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Body Armor Protection Lavels

Beaily -ﬁ.!'l'l'llhl' ﬂleiy'l.t-u-f EAPL
Pratection Lavel Bty Armior Conliguration [pound

Arrmy Leved 0 Mo body armor worn a
(LISMIC BAPL 0}

Army Lewel 1 Vest or plate carrier with saft &M0.5
(LSMC BAPL 1) armas only

Aoy Lavel 2 Plate carfier with front and back 18
(USMCBAFL Y plates

Ay Layel 2 Plate carrier with front, back. 23
{UISPC BAFL 3) and skde plates

Airry Leweld 4 O weiiths Frant and back plates i3
{LISMC BAPL 2)

Armiy Leved 5 OTW with front, back, and sude 7

{UShC BAFL 5] plates

SOURCOES: Dratt Capabifity Development Document (CD0) for Soldier
Frogection System, Appendix F, Detember 10, 20100 “Memoarandum an
Establishment of Body Armor Protection Levels,™ LTG Michael A, Vane,
Cirectar, &rmy Capahbilities Integration Center, March & 2011,

2 For miedium size with KSAPVKSE plates. Weight varies depending on plate
miodel, Type, size.

The QORCA compurter model uses over 40 inputs 1o characterize operational casmalties.
While this sofeware is useful in performing casualcy analysis, using it on che battleficld is cur
rently impracrical. However, there is a need for some decision aid wol thar can help field com-
manders decide what level of body armor protection their units should wear, SLAD has already
characrerized the results of the ORCAMUVES computer model using a Maximum Abbrevi-
ated Injury Scale (MAIS). There are six MAIS score levels. A score of 4 or above indicates thar
a soldier is no longer able ro funcrion on the bartdefield. Wich further research, i should be pos-
sible to creare a decision support tool thar allows the field commander on the ground o inpura
miligarcy oooupation S]ﬁl‘:ﬂi:]!_}' (BAOS] or some other gu:nr_'l.-.ul classibeation e the batealion level
or higher, a threar level, and the percentage of injuries thar should nor exceed a MAIS score
of 3. Based on this information, the decision support wel could provide an appropriate BAPL
for the field commander to use.

Using Modular Configurations as a Means to Lighten Body Armor

Configuring body armor to meer METT-C condirions is the single largest way ro reduce
weight and the enly soluion thar is immediaely available. The weighr of the Armys BAPL 2—
plate carrier with front and back plares—for example, is bess than half (45 percent) the weight

of the mos [roeciive and hesaviest con ﬁgur:l.[il::lr'l., BATPL 5. This :]|:|-;:||.‘v|.ri|:|'|. horsewer, Preses DWe

challenges.

First, commanders must be able wo ::.:l..:l.l.r.'l.llﬂ}' idc:llir}r METT-C conditions, While ip is
relatively easy to anticipare whether 2 mission will traverse difficult terrain ar hizh elevation, it
may be more difficult 1o consistently and accurarely predicr the type of munitiens the enemy
will use, Considering how decisions by the chain of command ar the baetles of Wanar and
Kamdesh have been scrutinized and second-guessed, commanders may be reluctant to accep

risk by assigning lower BAPLs.
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ldeally, commanders should understand how increases in ballistic protection can actually
result in added risk and reduced performance because the additional weight and thermal load
reduce mobilicy and cognirtive abilicy. Additional research is needed to identify the trade space
berween survivability and performance for a given mission profile, bur there may be value in
crearing a decision aid to facilitare leaders’ BAPL decisionmaking now and adjusting the deci-
sion aid’s parameters as the trade space is berrer understood. ARL/SLAD has indicared thar ic
could develop such a tool for commanders {an application for smart phone, for example) in a
relatively short time frame and relacively licde cost.

A second challenge is thar, in oeder to achieve the most fully configurable suite of body
aemor options, the services would need multiple plates (both ESAPI and XSAPL, for example)
and both a vest and plate carrier option. This creares a logistical challenge, in thar a larger
inventory of body armor must be maincained and available in the forward areas of combat the-
aters, where body armor is most needed. For the Army and Marine Corps, an expansion of cur-
rent fielding plans could mise costs significandy—first in procurement, then in sustainment,
which, given ceramic plates’ susceptibility to cracking, could be considerable.® The services
could limir coses by ficlding multiple plates only o those personnel who are likely co perform
missions where load is operationally relevant and METT-C conditions will vary.

Improving Testing
We will now lock ar testing as an approach to lighten body armor.

Literature Review
Body armor testing has received a grear amount of scruriny in the past. Some of this scrutiny is
arrriburable to starements made by Pinnacle Manufacturing regarding its Dragon Skin armor,
which failed government resting despite the manufacturer’s claims. Some of the scruting was
artributable o a lack of srandardization across the services, as well as limited failures within
the Army o properly execure its testing protocols. In the course of explosing how testing mighe
play a role in body armor weight, we determined thar the ballisric testing community, led by
DOTEE, has largely addressed all the issues about which auditing agencies expressed concern.

Limited opportunitics remain, however, w further improve testing by decreasing remain-
ing areas of test variability. Reducing variabilicy is imporrane because it ensures the fairest test
for the vendor and may provide an additional, though limited, means o reduce ceramic place
weight.

We examined the following documents in our literarure review:

U5, Government Accountabilicy Office:

* Independent Expert Awenment of Army Body Armor Resules and Procedures Needed Before
Fielding, GAO-120-119, Ocrober 2009

= Defense Logistics: Avmy and Marine Corps’ Individual Body Armor Syseems Joees,
GAQ-07-662R, April 2007

* Actions Needed 1o fprove the Availability of Crivical Tterns Dhering Currerit and Frinre
Ohperations, GAO-05-275, April 2005

T RO does it e BT b i BPEA R affers 4 wArCty :ll-l_'rq,ll,!\,_'!r AT |<|nﬁg|l1:||_iu|_15 thar are macched o che S0F
mission profiles,
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Armmy:

= Body Armor Requiremenis, Army Audit Agency Report No. A-2009-0130-FFD, June &,
2003

= Body Armor lesting: Program Executive Qffice, Soldier, Army Audit Agency Report Ne,
A-2009-0086-ALA, March 30, 2009

Department of Defense Inspector General:

= Ballisic Tessing and Produce Qualivy Surveillance for the Intercepror Body Armmor—

Vest Componenes Need Imsprovement, Dol IG Report Mo D-2011-030, January 3, 2011
= DD Testing Requirements for Bady Armor, Dol 10 Reporr No. D-2009-047,

January 29, 2009
» Dald Procurement Policy for Body Armor, DoD» 1G Report No. D-2008-067,

March 31, 2008

Mational Academies (BAST):

= Tesing of Body Arvor Materials for Use by the US. Army, Phase IT: Letter Report,
April 2010

* Testing of Body Armor Materials for Use by the ULS. Army, Phase I: Letter Report,
Drecember 2009

= Testing af Body Armor Materials for Use by the ULS. Army, Phase ITT: Letter Reporr,
fortheoming

We understand from DOTAE thar new reports on ballistic testing from the Dol Office
of the Inspector General and Army Audiring Agency are forthcoming,

Qur Findings Regarding Current Testing

There is a consensus within the body armor community that the early problems
in test execution have been addressed. Mulriple agencies described inirial Operarion Iragi
Freedom/Operaron Enduring Freedom body armor testing as understaffed and serugpling ro
meet an urgent and previeusly unforeseen need. Because the services had not andcipared a
requirement for every soldier and marine to have body armeor, they were forced 1o procure and
tsene it on a seale chat was, For 2 time, nw:rwim]ming. This lack of pn:p:_rfd ness exrended oo
body armor wsting, for which each service used its own standards and protocols. After several
audiring and oversight agencies discovered a range of resting shorrfalls, DOTE&E developed
and implemented scatistically principled ballistic testing protocel thar all services must follow.
Improvements include centealizing the firest article rest (FAT) at ATC and ensuring that loe
aoceptance tests (LATs) ar chird-parcy labs meer ATC standards. The resulr is significancly
improved testing—a testament to the commirment of the wsting community, the value of
audiring agencies, or both.

While testing procedures have vastly improved, more work remains to be done.
First, as the BAST Phase 1T report firse reporred, ir is difficult to distinguish berween variability

in the armor and variability in the test; however, when a plare fails, the government arrribures

Phiage 111 af the Bational Acidemics series on "~ Testing of Bady Acmor Maerials for Use by she LS, Army” is cxpeeved

i gl COTENg, sicmhs, This |,:h-=_--..-nl'ﬁ-'n= TPt will add ress alrernatnes ta |_'|:.'_|.' its hallisric I.,'g..l;i'.ll_l\_,
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the canse to v:triu]_ﬁ]‘it}' in the gest. Becase of this, manufacturers have an incentive o over
design their plares 25 a hedge against test failure. One vendor estimares thar over-design due to
the resr’s variability amounrs o abour one-half pound.

Second, we observe thar the test represents a worse-case scenario. While we appland the
Army’s adoption of a more operationally relevant westing round by moving from Threar I3
o Threar E, the circumsrances under which it is fired—ar muzzle velocity and zero-degree
obliquity—are not representative of operational conditions.”

Cwr Findings Regarding Future Testing

Although using clay (as a human body substitute) as the backing material for mea-
suring BFD is an imperfect test medium, there are currently no suitable cost-effective
alternatives. Alternarives o clay include ballistic gelatin, anthropomorphic rest modules
(ATMs) and microcrysealline wax. The FBI uses ballistic gelatin for its vesting. While gelatin
and clay can be used as surrogares for the human body, gelatin has the advantage of rrans-
lncence wo allow observarion of the test event. Ir also has some norable disadvanrages. First,
because of gelatin's limited shelf life, full-scale testing operations thar use gelarin for routine
testing, such as lor acceprance tests (LATS), would require more preparation than clay does.
This addirional work could necessitate expanding Facilities leading to the test range, slow test
throughpur, or a combinarion of the owo. Second, while day can be resculpred should a pen-
erration occur, gelatin blocks must be replaced afeer a penetration,

ATMs offer a similar drawhack in thar, should a penerration occur, the recording deviee is
likely o be damaged. Also, research and development of an underbody blast ATM is expected
o wotal 3803100 million.® Absent another cost estimare, we conclude the cost o develop a
ballistic resting ATM may be similar. Microcrystalline wax structures, according ro the BAST
Phase Il report, show promise but, because cheir rheological properties are not fully under-
stood, would require additional research before adoprion as a ballistic test medium.

Transitioning to a new medinum would require establishing not only a relationship
between the test medium and human injury probabilities, but also to existing test data.
It Dol} leaves cday in favor of 3 new medium, testers will want to understand not only the rela-
tienship berween the new medium and the buman body, bur alse berween the new medium
and clay. Wirthour understanding how the new medium relares ro clay, there will be no abil-
ity to compare test resules with the vast caralog of previous test resules. If Dol}, as the BAST
Phase 1l report recommends as an option, adopts 3 mid-term replacement to clay while a long-
term replacement is developed, these linkage requirements would double.

Large investments to improve testing may not be warranted. If the next ten years of
body armor development and procurement were expecred o be like the lasr ten years—with
[ol) spending billions of dollars for the most provecrive and lightest body armor thar can be

" A major cancern is char rounds chiar seike the body armor during resting are ar muzzle velocicy and rero-degree cblig-

wity, While this ensures thar any threar encounered by the plates can be defearsd. it is onlikely thar an enemny combarant
'u.1|||'-:_| |_1q:||_1!: 171 fire: 2 wWEAPHA i 11|: -q,||.|.h,- CuarisTs :l:\-:ll,lirr\-q_l ¥ CIThuse the lxu]:' AFEE i |:i|_ lw Hl r|:n|..|||:| i ||||..|.u:||_' l\.'r'uq,l':_'!'.
Addivionally. the round used for vesting is noc whar is currensly seen on che baniefiedd bur insveed a round with 2 greacer
probahiliny of defming the body armee. While chis abso ensuncs char any thoean seen on the baaslefeld will likely fil w
Fh.'rll'l:rﬂl.' T.I'".' AFTTGT, :_l Fl.lrrhl.'r irﬂlll:i'l’hl"ﬂ bn'ﬂll.' AT ATy |-.'||_'r||r|'rs ke m'rr-:ll'si[:n .I'H'ﬂh.' ATIMEr Flamwu'nunr\r .I'It'l I:I:d'.'!'
prass SN,

- M. Bachaid i.l:n.:. [rpecui, Live Fue Tea & Evabasan, Olece of Uie Dheecuoc, u|.-LI..iI.'n.|IL|].'|:L:J: aind Evaluatim, s
vaze commaricacion, April 1%, 2071,
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produced—or it improving resting protocols were a way ro significancly {for example, by more
than 20 percent) reduce body armor weighe, then large investments to improve testing might
well be warranred. Bur neither of these conditions exists.

Testing as a Means to Lighten Body Armor

Dol) should continue its efforts to reduce variability in testing. Two ongoing initiagives—
reformulating clay for ambient temperarure and testing with clay at ambient temperature—are
representative of good, relatively low-cost efforts thar should reduce variabilicy and result in 2
fairer test. And, as funding allows, other efforts should be pursued. In parricular, Dol) should
consider implemenration of the BAST Phase 11 report recommendarions. We do not, however,
believe that DolY woukl be well served by a high-cost scracegy to replace day.

Improving Materials

Finally, we will look ar different material solutions as an approach ro lightening body armaor.
Development and incorporation of advanced wechnology marerials inte soft and hard body

armor may require changes to the procurcment process and the need for additional R&D
funding.

Materials Used in Today's Body Armor

Kevlar, a DuPont product, and Twaron, a brand name of Teijin Aramid, are commonly used
as the fibers in the soft armor vests. Kevlar has been around since the mid-1960s and Twaron
since the mid-1970s. Both are para-aramid fibers. They are very strong, with a high tensile
strength, and are thermally stable and chemical resisrant. The soft body armaor vendors use dif-
ferent weaves and parterns to maximize the fibers’ effecriveness.

Hard body armor plares are generally made from boron carbide or, sometimes, silicon
carbide. Boron carbide (B C) is the lightest ceramic marerial (2.5 gfom?) as well as the hardest
(second only o diamend) for durability, and it has a high hardness (3,200 Kg/mm?). Other
physical characteristics of B C include erosion resistance and high modulus? Silicon carbide
(5iC) has a higher density (3.15 gfem®} and a lower hardness (2,300 Kg/mm®). Both boron
carbide and silicon carbide plates can be manufactured using cither a hot press or sincering
process.

The ceramic plares are covered by a layer of polymer composite 1o help pass the required
drop test and prevent shattering of che plates when struck by a projectile. The plates are wrapped
in a tightly woven ballistic fabric for protection from the environment and for increased back-
face protection.

¥ Ihe density of 2 marerial is defined a5 its mags per unit volume, Hardnes iz defined a3 the resimance of 2 mamrial w
hecalized deformagion. The madules of 2 maerial is 0 measure of is stiffness, and derermines the depres ta wdich ir will

deflecr when a given bowd & impasad oo 2 given shape.

W Sintering invwolves the coalescenoe of individual ceramic paridies, wsually in o powder faem, (009 & coetinsous solid
phusese ar & high remperanoe witlowt actually meleing the coamic maverial.
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Potential Future Body Armor Materials

Modern body armor consists of 3 hard plare, rypically ceramic, backed by a soft woven fabric.
The weight of bady armer might be reduced by improving the materials used for the plare and/
or the fabric.

Fabric Materials. Soft armor, made up of ballistic fabrics, dissipares energy through
stress waves in the fabric, fiber deformation, and inter-fiber friction as the fibers slide against
cach other. Improvements in all three mechanisms are possible via furure marerials. Para-
aramid composite fabrics, such as Twaron and Kevlar, are particularly useful due ro their fiber-
deformarion characreristics.

Another promising para-aramid is Rusar, a fiber developed in Russia for ballistic protec-
tion. Rusar has some characreristics thar are superior o Kevlar and Twaron fibers. " While che
fiber is manufacrured by a process thar is similar to the traditional method used for aramid
fibers, we were told thar the ingredients cost roughly five rimes cthat of other para-aramids and,
because the acids require special equipment, the process costs about fifteen times whar a typical
para-aramid process coses. If this fiber proves w be superior to Kevlar and Twaron, the UL5.
mray be prohibited from importing it because the Berry and Kissell Amendments give prefer-
ence 1o domestically produced rexrile marerials including those used in body armer.

Ultra-high-molecularweight polyethylene (UHMWPE) fibers, such as Spectra and
Technora, have improved ballistic performance, However, UHMWPE fibers have a tendency
to degrade under various environmenral conditions, including exposure to moisture, UV light,
and gamma radiation. Yarns of carbon nanotubes (CNT) have excellent marerial properrics.
CNT production is still very expensive and their environmental performance is unknown.

Plate Materials. The role of the ceramic plare is to deform and decelerate the projectile
and distribute the impact over a larger area of the soft armeor backing, The pertinent marerial
parameters are high hardness and wughness. The hardness deflects and deforms the projec-
tile while the toughness determines the amount of energy absorbed prior to marerial failure.
In general, ceramics are low density, high hardness marerials that perform chis role. Typical
ceramic marerial used include aluminum oxide (Al,CL), boron carbide (B, C), titanium dibso-
ride (TiB,}, or silicon carbide (SiC). The marerial challenge for these ceramics is 1o increase the
fracrure roughness, while maintaining sufficient hardness. In an efforc o balance roughness
and hardness, varianes of SiC-N and SC-B are porentially useful.

Several differene alternative armor constructions with porential for weight reductions

have also been the subject of rescarch and resting, including laminated composites conraining
ceramics and polymers.**

T LY. Slegin, G. B. Skbyarova, A I Kashirin, L. V. Thacheva, and 3. V. Kamissarav, “Rusar Microfilament Yarn for Bal-
lisric Procecrinm, fiber I"_:l:lrwl'ul-_r.. Wl 58, Mo, 1, 200K, PP P34

12 Div, B Epes, Duloar, privare communicarion, June 3, 2001

15 For example, armor designs, such a5 the gradient compasive armor sysoem, composed of layer: of ceramic particles!
epony compsii, have been Found o oweperform solid ceramic ciles in wems of weight, ballisvig L, and Hexibdicg (M.
Thavid, 2. T, Gag, asd 1. 7. Fheng, “Ballistic Resistan Body Armor: Conremporary and Prospeerive Mamerialy and Belaed
Progecion Mechanisms,” Agplied Mrobeoics Srevens, Vol, G2, Mo 5, Seprember 2009, p. 83
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Improving Hard Armor Materials

It is unlikely that there will be further casy or inexpensive improvements ro the hard plare com-
ponent of the body armor system from the introducrion of new monelithic ceramic marerials.™
[nstead, potential improvements will have w accur via the introducion of high-performance,
bur expensive, marerials such as CNT or indusrrial diamonds in discrere amounts or through
advanced ceramic processing methods. These methods add cost and may complicate nal test-
ing due w increased performance variation.

Figurc 3.5 displays one important material parameter, stiffness, of current and posenrial
hard plare marerials as a funcrion of densiry. Sriffness is usually indicarive of 2 marerial’s hard-
ness.” However, a general caveat to Figure 3.5 is that scatic marerial properrics are not always
indicarive of ballistic performance; shock loading under ballistic condirions is an open research
CUIESTICT. Thee C-:‘:l].-:‘:l.‘-l':d:rdij'lg ify Figure 35 dl'ﬂi?‘l:l:l:ﬁ the relative cost of the new marerials rela-
tive to today's ceramic plares.

The bulk ceramics currently in use (5C, ALO,, and B C) have reasenable performance,
particularly for a low-density marerial. There are no readily available ceramics thar show
markedly improved performance and density characreristics. To improve performance, high-
performance materials, such as CNT, may be required. CN'Ts are a lightweight, Hexible, and
high-strengeh mazerial with exceptional encrgy absorprion capability. Due 1o their high cost,
which makes ir unlikely thar CNTs will ever be comperitive with bulk ceramics, CNTs could
be incorporated inte 2 composite structure in the ceramic plare. Inicial resules of CNT incor-
poration into 5iC and Al O, showed improved toughness and hardness. An improvement in

Figure 3.5
stiffness of Current and Potential Hard Plate Materials as a Function of Dansity
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WA coenprehensive review of marsrtals eechnology for srmeor s currently being prepared by the Massonal Academie’
Matioeral Mareraals .“.-:‘lv':&:‘u:r Przre [ AR E‘ll-clil:\{(. rirked "l.-:lﬁ'n'u[uulli-:.s. irn Procecgion Materdals Scaerce and Teglhned-
argy for Furwre Army Applicacions.”

1 R . = - . : =
Hardness is diffich o measure. so siffnes is often wsed as a proxy in marerials science.




ZB  Lightening Body Armar

|;|:_:||_|.|;]1 ness of 94 [pEICENT Wwas ohserved with an addition of 4 percent {l‘l}' virdlume) of CHT: in
ALOD, 1

" The inclusion of micro- or nane-particles in a composite system is often used w© modity
performance. For example, ceramic particles are inchuded in epesies used to make rennis rack-
ets or golf club shafts to increase the strengrh. In the case of hard armor applicarions, the
particles are not added 1o improve strength but 1o improve roughness. CN'Ts have exceptional
energy absorbing properties that improve the toughness of the total system. CNTs are particu-
larly impressive because they also have excellent hardness.

Improving body armor marerial requires a system-level perspective, Ceramic hard plare
improvements are likely to be the resule of advanced processing, incorporarion of composite
structures, of the use of high performance addirives. The ballistic response of the ceramic plare
is relared to the toughness and hardness of the marerial. Fracture toughness is a measure of the
resistance to crack propagation in the marterial. Materials with higher roughness absorb more
energy prior o fracoure, minimizing the projecrile’s penetration depth. Ceramic processing
techniques, such as using additives (e.g., aluminum into SiC) during the sintering process, can
alter the marerial’s strucrure and improve toughness. The chemical composition of the ceramic
can also be modified in the underlying marerial structure. For example, S5iC-N incorporates
silicon nirride phases wich the bulk SiC marerial. SiC-N has demonstrated toughness values
twice thar of standard 5iC, though with a loss of hardness. Oprimizing ceramic performance
will require ballistic resting o assess appropriate hardness and roughness parameters for SiC-N
or other ceramics.

The performance of ceramics can also be improved through the use of thin coatings w
the front face of the plate. TiB, thin films are used as hard coarings in many industrial applica-
tians. One could imagine a SIC-N plate with its improved roughness, coared with a thin TiB,
layer to compensare for its decreased hardness. Any assessment of these complicated plates
must account for the overall weight and cost. Complex ceramic processing and the application
of a thin, hard coating are likely 1o be expensive.

It should be noted that increasing the roughness andfor hardness does not necessarily
improve ballistic performance. The impact of a high velocity projectile on a ceramic plare
results in an excremely high steain-rate condition. The strength, hardness, and oughness of
a material under these extreme conditions are not uniformly predicred by standard material
propertics, For example, the wughness of $iC was significantly improved through the add:-
tion of an aluminum-boron-carbon sintering agent. However, the improved roughness did not
improve hallistic performance. In any assessment of new marerial systems, the ballistic perfor-
mance in the acrual body armor system must be evaluared.

Improving Soft Armor Maternals

Improvements of soft armor focus on improving either the interyarn fricrion or individual
fiber performance. Inter-yarn friction can be enhanced via the use of shear-thickening fuid
(STE) STF is a liquid filled with particles whese viscosity increases with the srain rate. Thus,
when impacted by a projectile, the suspended particles begin o aggregate. This aggregarion
increases the viscosity of the Anid. As a result, soft armor enhanced with 5TF behaves like rigid
armar when impacted by the projecrile. These improvements come ar the expense of weighs.

¥ Miavid. Gao. and Fheng, 20090,
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Incorporating STF will necessitate fewer fabric layers to maintain comparable areal densities.
As is the case with ceramic hard plares, final assessment requires ballistic westing of the entire
body armor system. Inter-yard friction can also be increased via a coating of the individual
yarns. Examples of yarn coatings include narural rubber and resins. As is the case with STF,
these coatings improve performance with a weight penalry.

Individual fiber strength can be increased by fabricating them our of CN'T or by rein-
forcing standard fiber marerials with CNTs. Single CN'T fibers exhibir screngrh and hardness
values approximately three times thar of stare-of-the-are Kevlar fibers. Nylon fibers reinforced
with CM'Ts show roughness and hardness increases of 150300 percent. These reinforced fibers
are then woven into yarn and subsequently into fabrics wsed o make soft armor.

As is the case with incorporating CNTs into ceramic plates, the cost of integraring CNTs
inta soft armor is currently very high and is unlikely 1o decrease 1o the levels of current soft
armor fibers.

How to Best Develop the Mext Generation of Body Armor: Acgquisition Program of Record
Versus Commodity Procurement

As our previous discussion has pointed our, the development of lighter-weight body armor
will require significane RDT&E and time, because the general consensus within the hard
body armor communiry is thar simple improvements to monolithic ceramic performance have
already been made. Any further mass efficiencies may come from improvements in processing.
While a replacement for ceramic plares is being investigated, candidate replacement marerials
tend 1o be wechnologically immarture, and their projecred cost is comparatively very expensive.
Similarly, advances in soft body armor marerials are being studied. In both cases, improve-
ments to hard and soft body armor will requine a large amount of RDTE&E funds and will rake
several years.” Up uniil now, there has been a steady progression in body armer improvements,
from SAPI to ESAPI to XSAPI and now w LSAPI plases, and from military flak and Personal
Armor for Ground Troops (PASGT) vests to vest enhancements ro OTV w 10TV 10 SPCS.
While impressive, the improvements have been essentially evolutionary, not revolurionary. The
designs have been driven by a changing threar and rthe availability of new technology (whether
it is 2 new technique for weaving fibers or stronger yet lighter plares).

A question thar is often raised is: Should the development of the nexr generation of
soft and hard body armer be conducted under an acquisition program of record, or can it
remain under 2 commodiry procurement process in the same way thar the previous body
armer improvements have been developed, even though significant improvements o the nexr-
generation body armor will be much more difficult w achieve? We will next discuss the simi-
larities and differences berween an acquisition program of record and a commodity procure-
ment approach, which are summarized in Table 3.2, From this discussion, we will give the pros
and cons of continuing with the commodiry procurement approach.

A commodity procurement usually involves the puschase of readily available items, such
as Jothing, Operarions and maintenance (O&M) funds are used to purchase the commod-
iry. RDT&E funds are available for technology development, and a program execurive officer
(PEQ)/program manager (I'M) manages the development process. After the commodicy has

Y The Army ix seoking o develop ohe capshiliny wo design, oprimize, and fabricase lightweight protection meerial syseems
axhibiting revlurtionary performance. A new Collabaragive Ressarch Alllance (CRA) focused on Mancrials in Exrreme
[3:.rq_111:rq, Fnviranmeiss (MELHY has been established,
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Table 3.2

Comparison of Commaodity Procurement Viersus Hypothetical Program of Record Acquisition

Process Commadity Procurement Fragram of Record Acgquisition

Reguirements Cambatant cemmands submit statement of need  ICIDS requiremen'ts generation
o TRADDC Mancuwver Center of Excellancs process used

{nCoE), which condwas Cost-bencfit analysis o
prepare courses of action

Cewclopment  Conoept FED Soldier, with U5, Ay Research, Cisertially same approach
Development and Engineering Command's
(RDECOM'S) input, synthesizes the reseanch
and experiments on materiali, design, and
rmanufacturing

Design and  PEC Soldier prepares specifications in Essentially same approach
prototype  conjunction with TRADDE Manguver Center of
Excillence (MCoE)

Testing ATC perfarms all FAT and most LAT testing (some  Cisentially same approach

autsaurcing of LAT & permitted) with ATC
oversight

AEUESITION ADECOM Contracting Center i Broad Body Asmas PR created under
Agency anncuncerment {BAA) and Solictation,  PEQ 10 oversee pragram Trim
Offer and Aweard, and awards contract for initial material tolution analysis
body armer 33 & commaditg DLA contracts for  throwgh sustainment. phase:
susLainment buys maulbtiyear funding

been developed, tested, and given limited fielding, the Defense Logisrics Agency (DLA) con-
tracts w vendors to purchase the commodity. Usually the contract selection criterion is lowest
cost. While this process is reasonable for buying elothing, however, it appears less suited for
procuring high-technology body armor.

An acquisition program of record follows a lengthy, carcfully managed. and highly scru-
tinized process thar is composed of three overlapping components—the Joint Capabiliries
[nregration and Development System {JCIDS, the requirements system), the Planning, I'ro-
aramming, Budgeting, and Execurion System (PPBES, the resource allocarion or budgeting
system), and the Defense Acquisition System (DAS, the acquisition systemy. For example,
the JCIDS is a rigorous requirements generation process.® The Capabilities Based Assessment
(CBA) is parc of the JCIDS process thar analyzes the milicary'’s capability needs and gaps and
recomemends both marerial and nonmarerial ways to address the gaps. I, as a result of a CBA, 2
material solution (such as lightweight body armor) is considersd, an Inirial Capabilities Docu-
ment (ICD) is prepared. The Joint Requirements Oversight Council {JROC), the organization
responsible for identifying and prieritizing warfighter requirements, must approve the ICD. If
the JROWC approves the pursuit of 2 material selution. the program enters the DAS.

The DAS, as well as che PPBES process, involve equally lengrhy and rigorous processes
with decision points, milestone reviews, and entrance criteria. For example, to enter the DAS,
a program must finse pass 2 Matericl Development Decision (MDD) review. An Analysis
of Alternatives {AcA) is then conducted and a Technology Development Secategy (TS} is
created. During this phase, rechnologies are developed, matured, and rested. In addirion, a
Capability Dievelopment Document (CDD) and Reliability, Availability, and Maintainabiliry

5 The source fuc the following i Mashe Schwartz, Difiresr Aoquisivions: Hiw Dal) Asqiives Weapars Spacen and Recens
t};i'ﬁm i Rl_'_f::'rm.l'*ﬂ Frevear, "-'(":.5.|ﬁ||.1;|u|‘|, e I.':-mgn.-rﬁnnﬂ Research Servioe, 121541, -“-|M'I| 010,
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(RAM) seracegy are developed. The wechnology development phase is complere when, among
other things, an affordable program is identified.

Ard so on, through engineering and manufacturing development, production and
deploymenr, and operations and support. There are many hurdles o make before a system is
actually ficlded. In some cases, it can rake many, many years.

As one can see, the acquisition program of record is a complicated and complex process
and can lead 1o a lengrhy undermking. However, the acquisition program of record has a
proven track record as being effective in developing advanced rechnology systems. Examples
include the Apache Longbow helicopter, M-1 main barde rank, the Combar Service Support
Very Small Aperture Terminal (CS8 VSAT) ractical savellice communication systermn, and a
family of unmanmed aircraft systems.

The rwo approaches o developing and procuring body armor are significanty different
during requirements generation and procurement. Again, the requirements-genennion process
for an acquisition program of record is dictated by JCIDS, with s CBA, 1C1, and JROC
approval process. The requirements process for 2 commodiry procurement can be ks formal.
In many cases, the combarant commands submit operational needs starements 1o Headquar-
ters, Department of the Army (HQDA). From there, a purchase description is generared char
specifies the requirements for the commeodity, body armor in this case. ESAPI plares provide
an example of this process.

Responsibility for procurement of a program of record item remains with PEC and s
responsible PM throughour all the buys of the item. In the case of a commodity, DLA rakes
over procurement of the irem after it has been proven, rested, initially procured, and employed.

We provide more derails on how the Army, Marine Corps, and SOCOM cach procures
body armer and funds body armor RDTEE in che appendix

Developing and Fielding Lighter Body Armor Would Require a Comprehensive R&D
Strategy

A straregy to develop and field lighter-weight body armor must address several issues. These
include che risks and costs invelved in developing advanced marerials, the adequacy of current
body armor, and the uncerraingy in the future body armor marker.

The contractors and Narick and ARL personnel we spoke 1o felr thar limirs in currens
materials technology supgest that a technical breakrhrough is required. If large reductions
in bady armor weight will require 2 breakthrough in marerials sechnology, significant R&cD
funding will be required. However, current and planned funding for body armor RE [ is rela-
tively limired, and current body armor is considered adequate—even though there are some
aperational impacts (cg. body armor weight, soft body armor coverage of viral body areas,
soldier flexibiliry), roday’s body armor is effective.

Before vendors invest in required R& D) o procure the nexe-generation body armor, they
must have confidence that there will be a furure body armer marker. Industry by itsel U will not
be able to develop the next generation of body armar. Some novel. cur-of-the-box options are
required that may lead 1o such a breakshrough, This requires effores thar are ourside the usual
acquisition and procurcment processes.

Broad Agency Announcements (BAAs) are one method of soliciting body armor rechno-
logical breakthroughs from private indusery ata low cost o the government. For example, the
Adaprive Execution Office (AEQ) resules in the transfer of DARPA technology ro the war-
fighter through DARPA BAAs. To this end, AEQ develops and employs novel processes, new
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tools and techniques, and innovarive business models. Currently, AECY seeks responses relaring
10 four mission arcas: adaptive sysiems, operatonally focused system integration, accelerared
system production wechnology, and comprehensive system assessment. Body armor could be
added as a fifth mission area.

Another low-cost approach soliciting body armor technological breakthroughs from
private industry is to use “challenges,” as DARPA refers to them. There are essentially two
maodels—an award prize for a stared goal or comperition and a fund promising ideas through
protetypes. The new Enhanced Combat Helmet, which represents a breakthrough wchnology
in cranial protection, was developed as a result of industry response of 2 DARPA challenge.
Both types of challenges can provide an economical and effective approach 1o developing
R&:D technology chart requires breakehroughs, but may involve less cermainey of success.

The development of lighteraweight body armaor materials will probably require 2 com-
prehensive RECD strategy. By lighrer-weighe, we mean a greater cthan 20 percent reducrion in
weight. To achieve this reduced weight goal, several prerequisites must be satishied:

= Firsr, requirements should be focused on those threars currenty observed in the chearer ar
anticipated in the future. As we have seen in our discussion, requirements can be a drver
of the body armor weight.

* Sccond, because the development of new materials that will kead w lighrer-weighe body
armor is technologically difficulr wich many risks imvolved, a sustained, significant, and
coordinated science amd rechnology (S8 T) effort is required. This should indude ceneral-
ized oversight and allocation of S&T funds."" Also, improved modeling and simulation
(M&S) and westing must be performed.

= Third, 2 spstems approach 1w the development must be used. For example, the current
approach of separaring body armor into a soft and a hard component should be merged.
Historically, soft armor vests were developed first, then larer, hard armor plates were
added 1o the vest. It is possible thar overall system performance could be improved wich
a more integrated design approach.

* Fourth, there needs o be a commitment by DD w0 procure new body armor sets in
significant aumbers. Vendors need o see a marker for the pexe-generation body armor
before they will devote their time and money to researching ways to reduce the weighe.

The Armament Enhancement Initiative {AEI) provides an illustrative example of the
kind of program thar is likely necessary 1o significantly reduce the integral weighe of bady
armor.* AET was an ammunition development program initiated in 1983 in response w con-
cerns that U.S. ranks lacked an ability wo pencrrate newer models of Sovier tanks. The Program
Hgnggﬁr for Tank Main Armament S}r.:.ﬂ'.r'r'ls [(PRA-TRAS) divected the RIDOTE efforcs, a5 well
as the follow-on procurements of ammunition.?! Congress provided a sustained and significant

1 Berer coordination of 38T is curremly being performed berween the 115, Army Research, Thevelopment and Engineer-

inpCommand (RDECOM), U5, Army Medical Command. and the Army's Warhghrer Cross Service Eguipment Beand
through the exablishment of the Individual Zoldier Ballistic and Blast fooas area.

el Crver the cousse of s himr_r. the AE] resuhed in severa] Bmilics of tank ammuonmian fie bach the - amd
12-mm cznnens (inchiding che MEFIAT “dher hulle” of Deserr Sconm famee) char pravided very lange inyprosemenes in
rermns of lechaliny againse the emerging sank shrears,

R, Chain, J. Lyons, and D Long, Criresd Yechnolary Foenrs in the Desrdapment of the Abramr Tamks Projers Himevizhs
Revirired, Washinpron, DUl Cenrer for Technobwry and Baianal Security Pelicy. MNamional Defense Universny, December
G5,
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AE] funding stream for 15 vears thar paid for 2 significant science and rechnology program_ 2
The AEI program invested in the merallurgy, composites, propellant, and ballistics research
thar was necessary for the required large improvemenis. Additional investment was made in
testing and test facilities to enable the idenrificarion of rechnical issues and 1o assess progress.
In additien, very significamt efforts were made in modeling and simulation o provide new
analytic tools 2

In addition, the Army was committed to signihcant purchases of new tank ammunition
15 newer types were developed through the AEI program and became available. As a resulr,
hundreds of thousands of mank rounds were procured, creating a mult-billion dollar marker.
Such a large marker and the prospect of continued development and procurement contracts for
new products every few vears artracted several companies that competed for market share by
way of cost and value.

Using the Procurement Process/R&D Funding as 2 Means to Lighten Body Armor

Candidare new marterials exist for borh hard and soft body armor thar have the porenrial o
reduce body armor weight. Currently, they are rechnologically immarure for this application.
In order o exploit these *leap-ahead™ wechnologics, adequare R& D funding and develop-
ment time are required, along with collabarative research both among Army labs and beoween
Army labs and other service labs. Estimares of the weight savings thar are probable for nexr-
gﬂ_‘ncmt'u_m l_:q}:i_-,.' AT wﬁ:i.ﬁ_ll:‘ CANOOE yet he rl;]'i:-qbl}r made. The current :,:I;,I-I'rlr'l:'l-l_l-dil‘}' proure-
ment process appears adequate to provide the funding and management flexibility that are
needed to develop the nexe-generation body armor.

If 2 modest reducrion of plate weight appears feasible and the threar remains the same,
new advanced technology plates are not necessarily needed. In such a case, Dol is best suited
to stay with the commodiry procurcment approach. However, if the projected threar increases
and the effects of body armor weight are shown o dearmatically impact soldier combar per-
formance, then an acquisition program of record is the best approach to developing the next

generation of advanced rechnology body armeor.

1z The: Presiddents EII,II,IF.I,:I fiar sl FERL 200 was tlee Bzt one o incliade the AEL oA, I"|.|.|||.1i:'||i|r amder the sime pra-

gram element number concinued, b with che name “Tank and Mediom Caliler Ammeniian,”

4% Chsir, Lyons, and Long (2005) and personal knowdedge of Bruce Feld fram espericnce in the program,




CHARTER FOLE
Conclusions

In this chaprer, we firse present a comparison of the four approaches w lightening body armor
discussed in Chaprer Three, then we present our general conclusions, and fnally we specih-
cally address the eight issues raised in Section 125 of the Defense Authorizarion Acr of Fiscal
Year 2011.

Comparison of the Four Approaches

Our examinacion of the four approaches o lightening body armor—refining requirernents,
using muxlular confgurations, improving testing, and improving marerials—indicares thar
each has cerrain merics as well as limitations. Some of the nonmaterial solutions can be imple-
mented roday, but they involve risks. Others, such as improving marerials, are longerterm
solutions with unknown outcomes and costs. Figure 4.1 compares the different approaches in
terms of what is invelved in executing changes, whar porential coordinarion is required, and
what the estimartes of weight reducrion are.

Figure 4.1
Comparison of the Four Approaches to Reducing Body Armor Weght

Case in Redpuiresd
Exequting Ay
Appraach thange Coordination Comment
Refing Modorately | D05 G-3, Consbguence great it wiong
requirements difficutt TRADOC
U pricedular Eagy in Fipdd QuesTeans remain about risks
body ammar pemdiphe cgenenge ovs,
configurations T e
Iengirave Moderate FEC Soldier, Requires coprdination with
1mli|‘|ﬂ._| ATC ather servioes, DLA, and
SO0 and DOTRE approwal
;I-;TQPEE i roaderate ASALALTY, Leag-term solstaon; appropriate
e & | (funding! Les G- at present | procutemert precess degends an
T;:T technologiad chalbenggs

MOTES: ASA[ALT) = Assistant Seoretary of the Army (Aogquisition, Logistics amd Techrgdagyly DS = Ay
Depury Thief of Staff,
BARD TETIE47
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In some respects, refining requirements is the most difficult approach o implement:
Changing the processes necessary o meet requirements is not very difficulr, but the decision
to change a requirement in the fiest place is. A change from a currently accepted round as the
driving threar thar body armor must be capable of stopping to a less capable round (in erms af
muzzle velocity, buller rype, or caliber) has serious consequences if the change is lager shown o
not be warranted and additional casualties occur.

The least difficule change to make is using modular body armor conhgurations. “This is
because the decision to use modulir body armor has already been made. However, the risk
associared with using this approach is largest. If a commander decides to use a less protec-
tive body armor configurarion (i.e., a lower level BAPL) and his choice proves to be incorrect,
who gets blamed? The other two approaches that we have considered—improving resting and
improving marerials—involve difficult and costly choices bur should nor lead to unfortunare
operational ourcomes.

Each of the approaches requires Army coordination before it ean be implemented. Borh
refining requirements and using modular configurations require high-level coordinarion
because of the consequences that are involved if the unanticipared occurs. Improving esting
requires DOT&E approval, and developing improved materials requires funding and time.

With regard to the estimared weight reductions, a 10 percent weight reduction appears
10 be the most that one can plan on today through further improvements o existing hard
and soft body armor.! A nonmaterial approach of using modular body armor configurarions
offers large weight reductions that can be achieved roday. For example, going from BAPL 5 o
BAPL 2 reduces weight by 14 pounds, or abour 45 percent.* However, serious concems remsain
about the risks involved in schecting the level of body armar protection. Similarly, changing the
ehrear can dramatically change the required protection of the body armor and, consequently,
its weight. Based on the threar levels, we estimate that a reasonable upper limit is a weight
reduction of abour 20 percent. However, one needs w appreciare that the threar level thar is
selected can change over rime. With regard wo testing, one vendor estimates thar over-design
due 1o the test’s variability amounts to abour one-half pound per plare; others feel thar larger
reductions may be possible. Consequently, we have to assume an upper limic of 10 to 20 per-
cent. The lang-term solurion may involve new body armor materials. However, feasible weight
reduction resulting from the introduction of new materials cannor be estimated roday.

Greater increases in weighe reduction may be possible if some of the approaches are con-
sidered synergistically. For example, @ larger weight reducrion should be achieved if the benefics
derived from reduced requirements are combined with the benefits gained from improved test-
ing coupled with modular configurarions.

! During, interviews with hard besdy armor vendors, Marick Saldier RIDE Cenner, and P Sieldier Procecion and Indi-
vidual Equipmnt, # cansensus emerged that 1k percent seducrion in bedy asmer weight was abour the s thas could
bie achicred sodsy using a maerial approach,

! This weighs reduction is based on 2 medium size body armoc sive using XSAPLXSEI plates. The pereommage reductica
will vary depending on plaze model, sype, and siee
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General Conclusions

First, there is no “silver bullet” material solution available thar can greatly reduce body
armeor weight. Vendors indicate thar a 10 percent reduction appears feasible but is nor casy 1o
accomplish, where as a 20 percent reduction is nor realistic.

Second, there are some nonmaterial solutions thar are available that can resule in
a grearer than 20 percent weighe reduction. Modular body armor configurmsons can pro-
vide 2 45 percent reduction if Body Army Protece Level (BAPL) 2 rather than 5 is selected by
the fcld commander. The problem is that the choice of the appropriare BAPL for the combar
conditions encountered is a difficulr decision 1o make. Alse, a large imventory of body armer
veses and plates must always be available. It is a difficule logistics problem to provide the vari-
ous plares and vests in all sizes ro forward combar areas, where body armor is needed the most.

Third, a combination of material and nonmaterial approaches should result in
greater weight reduction. If the plates are over-designed for the threar, then the esting pro-
cedures could be changed. This could resulr in thinner and lighter-weight plates passing new
test procedures.

Fourth, a synergy of modular concepts may lead to greater weight reduction. Soft
and hard body armor should be considered as one item and not two, Today’s practice is 1o
simply add hard plate inseres to soft vests, A systems approach needs ro be conducred o design
a singhe body armaor concepr.

Fifth, further reductions in weight will require a significant investment of money
and time. Changes to the plate design might reduce the plare weight. For example, the plares
might be railored in rerms of chickness, with the abdomen portion of the torso having a thinner
plate thickness than the plate thicknes protecting the chest area. Making variable-thickness
plares would invelve changing the manufacruring process and the testing procedures. These
changes could require a significant investment of money and time.

Specific Issues Raised in Section 125 of P.L. 111-383

Issue #1: The requirement for lighter-weight body armor and personal proteceive equipment
and abilicy of the Secretary of Defense to meet such requirements.

Response: (2) A nonspecific draft Army Capability Development Document (CDI) for Sol-
dier Protection System is currently being coordinared: (b) the requirement for lighterweighe
body armor needs o be serengthened; () vendors should be able to meer a requirement for
10 percent weight reduction; {d) requirements must reflect actual threa; (g however, a larger
reduction is difficult in the near term unless a modular approach is widely accepred.

Issue #2: Innovative design ideas for more modular body armaor thar allow for scalable protec-
tive levels for various missions and threars.

Response: (a) Synergy of soft and hard body armer by an integrating contractor nay lead o

lighter-weight modular designs; (b) the development of decision aids will help in the selecrion
of body armor prowection levels (BAPLs); (c) further use of an improved QRCAMUVYES
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model should provide a berrer understanding of the critical injury areas and refine torso cover-
age by soft and hard armor, thereby reducing the weight of both armor types.

Issue #3: The need for research, development, and acquisition funding dedicated specifically
to reducing the weighe of body armor.

Response: (3) More R&D funds are needed than are curremtly being provided: (b) greater
use of Broad Agency Announcements (BAAs, DARPA “challenges,” and other R&D fund-
ing mechanisms should be used; ic) also important w motivare the contractors to incorporare
innovarion in their designs.

Issuc #4: The efficiency and effectiveness of current body armor funding procedures and

[P

Response: While the Army may be designared as Executive Agent, rescarch is stovepiped and
spread across disjointed Dol R&D facilities, which need to be better coordinared.

Issue #5: Industry concerns, capabilitics, and willingness to invest in the development and
production of lighrweight body armor initiatives.

Response: (a) Concern over lack of financial reward in current contracting approach in selece-
ing winning conrractors (lowest cost versus best performancel; (b) more funds available for
R&cD; {e) clearly defined, incentivized requirements across all services.

Issue #6: Barriers preventing the development of lighter-weighr body armor (including such

barriers with respect to technical, institutional, or financial problems).

Response: Barriers to developing material solutions include (2) difficulry conrracrors face in pro-
ducing lighter-weight body armor; (b) slow process in formalizing a new requirement fo lighten
body armer; (€) marker size and maturity (ramp-up of lawest body armor has been completed,
and future sales are limired to refurbishments); {d) lack of incentive for vendors to assume risks;
() understanding comprehensive soldier risks {load effects on soldier performancel.

Issue #7: Changes to procedures or policy with respect 1o lightweight body armor.
Response: Use best value and weight criteria instead of lowest cost in sclecting vendors.

Issue £8: Other areas of concern not previously addressed by equipping boards, body armor
producers, or program manager.

Response: Need to {a) updare 1977 findings on backface deformarion (BFD); (b} develop
field decision aids for deciding BAFL; and (c) validare and integrate battle trauma dara wich
ongoing survivability research.
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Recommendations

We propose two types of recommendations—iop-level and specific. Top-level recommenda-
tions are those that are applicable no marter whart direcrion the nexr generarion of body armor
takes, The specific recommendations address specific issues or problems thar we have idenrificd
during the course of performing cur rescarch. They should also be addressed no mamer whar
direcrion the next generation of body armor takes.

Top-Level Recornmendations

Increase body armor funding in RDT&E program elements for coordinated and mutu-
ally supporting service programs. First, in order ro develop next-peneration body armor
that uses advanced technology marerials and is significantly lighrer than today'’s versions, the
amount of RIVT&E funding must be increased. The various RDT&E program elements also
need to be berrer coordinared, and the various service efforts should be mumally PPN,

Make sure the threat level requirement is consistent with the threat environment
being encountered in active theaters today and those anticipated in the furure. Scoond.
the threar level requirement should be consistent with the threar environment being encoun-
terexd today and anticpated in the future. It may ke many yeas w develop and employ
lighrer-weight body armor using new marerials. One needs 1o be sure that the body armor thae
is developed can provide protection against the furure chrear,

Manage the requirements-development process o coordinate relevant stakehold-
ers from concept to requirements definition. Third, the requirements-development process
needs to be reviewed o ensure that coordination among the relevant stakeholder offices is con-
tinuous as requirements are developed. Making optimal trade-offs beoween protection, weighe,
ergonomic impact, and cost requires ongoing interaction among the user representarive, the
technical communiry, and the resousce providers, from the start of requirements assessment 1o
the publicarion of the requirements document.

Add performance criteria to contract award sclection in addition to lowest cost.
Fouwrth, ptrfnrmim:r.—induding wr.ighl—-sl‘um]:i be included a5 3 contract seeard selecrion
criterion when awarding production conrraces for body armer. Currently, products char meer
the threshold criteria are selected solely on a cost basis by DA, so prospeciive producers have
na incentive w improve body armar performance beyond the threshold.

Specific Recommendations

Consider Berry Amendment waivers in procuring soft body armor and personal protec-
tive clothing. Fiest, the Berry Amendment (USC, Titke 10, Section 2533a) requires Dol 1o
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give preference in procurement to domestically produced, manufacrured, or homegrown prod-
ucts, most natably food, clothing, fabrics, and specialty meeals. Congress originally passed
domesric source restrictions as part of the 1941 Fifth Supplemental Do) Appropristions Act
in order to protect the domestic industrial base in the time of war, There have been numer-
olis exemprions granted since its original passage, and the law now applies generally o wexrile
marterials, including those utilized in bedy armor.

The American Recovery and Reinvestment Act (H_R. 1), passed by horh howses of Con-
aress on February 13, 2009, included legislation offered by Congressman Larry Kissell ([-NC)
mandaring thar any rexrile and appare] produces concracted by the ULS. Diepartment of Home-
land Security be manufactured in the United Stares with 100 percent ULS. inpurs. The “Kisscll
Amendment” was modeled on and picks up, with litte or no modification, many of the specific
provisions of the Berry Amendment.

We recommend thar exceprions be made to the Berry and Kissell Amendments in the
design and manufacrure of soft bady armor inrended for ULS. service members to ensure thae
they are wearing the best, most durable, and most protective armor available in the world.

Update 1977 Prather study to reassess relationship berween backface deformation
and mortality. Second, the 1977 Prather study provided some correlation on mortality and
backface deformarion. However, this study looked only ar soft body armor. By wilizing cur-
rent threats and available body armor (soft and hard), a new study should provide a berrer
I.Lr'l.-l.‘leﬁ[il'l-’j-ll'lg of the effectiveness nrllli]i';.i:l'lg backface deformation as a eriterna for appmpriaw
protection of soldiers on the batdleficld. We recommend char an updared scudy be performed.

Use ORCA/MUVES model to help devise decision aid for deciding appropriate
BAPL ar the anir level. Third, as discussed eardier, field commanders may be reluctant to wei-
lize a BAPL lower than the maximum without some sort of decision support wol w back up
their assessment. Operationalizing the ORCA/MUVES model will give commanders a ool
thar may increase mobilicy and lechality while ensuring survivabilicy. A continued develop-
ment of the ORCA/MUVES model is recommended, leading 1o a decision id thar the field
commanders can use.

Establish comprehensive tranuma data eollection and analysis to better inform
researchers, developers, and decisionmalkers. Fourth, we recommend thar a comprehen-
sive trauma dara collection and analysis process be established to berrer inform researchers,
developers, and decisionmakers. A theater trauma system is in place for collecting dara on
rrauma patients and implemenearion of a performance improvement program. Dara collected
on trauma patients included demographics, mechanism of injury, physiclogy, diagnossics,
rreatments, and ourcomes and was placed into the Joint Thearer Trauma Registry (JTTR). The
collection process should be expanded 1o provide needed dara ro ascermain the effectiveness of
body armer.

Conduct research to understand how body armor weight may increase probabil-
ity of injury or death because of soldier and unit performance degradarion. Finally, we
recommend that research be conducted o better understand how body armor weight may
inadvertently increase the probabilicy of injury or dearh because of performance degradarion.
The research should indude studying how combat loads affect performance through weight
diseribution and load carriage design, so that commanders can make more fully informed deci-
sions about BAPLs. Also, further analysis is needed to determine whether aerobic and strength
rraining can diminish the performance impacrs of wearing body armor.
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Army, Marine Corps, and SOCOM Processes for Procuring Body
Armor

The ULS. Army, the U.S. Marine Corps, and SOCOM follow DD Instruction 5000.2 pro-
cedures for acquiring body armor. With rare exceptions, they all have similar processes for
developing body armor from receiving needs statements from combar units to the development
of designs and specifications to final acquisition. While each service has its own research and
development for interim design, experimentation, and testing and the completion of perfor-
mance specifications—summarized in Table A l—rthey all coordinare with and depend on
the expertise of the Army's Narick Soldier Cenrer in development and use ATC for all FAT
and most of the LAT resting. All employ DOT&E rest protocols. The Special Operations
Forces Support Activity (SOFSA) receives, warchouwses, and discribures body armor. All con-
tacting, testing, and acceprance are accomplished by the Program Manager, SOF Survival,
Support, and Equipment Systems, ar Natick, Massachuserrs. The Army and Marine Corps use
the Diefense Logistics Command for the final steps.

Coordination among the services occurs periodically ar 2 Cross-Service Warhghring
Equ]pplng Board. The .|"|.J.'JTL'_'«" and Marine f:l:nrps have started |:|1|::-nT|ﬂ:|." mmings l_'m].r:url:l.ing

bady armor requirements, development, and specifications.
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Table A1

Summary of Ay, Marine Corps, and SOCCM Processes Tor Procuring Body Srmaor
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Table A2 shows a breakdown of the Army RDT&E funding for body armor research.
The amount of funding devored 10 RDT&E is small relative 1o the magnitde of the recent
buys (approximately 2 percent of the procurement funding). Peak procurement funding rotaled
approximarely $2 billion per year. This amount is small relative to the average amount of RE&D
that is spent for procurement of high-tech programs of record.!

Table A.Z
Summary of Army Body Armor RDTRE Funding

Funding [$ milliames)

Priject PR Ty L] Fy11 F¥1i2 FY132 FY14 FY15 FY1& FY17
I5H 4.1 Institute far Sobdier 0.5 05 0.5 0.5
Manotech®
I5H 6.2 Institute for Soldier 14 1.4 1.5 1.5 1.5
Manotech?
H9& (6.7 Warfighter Technology 6.2 8.9 G.g 6.3 6.4 6.6 6.7
HEG 6.2 Dallisti Tedhnalogy 2.3 3.3 4.9 5.3 4.4 8.2 5.2
HE4 (6.2} materiak Technology 2.4 2.2 4.0 40 24 1.0 1.0
150 (5.3} Future Warriar Tech BT 7 27 a1 23 9.4 0.6
Imtegraticn
HAZ {E.1]  Ballistics Research a4k 51 5.2 53 5.4 5.5 5.6
FHZ (6.3} BlastBlunt Trawsma 0 F 0.E 0.9 oz o7 07
Kadels
552 (6.4)  PM Soldier Protecticn 4.3 Tt
and Individual Equipment redeased
S60G.5) M Soldier Protection 3.7 ot
and Individual Equipment released
E25(6.7) MAANTECH - Lightenzight 0.4 1.4 25 2.4
Body Armr
Tartals Army Body Armor ROTRE <33 <30 =35 <34 <31 Er ] L]

E0OURCE: B-2 ROTAE Budget; W5, Army Matick Soldicr RDOTEE Center; Army Research LabMSvimapgD.
9 ondy a portion of the funds are designated for research related to body armar.

Some RDTEE funding for body armor is also provided by the Marine Corps and
SOCOM. The funds that the Marine Corps bas devored o body armor under Budger Activiny 7
are $39.3 million in FY2011, 5.3 million in FY2012, $4.6 million in FY2013, 34.7 million in
FY¥Y2014, $4.9 million in FY2015, $4.9 million in FY2016, and $5.5 million in FY2017. These
funds do not reflect Navy research related 1o body armor. SOCOM has programmed $0.5 mil-
lion per year for body armor research from FY2011 chrough FYZ017. If these are included with
the Army’s amount, the toral RDTEE is sill relarively small relarive 1o the size of the bady
AFMOF [MOCUTEMEn.

L et used che average racie of RED vver procusemsnt spending during, the lust decade a5 2 surrogare for the typical rarie

al BRI o peocurcanens of high tech avquisition programe. From FY2001 o FY2000, che averape razio of RED w Proours
ment spending in che Anmy was 0,34, (0fice of che Under Secrecary of Defense [Comparoller], Table 6-16, Armmy TOA, by
Appregristien Tile—FY 1948 o FY 2006, Narisnal Defense Budpei Estimans e FY 2012, March 2002, "Washingon,
L
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