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Exscutive Summary

This report will cover DAPC Project J3. “Development of Improved Anti-static Cushioning
Materials and Dynamwc Parformance Testing for Ammunition Containers™ for fiscal year 1994,
This is a joirt-service project managed by the A Force Packaging Evaluation Activity. Wright-
Patterson AF8, OH. and coordinated with the US Army. Packaging Division. Picatinny Arsenal,
NJ, the Packaging. Handling. Storage and Transportabilty Center at Naval Weapons Station
Eade. NJ. and the US Marine Corps. Naval Surtace Wartare Center, Crane. IN.

The onginal intent of this project was 10 research only anti-static cushioning matenals for use in
ammunition containers and 1o develop dynamxc tests along with a pertormance database for use
in cushion design  In the past few years. foam cushioning suppliers have been producing non-
ozone depleting cushioning with lammable blowing agents which could cause an explosion when
shipping. stonng. ot handling a saaled container. This project was expanded to include non-
ozone depleting and non-flammable blowing agents 10 protact the environment along with making
it saie %o ship. store, and handie the sealed ammunition containers.

This year's research of cushioning materials included development of cushion curves on anti-
static and non-0zone depleting cushioning materials, and non-flammable blowing agents used to
produce cushioning materials. Contaimer csigners will use the cushion curves 10 determine the
cost, type. and amount of cushioning needed in the comainers to protect the item. Other
properties of the cushions were also tested and studied to determine which materials are the
most suitable. These studies included non-flammable blowing agents. shortened dynamic
cushion testing studies, compressive creep study, cold temperature performance tests, and finite
element analysis and cushioning. A user-friendly cushion design computer program was

developed. This program will improve and expedite the conainer design process.

The benefits of this project are numerous. The most important benefit of this project is the
promotion of the use of anti-static cushioning materials and non-ozone depleting materials which
are safe for snipment, storage, and handling of ammunition. Because this project is a joint-
service project, the results of this project will benefit all services. This project improves container
design and facilitates procurement of quality materials by giving the design engineer better
materials and information about the specitics of those materials.

Future efforts on this project focus on giving the design engineer the knowledge and tools
required to use the anti-static, non-ozone depleting and safe materials. They include cold-
temperature performance testing, distribution of the cushion design program, further research on
non-flammable blowing agents, shortenad cushion curve testing, and finite element analysis and
cushioning.
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Non-flammable Blowing Agent Studies

Shorntened Cushicn Design Curve Testing Study
Compressive Creep Study

Low Temperature Dynamic Cushioning Studies
Finite Element Analysis (FEA) and Cushicning Study
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1.0 |ntroduction

1.1 Scope. The Army, under direction of Congress, formed the Defense Ammunition Packaging Council
(DAPC) to investigate ammunition packaging requirements and perform basic research and development
in an effort to solve problems identifiea for ammunition. PM-AMMOLOG, Picatinny Arsensal, NJ is
managing the overall program for Congress. All DOD services are participating.

DAPC consists of many projects. The p-aject that this paper will caver is DAPC Project J3,
"Deveiopment of Improved Anti-staie Cushioning Materials and Dynamic Performance Testing for
Ammunition Containers.” This is a joint-service project managed by the Air Force Packaging Evaluation
Activity, Wright-Patterson AFB, OH, with participation from the US Army, Packaging Division, Picatinny
Arsenal, NJ, the Packaging, Handling, Storage and Transportability Center at Naval Weapons Station
Earle, NJ, and the US Marine Corps, Naval Surface Warfare Center, Crane, IN.

The original intent of this project was to research only anti-static cushioning matgrials for use in
ammunition containars and to develop dynamic tests along with a performance database fo: use in
cushion design. The project expanded into cushioning that also does not contain ozone-depleting and
flammable substarces. In the past few years, foam cushioning suppliers have been producing non-
ozone deplsting cushioning with lammable blowing agents which could cause an explosion when
shipping, stering, or handling a container. This project was expanded to include non-ozone depleting and
non-flammabie blowing agents to protect the environment along with making it safe to ship, store, or
handie the ammunitiun containers.

The research oi cushioning materials includes development of cushion curves on anti-static and non-

ozone depieting cushioning materials, and non-flammable blowing agent used t2 preduce cushioning

materials. Container designers will use the cushion curves 0 determine the type and amount of

cushioning needed in the containers to protect the ilem. Other engineering properties of the cushions will

also be tested and studied to determina which materials are the most suitable. These studies inciude \
isobutane studies, shortened dynamic cushion testing studies, compressive creep study, extreme e
temperature performance tests, and finite element analysis and cushioning. A cushion design computer o
program will also be produced. :

The development of dynamic tests and a performance database will include improvements to the cushion
drop test and how to make the test match the performance of the container during a drop test more
closely. This topic is not covered in this papser because dynamic performance testing will be
accomplished in tuture fiscal years, if tunding is available.

1.2 Qverall Benefits. The benefits of this project are numerous. Because this is a joint service project,
the resutts of this project will benefit all services.

Theru will be standardization of cushionin) materials which will improve the safety of the ammunition
comainers with subsequent benefits to nor-ammunition containers as well.

This project improves container design and facilitates procurement of quality materials by giving the
design angineer better materials and irformation about the specifics of those materials.

This project promotes the use of not only anti-static cushioning materials, but also the use of non-ozone
depleting materials which are safe fcr shipment and storage of ammunition.

This project promotes metric use and conversion because most of the 19esultc are in metric units.

1.3 Schedule The overall project schedule is included in Appendix A. i depicts the work that has been
accomplished as of September 1994. The schedule is split into different sub-projects which include




Cushion Curve Testing, Updating of the Cushion Design Program, and Generation of the Final Report.
See 2.0 Wark Accomplished for specific explanations in each ot these areas.

1.4 Funding. The FY 94 funding for the total program was $1€8,000.00. Contract Funding consisted of
two directly funded projects. One the Cushion Curve Yesting Contract for $97,500.00 and the other was
the Cushion Design Pragram for $20,000.00. The remaining funds covered in-house and other
governmant expenses.

mmjm_mm
Total 168 200 145
In House 20.5 20 15
Other Gov. 30 30 30
Contract 117.5 150 100]

1.5 FEuyture Effots. Future efforts on this project focus on giving the design engineer the knowledge and
tools required to use the anti-static, non-czone depleting and safe matenals. They include cold
temperature performance testing, distribution of the cushion design program, further research on non-
flammable blowing agents, shortened cushion curve testing, and finite element analysis and cushioning.

Overall DAPC J3 POC: Ms. Caroline J. Buckey
(See Appendix B for Listing and Addresses of POCs)

2.0 Work Accomplished.

2.1 Cushion Curve Testing Contracl.

2.1.1 Scope. The Cushion Curve Testing Contract is the largest single portion of the project, consisting
of $97,500.00. The purpose of the contract is to davelop peak acceleratiorvstatic stress curves for 10
new materials. The curves will be used by container designers in development of containers with anti-
static, safe, and non-ozone depleting foam cushioning materials.

2.1.2 Specific Benefits. Benetits inchude the development of cushion design curves on new materials
with the following desired properties: anti-static, non-ozone depleting. and non-isobutane. The data and
curves generated will help container designers by providing much-needed data on the materials with the
above properties. Furthermore, the data from this research can be used as a baseline for future fiscal
year studies.

2.1.3 Jast Proceduras. The contractor will develop curves for ten materials and two manutacturars per
material for a tolal of 400 curves. The contractor will uss a dynamic cushion testing machine which drops
a specific weight on a cushion an the peak acceleration is recorded on a data acquisition system. The
contractor will foliow the tast procedures listed in the statement of wark provided in the contract.

2.1.4 Results. The contract was awarded to Lansmont Corporation, Lansing, Ml. The contract was
awarded on 28 Jun 94 for $97,500.00.

The contractr is ordering materials and setting up for testing. Testing should start in October and the
first of ten interim test repornts is axpected in November. At that point, the contractor would have
complated the first of ten materials. The contractor has one yaar to conmplete testing, according to the
contract, and is required to complete their reports by the end of June 1995




The contractor will provide the data generated from these curves. The data will be in following forms:
the test report form specified in the data item description, the curves drawn on graphs, and the raw data
on computer diskettes.

2.1.5 Euture Efforts. Future efforts in this area depend on the availability of funds for the next year.
Container design engineers have expressed an interest in cold testing data for cushion curves. AFPEA
has staited research on what test procedures and equipment are needed to conduct this type of testing.
If funding is approved and allocated, many materials can be tested and much needed cold-testing data
could be generated for use by packaging designers.

Any lessons leamned from ihe current contract will be incorporated into future year contracts.

The data from this research can be used as a baseline for future studies inciuding the Dynamic
Performance Testing (1.1) and Shortened Cushior. Curve Testing (2.3.2).

POC: Ms. Caroline J. Buckey (See Appendix B)

2.2 Cushivn Design Computer Program Update.

221 Scope. The current AFPEA Cushion Design Computer Program generates design information
peak acceleration for an existing cushion pack and assists in the design for complete cushioning
encapsulation of an tem, comer-pad cushioning design and cushion wrap design of an item. Each of the
options consider drop heights, dimensions, weight, fragility container type, comainer materials, cost and
mode of transportation. Costs and output results are either displayed to the screen or to both the screen
and printer. An option is provided to make changes to the current input data and then rerun the analysis.

2.2.2 Spacific fianefits The new Cushion Design Prugram provides many benetiis over the axisiing
version. The updated version of the program will be Windows compatibic and will be more user-friendly.
The container designer will be able 10 see the graph of the curve and the area of concern. Also the
program will hiave on-line help and the abiiity to use a mouse. Because the program is in Windows, the
user will be able to “click” on the various characteristics they want and then save them to a file for later
use. Ar important benefii is the ease of adding new information. For example, the new cushion curves
from the Cushion Curve Contract (2.1) can be added with very littie etfort.

This contract is the modification of the AFPEA 304 Cushioning Design Program Software to perform the
following functions:

-- Display data in peak acceleration versus static siress on a semi-log x-y plot for use in selecticn of
materie!

~ Oufput a peak acceleration versus static stress plot displaying a lined ot shaded area where the
selection lies.

-- Have the ability to save information to a file for later retrieval and/or modification.

-- Cption to easily revise data files and input updated data including more cushioning materials and
pric.es.

-~ On-line help instructions

- Keep the data in a user-friendly database.

-~ Abflity to use mouse or arrow keys.

- Opening instiuctions and any documentation to support the new varsion.

223 Hasulis. The contract cost is $20,000.00. The contractor staned work in Februar,. The rough
draft will be ready September 1994. The rough draft will be coordinated with all services. The tinal
product is expected prior to close of calendar year 1994,




2.2+ Distribution and Future Efforts. Initially, distribution of the program will be done on diskettes and
sant to previous customers and CAPC members. When the Tri-Service Packaging "Information Center”

on the World Wide Web is fully functional (DAPC Project J1), then this program may be linked to the
Information Center and anyone who has privileges to the system can access the Cushioning Design
Program.

The cushion design curves generated from the Cushion Curve Testing Contract (2.1) can be used to
update the program giving the design engineer tiie most recent data.

POC: Ms. Susan J. Misra (See Apoendix B)

2.3 Other Studies. In addition to the studies listed previously, AFPEA and other Department of Defense
agencies have been performing in-house studies on cushioning. Most of these topics have emerged
within the last year. The studies are at various stages of completion. See each specific topic for status
and future efforts.

2.3.1 Nan-flammable Blowing Agent Studies.

2.3.1.1 Scope The Air Force Packaging Evaluation Activity (AFPEA), HQ AFMC/A . GTP has been
investigating Polyethylene (PE) Cushioning Material in sealed shipping containers since October 1993, A
container exploded Oct 93 due to alleged improper welding practices at Thiokol in UT, alenting packaging
people to a potential hazard. As the rackaging industry now knows, the replacement of ozone depleting
Freon blowing agents resulted in industry use of three flammable gases as blowing agents in the process
of producing Military Specification Palyethylene (PPP-C-1752). These gases can remain inside sealed
containers for extended time penods, perhaps the lite of the container dependinig on how often it is
opened and allowed to ventilate. No incident has occurred to date in packaging, storage. or
transportation of these products.

2.3.1.2 Basults. AFPEA has hosted joint DOD meetings to coordinate both long and short term solutions
to this potential problem. The result of thesa meetings has been the formation of joint DOD sngineering
and policy teams to analyze various aspects of the concern. The following actions have been taken by
the Air Force:

a. Container design engineers F.ave decided to ban the use in nuw container designs of flammable
blowing agents used in producing cushioning.

b. AFPEA has taken the lead in identitying non-flammable substitute materiais for use in new
designs and for the possible retrofit of fieided comainers during the normal refit schedule. Also in work is
an amendment to PPP-C-1752 10 prohibit the purchase of the flammable matenals.

¢. AGMC/MAEL (Newark AFB) has tested and analyzed the posshiity of static electricity (ESD) as
an ignition source. The resulting report recommendations were incorporated into AF Safety messages.

d. Coordinated LG/XR/SE Safety messages have been issued to field activities alenting them to
possible dangers when opening containers. The messages cortain ventilation and grounding
recommendations that, i followed, eliminate any known danger to personnel or equipment.

e. Container searches have been undertaken 1o identity the magnitude of the problem. To date, over
45,0600 containers are fielded that may contain sofme levei of the flammable gas. Because of multiple
contracts 10 sub-contractors and an extensive lkist of government and industry containar refurbishment
activities, we have bean unabdle to define an axact list.

1. A joint Air Force Material Command LG/XR/SE field study was completed. The intention was to
identify containers thut pose a potential risk. Results are that fielded containers exist with gas levels
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above LEL. Joint LG/XR/SE meeting concluded that current Air Force safety procedures are sufficient to
control these conditions.

2.3.1.3 Future Efiods. GSA will process the PPP-C-1752 amendment to prohibit government purchase
of the offending material. The DOD will continue joint meetings as needed to assess the risk and
progress made on this condition.

Oveall Isobutane POC: Mr. Larry A. Wood (See Appendix B)

2.3.1.3 Listing of Studies.
23.1.3.1 Elecirostatic Discharge (ESD) Assessment of Polvethviene Foam (Report)

Summary: The Air Force ESD Control Technology Center at Newark AFB, conducted tests on both an
aluminum container and foam as part of the "ESD Team” established at the 16-17 Nov 93 meeting at
AFPEA. ESD entared into discussions as a potential ignition source of flammable blowing agents.

The object of this study was to determine the possibility of ignition of an isobutane-oxidant concentration
within a missile shipping container with ESD as the ignition source. Focus was placed on the routine
handling and the opening of those containers having potentially hazardous levels of isobutane and
discharge energies that could be attained in this process.

Testing verified that although electrostatic potentials could be generated on the cover and/or base and
personnel asscciated with opening missile shipping containers, the probability cf this event causing
ignition was highly improbable The report recommended an interim solution of grounding the container
when opening a contziner with foam containing high levels of isobutane. The long term solution is to
procure foam with ESD-safe properties and non-flammable blowing agents (2.3.1).

Date of Study: 20 Dec 93
POC: Mr. Steven C. Gerken (See Appendix B)

iner (Letter)

Summary: The objective of this ietter report was to determine whether the use of adsorbent to remove
blowing agent from the vapor phase is a feasible solution to the problem of using flammable blowing
agents for foams in closed containers. Calculations were done to show how fast the blowing agent would
be adsorbed. The appropriate amount of adsorbent was calculated for two different container and foam
combinations to remove the blowing agent. Many assumptions were used. The writer suggestec that
these calculations be backed up with tests on actual containers.

Date of Study: 12 Jan 94
POC: Ms. Ruth M. Doherty (See Appendix B)

23.1.3.3 Potential Beplacement Cushioning Materials which meei Requirements for PPP-C-1732,
Polyethylene Foam {Lstten)

- In order to identity repl.zement materials for flammable blowing agent polyethylene foams,
AFPEA performed dynamic cushion testing in accordance with PPP-C-1752D on almost twenty materials.
AFPEA identified substitutes for Type |, Class 2 and Types lil, IV & V polyethylene foams. See POC
below for specific replacements. The writer notes that the testing was accomplished on cne thickness of
material at one drop height. Each material may have a different 3et of design curves and other
associated material properties. It wilt be the responsibility of each organization to determine which
material properties are the most important for its own needs and desigr/redesign packaging accordingly.




Date of Study: 3 Mar 94
FOC: Ms. Susan J. Evans (See Appendix B)

23.1.3.5 LGTP Beport 94-8-02. Container Venting of isobutane Blowing Agent in Trausport Aucraft

Summary: In a sealed container, the released blowing agert accumulates and is released into its
external environment as the container vents. The yuestion of a combustible gas concentration both
imtemnal and external to the confainer arises. Fcr an aircraft fransporting such containers, excessive
venting into the extarnal environment may occur either from container temperature changes, while the
aircraft is on the ground, or from changes in cabin pressure, resuiiing from aircraft ascent and
environmental controls.

Calculations were done for both cases. The first case involved a closed aircraft which was stationary on
the runway and was expossd to solas input without the ventilation system operating and with maximum
container load. The conditions of the example included a 4C°F temperature rise from 80°F to 120°F,
and concentration of each container at 100% LEL. The maximum isobutane concentraticn was 5.17%
LEL.

The second case involved an aircraft climbing at 2000 feet per minute with the ventilation system
regulating cargo compartment pressure to correspond to altitude, but lirniting the pressure to that of 8000
feet. The maximum cargsc compartment gas concentration occurs at the time the aircraft attains the
ahitude of 8000 feet. The conditions of the example included a temperature of 80°F, and concentration of
each container at 100% LEL. The maximum isobutane concentration was 6.2% LEL.

Both concentrations were at very low lavels of isobutane concentration, meaning loading an aircraft to the
maximum extent possible with 100% LEL concentration of containers would not cause an axplosive
situation in the aircraft.

Date ot Study: 11 Mar 94
POC: Mr. Edward P. Moravec (See Appendix B)

2.3.1.3.4 Contaiger Foam Pilot Test Report.

Summary: This study examined the combustible gas levels in a sample of containers. Tne test results
showed that none of the measured containers reached the Lower Explosive Limit (LEL) of isobutane,
HCFC 142b, or MFC 152A. The test engineer noted the importance of the 20 day ditfusion period, in
which the container is sealed, to allow for equilibrium to establish throughout the container. The engineer
also noted that the LEL gas levels were independent from the container year. For example, the newer
containers were expected to have higher LELs. This was not the case in this study.

Date of Study: 17 Mar 94
POC: Lt Darrel Thomas (See Appendix B)

Summary: In a sealed container, the release blowing agent accumulates and is released into its
external environment as the container vents. The question of a combustible gas concentration both
intamal and extemal to the container arises. For a truck transponting such containers, venting into the
external environmeit may occur either from elevation changes or changes in container temperature and
barometric pressure.

The study considered filing 40-foot semitrailers with 2090 cubic faet with 12 containers (182" x 35" x 25")
containing 100% LEL. Fcur different situations were ca'culatad. The first exampie considered a




stationary unventilated semitrailer and & temperature change from 40°F to 120°F results in a maximum
isohutane concentration of 2.25% LEL. The second axample considered an unvertilated semitrailer at -
Q0°F driven into a 70°F warehouse. The maximum isobutane concentration was 9.6% LEL. The third
example considered an insulated, unventilated semitrailer at 68°F going from sea level (14.7 psi) to
10666 feet (2.82 pei). The isobutane concentration in the trailer will rise to a maximum value of 25.1%
LEL. The ‘ourth example considered a insulated, ventilated samitrailer with the same conditions as
example three. Ventilation consisted of only a 1-inch diameter hole in the truck's front and rear ends.
With this small amount of ventilation, the isobutane concentration went down te 2.28% LEL.

Contrasting examples 3 and 4 showed only modest ventilation is needed to decrease the isobutane
ccncentrations to lower levels of isobutane concentration. Lack of truck air tightness in most trucks would
significantly reduce isobutane concentrations.

Date of Study: 2 May 94
POC: Mr. Edward P. Moravec (See Appendix B)

23.1.3.6 Besults cf Experiments Condudled to Determine Isobutane Displacemgnt in an Qpen Gontainer

Summary: The purpose of this study was to evaluate the displacemsnt of iscbutane from a drum after
the lid has been removed. The test was used as a simulation of opening an ammunition case which was
filled with isobutane-blown foam packing material. The study concluded that isocbutane does not remain
in the drun at all atter opening; rather, convectior: seems to remove isobutane in less than 60 seconds to
the point where it cannot be detected.

Date of Study: 18 May 94

Industry POC: M. Rich Striebich

Government POCs: Ms. Ellen Stewart and Lt. John Garver
{Sece Appendix B)

2.3.2 Shodened Dynamic Cushion Testing Studies

2.3.2.1 Scope. This sub-project consists of two studies. Both studies concern shortening of dynamic
cushion testing. The amount of time, labor, and materials needed to generate cushion design curves now
is enormous. For one material ir: 2.1, there are 3000 drops required. These studies purport that many
fewer drops are required to generate the same data. |f these studies can be used reliably to generate
design curves, tremendous savings in labor, time and materials would be realized.

2.3.2.2 Cyshion Dasign Curve Prediction. This projest is ¢ 1 extension of an idea resulting from a
contract with Battelle Memorial Institute in 1979. "Development of Simplified Methods for Determining the

Shock Mitigating Properties of Packaging Materials™. In their final report, Batelle developed a set of force
balance equations for use in predicting cushion design curves.

Mr. Dave Filsinger, HQ AFMC/LGTPM, has reopened the project to explore the use of high strain rate
data obtained from standard cushion impact data. This data is obiained by using a single weight on the
platen to impact material of various thicknesses and at various drop heights. The force/time curves
generated after impact are used as input to the modei to develop the complete set of design curves for
various drop heights, cushion thicknesses, and static stresses.

A PC-based FORTRAN program has been written to test the feasibiiity of the method. Impact data for 2-
pourd density polyethylene and 1.3-pound polypropylene have been used to debug and test the program.
At this time, the results of the tests are encouraging.




23.221 Eyture Etiods. Mr. Filsinger will continue to research this project in the next tiscal year. He
will test his hypothesis on more materials and more thicknesses of materials and report his findings.

POC: Mr. David Filsinger (See Appendix B)

2.3.2.3 Consolidation of Gushion Curyas. Dr. Gary Burgess, Professor at Michigan State University, has
published a proposal for a simplified method for the consolidation of all the conventional cushion curves
for a particular material into a single relationship. The mathod requires only one of the cushion curves for
an arbitrary drop and cushion thickness to deduce the dynamic stress-strain curve for the material. Tue
results may be used to generate all other cushion curves regardless of drop height, cushion thickness, or
static loading.

2.3.2.3.1 Fuure Efforts. AFPEA has reviewed Dr. Burgess' work and the results look encouraging for
the materials he has tesled up to now. Further study needs to be done on more materials and more
variables need to be introduced to see if his method holds true in other situations.

AFPEA has requested to work more closely with Dr. Burgess to devslop this study and offer any
assistance they can.

Industry POC: Dr. Gary Burgess
Government POC: Mr. Edward P. Moravec (See Appendix B)

2.3.3 Gompressive Creep Study

2.3.3.1 Scope. AFPEAis in the process uf developing test methods for generating high tempaerature
compressive cresp data for polyethylene and equivalent materials.

2.3.3.2 Jest Methads. Creep testing is accordance with PPP-C-1752D except that the test period was
shortened from 42 to 14 days to allow generation of information on more malerials more quickly. Since
craep rates of most materials tend to level off within one to two weeks and significant amounts of ¢creep
usually do not occur a'ter this time, reducing the test period should still provide accurate data. Materials
with creep rates that do not level off will be tested for a longer period.

2.3.3.3 Future Efforts. Data will be developed for polyurethane materials aiter completion of current
testing.

POC: Ms. Susan J. Evans (See Appendix B)
23.4 Low Temperature Dynamic Cushioning Study.

2.3.4.1 Scopg. AFPEA is working to develop low temperature dynamic cushioning data because of the
interest expressed in such data by container decigners at Picatinny, NWSF. PHST and Eglin AFB. The
data is being developed primarily for polyethylene and equivalent materials.

2.3.4.2 Tast Methods. Cushions are first conditioned in a chamber ta -20°F. The cushions to be tested
at cne static strass are then placed in a portable freezer unit placed next to the mounted cushion tester.
Cushions are then removed from, tested and quickly repiaced in the freezer. This minimizes any change
in cushion temperature. The freezer unit is capable ot conditioning samples to as low as -80°F or up to
+140°F,

2.3.4.3 Future Efforts. After complation of all low temperature dynamic cushioning testing, high
temperature testing may be performed, using the above method, at +140°F. AFPEA is also working to
develop a method whereby a cushion tester can be permanantly mounted in a chamber and the testing




process is automated. This would permit sample conditioning and testing to be completely carried out at
the test temperature. Once this method is ir place (approximately 2 years), AFPEA will be the only test
facility in the country with such a setup.

POC: Ms. Susan J. Evans (See Appendix B)

23.5 Finite Element Analysis (FEA) and Cushioning Study

2.3.5.1 Scope and Future Efforts. ARDEC requested AFPEA to include FEA propertic = in the DAPC
Cushioning Research. They would like cushioning data on modules cf elasticity, poisson's ratio, and
damping factors. Because of cushioning's non-linearity characteristics, AFPEA would test using different
variables (size, thickness, etc.) to determine if consistent and reliable data is achievable. If our
preliminary testing proves positive, then we will test on more materials. If the data can be used reliably,
then cushioning performance would be in¢cluded in the finite element analysis of contciners. Container
designers would be able to predict container responses muck more closely using FEA programs.

POC: Mr. Edward P. Moravec (Sae Appendix B)

3.0 Conclusions

The sub-projects are aried, but they all relate to Cushioning Research. 3ome of the projects provide
data and tools 5 use now. Cushion Curve Testing, Cushion Design Program, Isobutane Studies,
Compressive Creep Testing, and Extreme Temperature testing can be used now to aid container
designers. The Shortened Dynamic Cushion Testing and the Finite Element Analysis testing could prove
to be leaps in technology if they are successful.

Studying one topic has lead to many new avenues to explore. This project started out with looking at
Cushion Curve Testing and has expanded into many other forms of cushioning research.
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