Spring 2017
Industry Study

Industry Report
Land Combat Systems

The Dwight D. Eisenhower School for National Security and Resource Strategy
National DefenseUniversity
Fort McNair, Washington, D.C. 203195062




LAND COMBAT SYSTEMS 2017

ABSTRACT: The Land Combat Systems (LC8dustry, as part of the overall defense
industryi s critical to the U.S. and partner nati or
study, the industry is sutategorized into two markets: Tactical Wheeled Vehicles (TWV)
including Protected Vehicles (P\@nd Combat Vehicles (CV). Tactical WhexkVehicles
include light, medium, and heavy wheeled vehicsyingpersonnel and equipment with a
limited ability to carry weapons. Combat Vehicles include tracked and wheeled vehicles mainly
used in a ground combat rolEhe purpose of studying the&€S industry is to analyze
representative issues and dilemmas faced by fitmesDepartment of DefensB@D), and the

U.S. Government{SG). The LCS industry consists of a number of key domestic and
international firmsas well as government depot faedg. Within the TWV market firmften
manufacture both commercial and military products, sometimes on the same assembly line.
However, most firms in the CV markate solely military suppliersCyclic government demand
is a key driver in the TW\and CV markets. In additionpgernment customers control many
variableswhich directly impacts theuccess or failure of LCS programs dhe respective
success or failure of individual firms. Given the facts above and b@sadhe study team
observéions and anlgsis, theUSGandDoD should consideexpanding~oreign Military Sales
(FMS) opportunitiesupdating logistical sustainment plans and practiessing requirements
generation and oversight of Science and Technology (S&T) and innoweattbepnsolidating
efforts within the Defense Industrial Base (DIBljhese changes withaximize efficiency
increase competition, incentivize innovatiand minimize cost while maintaining the optimum
readiness level for the designated mission requirements.
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LAND COMBAT SYSTEMS 2017
INTRODUCTION AND INDUSTRY DEFINED

Il n the spirit of Bernard Barucho6és goal to
this study is taunderstand the behavior of the markets and industry participants,| &s wed
salient issues and dilemmas, associated with a representative industry critical to national security
As such, the Class of 2017 Land Combat Systems (LCS) Industry Study team investigated the
development, production, fielding, and sustainneémhilitary vehiclesto identify andanalyze
strengths, challenges, and opportuniiidgerent in this important industry today. The study
team had the privilege of meeting with U.S. Original Equipment Manufacturers (OEM) and
defense firms as well as sel&atropearallied partner firms. In addition, the teaonducted
literaturereviewa nd anal yzed firmsod financial, market.i
these meetings, briefings, plant tours, and associasedurchcommon themes and trends
emerge and provided clearepicture of the health of the military vehidledustry.

To better understand and capture the salient points of those themes and trends, the study
team used a variety of tools and frameworks such as Strengths, Weaknesses, Opportunities, and
Threats (SWOT) analysi s; Por t eondacs,anBi ve For ces
Performance (SCP) analysis. In addition, the team was disciplined in the collection of Key
TakeAways (KTA) from each interactioimcludinganalysis of past and current conditions,
challenges, and opportunities as well as, where appropriate, recommendations related to U.S.
Government (USG) goals and its role in the industriie resultant themes and trends were then
compared with historicassesment products from previous military vehicle industiydies to
identify the most important observations, evaluate firm strategy and government policy
implications, and offer key overarching recommendations to improve industry performance with
respet to national security requirements.

The teantonducted aetailed study of firms and government organizatjmasicipating
in underlying vehiclanarkets and engaging in political activities to produce military vehicles to
the U.S. and international ntdiries. For the purposes of this stuthe underlying market for
military vehicles issubdivided into a Tactical Wheeled Vehicle (TWV) market (which includes
protected vehicle@V)) and a Combat Vehicle (CV) markdtustrated in Appendices B, C, and
D. TWVs include light, medium, and heavy wheeled vehicles carrying personnel and equipment
with a limited weaponsapability, with or without protective armor. CVs include tracked and
wheeled vehicles mainly used in a ground combat role and usuallypeduiih extensive
firepower. The military vehiclendustry consists of a number of key domestic and international
firms, some of which develop and produce commerciaicles or primary components as their
major effort.

Depending upon the system atslpositionwithin the life-cycle, the military vehicle
industry varies from a monopoly, such as General Dynamics &gsigms (GDLS)
manufacturing M tanks andBAE Systems Inananufacturing Bradley Fighting Vehicles
(BFV), to acompetitive oligopolyn the TWV marketwith several firms capable of producing
vehicles from a Technical Data Package (TDP). Once a contract is awarded, a firm may enjoy a
monopoly market as it remains the sole supplietiferduration othep r o gr a-oydles | i f e
Additionally, firms strive to secure contracts fotlow-on procurementsr acquireanother firm
with an existing contract through merger or buyddtherwise, mosfirms operate within a
competitive oligopoly, where several key defense firms continue to challeegenother for



profitable contracts and logistical support during thediele of a vehicle. Overall, the
complexity of manufacturing and sustaining CVs, complicated byitet number of firmsvith
the inherent knowledge to do so, forces the USG apmh@ment of Defense (DoD) to increase
oversight and involvement the CVmarket to maintain capacighdmeet demand. On the
other hand, the production of TWVs, which shares commonality with commercial vehicles,
requires less direct USG and DoD involhamasseveral firmsareable to meet demand when
needed.

As noted above, the studeam researched underlying military vehieiarkets in order
to better mderstand the health of tiredustry and its ability to satisfy national security
requirements.The remainder of this paper is organized to showcase thesrekthat research
with both domestic TWV and CV markets having dedicated secti@ssribingcurrent market
conditions, challenges, and future outlook. An additional section provides obses\aftand
comparisons with European markets basea@ limited study of seleandustry participants on
that continent. Based on the content of these three analytical sections, the study team identified
crosscutting themes worthy of additional commémincludeinternationalexporisales
emerging threats and investing in the futweguirements generatipandsustainnent and
supply chain managemenkinally, the paper closes with several key recommendations for the
USG and DoD taonsider to assumarket stability and longevityBefore starting the market
analysis sections, a brief diversion into industry history and background is in order.

THE L AND COMBAT SYSTEM INDUSTRY HISTORY AND BACKGROUND

Military ground vehiclegprovide needed capabilisdor theU.S. Army, United States
Marine Corps (USMC), and partner nations. Ground forces depend heavily upon the offensive
capability of C\6and the expeditionagnd mobile strengthsf TWVs. Both types of systems
provide a strategiadvantageo enale Soldiers and Marines to operate in austere environments
against formidable threats. However, the changing dynamics of the battlefield in recent conflicts
with respect to improvised explosive devices (IED) forced a strategic shift in vehicle design,
ultimately requiring heaer and more survivable systems. These design chémgeslthe
military vehicleDefense Industrial Base (DIB) to respaatordingly and replace less
survivable platformsvith those that couldountemrmore proliferatedise of IEDs

In generaljndustry firms in the DIB must account for the cyclical environment of
shifting demand, declining budgets, and esteanging requirements levied upon them by DoD
and Congress. The firms in the TWV market fare betterfihas inthe CV maketdue to
commonality of products across both the Defense and Commercial producSinesrly,
component manufacturers supporting the TWV industry produce engines, transmissions, and
other major components mainly for commercial vehiel#l a separ@ productihe specifically
designed for defense marketdowever, given the draxdown of military forces following
major combatoperations ICO) in Afghanistan and Iraq as well as budget austerity, firms in
both the TWV and CV industriegrestle with delining demand, USG desire to own TDPs,
cancelled programs, protests, delayed budgets, and changing requirements.

Drawdowns in Iraq and Afghanistan, complicated by the Budget Control Act of 2011,
capped military spending and limited future defense budgdines! In general, military
vehiclefirms experience increased competition for fewer, new procurements during periods of
budget austerity. In a fewcases, such as thesaultAmphibiousVehicle (AAV) andFamily of
Medium Tactical Vehicles (FMTV), aval competitorbeat out the likelyncumbentor follow-



on upgrades in the formprogram andthe subsequemebuyof vehicles in the laterin these
cases, the USG owned the TDP, which increased the likelihood it could successfully compete a
rebuy ofthese existing vehicles rather than continue to dobss with the incumbent firm

Even somilitary vehiclefirms understand the magnitude of the opportunity inherent in a
new prograrnstart, given the history of past governmputchases. As an example, AM General
initially won a five-year, 55,000 vehicle contract for tHegh Mobility Multi-purpose Wheeled
Vehicle HMMWYV) that evolved into more than 230,000 vehicles sold to the DoD in almost
three decades due to supplying aguei vehicle® Given the high stakes associated with these
contracts, firmsometimegprotestnewDoD contractawards as was the case with the FMTV
rebuy in2009and twice in the Joint Light Tactical Vehicle (JLTV) programThere is no
guarantee orhe duration of a prograhmowever,oncethe USG awarda contract. The USG is
generally permitted fito terminate a contract,
convenience, 0 when b u 8 gdditionallyr the@eentfofdthe pragrac e di ct
sometimes remains op@mded. h the case of the FMTV A2, the program is slated for 2,400
vehicles, but the factual quantities in any f
proposed pricing for this quantity, army requirements,avaiability of future f un’di ng. o
Therefore, firms never truly know the full extent to which a contract will be executed, especially
given the budgetary crises of recent yea&isally, as firms decide to compete for a contract,
they choose to invest significantpital and resources to provide a highality yet affordable
product without any knowledge of the level or extent of competition. In one darse,spent
extensive capital to win a contract, only to discaféer the facthey were the only firm
submiting a bid® On one hand, the lack of knowing whether another firm would offer a
proposal drove down cost for DoD due to the f
However, the firmdéds return on invesdtmmnt was
needed to compete against ghost rivals.

While all of these conditions limit efficiencies and increase risk for firms, the market
continues to deliver quality vehicles to DoD for sustained combat operations. tinases,
firms remain in thendustry because of the potential for a lucrative contract when DoD starts a
new progr am. Addi ti onal | YD aecouatfor onlyas litle &si r mo s
one percentDoD often remains the single largest mmer for that firm. While these defense
firms remain in the industry for those reasons, the USG and DoD must look to reduce
inefficiencies whee able to maintain a capable and respongidestrial base As such, the next
sections will showcasethesjud t eamés mar ket analyses as a mea
potential inefficiencies.

DOMESTIC TACTICAL WHEELED VEHICLE (TWV) MARKET
Current Conditions

Ultimatdy, the TWV markeis relatively stablegiven the commaatity with commercial
products The TWV market is able to leverage desiBesearch and DevelopmeR&D),
facilities, and skilled personnel between defense and commercial mavetsof thefirms
producing TW\s also produce heavwyucks(i.e. waste removal, cement mixers, firetkac
buses) or haveomplimentarybusinesses within the firmAs a result, there is the equivalent of
Awar m basi ngnarketwhere finms mainfdvi the expertise gordduct line



capability to ramp up production of TV8W needed with minimal US®r DoD involvement to
maintain that capability.

Given theinherent expertisehe TWV markd sectowe at her ed t hef Abat htu
decreased demarm relatively good shapéeeAppendix E Figure 1). With increasing demand
and potential relief to budget caps, firms pogsed forwhat is projected to beeartermgrowth
TWVs remain the backbor@dt h e U. S . expaditionaymassionandaretherefore
specifically designed for rough terraimvronmental extremes, and survivability. Still, they are
largely built with the same parts and components (i.e., engines, tires, transmissioviseelsjl
used in manufacturing.S. and foreign commercial trucks.

Prior to 2004, ntitaries around the glob&eregenerallysatisfied with the survivability
of theTWV, shown by the extensive use of the HMMWMowever, gven the current threat
and widespread use of IEDs, U.S. and European militaries reguiredisedrmorfor their
TWVs. Additionally, the added weight of protective armor was compounded by the requirement
to carrya variety of command, control, communications, computers, intelligence, surveillance,
and reconnaissance (C4I1SR) equipment. Other unique milgguyremats include scalable
armor cabs and kits, advanced suspension and suppressive/remote weapon systems, and
modifications for hauling military payloads and palletized systems in a variety of combat
theaters.

The evolution of TWV into heavier armoredhicles stems frorthe military
requirement to prote&oldiersand Marines from IEDas well as the political requirement to
safeguard Amer i Oredaldmakettze argundn/VstarzdIPVs werence
separate classedepending upon whether DoD intended to operate the vehicle in a threat
environment.As survivability requirements changdebwever almost every TWV is protected,
further blurring the lines between TWVs and PVFar examplePoD originally intended for e
HMMWYV to serve as a light, highly mobile, and unarmored vehitlewever, tomeet modern
threatsDoD i ncreased the HMMWVGés perfotemsonce and
raising costs of the uarmored variant. Unfortunatelghe uparmored HMMWV (UAH) still
did not satisfyevolving requiremenigequiring theJ.S. Armyand USMC to acquire the JLTV,
which meets the requingnt for personnel protectiomhe added requirements place the
averageprocurementinit cost APUC)for the JLTVat $300,000, comparedith the APUC of
an uparmoredHMMWYV of approximately $200,000still, thecost of JLTV with full
protection is favorableomparedo the APUCof $430,000 t&900,000 for the MRAP Family of
Vehicles (FoV)acquiredthroughrapid acquigion programs at the height of the wérs

Challenges

Shown by the@bundancef firms responding to DoD demand for new armored vehidles, t
TWV market has moderatdo highthreat ofnewentry. Comparedo other military platforms
potential newentrants havéhe ability to leverage expertise in truck production and the availability of
many TWVcomplimentarycomponents such as tires, shocks, engines, transmissions, and
commercial chassis design foundatidme study team utilizedarvard BusinesSchool professor
MichaelPor t er 6 s to#lio analyzétierintermad market factoruencing suppliers,
existing firmsin competition and buyerso determine where power lies in the marki&dditionally,
external factors affedirms and buyers themarketincludingthe possibility of new entrants
substitutes to existing produé¢tsWhen competing faa contract to deliver TWVs to a military
customerl.S. firms who lack the infrastructure, access to economies of, seemology and



sophsticated design knowledge, or who simply wish to gain access to an existing vehicle design, can
partner with foreign firms with such access in a synergistic strategy toargietitivemarket share.
However othercritical entry barriergxist andncludeDoD relationshipsvith incumbentsand
onerous USG Federal Acquisition Regulations (FAR) and Defense Contracting and Auditing Agency
(DCAA) accounting rule$*!?

In addition to regulations and contract rules, DoD strives to maibtsier powey

especially in the TWV markebhyb e comi ng mor e aggressive in fNse:¢
rightso of TWV programs Ato facilitate compet
vehicles from a different competitét.Former Secretary of Defense (SBEF) Dr. Ashton

Carter directedProgram Managers (PM9 consider purchasinpDPs t o sol i cit Abi ¢

build-to-print contracts. Without the TDPs, the government is often forced to sole source future
l ot s, and of t¥ withawnershipgotheelt TV FDPifodosviag thie initial

eightyear, $6.7 billion, 17,000 vehicle contrabpD could conceivably reintroduce competition

for the remainder of the JLTV lifeycle, which is expected to extend to 20 years, $30 billion,

and 55,000 vehicle's.

DoDd& ownership of TDPsioweverremains a contentious issue for firmMost OEMs
view TDPtransfer as a threat to their Intellectuabperty (IP) and proprietary engineering
practices.Therefore, firmsnust balance the cost of the competition and the value dPany
within the TDP with expected profits from winnitige competition. Even if a firwins a
contract, the subsequent loss of competitive advantage when the TDP is delivered to a
competitor ina follow-on contract may not be worth the initial profits. Additionally, some TDPs
are not maintained to reflect the latest configuration, and the drawings are dated sDoDthat
cannot deliver accurate drawgs to another contractor tocempete the pghase of addibnal
systems. Finally, a firrmay make techoal modifications to a vehiclevhich DoDprefers
prior toa rebuy. IfDoD did not contract with the firnto keep the TDP updated, switching to
another contractor for existing weapons systaiitisout updated TDPs may not be possible.

GivenDoD 6 s  u n ademand, AWWrfirm$iave been forced tmnsolidatever the past
twenty yearsleading to dominance bynly a fewfirms. Still, rivalry within the TWV market can be
intenseespecially in the early phase of competition for TWV contr&&té A major reason is the
Awi nner take al | gwiththenmomre profiatle lif®yoldsustamment camttattss
serving as tempting lureInternationally, the market is avenore competitive due to USG
regulations regarding foreign competition for sensitive defense cont@mtsersely, LS. firms
face headwindsnore savhen competing in the international market due to U.S. egpottolsand
less spbytheirfrequentcommuniquehat foreign governments often subsidized tbempetitod s
pricing. Additionally, foreign customers sometimes dekii®. firms to provide offset agreements
which may include manufacturiregrtain aspects of the TWV or its components irfdhegn
country!81°

In addition to the interest in maintaining the vehicle indridtase, Dolalso has a critical
interest inthe component market for TV\s they are essential to the success of the overall TWV
market. Engines and transmissionghich may share commercial designs depending upon the
vehicle, are the most visible component markets for TWMhile these components for TWV
share extensive commonality with commercial products, they require some modification for
military use. As sucHjrms supplying components to vehicle OEMs face similar market
conditions.

In thecomponenmarket,an example of enajor supplieto DoD is Caterpillar, which
produces engines for mrdnge and heavy duty tactical vehicles forth8. Army, Navy, and



USMC, such as theMTV, the Heavy Expanded Mobility Tactical Truck (HEMMT) family of

vehicles, Palletized Loading System (PLS), and the Stryker family of veficlasditionally,

Caterpillar provides engine, transmission, and transfer case power paggpad sheU.S.

Armyds Cai man, and the Navy and 208MQdeds. SMRAP and
TWV market, Caterpillacurrentlyhas over 85 percent of the market shanmid-range and

heavy duty tactical vehicle engin&sFurthermore, there are avé25,000 Caterpillar engines

and over 12,000 Caterpillar machines in service with the U.S. mifitawyhileCat er pi | | ar 6 s
sales for defense and federal products consti
remansCat erpi |l |l ar 6¢* biggest customer .

For its commercial product§€aterpillar operates an extensive dealer network providing
worldwide support and direct sales to units providing customer support for the life of the
product, which includes warranties on refurbished engiha$hile this busiess model provides
long-term value to the commercial customer, the discorimect ween Cater pi |l | ar 0s
model and DoDO6 s thpfirmst hfas @ u-gydeivdlue arstaseup front
discounts. DoD usually prefers lowest cost, techni@abeptable (LPTA) contracts, which
places emphasis on 4fifpnt cost versus lifeycle cost and value over timé.DoD procurement
budgets remain the same or decre#ss focus on near term costs over-lifecle sustainment
costs could negatively impa€aterpillar when competing its engines for future DoD contracts.
Additionally, DoD may see an increase in lelegm Operations and Maintenand®&M ) costs
due to operating less relial@guipment.

Overall, frms left in the TWV industryveatheedthe ecent bathtub years through a mix of
internal manufacturing process efficiencies aptimization,corporateconsolidatios, and in a few
casesinnovative anceffective strategiplanningto stay onestep ahead of the competition. In other
cases, somerfns managed to just maintain their minimum sustaining rate thieagiears2® The
TWV industry has been able to do this in large part given its foundation in the commercial truck
manufacturing sectotdowever,while the overall industry remains relatively healthy, there is room
for improvement t@nsure the TWV industmgmairs capable and robust enouglptovideeffective
and sustainablglatforms forDoD and allied customersEnsuring effective competition the
global markets criticaltot h e T WV siompteimssiicceys@nd ta®)national security.

Outlook

Given the number dirms with knowledge and expertise to produce TWVs, DoD can
expect the market to remain healthy. Fiimghe TWVmarketresponded well to DoD demand
for a different type of vehicle, providing capable MRAPS on short nofibese firms learned
manufacturing techniques agdinedindustrial knowledge to produce armored T¥/&llowing
many of them to enter competition for N.Tthus providing DoD with several robust choices for
downselect to the final vehicleAs DoD looks ahead to future contracts to meet national
security requirements in the mid and letegm outlooks, it can expect multiple firmsthre
automotive industrto compete intensely, thus offering Doigh-quality product at a
reasonable priceThe way forward will entail collaboration between &V industry,USG,
and DoDthrougheffectivecommunication, transparency, amd¢hnologcal innovatiors
fundamendl to the endeavoWith some revisions in FMS policies to enable U.S. firms to
compete bettan the international markgboD cancontinue tgporovidethe most effective TWV
platformsto the warfighter.



DOMESTIC COMBAT VEHICLE (CV) MARKET
Current Conditions

In direct contrast to the TWV market, t8% marketrequiresspecializedexpertise and
production capabilityo manufacture militarunique vehicles with limited to no commercial
commonality Barriers to entry into thimarket are highsuch ttat a new firm not currently
producing CVswill most likely be unwilling to accept the ris@r spend the capital required to
develop the infrastructure nter angroduce CVs It is importantto notberei hi gh o bar r i e
toentrydon ot i mp | y &Rdtherpit inephes thag entry will be limited to a very small
number of firms that can find a way to overcome the badéietg. through partnerships,
acquisitions, or mergeraVhile TWVs are thedesiredsolutionfor wars in Afgharstan and Iraq,
theincreasing threat from Rusgiesults ina growingappetite for ¥s, especially fromNorth
Atlantic Treaty OrganizatiofNATO) allies. Unfortunately inefficiencies in the CV market
mainly due to multiple facilities with redundant capabilities and lawughputthreaterD o D 6 s
capability to sustain critical combat powdre to the high cost of maintaining these facilities for
limited demand

DoD must maintain a robust CV industrial baseCVs are the backboneldfS. military
might. A Main Battle Tak (MBT) is one of the most intimidatinground weapons systems with
an ability todeter less capable enemies from taking any action against U.S. or alliec*forces
Without the capability provided by the CV marketplace in response to DoD requirements, the
United States would not be able to project land power against near peer competitppoit af
its strategic visionDoD mustbe prepared to face a rising China or a resurgent Russia, as well as
lesser threats from North Korea and Iran. These potential threats will undoubtedly ttegjuire
overmatch capability o€Vs to persevere in a MG@omething th&).S. Armybelievess
stegnatng with theM1 Abrams?®

Unfortunately, the current CV industrial bagéfers from aliminished numbeof
capable firms in the United Stated/hen thel.S. Armyfirst acquired the M1, there were seven
firms or major technology suppliersithin theCV industry However, roughmergers and
buyouts, the CV industrgecreasetb only two U.Sprimes(SeeAppendix E,Figures2 through
4).2% What was once decidedlycompetitivemarket served bynultiple firms, is now
significantly less competitive aréduced down to onlgvo main competito® GDLS and
BAE. GDLSIis theOEM of the M1 main battle tankhe 8x8 Stryker Armored Combat Vehicle,
and the Light Armaed Vehicle. BAE is the nanufactureof the M2 Bradley Infantry Fighting
Vehicle(IFV), the M113Armored Personnel Carrier, the M109A6 Paladin-petipelled(SP)
howitzer, and is competing for the USMC Amphibid@@mbatVehicle (ACV) in partnership
with lveca Effectively, DoD is beholden to GDLS and BAE farstainment of current CVs in
operation

Given the state of théV DIB, some interesting market changes have occurred that set
the CV market apart from the TWV markets an example, when the USMC competed the
AAV Survivability Upgrade PrografgUP in 2014, SAIC unseatthe incumbent BAE, the
firm responsible for the AAV following acquisition of United DefenSAIC succeeded not as
an experienced CV manufacturer but as a systems engineering integrator. The former requires
huge outlays of cash and institutiokabwledye on production of CVs while the latter allows
SAIC to integratechoicecomponents into a competitive produg¥hile it is still too early to tell
whet her SAI Cb6s business model wil| prevail , t



of intensty in the competition for new programsVhile there has not been a largeale new CV
program since the USMC canceled the Expeditionary Fighting Vehicle (EROLHD o D6 s
decision to switch from BAE to SAIC for the AASUrvivability upgradenayenticeother frms
to enter the competitioior new programs includinthe Mobile Protected Firepower (MPF),
Next Generation Combat Vehicle (NGG\Andfuture service life extensiorrggrams (SLERY®

Challenges

While the tracked CV design requires certaanufacturing expertise, wheeled CVs and
SLEPs areanoreopen for new entrantdVheeled CVs have a relatively simple design with
respect to power and maneuvaowevertrackedCV technology requires institutional
knowledge, specific manufacturing abilities and facilities, and a large outlay of cash to begin
production This isunlike the widespread institutional knowledg®d capital investmeim the
TWV market Very few fims have the infrastructure and technaagbabilityto design, develop,
and manufacture a tracked CWf.DoD required anewMBT to replace the M1, it is almost a
certaintyfirms submitting a proposal would be limited to those alresdiye in the C\inarket

As such, DoD does not haweuch negotiatingpower inthetrackedCV market. Looking
specifically at GDLS and the M1 Abrams, a tremendous amount of power transferred to GDLS
over the past0 years a&DLS is the only firmcurrently capable of manufagtng M1 tanks
domestically?' Being a sole source provider for the entire-tifele of the M1 affords a measure
of control. Given the history of M1 manufacturing and refurbishmBwat is reliant upon
GDLS and pays to maintain the CV infrastructatboth Joint Syséems Manufacturing Center
(JSMC), a Governmer@wnedContractorOperated (GOCO) facility in Lima, Ohio, and
Anniston Army Depot (ANAD) in Alabam#

Despite théJ.S. Armyp u b Isitcaltyi i2g ti i 200 hot ur e qMiltrieeari | ds
olitical fal llccwt Cofngalesssi ngp $BBE mc evidlleiocam d  a l
Il l owed JSMC to mMédmai Muini ogecanitiomsed in the
ongress spending andtCheamgr$®s20 @ind dplctac ekdé @ap 210 H
roducti owi ductoenpeapen on due t oWlsiolle BFHMC cree ma
pen for M1l praeaducteinean amapditluirtty, operations r
NAD. The partnership is required because th
woommands and pMWysihc®DloDlbscatrticomsabactoaoreebdétt
hrowghcl efextensions rather than purchasing
faci Howed@®i,ays a hitgdh maiemti aiimtn t he damaelsitliict \C
whiase gni fi cant portion afntlkeSMG@&d4as omrad dsuwscatl iecgre asr
2017, 54a0f9 tpteg cenhesuppepadxpod FlOanagtbeé ng export w
i ncelsudCV da&lreaxelf,orMorocco, Baudi Arabia, and Eq

Similar to the CV markefDoD pays a high premium to sustadire componentnarket for
CVs. While many firms have the industrial knowledge to supply components for TWV, very
few firms have the knowledge or desire to supply very specific components for CVs. As such,
USG and DoD roles in the Csbmponenmarket mirror the rolesiithe CV market. There are
only three tansmissiomanufacturers fothe domestic CV market who agele sourc@roviders
onthreeCV platforms. Allison provides the X1100 credsve transmission used in the M1
Abrams and the XT200 used in the M1aBdTwin Disk now produces the XT4105A for the
M88.%¢ L3 provides the HMP300 transmission for the M2 Bradley family of C¥/sWith
these vehicles isustainmenand no new CV procurement programs on the horitendemand
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for new transmissions is lowDespite the inefficiency of maintaining the supplier base for new
transmissiond)oD pays a high cost to maintain the capital infrastructure for transmissions due

to not having another source capable or willing to produce a niche comptdhent. h | i k e
apppriations maintaining the JSy€@vémoment ypwbDe
tool i nAl Iwigohalitio mahked MX1100 tank transmission.
robusfti nsaenfcfed commerci al transmé¢isali oangl| mnti pa
grade TWV tr ans mibDsoshh wumdi,ng tt o ed u setsaiump omi ni mal

t he X1100 t a rOkeral, thachalenge$oghie 0SG.and DoD is the high cost of

maintaining a warm maifacturing line for both CVs ahcomponentsvith the goal ohaving

the ability to surge production capability in a relatively shorter time than if a facility were closed

and had to be repenedvhen needed.

Outl ook

If DoD maintains the status quo, it risks losing manufacturingsasthinment
capabilities for CVs as other nationd/ith only two major primes focused on developing and
manufacturing CVsand an assortment of other defense firms such as Lockheed Martin, SAIC
and Textrorthat,on occasioncompete for selected CV progna as a prime or major partper
DoD must decide how to maintain the DIB capability of manufacturing tracked and wheeled
CVs. Additionally, DoD mustdecide how to maintain a domestic supply of key military unique
CV components such as gun barrels, forwaoding infrared (FLIR) cameras, engines, track,
and tracked vehicle transmissiorisow demandor CVsforces the DoD to pay a high premium
for operations to reset, remanufacture, and sustain the fleet of CVs. Tharefduture health
of the CVindudrial baseremains questionable with respect to U.S. inherent capabilities to
manufacture new tanks or other tracked vehiteaseet national security requirements. Unlike
the response toew TWV programsif DoD requires new technology innaain battletank or
infantry fighting vehicleit may be forced to rely upon tkame two CV primepending any
new firm trying to enter the market with a differdnisiness modehs SAIC did for the AV
Survivability Upgrade.

If DoD wants to reinvigorate the CVndustryandrealignprecious resourcdsom
maintainng a warmM1 industrialcapability, itmustalter its budget strategy. Possibilities
include consolidating CV capabilities or inserting competition into existing facilithégh only
one contractooverseeing operations at JSMC, DoD ialding inefficiencies in the industrial
baseby paying br overhead used by only one firnmserting ompetition by allowing other
firms to use JSMC may lower the cost of maintairting DIB. Additionally, demanddr CVs is
increasing, especially in Europe to counter the increasing Russian threat and aggression. The
next few yearsrean opportunity for the USG 1ook carefully atelaxng thebarriers to
international sales to stabilize the CV markadditionaly, further relaxing barriers that impede
close collaborative partnerships with some of the highly capable international CV firms for
future CV programs and components, especially with those of our closest allies, may expand our
ownindustrial capabilityincreasegechnological competencgnd lower costs.
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EUROPEAN MARKET S: KEY OBSERVATIONS AND COMPARISON WITH
DOMESTIC MARKETS

To better understaridoD practices with respect thanaginghe DIBaccording tdJ.S.
culture, laws, policies, and practices, the study team investigated specdjpean defense firms
in Germany and ItalyThe research surfaced some interesting similarities as well as key
differences One observation was European markatBide abroader DIBdue to each
sovereign state desiring to protect its domestic capability to produce weapons systems (See
Appendix EFigures5 and6). Additionallyyd ef ense contractorso pract.
and DoD for contracts is somewhat uniquéhi® United StatesForeign firmsare less
successful at lobbingovernment representativesganerating influence byaying into
campaignfundsThi s coul d be an indicator of a.weaker
This differencealong withlack of government support for R&D and more restrictive policies for
foreign salesn some casemtroduceunique market conditionBy way of backgroundnajor
European manufacturers currently active in the TWV market include Iveco Defense Vehicles,
Mercedes, Rheinmetall MAN Military Vehicles, and Renault Truck Defeifibe. biggest names in
the European CV market inclu@eneral Dynamics European Land Systems (GDBUS))ss
Maffei Wegmaar{KMW ), RheinmetallNexter Systems and Ivecén thecomponentnarket, the
German firms Renk ardF Friedrichshafen AGop thetransmissiormanufacturindist, while MTU
is the leading supplier of combat vehicle engines

As in the Unhited Stateghe European market in recent years witnessed a trend of declining
naticnal defense budgetshich in turn led to a decreasetlve production of military vehicle
platforms At the same time, increased survivability design requirements for both &eghiyture
TWVs and CVs, especially for militaries aligned wils. operatons in Iraq and Afghanistan,
pushed the limits of European vehigerformance. Consequently, firms increased funding in the
R&D andScience and Technolog8&T) arenago attempt to meet changing requiremeiitisally,
several Europedirms noted pragction of their TDP antP as an increasing challenge for them in
securing government contracts, much like inuk®.sectors.

With respect to European and U.S. cooperatoith U.S. and European firmsvea
strongd esi re t o ent er buwevihdiritedostichessrddedo intuambenay t s
intellectual property protectionand sovereign protection tifeir respective DIB. However,
successful firms do partner with Uf8ms, matching high quality European products with
established U.S. accessthe TWV, CV, orcomponenprograms.As an examplelyveco
De f e n steedhp witheBAE in the€V marketsprovides a model of freign firm partnering
with a U.S. firm to enter the domestic U.S. mark&s. an illustrativecomponenexample
Renld onthe international markétis thelargest competitor to U.S. transmissiirmsfor CVs
andships While Renk already established itself in over 30 armies and 40 navies worldwide, to
include thelU.S. Littoral Combat Shipit has yet tasuccessfully competndenter the U.S.
market for CVs despite a desire to supply transmissions to’P@Dpartnershippportunity
may exist with Renk for example, tamgand our owrtechnical component competencies and
increase industrial capabilifgr CV transmissions, theby capitalizing on economy of scales to
lower overall costsof production

As firms on either side of the Atlantic eye opposing markatsEuropean marketmains
more monopolistically competitivban the U.S. marketgven the broader prevalence wiore
military vehiclefirms and a diverse pool gfoundplatforms. This diversity is due in large part to
the differing needs of each European memberéstiitary and national security requirements
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particularly in the CV market. Additionally, Euregn states have a high desr@rotectheir

domestic capacity to produce weapon systetier than rely upon other European states for
national defenseAs such, mltiple programs and platforms yield more competition and innovation,
resulting in lessieed for state suppoeillowing the market to determimeénners and losers more so
than in the United States.

The competitive market and overall reduced demand for LCS prdohwees/erresulted in a
renewel trend of mergers or partnershggzaong Europeafirms. The December 2015 merger of
German private company KMW with French government owned Nexter Systems, forming the
joint umbrella firm KMW Nexter Defense SystertiKNDS), is one such exampl&he desire to
align European interests iha defense industry in a more efficient and productive manner drove
the KNDS merger.This merger wasimilar tothe wayAirbus aligned European aircraft design
and production efforighusbecoming the number one competitor to Boeing in the United States.
Typically, mergers like KNDS should result in a more contpatiand sustainable set of military
vehiclefirms, leading to cosefficient operations, reduction in duplicative capabilities, and
greater access to international customers with defense kigpaguirements. Additionally,
integrating the European defense industrial base should promote greatesraiitynand
interoperability amonggshe variougground systems within tHeuropean member states

Conversely, crospollination of technologiewithin the combined portfolio could
provide opportunities to tailor specific offe
R&D investmentenhancing theombinedo or t f ol i 06s competitiveness.
endeavor faces several challengesluding overcoming disparate German and French national
interests and efforts to maintain control of national security sensitive technology exports. These
and other sovereignty related issues could inhibit effective corporate decision making, slow
downor prevent the new corporation from realizing significant benefits anytime soon, and most
importantly, denonstrate to other Europefirms the pitfalls of entertaining such consolidation.

These pitfalls are reflective of a braadhallenge facing Europeanilitary vehicle
markets. While organizations such as the European Union (EU), NATO, and the European
Defense Agency (EDA) guide member states, there is little consensus in Europe with respect to
foreign policy, requirements, logistical supppractice, and demand for land combat systems
The membership rosters of these and other European Security Initiatives alone akgpfex
agreements on a common set of issues Appendix E,Figure7). For examplethe 2003 U.S.
led war in Irag divided EU embers on whether or not to provide support. Given the makeup of
twenty-eight nation states with different cultures, histories, and relationships, it is inevitable
there will be differences in viewpoints with respect to foreign and defense policies (See
Appendix E Figure8).3°

Some sethe threat from Russis havinghe potential to coalesce European defense
requirements such that firnpgartner together to produce military vehicle®rder to meet
mul ti pl e st atGiendhe threathere is therpessibilisy European states will
spend more on defense than previous years to
increased over the past few years (8ppendix E,Figures9 through 11). However, European
security agreementemain a difficult venture as each European state sees the threat from a
different perspective While some states look east to Russiders look soutko Africa, andstill
othersremain entrenched in@old War mindset?

As European firms assess th&tirategy with respect to aligning requirements with other
firms across the continent, they also look globally for opportunities to export their products.
However, most European firms face a similar challenge to exports as in the United States with
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governnent policiessometimes placing home badeds at a competitive disadvantage
globally. For exampleGGerman firmamust comply with German government standards related
to export control undehe strict War Weapons Control Act, tBermanFederal Office of
Economics and Export ContrdBAFA), as well as those of the European Foreign Trade Act
regulations’! The BAFAIlaw regulatesritical defensgroduct exportsvith the main intention

to notcauseproblems in foreign relations thebntribute to the initigon of new conflicts or
violation of human rights in contested states. Tdisign policyis a direct result of German
lessons learned based on ti@ation of human rights in WWIf?

As such, firmstrategeshaveevolved to adapt to these regulatiof®r example, wh a
large global footprint of subsidiaries based in multiple foreign couritedag different or less
restrictive arms export regulatior8heinmetall caproduce equipment outside of Germany for
saleto different buyers oversea&urrently,77 percent of Rheinmetall saleseachieved
abroadwhile 23 percenarein theGerman defensmarket?® Elsewhere in Germany, firms like
KMW and Renk overcame the lacklustevestmenby the German governmg comparedo
USGinvestmento sustairthe DIB, by innovatingand increasing their own R&D budgetas a
result KMW designed and produced an unmanned artillery system prototype with $50 million of
its own money** This business model contrasts shapith the U.S. modgpreviously stated
whereDoD funds | ow demand ni ch@MGaAshndBoctrtvdr i ng ar
for #h&X1MO0OO0O tank transmission. t oAsercanmdhedflUe &.
programs and mbDnaryd sprecad unoermeRidgt 0 vdeures mpop O r t
wher eas Eur ofpoeracne df itromss eaerke nas wigst rvreant itvhees ramdk a ¢
by the firm maatoppaelsegiento. t he

Despite the headwinds facing Europeam§, the quaty of European military vehicles
andcomponentsvith partnerships such as KNDS, if successful, could potentially threaten U.S.
firmsd position i n ¢lyeassalowdemgndformiditary vehiZleemp ound e
both the United States and intationally, it behooves the USG to coreigbolicies that would
expand international salepportunities for U.S. firms to market their products abroad,
particularly in the CV market, including components such as CV transmissiwven the
restrictive pokies in nations such as Germany, there is a very small window of opportunity for
theUSG to open the aperture for expddsolster U.S. firms by sponsoring their entrance into
niche foreign markets. Providing the opportunity for U.S. firms to selldie@ nmternational
partners will provide stability as demands ebb and flow by reghatditionally, the USGshould
continue to encourage, and perhdpgher incentivize morgartnerships between U.S. and
European firms, such as the Iveco and BAE moddietp stabilize domestiirms fighting
cyclical demand.

Overall, the European market has many similarities with the U.S. marketesjibat to
defense firmsdjusting strategies to meet demand and remain competitive globally. A key
difference betweethe U.S and European marketshe limited involvement of European
governments in providindirectmonetary support, thereby forcing European firms to innovate
and partner to maintain market share. As these firms continue to compete, the role aind.S. fi
in the global market couldminish without invigorating expoxipportunities and crosAtlantic
partnerships.
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INDUSTRY CROSS-CUTTING THEMES AND OBSERVATIONS
U.S.Arms Sales to ForeignGovernments

The role of export salas the United States i® introduce higher demand for U.S.
products by opening global markets to U.S. fiamd increase interoperability of allied militaries
with U.S forces Compared to other governmetport ystemsand policiesthe USG
international salesodel isrelatively effective in supplying competitive products to foreign
militaries around the globe. For examg@esignificant portia of JISMC production supports
exportsvithal most 55 per ceahediil retdeerf meotrnkd Foaeddc & la | ¥esa ri
(FYXL 72M0or example, | sxM®itdc sa, eSaddirrRpalisantan
CVpl attormeptobguct i T hauisnt EMEat i onati sal esoadE
and GDwWSdsness moggeakrhbheeswae éoalaklpet he produ
l ines warm and .dHaweyel with incheasinghfereigmanufacturieg and
technologicatapabilitiesof military vehiclesand a rising threat from Russia and Chithe
USG must revise thmodel to invigorate the CYaseand take advantage of a short window of
opportunity to corner a portion of the defense markéhile theexport control systerdoes
allow U.S firms to sellto allied nations, it can be cumbersome and inefficténs requiring
some modifications tetreamline the process.

The USG restricts expoedt gdodefececased te¢emsol
balances national security, technology transfer, and export competitiveness in the global market.
Defense items i ncl ud eaedadewlbpkd, ar copnfijused, adaptedorc al | y
modi fied for a “Mbubkusariytampl acatioommodities,
technol ogies that have bo t®Debate suirouridsadecisiansth mi | i
authorize or restrict exporeins to foreign partners and allies. Some view exports as enabling
reverse engineering or IP theft, while others view restrictions as cumbersome, obsolete, or
inefficient with respect to imposing unneeded obstacles to global market opportunities for U.S.
firms. In 2009, President Obama launched a comprehensive reviewbthexport control
system followed by ongressional action changing some of the governing prinétles.

The Export Administration Act (EAA) of 1979 is the underlying statutory authfoity
dualuse export controls and has beentinued by the invocation of the International
Emergency Economic Powers Act (IEEF#efore its expiration in 200%. The Bureau of
Industry and Security (BIS) in the Department of Commerce administers thesguekport
control system. The BIS establishes the Commerce Control List (CCL) composed of 10
categories of items further divided into functional grotipsor defense items, the Arms Export
Control Act (AECA) of 1976 provides the President with the sbayuauthority to control the
export of defense articles and services to friendly countries for the sole purpose of internal
security and legitimate seffefens€? Finally, the International Traffic in Arms Regulations
(ITAR) sets out licensing policiesif exports of U.S. Munitions List (USML) items based upon
the nature of the article and not the @rs& or endiser of the itenf®

Despite some changes by Congressagority of defense firms still consider the export
process a bureaucratic nightmareuelo all of these regulations and policies, the U.S. DIB
faces what formeBECDEFRobertGat es deemed a fAbyzantine amalg
and missions scattered ar ound *dSorfiefqeestientite par t s
purpose of resicting items such agehiclesuspensiosystemssimply because those
suspensions are on a TW\Dthers find it difficult to follow policy and fear missing an item on a
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list different from the list they referenced. Finaltyanysee the restrictions as detrimental to
sustaining the DIB during times of U.S. budget austerity when foreign partners generate a
demand for U.S. systems.

Themost glaring issue facing U.S. firmstigat different government agencies share
responsibilityfor export controlsvith limited synchronization The Commerce Department is
not connected to security cooperation prioritiks theDoD, but DoD does not have the lead
FMS. Ironically, theState Department has the lead, but it is least connextadustry and what
is needed to support the D¥.Mostfirms stated the recent effort teclassifysome items from
the USML and move them under Commerce Department control dgigmficantly streamline
the exporprocessesRather, they felt ibnly changedhe agency with whom theyust
coordinate Given the current state of the military vehiolarket, especially with respect to
CVs, and the stilcumbersomexport license process placethe USG must investigate more
efficientexport contropdlicies to spur global supply of U.S. weapons systems.

Emergent Threats / Investing in the Future

Even if the USGelaxesexport contropoliciesto easeaccess to the global market, U.S.
firms, especially those producing C\ace significant challengeslated toemerging threats
and advancements in technology. Given the O0p
Soviet Union, the focusoncounitern s ur gency fighting over the pa
resurgence as a ggolitical power DoD must reinvest in CV S&T with respect to firepower,
protection, and mobility, to regain U.S. primacy in the land domain. V22 should actively
pursue additional S&T funding, fiscal realiti
likelihood more S&T funding will become availabéxtremely small As such, DoDmust
maximize any and all S&T funding through better synchronization of the entire S&T enterprise,
to include requirements, programmijtagnd acquisition, while implementing a lotgrm strategy
that is resourcénformed using realistic fiscal assumptior@nly through optimized S&T
practices will the U.S. DIB be able to compete with foreign manufacturers and face the rising
threat.
In the past five years, Russia, Germany tredUK have all developed, tested, and
initiatedfielding of new tracked and wheeled CV platforniBoth Germany anthe UK focused
on newinfantry fighting vehiclezompeting with U.Sfirms. However, tle real surgse entering
the military vehiclestage is the Russian development of the new Armata family of heavy armor
vehicles. The Armatsthasec o mmon chassi s used in Russiabds ne
recovery vehicle, and SP howitzaNhile Russias showcasingts new combat vehicleith
potential technologial advancements over thelMbrams theU.S. Armyis waiting untilFY
2022 to even make a decision on whether to pursue development of the Next Generation Combat
Vehicle (NGCV) or continue modernizinggay M1 Abrams and M Bradleys While DoD
navigates the cumbersome and extensive procurement processystitieisshreaten to beat
U.S. defense firmwo the global market or surpass U.S. capabilities on the battlefield.
Procurement of Army and USMCVs begins with a requirement for a capabilitysing
theU.S. Armyprocess as an examplequirements for CVs start at the Maneuver Center of
Excellence (MCoE) at Fort Benning, with the Training and Doctrine ComifidRDOC)
Capability Manager (TCM)The initial cut of the requiremetiten moves up through TRADOC
with a significant amount of shaping from batie Army Capabilities Integration Center
(ARCIC) and theTank and Automotive Research, Development and Engineering Center
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( TARDEC) . AnRequir€nersts isrtmehnsere the desired capability fits within ARCIC
future concepts of warfare. The USMC has a similar process that is managed largely out of
Quantico, VA.

TARDECG6s mission is to develop, iionsfergr at e
all manned and unmanned DoD ground systems and combat support systems to improve current
force effectiveness and provide superior capabilities for the futurefoiceother words,

TARDEC is doing early research in order to inform the MCoE waiat the realm of the

possible when incorporating new technology into requirement development. Although
TARDECOs cor e imepsrsto Research®ev8dpment and Engineering

Command (RDECOM), which reports to Army Material Command (AMC). The

TARDEC/RDECOM relationship with AMC isumbersom&ecause TARDEC/RDECOM are
responsible for incorporating S&T into the early-pequirement stages tie R&D of a combat
vehicle, but then that combat vehi chttithdsoes no
finished procurement and fielding by tR&Q

Since the e#dB8 IAmMmy@8hasheéen respdnsibée for lanning,

Programming Budgeing, andExecution (PPBE) for all requirements and programs. T8
theUS.Armyps | ead for matching avail ablWwS Atmaysour ce
plan, which isaccomplished through participation in defense reviews and assessments, the
programming of resources, material integration, analytical and modeling capsalitcethe

management of the Department of the Army studies and an2lySismbat vehicle PPBE is

managed within the Dominant Maneuver Division e8&orce Development (FD) Directorate.

The G8 providesResearch and Development and Test and Evalu&®DAE) and procurement

fundsto the Assistant Secretary of the Army for Acquisition, Logistics and Technology

(ASA(ALT)) to develop and purchase CVs from industry.

A friction point reducing S&T effectiveness and value is the lack of synchronization
betweerthe applied research S&T community and those responsible for production development
pertainingto priorities, funding and timing. Much of this disorganization can be attributed to
how theU.S. Armyis organized and what responsibilities lay within eagfanization. The 3
is responsible for the vast majority of equipment modernization prioritization, funding, and
timeline, which is supported by th&ermy Requirements Oversight Coun@dROC) process and
theProgram Objective MemorandufROM)/Strategic Brtfolio Analysis and ReviewSPAR).

The AROC and POM/SPAR processes facilitate close interaction between the requirements,
PPBE and acquisition communities. However, RDECOM and its subordinate units, to include
TARDEC, are only loosely synchronized lvithe G8 6 s A R O Gand SPARNbrocesses.
Instead, AMC provides the O&M funding, while ASA(ALT) provides the research, development
and technology exploitation funding to perform their core mission. When ASA(ALT) provides
the funding, they then dictatlee longterm S&T priorities to TARDEC Additionally,

ASA(ALT) is part of the Army Secretariat and does not report tcCthief of Staff of the Army
(CSA) whoapproves the POM and SPAR built and validated by #8 Ghis organizational
mis-alignment of equirements, funding, and oversight complicates procurement, leading to
longerleadtimes for theU.S. Armyto acquire a new vehicle.

Requirements Generation

In addition to cumberson®&T andprocurement practices, many programs stall or are
cancelled during acquisition duedosts anghifting or unachievable requirements. As DoD
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anticipates capabilities required to win the next war, parochialism, political influence, and

acquisition policis often drive incogruent requirements for new military vehicleésor

example, the desire to protect every vehicle from an IED adds weight and size and affects
transportability and operational capalyilitvhich canncrease procurement and lfgcle costs.

In some cases, USG stakeholders (to include Congress) do not grasp the exact performance
specifications needed to execute combat operations and the assibesagettadeoffs that must

be made Additionally, vague or changing requirements duringagpgr amdos acqui si t i ¢
firms to be versatile enough to meet new requiremeéntseasing requiremengdong with

design performanchkilures resulted in the USMC cancellation of the EFV after spending $3

billion, as well as 22).S. Armyprograms canceled at a total cost of $32 bilfo??.

While some canceled programeferenced above al$aced budgetuts unrelated to
requirements challengesost programs suffered from continuous changes in requirements du
to shifting needs or a desire for vehicles to meet multiple operateoalements Service
requirements differ enough such that Congress anddaobotp r ocur e a fAone si ze
solution. For examplethe USMCrequired theEFV to be launched 2fniles off shore, carry 17
combatequipped Marines, swim at 20 knots in the water, and travel up to 345 miles at 45
kilometers per hour on hard surfaced ro#dsvhile there were several technical issues with the
EFV design, one of the shifting requiremeimtduded increasing protection of the EFV against
IED explosions. The flabottomed EFV was overly vulnerable to IEDs due to a lack of a
V-shaped hujlwhich can mitigate underbelly explosions. The lst@nding oncern of some in
Congress for &8ldiersand Marines to be protected against IEDs mandated a review of the
program. The Marines countered, contending the EFV would have to be totally redesigned at a
great cost to incorporate theshhaped hull. They suggested adding underbelly armor applique
after the EFV was ashore to provide necessary protetti&ither solution changeithe original
EFV specificallydesigredto maximizeamphibiouscapabilities As such, Congressional
mandates for a rdesign of the EFV letb an exponentdily increasing costa NunAaMcCurdy
breach, and eventual program cancellatfokinfortunately,due to the expectation of procuring
a new amphibious vehiclhe USMC spent less than $10 million per yaaisustaining the
existing AAV fleet. After cancellation of the EFVhemajority of USMC amphibious
capabilities rested upomautdatedrehicle originally designed in 1972

While joint acquisition programs are assumed to be more cost effegtiveces should
seriously reconsider the increased cost per platform to meeifis requirements for satisfying
eachSe r v i c e OWhilema @ jdird progranthe EFVstoryillustrates the impact of levying
competing and incongruent requirements upon systems desigmexkt specific service needs.

In an attempt to avoid sugitoblems, DoDBshould have transparent and frequent communication
with contractors to determine feasible and -@ffctive requirementsas well asough

negotiations betwee@ervices to determine which requirements are not criticaltra

program

Sustainment and Supply Chain Management

Given the failed acquisition afeverahew programslesignedo outfit warfighters with
increasedapabilityand newer systente counter current and future threats, DoD is forced to
sustain and maintain currenogind platformsvell beyond intended litfeycles. DoD
determines whether ground vehicle prograetgiirereplacement, repair to a reasonable
operating condition, recapitalization (refurbishment and upgrade todiwecapability), or
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merely reattofar epuv e s Theseiderisionadepecdupaaidakiei o n ) .
resources, current and emerging innovation, global competition and threats, and status of
intended equipment lifeycles. While a decision for outright replacement triggers the
acqusition cycle repair, recapitalization, and reseetypically performed by a depot or OEM
Of note,U.S.law (Depot Maintenance Statute0 USC 2466), alt5s00 rkunloewno a
sets fia 50 percent ceiling, nmaiatesnanceawbrkioasn dol | a
that may be performed by contract for a military department or defense agency during a fiscal
y e &% Thereforedepots and OEMsemain critical to surge capaibyi for the USG, as the next
military vehiclesoff the line will come fom one of the depots or refishmentines rather than
as a branghew vehicle?
AlthoughDoD often pursues repair, recapitalization, or reset over outright replacement
due to fiscal necessitit, often struggles to resource ledemand, lowproduction (ad therefore
low-profit) repair parts from industry, particularly for legacy CV and TWV prograbsD
leans heavilyupon he Def ense Logistics Agency (DLA), Dc
organization responsible for resourcing over 80 percentlofe  mi |tdil and whplésale r e
repairpart$° Whi | e DLAG®s per f or masuchas tradk palds amdriiedse s a | e
been historically favorable, low demand over time resulted in many legacy retail repair part
suppliers reducing capacity, ysuing different or more profitable capacity, or exiting nfiétary
vehiclemarket completely® To exacerbate the problem, TDPs for highly technical, yet low
demand partsare often lost to posterity when the original supplier exits the maikasleaves
DLA with little choice but to reverse engineeritige original p& or to attempt to identify
alternate sources of supplyherefore, DLA shoul@ontinuallyremind their exitingsuppliers
TDPs are a valuable asset that should be sold to firmsapieg in supplying low demand
repair parts to DoDDLA should also encourage ledensity parts suppliers to seek such
opportunities.UnfortunatelywhenDLA loses TDP<go0 posterityit oftenresulsin spare parts
provided at far higherost, with exdbitant backorder times, anfrequentlyoutside ottechnical
specificationdor the system
Despite DLAG6s best efforts, oper agrounadn al re
vehiclefleets suffers, not only due to diminishing suppliers, but alsd@uereasing demand
on aging fleets, poor unit forecasting, insufficient depot andlew# parts inventories, and the
cyclical, oftentimes unpredictable, funding environment throughout the DoDA{gEndix F,
Tables 1 through 4)As a result, tactal units, and to lesser extatgpots often endure long lead
times and extended customer wait times for Class IX repairpartscrc al t o mai nt ai n
military vehiclefleets. As Table t Appendix Findicates, units routinely endure delays up to
24 months for some parts, and as dastrated at ANAD, delays in ground program reset, often
result fromsupply chain gaps.
Looking ahead to maintaining new programs such as the JGTaund Mobility
Vehicle(GMV), and MHAF, DoD must consider a more effee system to supply its warfighters
with much needed parts. Lig/cle sustainment must be included in the program at the earliest
stages with contracts foeplenishment repaparts included in the program, with or without
TDP. Additionally, additive manufacturing is becoming an effective and inexpensive alternative
to replace old parts no longer producé&ahally, DoD must reconsider the role DLA plays in
life-cycle sustainmerdgndinvestigate ways to improve supply performararegllow other
suppl chain managers, such as OEMs, to compete with DL&&right to supply parts for
certain systems and commodities.
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GOVERNMENT GOALS, ROLES, AND RECOMMENDATIONS

Building upon the current conditions, challenges, and outlook for the TWV and CV
marketscomparison to the European markets, and in conjunction with-cuttsisg themes
surfacing throughout industry, the study team chose a few strategic level topics for
recommendations to the USG and DoD. Given the fiscal and political environments,
recommadations provided account for resource constraints and political interactions among key
stakeholders.

Export Salesand International Cooperation

With respect tdoD6 budget topne and cyclical demand for military vehiclebe USG
must reform itarmsexportpoliciesand internationatooperation to bolster the U.S. DIB. Any
reform would require significant Congressiomalolvementto consolidate effortsThe USG
must continue with and augmaentgoingexport control reform by making the process nedffieient
and effective with a single oversight agency. Defense firms do not see the separate Commerce and
State Depambent lists as being helpful d3s the same amount of work, just with two different
agencies.The USG should revisexport controlsvith what SECDEF Gates proposedcasating
Afa single primary export cuosnet raonld |niucneintsiionngs aegx
unified control list, single enforcement coordination agency, and a single integrated information
technology system thavould list sanctioned and denied parties in one dat@base.

Additionally, commaodity itemshat arenot truly sensitive and available on the open market
should be removed frothe US Munitions List and Commerce Control LigVhile some may
oppose this ideedue to the ability tpotentiallyuse tle product for military forceU.S. defense firms
see certain items as overly restricted by one or more USG agencies when the same item is sold
internationally by a foreign firm. If U.S. firms are restricted from selling these items, foreign
militarieswill purchase them from otherfr ms, t hus bol stering another

Furthermore, the policy restricting ttiming of internationakalesneeds to be reviewedror
example, firns frequentlystatethey would like to make their capabilitiagailabe for sale oversesa
earlier in the procurement run (i.e. during Low Rate Initial Production (LRIP), or during Operational
Test and Evaluation (OT&E)oweverthey are often forced to wait latentil DoD decides to
commence full rate production (FRBy when DoD declaseFull Operational Capdity (FOC)%®
Speedd market means everything to firnasd waiting later often equates to lost sales opportunities
for the U.S. DIB. Simplgtatel, domestic defense firnfieela foreign military should have the
option to purchsea cleared military capabilityeforethecompletion of teghg, with the
understanding they do sbtheir own risk.

In addition to allowing U.S. firms to sell defense products overseas, tlagrefgportunity to
provide stability to U.S. firms bgllowing them to manufacture land combat systanfgreign
states. Many foreign partners seek to establish their own DIB and want to manufacture certain
products, components, or vehicles within theirtr
forcesa USG review of transfer of technology, IP, and manufacturing capabiifege some may
oppose the idea of establishing manufacturing in foreign stag¢es,is precedence for partner states
producing U.S. designed weapon systems. Given the rolrsight ofinternational arms salesd
key structural policies, it is feasible to allo@fense firms to manufacture military vehiaesertain
componentsverseasAchieving a foreign market for.8. products andstablishing ircountry
manufacturingapability allows U.S. DIB firms to maintain a level market demand rather than
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depend upon cyclical U.S. deman@ftentimes, this level demanesultsin lower costs for the same
product due to a larger production base.

Finally, the USGshouldconsideropening the aperture ft.S. and foreign partnerships.
As stated previously, some partnerships already occur, as with BAE and Iveco for the ACV
competition. However, the partnership is somewhat disjointed, as Iveco owns the technical
engineering behinthe base vehicle, while BAE serves asftira responsible t®oD for the
ACVO6s manuf act ur e techmoldgical sharmgrbetiveen defensiofiondull
merges itself may prove to lower unit costs and increpkdform performancejependabiliyg
and lifecycle sustainmenh the longrun. Given the cap on military spending due to other
budgetrequirements and the globalization of supply chains already, the USG would be prudent
to facilitatethese possibilitiesLikewise, one concept DoD andetluSG should consider is
whether itencourages (mostly from a political viewpoiatjoreign manufacturer to supply a
major component in a U.S. combat vehicle, a palatable idea if the foreign firm were to establish a
manufacturing plant in the United StatéAn ancillary benefit of such a proposal would be
spurring innovatia and efficiency in the U.S. military vehiakearket due tancreased
competition.

By revisingarms exporpoliciesto allowU.S. firms towholly partner with foreign firms
or establismanufacturing capabilities inside foreign borders, the USG will strengthen the
defense industry by countering cyclical DoD demand for defense prodwziking ahead to
future market scenarios andntinued austereudgets, the USG would benefit from foreign
investments in the U.S. DIB rather than continue budget practices that pay high premiums to
sustain minimal production, especially in the CV market.

Requirements, Innovation, and Procurement

In addition tosuypporting industry export effort®oD must provide accurate and
achievablaedesignrequirements to DIB firm& avoid acquisition failurgiven the higtstakes
environment of newer military vehictantractswith advanced technological design and higher
procurement costs. Recent successes in acquisition progev@deen attributed tpen
communication between DoD addfensdirms includingthe JLTV and ACV programs, where
oneon-one conversations between fgrand senior leaders in DoD resulted in wespgystems
expected to meet or exceed threshold requirements during &T&ETV is intended to provide
an affordable integrated package optimizing performance, payload capacity, and protection
while remaining light enough for easwansport. The interation between th&.S. Armyand
USMC program offices and industry helped shape the revision of requirements to achieve an
affordable and executable program. Additionally, the JLTV PM designed an acquisition strategy
to optimize competition througtesigndown-select for LRIP and FRP to control costs.

Furthermore,tiis possible to pull more S&advancesut of industry. The highly
competitiveCV market should be exploitedioD6 s advantage to the maxi:r
by changng the way requirementsre written Instead of taking risk by writing threshold
requirements to a high standardhe hopethatindustry can meet them, future requirements
should be written so the acceptable threshold standard is lowered, thereby incentivizing industry
to do more R&D on their own to position themselves with a greater advantage over their
competitors. Thighange my spur unique innovation by industry once the aperture of what is
acceptable is widened.
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In addition tolowering thresholdsrequirements should remain specific for each
operational need rather than compiling multiple operational requirements on drie.vals an
example, théJ.S. Army, USMC, and even United States Air Force (USAF) do not need to outfit
every unit with JLTVs designed to protect occupants from IEDs. DoD could easily continue the
HMMWV life -cycle for general purpose TWV use while acogra number of JLTVs for use in
antraccess areas. DoD must allow e&ehvice to have its niche capability rather than roll all
Service requirements into single programs, thereby increasing cost, decreasing performance, and
subjecting the pragm to cacellation when a firnmis not able to meet either cost or
performance.

While DoD looks at future requirements, it mafficiently managéunding to support
upgrades In situations where money is tight, large organizations tend to centralize control of
spending in order to ensure priorities are followed and waste is minimized to the greatest extent
possible. Risky ventures must be closely scrutinized and balanced against immediate and
mid-term requirementsAs such, théJ.S. Armyshould consider moving &planning and
program forS&T from ASA(ALT) to G-8 to better synch and prioritize lotgrm S&T with
near and midterm program R&D.Centralizing all S&T and procurement money foriwider
the G-8 mightenable bettesynchronization of priorities arfdnding and timing between
research, development and production effoftse risk of centralization is that it is counter to
everything the military believes in ascan stifle creative ideas while establishing group
think. However, gven the current budd environmentacing DoD this risk should be
acceptable as the alternativen lead to wastedndingor investment.

Additionally, theU.S. Armyshould considea major realignment of RDECOM and its
subordinates bynoving these organizations out from under AMC. AMC issaia¢ command
whose core mission is the sustainment of existing platforms, not the development of S&T.
RDECOM might fit well under ARCIC, especially if ARCIC was removed from TRADOC.

This coursef action would have two benefitis:keeps ARCIC from directly influencing the
requirement documents to the point they are u
vision of future warfighting with a focus on what S&T can actually produce. Kg&RCIC

closely involved with nearand midterm requirements runs the risk of capabildiesed

requirements that overreach what industry can provide within the five-ie#gmrange.

Removing ARCIC from TRADOC, and assigning the RDECOM community uthéen, would

allow ARCIC and RDECOM to synchronize their focus on the {tamm.

Finally, oncesustainmentequirements are provided and firms submit propoBalb, must
reconsider its initial LPTA acquisition practiéesnostly for component and swomponat part®
andconsider further the total cost of programs over the entireyldte of the vehicle Purchasing
the lowest pricedomponent or parhay inturn lead to higher costs over the life of the program due
to failing parts and lack of wordide sistainment capabilities. Purchasing a higher priged
higher qualitycomponent or partyith an overall morgobust sustainment package leads to lower
life-cycle costs and increased readiness.

As DoDfaceshigher acquigion costs for more advancedbgnd vehicleso replace
legacy vehicleso counterformidable adversaries, it cannot succumb to the same mistakes
leading to program cancellations and the loss of millions of dollars. As such, DoD must
effectively manage requirements and innovationway to ensure the success of future
acquisition programs or face decreasing readiness rates and increased costs trying to maintain
existing platforms to bridge the gap.



21

Sustainment and Supply Chain Management

As DoD moves forward with new acquistigrogramsit must bridge the gap by
maintaining legacy systems at acceptable readiness ratpsiporarfighters with needed
military vehicles DoD must implementrudent planning and funding to ensure DLA, EH8,
and thesupply chairfor military vehiclesare postured to provide seamless and responsive
support throughout t he duife.aTothisend thétudetaasmh pr ogr
recommends thiollowing solutions and mitigation measures.

First, the USG must ensure contracts governgpgacement partsvith or without
applicable TDPgare included as acquisition programs are developed and finalized. In addition,
in conjunction withthedemand reduction strated9pD must aggressively pursue additive
manufacturing capability as an eftive and inexpensive alternative to replace broken,
unrepairable, unreplaable parts, particularly for land combat systéfns

Next, assuming DLA continues to geras the primary source faholesale and retalil
parts, DoD should require individual Semscto pay DLA in advance for at least a portion of
projected parts forecasts, vice waiting until a valid requirement emiergetatea requisition
process. While this change admittedly siphons some O&M funds in advance of actual
requirements, it encoages the Services to dedicate appropriate time and analysis to formulate
projections. Over time, this helps rigdize inventories, decreases CV and customer wait time at
depots and units, and results in cost efficiency.

Furthermore, DoD should implemtes birannual, byService stockage list review,
whereby each department revievepair part requirements stocked by DLA against demand
supported items conipd overthe last three years. As lowdemand items process out of
DLAG6s war e h o uSerisesrfugi refraim froommreardeeing those items at full cost
until it is confirmed parts are not already available in Disposition Services formeediate
reissue at minimal cost.

Additionally, DoD should consider a policy revision to enable DLa#gheof the Services,
and all the depots and arsenals to purchase criticatléaigtime parts directly from the prime
vendor, OEM, or primary supplier vice requiring purchases through DLA. Doing so improves
responsiveness, establishes a legitimate eliebfe demand signal for industry, and increases
competition and component quality.

Along with a new policy, DoD should dedicate resources to reconstitute the supply
network so ¥, 2", and & tier suppliers are incentivized to remain in the marketraeet
current and projected demand, now and into the future. Give®dBoD e xt e nMli on of t h
Abramsandthe Bradley Family of Vehicles (BF\life-cycles through 2035, readiness rates
simply cannot get any better without action and focus. Furthermoregiagamers throughout
all Services executeontrolled exchange with increasing frequency, countless man hours
continue to be wasted as Soldiers, Sailors, Airmen, and Marines attempt to circumvent and
compensate for gaps in the existing supply chain.

With respect to maintaining a sufficient supply of pabtsp should considefi r e nt i ng o
TDPs from firns for the durationofp | at f or moé s-cyple. Wihile OEMs dould | f e
continue to serve as primary parts suppliers, in the event they prematurely exatrkle¢ or are
otherwise unable to meet demand, this practice would etiabldSG to providanother
manufacturethe TDPto legally generate critical parts, thereby ensubng D éfferts to
employ, repair, reset, and/or recapitalize its LSC platform8rages without significant delay or
disruption.
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Finally, DoD should consider@mmon engine and transmission, a-fipl power pack
(FUPP),for most if not all CV platforms. Doing so dramatically increases market demand for a
narrower selection of parésd decreases uncommon stockage objectives at units and depots,
thereby reducing range complexity within the supply chain. Like the common platform
approach, narrowing the parts menu across the joint force increases the likelihood suppliers who
specializein the thousands of components beyond the engine and transmission will be able to
remain in business and serve as reliable,-leng sources of supply.

These recommendations, even if solely implemented, will reduce challenges facing
logisticians in all Services as they battle aging equipment and obsolete parts while striving to
maintain readiness rates. Without an overhaul of sustainment and supplgrelctices, DoD
stands to see a rise in equipment failures, a decline in readiness levels, together placing the men
and women fighting U.S. wars at higher risk.

Maintaining the Combat Vehicle Defense Industrial Base

As DoD focuses on sustaining legjacy fleetit must continue to maintain the DIB as
very few firms have the industrial knowledge, capg@liipmentresourcesand interest in
manufacturing CVs, especially tracked CVs. Given the requirement to maintain the combat edge
ourCV 6 s paganstorohidable enemies, the USG and DoD maestk moreosteffective
and efficientwaysin which firmsremain viableto produce the next CV withoabmmitting
exorbitantamounts opreciousDoD funds As suchtheDoD must balance alhetradeoffs
involvedin maintaining a robust industrial base for C\@nepotential rebalance is to examine
theduplicative capacitpetween the public and private sectdvrghile it is truemany in DoD
and Congresarguethe duplicationensures continuowsipply in the case of a natural disaster or
attack at one location, current budget constraints do not offer the luxury of funditigle
productionlocationsduring times of low demandAlternative policiesmay be prudent, but only
after careful gamindion of risk tolerance While DoD strives tanaintain a robust industry
somegreaterassumption of risknay be warranted to garner moreaofaffordable cost to the
taxpayey especiallyduring times of low demand or fiscal austerity

| n r e g a@\V sn dtyos Doy genea al il menoicee pdhan a yeart
establish a heavy mawufhotturingeptodasttonmbd
compet bhh@Ww nma, Dloddtss e niathe i s e beswewni n stagnant
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technologically advanced Russian Ar mat a. Tel |
t he asyYymB&tsr provide and | eads t,e splesiglad shgsetnc e
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CONCLUSION

The Class of 2017 LCS Industry Study team analyzed the behavior of the markets and
industryparticipants associated with ground military vehicles, as a mqmas/eindustry
critical to national security. Using the tools garnered througthe Program of Study for land
combat systemghe study team identified common thermaes trends associated with the
industry with respect to the domestic TW\WalV markets and currenbnditions, challenges,
and future outlooks. In addition, the study team provided observations and comparisons of the
European market based upon a selected -s@stson of European firms. Based upon the
domestic and internatiohanalysis, the study team identified crasgting themes including
exportsales pportunities and foreign partnerships, emerging threats and investing in the future,
requirements generation, and sustainment and supply chain management. Finallyy tieastud
proposedsomekey recommendations for the USG and DoD to address stated challenges.

As the military vehiclendustry varies from a monopoly in the CV market to a
competitive oligopoly in the TWV market, USG and DoD involvement in the industigsvar
with respect to the ability of firms to weather cyclical demand along with inherent technological
capability and expertise to produce TWVs and CVs for DoD. Overall, the complexity of
manufacturing and sustaining CVs, coropted by a limited number &ifms with the inherent
knowledge to do so, forces the USG and DoD to increase oversight and involvement in that
market to maintain the capacity to meet demand. On the other hand, the production of TWVs,
which shares commonality with commercial vehicteguires less direct USG and DoD
involvement with several firms able to meet demand when needed.

In comparison to the U.S. market, the Europmanket has defense fisradjusting
strategies to meet demand and remain competitive globally. One keyrdiffidretween the U.S
and European markets, however, is the limited involvement of European governments in
providing monetary support to their firms. This lack of funding forced most European firms to
innovate or partner to maintain market share. As thieas become more competitiye).S.
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firms will face stiffer competitiominless US government policy is more effective in promoting
exports and trarétlantic partnerships.

With a lack ofinnovation restricted access to global demand, and shifting remeints,
DoD cancelled several follovwn military vehicleprograms. As sucloD is forced to maintain
ageing equipment with some difficulties in securing replacement parts. These headlwmgls,
with a rising European industrial basedanadvancedrkussianMBT, threaten to challenge the
U.S. role in supplying competitive combat capabilities to DoD and partner nafibesefore
the study team provided several recommendations.

The USGshould look taoverhaularms export pliciesby placing one USGrgity in
charge okxport controlsand possiblyncreasingoint ventures between U.S. and foreign
defense firms. Additionally, DoD must realign S&T practices by centralizing requirements and
funding under one command. Next, DoD and Congress shoule tweaexjuire joint programs to
meet multipleService needs, which results in increased product cost and risks cancellation.
Furthermore, DoD should analyze how it utilizes DLA with respect to commodity parts versus
parts in low demand with specific capigi®s. Finally, DoD and Congress should analyze the
duplicativecapabilitiesacross the CV based investigat¢éhe potential ofurning JSMC over to
an independent contractor.

The Unted States depends upon its ground military vehtclegin its warssecure
global peace and defend against rising governments wishing to undermine U.S. power
projection. However, budget reductions, failed attempts to acquiewer generatioof
military vehicles and the desire to consolidate requirements across Seavegeopardizingthe
U. S. miadymmeticalyadvantage. If not specifically addressed, ifovide the men and
women of the U.S. and partner militaries to figiturewars with ever decreasiggound
combat capabilities. The USG and DoD ma&e immediate action to invigorate this very
important industial baseto secure the future of democracy and U.S. wartime capabilities.
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Appendix A: Acronyms

AAV Amphibious Assault Vehicle

ABCT Armored Brigade Combat Team

ACE Armored Combat Earthmover

ACV Amphibious Combat Vehicle

AECA Arms Export Control ACT

AMG American Motors General

AMPV Armored MultiPurpose Vehicle

ANAD Anniston Army Depot

AWCF Army Working Capital Fun@

BAE British Aerospace Engineeringy§iems Note: this paper infers BAE to
referton BAE Sy s tteeidsS. basadabsidiary

BCA Budget Control AcD

BBP Better Buying Powed

BFV Bradley Fighting Vehicle (M2A3, M3A3)

BRAC Base Realignment and ClosQre

COCO Contractor Owned Contractor Operated

COCOM Combatant Commander
CONUS Continental United Staté€s

CcVv Combat Vehicl®

DCAA Defense Contract Audit AgenCy
DCMA Defense Contracting Management Agency
DCS Direct Commercial Sal€s

DiB Defense IndustrisBaseO

DLA Defense Logistics Agen€y

DLH Direct Labor Hou®

DoD Department of Defen€k

DoJ Department of Justi€2

DVH Double \AHullO

EU European Unio®

EDA European Defense Ageroy

EMD Engineering Manufacturing Development
FAR FederalAcquisition Regulation®
FCS Future Combat Syste

FMS Foreign Military Sale®

FMTV Family of Medium Tactical Vehicl€3
FY Fiscal Yea®

FYDP Future Years Defense Program
GCS Ground Combat Systerfs

GCV Ground Combat Vehic@

GDLS General Dynmics Land Systent3

GOCO Government Owned Contractor Operated



GOGO
GMV
HEMTT
HET
HMMWV
IR&D
IED
IFV
ITAR
JLTV
JSMC
KMW
LAV
LCS
LVSR
MBT
MCoE
MLRS
MPC
MPF
MRAP
M-ATV
MSR
MTV
NATO
NSS
OEM
oIiB
O&M
P3

PB
PECO
PIMO
PLSO
PM
PMOO
PPBE
R&DO
SLERO
S&T
TACOM
TDP
TRADOC
TWIO

TWVO

Government Owned Government Operated
Ground Mobility Vehicl®©

Heavy Expanded Mobility Tactical Truck
Heavy Equipment Transport@r

High Mobility Multipurpose Wheeled Vehicle
Independent Research and Development
Improvised Explosive Device

Infantry Fighting Vehicle

International Traffic in Arms Regulation
Joint Light Tactical Vehicle

Joint Systens Manufacturing Center
KraussMaffei Wegmaan

Light Armored Vehicles

Land Combat Systems

Logistical Vehicle System Replacement
Main Battle Tank

Maneauver Center of Excellence

Multiple Launch Rocket System

Marine Personnel Carrier

Mobile Protected Firepower

Mine Resistant Ambush Protected
MRAP All-Terrain Vehicle

Minimum Sustainment Rate

Medium Tactical Vehicle

North Atlantic Treaty Organization
National Security Bategy

Original Equipment Manufacturer
Organic Industrial Base

Operations & Maintenance

PublicPrivate Partnership

Presidential Budget

Program Executive Office

Paladin Integrated Management
Palletized Loadsystem

Program Manager

Program Manager Office

Planning, Pogramming Budget, and Execution
Research & Development

Service Life ExtensioRProgram

Science and Technology
Tank-Automotive & Armaments Command
Technical Data Package

Army Training and Doctrin€ommand
Training With Industry

Tactical Wheeled Vehicle
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ULCVO Ultra-Light Combat Vehicle

ULSDO Ultra-Low Sulfur Diesel

USAFO United States Air Force

USD (AT&L) Under Secretary fddefense for Acquisition, Technology, and Logistics
USMC United States Marine Corps

WSARA Weapon Systems Acquisition Reform
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Appendix BT Land Combat Systems Vehicle Classes

Tactical Wheeled Vehicles (TWV)

Combat Vehicles (CV)

Light Trucks

Armored Personnel Carriers (APC)

High Mobility Multipurpose Wheeled Stryker
Vehicles (HMMWYV) M113
USSOCOM Ground Mobility Vehicle (GMV Amphibious Assault Vehicles (AAV)
Joint Light Tactical Vehicle (JLTV) AAV
Medium Trucks Amphibious Assault Expeditionary Vehicle
Family of Medium Tactical Vehicles (FMTV, (AEV)
Medium Tactical Vehicle Replacement Selt-Propelled Artillery (SP)
(MTVR) M-109
Heavy Trucks Infantry Fighting Vehicles (IFV)
Heavy Expanded Mobility Tactical Trucks M-2 Bradley
(HEMTT) Main Battle Tanks (MBT)
Palletized Loading System (PLS) M1 Abrams

Heavy Equipment Transporter (HET)

Mine Resistant Ambush Protected (MRAP)
Caiman(4x4) (6x6)

RG-31, 33(4x4) (6x6)
Cougar(4x4) (6x6)
MaxxPro(4x4)

MATV (4x4)
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Appendix C T Tactical Wheeled Vehicles

TACTICAL WHEELED VEHICLES (LIGHT TRUCKS)

e

e |

|
®

Highly Mobile Multi-Wheeled Vehicle  Ground Mobility Vehicle 1.1 Joint Light Tactical Vehicle
(HMMWV) (GMV 1.1) (i)

TACTICAL WHEELED VEHICLES (MEDIUM TRUCKS)

-

Family of Medium Tactial Vehicle Medium Tactical Vehicle Replacement
(FMTV) (MTVR)

TACTICAL WHEELED VEHICLES (HEAVY TRUCKS)

Heavy Expanded Mobility Tactical Truck Heavy Equipment Transporter
(HEMMT) (HET)



Caiman

PROTECTED VEHICLES (4X4)

RG-31

Cougar MRAP All Terrain Vehicle (M-ATV)

PROTECTED VEHICLES (6X6)
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Appendix D - Combat Vehicles

COMBAT VEHICLES (CV)
INFANTRY FIGHTING VEHICLE (IFV) / MAIN BATTLE TANK (MBT)

M2 Bradley M1 Abrams

COMBAT VEHICLES (CV)
ARMORED PERSONNEL CARRIERS (APC)

M113

AAV-7 Amphibious Combat Vehicle Amphibious Combat Vehicle
(ACV) 1.1 EMD Prototype (ACV) 1.1 EMD Prototype
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Appendix E - Figures

Tactical Wheeled Vehicle Procurement
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Figure 1. Bathtub Defense Industrial Base Market for Tactical Wheeled Véhicles
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Figure2. BAE Consolidation
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General Dynamics

CMC-Scranton

Integrated Management Services, Inc.
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GM Defense
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Figure3. General Dynamics Consolidation
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Figure4. SAIC Consolidation
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Figure5. European Defense Industrial Base in Comparison to United States
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