Title: POLYURETHANE FOAM FOR EXPLOSION MITIGATION IN MILITARY GROUND VEHICLES

Test Plan:

The U.S. Army Aberdeen Test Center (ATC) will conduct all testing associated with this effort.  All testing shall occur using JP-8 fuel.
Inspection:

Inspect all fuel storage vessels for damage and for any application of non polyurethane foam; non polyurethane foam based solutions will not be tested.
Temperature and Motion Sensitivity Evaluation:

A.
In test cells simulating part MIL-C-53109, evaluate fuel saturated samples for temperature and vibration sensitivity by exposing samples to ten (10) alternating temperature cycles (-50 oF to 120 oF).  Samples will be held at each temperature extreme for one (1) hour, allowed to cool/warm to room temperature (77 oF) naturally, before being held at the opposite temperature extreme.  During the natural cooling/heating portion of the test samples will be subjected to external stimulus simulating vehicle motion.
Record the results of each test to include an analysis of fuel/sample interaction, and material volume expansion/reduction.
Fuel Flow Through Evaluation:
A.
The cold fuel temperature shall be 10 oF to 15 oF above the pour point of the fuel during this test, and the hot fuel temperature shall be 120 oF.
1. Starting from room temperature (77 oF) pour hot fuel through a six (6) inch sample of each material solution; record the fuel volume throughput, the time elapsed, and the temperature of the throughput volume. 
Record the results of each test to include an analysis of fuel/sample interaction, and material volume expansion/reduction.
B. Repeat A1 of this section using cold fuel.

Record the results of each test to include an analysis of fuel/sample interaction, and material volume expansion/reduction.

Moisture, Microbial, Fuel Compatibility/Displacement Evaluation:

A.
Prior to testing each sample shall be aerated for at least one week at 80 oF.  After aeration each sample shall be saturated with room temperature (77 oF) JP-8 fuel prior to testing by submersion in a known volume of fuel for ten (10) minutes.  The temperature of the fuel will be tracked for evidence of fuel/sample exothermic reaction and the test cell monitored for electrical activity.  The volume of fuel that isn’t absorbed shall be recorded and reported – the volume of fuel remaining must be greater than zero.
1. Three test cells without foam will be used to establish baselines for the fuel; the fuel volume in a baseline test cell will be ¼ to ⅓ of the total volume.  For at least four (4) months of the total performance period test a sample of each material solution for compatibility with JP-8 fuel in sanitized test cells simulating part MIL-C-53109; test one sample per test cell.  During testing the test temperature will be 77 oF and all test cells, including the baseline test cells, will be aerated with unfiltered atmospheric air at least once every two (2) days, and samples immersed ¼ to ⅓ in liquid fuel during testing.  Replenish test cell fuel as needed.
Record the results of each test to include: an analysis of microbial and fungal growth, solid particle formation (wax and particulates), moisture retention, and fuel/sample interaction.  The test record will include start of test/end of test digital photos of test samples, and air temperature and humidity readings for each instance of aeration.
B.
Prior to testing each sample shall be aerated for at least one week at 80 oF.  After aeration each sample shall be saturated with room temperature (77 oF) JP-8 fuel prior to testing by submersion in a known volume of fuel for ten (10) minutes.  The temperature of the fuel will be tracked for evidence of fuel/sample exothermic reaction and the test cell monitored for electrical activity.  The volume of fuel that isn’t absorbed shall be recorded and reported – the volume of fuel remaining must be greater than zero.
1. Three test cells without foam will be used to establish baselines for the fuel; the fuel volume in a baseline test cell will be ¼ to ⅓ of the total volume.  For at least four (4) months of the total performance period test a sample of each material solution for compatibility with JP-8 fuel in sanitized test cells simulating part MIL-C-53109; test one sample per test cell.  During testing the test temperature will be 77 oF and all test cells, including the baseline test cells, will be sealed.  Samples will be sealed in there respective test cell immersed ¼ to ⅓ in liquid fuel.  Test cells will remain sealed until the end of the test period.

Record the results of each test to include: an analysis of microbial and fungal growth, solid particle formation (wax and particulates), and fuel/sample interaction.  The test record will include start of test/end of test digital photos of test samples, and the humidity at the time testing began.
Penetration & Fuel Discharge Evaluation:

Each fuel storage device tested will have at a minimum a potential ignition region consisting of atmospheric air and JP-8 fuel vapor, the later will constitute 40% of the total volume.  For primary fuel storage devices the temperature of this mixture shall be the higher of the flash point of the fuel or the fuel temperature found in the ground vehicle operating in a 120 oF environment.  For supplemental fuel storage devices the temperature of this mixture shall be the higher of 120 oF or the flash point of the fuel.

A.
Without polyurethane foam present establish penetration and fuel discharge baselines: 
1. First Test: Fire a 7.62 mm API round into the liquid fuel region contained in a part 5582606 and a part MIL-C-53109 – the round fired shall not enter the fuel vapor region.  After ten (10) seconds have elapsed a second round is to be fired so that the round passes through the fuel vapor region contained in a part 5582606 and a part MIL-C-53109 before passing through the liquid fuel.  If the fuel storage device is devoid of liquid fuel after the first round, continue testing using the entry and exit planes of the first round as references for the next round.
2. Second Test: Fire a 7.62 mm API round into the fuel vapor region contained in a part 5582606 and a part MIL-C-53109 – the round fired shall not enter the liquid fuel region.  After ten (10) seconds have elapsed a second round is to be fired so that the round passes through the fuel vapor region contained in a part 5582606 and a part MIL-C-53109 before passing through the liquid fuel.
3. Third Test: Fire a 7.62 mm API round into a part 5582606 and a part MIL-C-53109 so that the round passes through the fuel vapor region contained in a part 5582606 and a part MIL-C-53109 before passing through the liquid fuel.  After ten (10) seconds have elapsed a second round is to be fired so that the round passes through the fuel vapor region contained in a part 5582606 and a part MIL-C-53109 before passing through the liquid fuel.  If the fuel storage device is devoid of liquid fuel after the first round, continue testing using the entry and exit planes of the first round as references for the next round.
4. Fourth Test: Expose a part 5582606 and a part MIL-C-53109 to a shrapnel producing explosive device.
Prior to testing, baseline fuel storage devices shall be aerated until the vapor above the liquid fuel is approximately stoichiometric.
Record the results of each test, and when the risk of personal harm is determined to be non existent measure and record fuel losses.  The test record will include the empty weight of each tested device, and the results of one non destructive surface deflection test for an empty part 5582606 and empty part MIL-C-53109.
B.
Minimum Threat (two instances): Evaluate material solutions prepared and provided for explosion mitigation and fuel discharge testing in the manner specified in A1 to A3 of this section, even if a manufacturer indicates that its product does not provide protection against consecutive minimum threats.  Prior to testing, polyurethane filled  fuel storage devices will be filled to capacity, drained to the appropriate fuel level, and aerated until the vapor above the liquid fuel is approximately stoichiometric.
Record the results of each test, and when the risk of personal harm is determined to be non existent measure and record fuel losses.  The test record will include the weight of each tested device, and for each foam type the results of one non destructive surface deflection test for a foam filled part 5582606 and a foam filled part MIL-C-53109.  Also note any adverse impact associated with filling polyurethane filled parts 5582606 and polyurethane filled parts MIL-C-53109 (reduce fuel inflow, dislodging material).
C.
Minimum Threat (three or more instances): When a manufacturer indicates that a material solution is capable of providing protection against three or more consecutive minimum threat instances, testing of the first two (2) instances will be in accordance with A1 to A3 of this section.  Evaluation of the remaining threat instances, up to a maximum of three (3) additional instances, will be in accordance with A3 at ten (10) second intervals.  Prior to testing,  polyurethane filled fuel storage devices will be filled to capacity, drained to the appropriate fuel level, and aerated until the vapor above the liquid fuel is approximately stoichiometric.
Record the results of each test, and when the risk of personal harm is determined to be non existent measure and record fuel losses.  The test record will include the weight of each tested device, and for each foam type the results of one non destructive surface deflection test for a foam filled part 5582606 and a foam filled part MIL-C-53109.  Also note any adverse impact associated with filling polyurethane filled parts 5582606 and polyurethane filled parts MIL-C-53109 (reduce fuel inflow, dislodging material).
D.
High Threat: Evaluate material solutions prepared and provided for explosion mitigation and fuel discharge testing in the manner specified in A4 of this section.  Prior to testing, polyurethane filled fuel storage devices will be filled to capacity, drained to the appropriate fuel level, and aerated until the vapor above the liquid fuel is approximately stoichiometric.
Record the results of each test, and when the risk of personal harm is determined to be non existent measure and record fuel losses.  The test record will include the weight of each tested device, and for each foam type the results of one non destructive surface deflection test for a foam filled part 5582606 and a foam filled part MIL-C-53109.  Also note any adverse impact associated with filling polyurethane filled parts 5582606 and polyurethane filled parts MIL-C-53109 (reduce fuel inflow, dislodging material).
Deliverables:

1. A written report in electronic form on Microsoft compatible media addressing the required components of the Test Plan, to include:
· describing the effectiveness or ineffectiveness of polyurethane foam as an explosion mitigation solution in military ground vehicles,
· a digital video record of all fuel tank penetration testing to include before and after digital photos,
· start of test/end of test digital photos of samples used to assess microbial resistance, and 

· data as requested in the Test Plan.
Acceptance Criteria:
The objective of this effort is to provide the U.S. Army Tank Automotive and Armaments Command with information (see Deliverables) for the purpose of evaluating the suitability of polyurethane foam as an explosion mitigation solution in military ground vehicles.  Thus, deliverables will be marked For Official Use Only (FOUO).
Performance Period:

Unless extended.  The performance period is six (6) months from the date of acceptance or receipt of the first material shipment(s) from a contractor, whichever is later.
Supplies:
The U.S. Army Tank Automotive and Armaments Command will supply information relevant to this effort, and four (4) part 5582606 (NSN 2910-01-263-3224, “Tank Assembly”) and four (4) part MIL-C-53109 (NSN 7240-01-337-5269, “CAN: fuel, steel, MIL type, 5 gal.”) to the test facility from which to establish test baselines for the minimum threat (7.62 mm API) and explosive device.
The U.S. Army Tank Automotive and Armaments Command will contract to procure polyurethane foam and polyurethane foam filled fuel storage devices, part 5582606 and part MIL-C-53109, for evaluation and testing.  An offeror is responsible for preparing and installing polyurethane foam into Government Furnished Equipment (GFE), and delivering that material for evaluation and testing; all material submitted becomes the property of the Government.
The U.S. Army Tank Automotive and Armaments Command will procure JP-8 fuel for this effort.
Data Requirements:

See Test Plan Deliverables. Not Applicable to offerors.
Data Item Description (DID):

Not Applicable to offerors.

The Government test facility may refer to DI-MISC-80711A and DI-MISC-81275 for guidance.
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