850		387.8		7530		392

																																								5050		387.8		7730		392

																																								5250		387.8		7930		392

																																								5450		387.8		8130		392

																																								5650		387.8		8330		392

																																								5850		387.8		8530		392

																																								6050		387.8		8730		392

																																								6250		387.8		3130		428.6

																																								6450		387.8		3330		428.6

																																								6650		387.8		3530		428.6

																																								6850		387.8

																																												3130		389

																																												3330		389

																																												3530		389

																																												3730		389

																																												3930		389

																																												4130		389

																																												4330		389

																																												4530		389

																																												4730		389

																																												4930		389

																																												5130		389

																																												5330		389

																																												5530		389

																																								7250		387.8		5730		389

																																								7450		387.8		5930		389

																																								7650		387.8		6130		389

																																								7850		387.8		6330		389

																																								8050		387.8		6530		389

																																												6730		389

																																												6930		389

																																												7130		389

																																												7330		389

																																												7530		389

																																												7730		389

																																												7930		389

																																												8130		389

																																												8330		389

																																												8530		389

																																								8250		387.8		8730		389

																																								8450		387.8		3130		432

																																								8650		387.8

																																								4650		391.2		3130		395

																																								4850		391.2		3330		395

																																								5050		391.2		3530		395

																																								5250		391.2		3730		395

																																								5450		391.2		3930		395

																																								5650		391.2		4130		395

																																								5850		391.2		4330		395

																																								6050		391.2		4530		395

																																								6250		391.2		4730		395

																																								6450		391.2		4930		395

																																								6650		391.2		5130		395

																																								6850		391.2		5330		395

																																								7050		391.2		5530		395

																																								7250		391.2		5730		395

																																								7450		391.2		5930		395

																																								7650		391.2		6130		395

																																								7850		391.2		6330		395

																																								8050		391.2		6530		395

																																								8250		391.2		6730		395

																																								8450		391.2		6930		395

																																												7130		395

																																												7330		395

																																												7530		395

																																												7730		395

																																												7930		395

																																												8130		395

																																												8330		395

																																												8530		395

																																												8730		395

																																								8650		391.2		3330		442.2

																																								7450		360.6		3530		442.2

																																												3730		442.2

																																												3130		445.6

																																												3330		445.6

																																												3530		445.6

																																												3130		449





Combined A & B

		360.5		409		9000		349.4		455		344.5		388		349.4		455		309		361.5		415.5		312		0		0		0		317		360.5

		416		410.6		8000		415.5		309		336.5		387		415.5		309		309		355.5		417.5		434		0		0		0		384.3		416

				412.5		7000		361.5				326.5		385.5		361.5				309		347		421				0		0		0

				415.5		6000						313		384						309		337.5		425				0		0		0

				416		5750						309		383								322		430.25				0		0		0

				420		5000								381								309		435				0		0		0

				425										377								309		439.5				0		0		0

				433										373.5										455				0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0

																												0		0		0
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Vehicle, Equipment, & Crew
Fwd. C.G. Limt That Matches
MV-22 Fwd. C.G. Limit

Vehicle & Equipment
Aft C.G. Limt That Matches
MV-22 Aft C.G. Limit

Vehicle & Equipment
Aft C.G. limt
That Matches MV-22
Block A Aft C.G. Limit 
with Limited Fuel in Aft
Sponson Tank

Veh. & Equip. Wt. For Block A & B VTOL Max. Weight Limit (52,600 lb.)

Vehicle & Equipment Weight That Matches MV-22 Block A & B Most Forward Cargo C.G. Limit (F.S. 309)

Block A

Block B

Block A

Block B

Veh. & Equip. Wt. For Block B STOL Max. Weight Limit (57,000 lb.)

Block B

Block A

Block A & B Common
Veh. & Equip. Weight & C.G.
VTOL Max Wt. Limit 52,600 lb.

Block A & B Common
Veh. & Equip. Weight & C.G.
STOL Max Wt. Limit 57,000 lb.

Block A (Limited Aft Sponson Fuel) & Block B Common Veh. & Equip. Weight & C.G. - STOL Max Wt. Limit 57,000 lb.

VTOL Wt Limit

Center of Gravity Envelope in MV-22 Block A (in.)
(Vehicle & Equipment)

Weight (lb.)
(Vehicle & Equipment)

Vehicle Loading Center of Gravity Envelope
MV-22 Block A & B  Multi-Mission Capable Amphibious Pre-Assault Mission,
6 240 lb. Crew @ F.S. 540.1, Hoist, No Gun
Block A - No Probe, Aft Sponson Tank       Block B - Probe, Wing Aux. Tanks
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