The Future Combat System (FCS)
A Technology Evolution Review and Feasibility Assessment

by Asher H. Sharoni and Lawrence D. Bacon

This is the first installment of a three-
part article on an independent analysis
and proposal for a future tank-like sys-
tem. The second part will appear in the
September-October issue. - Ed.

The Future Combat System (FCS) is
the Army’s most recent attempt to be-
gin developing a new tank that is to be
fielded in the 2010-2015 time frame.
To understand its origins, one must ex-
amine the prevailing global political
situation, and its effect on future de-
ployment of the U.S. Army. The post-
Cold War era has been distinguished byj
the downsizing of military power and
ever-diminishing defense budgets for
research, development, and acquisitiona computer-modeled sketch of the system being discussed.
of new weapon systems. Moreover, the
counterterrorism program added un-
planned budgetary and operational
pressures, and its immediate funding
led to an additional intensive cut of
$680 million from research and devel-
opment programs as a ‘down-to-earth’
practical approach to reducing total al-
location of FY 97 defense spending.

ered a viable option at this time. Con- experts has identified the following fu-
tinued modernization and upgrades areture major threats to U.S. Armored
designed to preserve the M1 AbramsForces: Line of Sight (LOS) Antitank
fleet's advantageous technological Guided Missiles (ATGM) fired from
edge, operational superiority, and sus-tanks and helicopters; top-attack
tainability until a new generation tank ATGMs; advanced KE rounds fired
is ready to be deployed. from large-caliber tank guns (120mm
and up); extensively proliferated infan-
try antitank weapons; top-attack, artil-
lery-fired, precision-guided antitank
munitions with shaped charges or Ex-
plosively Formed Penetrator (EFP)
warheads; significant advances in for-
eign tank armor (e.g. explosive reactive
"and active protection/defense systems)
and, sophisticated (intelligent) mines.

Meanwhile, the U.S. Army has been Nevertheless, we've recently dis-
currently undergoing a transition from cerned a resurgence of interest in a
a force permanently deployed all over novel tank, postulated by the authors to
the world into a global, consolidated, be fielded within at least 20 to 30 years
‘power-projection’ force, primarily sta- into the next century, rather than within
tioned in the U.S. In view of these 15 to 20 years as commonly perceived
changes and uncertainties, the concepfeasible. General Dennis J. Reimer.
tion of a novel tank has not been here-U.S. éﬁxrmy Chief of Staff,A has (;elgently
tofore widely advocated. Instead, the stated in an interview to Armed Forces o ;
Army has bgen focusing its efforts on Journal that by 2010, “The Army After These findings lead to the conclusion

; : p ; that the 2020-2030 future battlefield
upgrading programs to improve the M1 Next,” namely Army XXI, will be con- environment's operational requirements
Abrams tank fleét (e.g. M1A2/SEP, figured and equipped with M1A2 could onlv be mpet — on equal terms
M1A2/P8, M1A3(?)..). Possible up- Abrams tanks. General Reimer also °° y qual terms

. > by the FCS. Consequently, it im
grades may include the high-pressurecommented that the Army has begun lies what the ECS’s time frame of de-
XM291 120mm tank gun, with more work with OSD's Net Assessment plo ment mav realistically be — be-
effective, advanced kinetic energy (KE) Group to portray what the future battle- P9I T2Y, y
and chemical energy (CE) ammunition; field will look like in the 2020-2030 y y AALE
an integrated dynamic defensive ‘suit’ time frame. In a recent Ad-Hoc Study The Future Combat System (FCS) is
(Active Protection System - APS); ar- of Tank Modernizatiofi,the Army Sci-  fundamentally a futuristic conceptual
mor augmentation (Explosive Reactive ence Board (ASB) panel, headed bytank or weapon system, characterized
Armor - ERA); digital appliqués; im- General Glenn K. Otis (USA, Ret.), by unprecedentedperational capabili-
proved target acquisition; digital fire concluded that no significant techno- ties2 It will incorporate state-of-the-art,
control system; and a driver night vi- logical breakthroughs are expectedleap-ahead technologies, matured and
sion enhancement. A new turret incor- prior to the year 2020. This distin- available for implementation 20-30
porating a 140mm gun is not consid- guished panel of military and civilian years from today. The Senate Armed
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Future Combat System (FCS)

External Dimensions and Features
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(or upgrades to the existing M1 The Future Main Battle Tank (FMBT) ducted a conceptual tank design contest
Abrams fleet); and employ ‘virtual pro- _ for the next-generation tank — known
totyping’ techniques [e.g. studies of The evolution of the FCS should not as the FMBT. The contest drew close
computerized 3-D graphics and proc- be disassociated from that of its prede-attention and extensive response from
esses for emulation of engineering andcessor, the FMBT. On January 1993, all quarters of the defense community.
manufacturing development (EMD)] for the U.S. Armor Association andR-  The winning entry, submitted by West-
conceptualizing and subsequently field- MOR magazine, in conjunction with ern Design Howdeén(WDH), presup-
ing arevolutionary Future Main Battle the Directorate of Combat Develop- posed 2010-2015 as the time span for
Tank (FMBT) within 20 years or so. ments at Fort Knox, Kentucky, con- fielding.
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FCS Detailed Layout
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The FMBT was perceived as the suc- ammunition, can be adopted to electro-was not available. Additional insight
cessor to the M1 Abrams tank. It capi- thermal chemical (ETC) propulsion, into the FCS concept was subsequently
talized on a new and revolutionary tank and is internationally harmonized with provided at the American Defense Pre-
design philosophy as a fully integrated, the 140mm gun implementation, re- paredness Association’s Combat Vehi-
multipurpose weapomsystem. Consid- quiring solely a tube and ammunition cles Conferencéconducted at the U.S.
ering lethality as the principal design exchange. It is considered by many asArmy Armor Center, Fort Knox, Ken-
driver, the design approach commencedthe most viable upgrade to the standardtucky, September 24-26, 1996.
with the selection of the main arma- M256 gun. The XM291 gun is short-
ment, continued with an unmanned, re-term, readily available, and represents a The imaginary FCS is, in ouper-
motely operated weapon station, andsound economical alternative to servesonal conviction, a visionary successor
concluded with the hull constructed in the next 30 years and beyond, priorto the conceptual FMBT, whereas the
around it. Consequently, the weaponsto maturation of a new anmgvolution- latter is the successor to the M1
station was located towards the rear ofary main tank armament system. The Abrams series tank. Our governing as-
the hull, the three crew members were FMBT was favorably received by the sumption is that, in actuality, the FCS
positioned abreast in a well-protected, armor community because it epito- will be deployed in the 2020-2030 and
consolidated compartment low in the mized the prudent utilization and inte- not in the 2010-2015 time frame as
center portion of the hull, and the gration of mature, state-of-the-art, and currently presumed feasiblezormida-
power pack was placed at the front. battle-proven technologiescurrently  ble technological breakthroughs are

- available. mandatory and prerequisite prior to
Compartmentalization and placement Ty
of thepentire crew in the huﬁl consti- committing immense funds and scarce

tuted a major enhancement to crew sur-The Future Combat System (FCS) tech?ologmal _t(esourcgsf_tol é-he develop-
vivability and predominantly contrib- nleg' q{cr:]qma 'gg'sa@rh Ielding ass?ct;-
uted to overall weight reductiénThe On July 8th, 1996, Major General ?eglizévé no? suﬁibienﬁse nTa?jreno toe
high-pressure 120mm XM291 gun, de- Lon Maggart, then commanding gen- warrant their im Iementa%ion within the
veloped by TACOM-ARDEC/Benet eral of the U.S. Army’s Armor Center 2010-2015 time%rame especially under
Labs, was the main armament gun sys-at Fort Knox, Kentucky, introduced a continuous adverse bud gta rgstraints
tem of choice. The XM291 possessesnovel concept of a *tank” identified as _- "o\ ar-competin oftgntimr)és contra-
the inherent lethality growth potential, the Future Combat Syste(RCS). MG dictorv. o erati%nalgré Uirements
affordability, and ability to defeat con- Maggart expressed his explicit view- ry, op q :
temporary and future armor. It is about point regarding the FCS while inter- Nonetheless, the FCS concept has se-
the same size and weight as the standviewing with theDefense Dailynews-  cured support of military leaders and
ard M256 120mm tank gun, yet pos- letter” Our present analysis is based incaptured $100 M in the Army’s recent
sesses a ‘built-in’ growth capability to part on that interview, considering that six-year budgetary plan. For the FCS,
utilize higher pressure, future 120mm the Mission Need Statement (MNS) or any other future generation tank, to
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come to fruition, itmust incorporate ments and leverage technologies avail-Concept for a dual-caliber electromagnetic
revolutionary technologies that demon- able for implementation in the 2020- railgun to be cooled by forced air circulation.
strate novel, highly-potent weapon sys- 2030 time frame. FMBT’s underlying
tems and substantial reductions or sav-philosophy served as the bedrock for
ings in manpower, propulsion energy, our proposed FCS. It bridges the gap inLethality - FCS Armament Choices
consumption of consumables, sustainedthe evolutionary process between the ad- ; Mai
maintenance, reliance on logistic support,vanced, yet conventional, M1 Abrams G.unP E&Tr%gnﬁermaénaenn(}iggfégmrh G')\A%E

1 ,10,11,12,13 1 1 1 1S- . . " .
and overall combat weighe: tank series and the imaginary, futuris lowing are the potential prime candi-

Presumably, it will be one of the last tic, nearly ‘science-fiction’ FCS. When- 0%t “the FCS's Main Armament

; licable, conceptual features i
manned tanks produced in large num-EVer app ; System (MAS):
bers. Most likely thereafter, remotely- have been adapted from the FMBT and

operated tanks will be introduced — further advanced to correspond to their - Conventional solid propellant (SP)

: ., likely evolutionary status at the time of 120/140mm smoothbore guns
gﬁﬁg in?rrgglljlggd %T??ﬁg%%méﬁgﬁt'fn implementation. Admittedly, it is a for- - Liquid propellant (LP)
decisive agaregatd&18 midable task to accurately forecast - Electro-thermal chemical (ETC)
ggreg : technology evolution 20 or 30-plus - Electromagnetic (EM)
years into the future. This has become - Antiarmor, antiair guided or ‘fire-
Scope of This Article particularly evident in the course of the and-forget’ type tactical missiles.

last four decades, whamprecedented
The emergence of the revolutionary technological breakthroughs have be-
FCS concept triggered our imagination come customary and more frequent. In
and persuaded us to conduct a ratheview of this, we ask readers for pa-
limited technical literature research of tience as we look into our ‘crystal ball’
information available in the public do- and occasionally let our imaginations ® Secondary (I) Armament System

We will discuss the predicted evolu-
tion, technical feasibility, and applica-
bility of these guns and missiles later
on.

main. The latter resulted in this article, go wild. - High-Energy, Direct-Projection La-

after we anguished over the imponder- ser Gun: The FCS will be equipped
able complexities associated with such with a high-power, extremely accurate,
a revolutionary design, portraying how The FCS - Characteristics and fully-stabilized laser gun. The FCS is
we envision the FCS 20-30 years into Major Capabilities envisioned as an ‘all-electric’ vehicle,
the future. In consequence, we've de- which facilitates a laser gun that could

termined to advance our conceptual The FCS will capitalize on the fol- be used against a variety of close-in
FMBT one generation further to meet lowing major capabilites and attrib- threats. Among them are helicopters,
future battlefield operational require- utes: drones, ground ‘soft’ targets, infantry,

10 ARMOR — July-August 1997



and — in self-defense mode — againstthrough the atmosphere at tactical op- e Battle Management System
incoming enemy missiles. High-power erational ranges (10-15 km) without ; ;

laser technology for armament applica- detrimental losses from beam spread-mg;? sthg?é%e?gﬁg??ngﬁgfs I;/Iaré?ig%-_
tions has successfully advanced beyondng, divergence, dispersion, diffraction eral m}L/JIti-sensor-aid ed target :fc u?si—
its infancy and nowadays is well estab- and scattering. Additionally, it must tion and fire control s sterr? it wgul d
lished in outer space and airborne ap-maintain its ‘self-focus’ characteristics be a dav/night inte ra%/ed Svstem cana-
plications. The FCS laser gun applica- and high-energy density, which are ble of yaut%matica?l en g in anpd
tion will probably be a ‘spin-off’ of mandatory for achieving an effective managing ub to 15_2% actigegorgassive
these developmental efforts. Incon- target kill. Much has yet to be said - etg %impultaneousl and ellautono-
testably, laser gun technology repre-about laser research and applicability, mogusl Automatic air/y round acquisi-
sents a tremendous step towards indebut, in the interest of time and space, o, V\y(')uld be made t%rou h thgrmal
pendence from logistic support. There this short overview will suffice. imagery, millimeter-wave rgdar proc-

!ssugglyifndcéoirt fvrv?l(ﬁLt’)%n.tfiﬁnmgm\?gr'itg)br;ere' » Secondary (I) Armament System  essing, and direct optical sights. It
high-energy short pulses  (bursts) ’Of-_DuaI-Role Antiair/Antiarmor Mis-  would include target recognition, iden-
converted electrical energy. During tar- siles: The FCS will be equipped with ftification, prioritization, and automatic
get acquisition, a Iow-ehergy laser dual-role, ‘fire-and-forget’ antiair (40- tracking. Fire controls would incorpo-
beam will be p'ointed at the target to 50" km extended range) beyond-line- rate main and secondary armament sta-
verify ‘on-target’ position and the cor- of-sight (BLOS), and laser/TV (infra- bilization and support automatic load-
responding _effective  range.  Sub- red, passive or active, 3rd generation)ing. The system would offer full fire-
sequently, the low-energy beam will be guided ‘line-of-sight’ and beyond on-the-move capability while engaging
substituted with a_short high-energy (B/LOS) antiarmor (10-30km range) multiple targets. It would assume an
pulse, ultimately yieldiné target de- missiles. Compadhird generation mis-  active role within the tactical and re-
struction siles, with multiple target capability, gional digitized communication net-
: air-defense  and antitank system works by providing critical battle
(ADATS), robust lethality type mis- awareness information and target data
siles. Though still presumed to incur submission and acceptance. The
high cost per unit and inefficient at FCS/BMS could be temporarily
very close engagements, there will be‘slaved’ to other FCSs or to higher-
no substitute for their accuracy and ex- echelon commands.
tremely high probability of hit and kill -
at short and extended tactical ranges.“\;irtuAgl'ARrggl?d,, \lerfg)é:’, A'rr{ﬁgrsparent
Their BLOS formidable tactical capa- ty
bility will remain second to none. An all-around, ‘virtual reality,” day/
night, 360 array of TV/thermal cam-
eras and computer-processed vision
would enable the crew to “see” through
the armored walls of the crew compart-
ment with helmet integrated displays.
This would allow excellent “buttoned-
up” visibility and alleviate motion sick-
ness. The weapons could be fully
slaved to each of the two crew mem-
bers’ helmets as tactical considerations
and battle conditions dictate. The dis-
plays would make accessible all critical

A case in point is the USAFHligh-
Energy Chemical-Oxygen Airborne La-
ser (ABL), currently being developed
to destroy ballistic missiles early in
their boost phase of flight, immediately
following their launch phase. A full-
power prototype baseline configuration
laser module in the hundreds of kilo-
watts class has already been demon
strated to meet stringent performance In addition to primarily assuming an
requirements. Another notable program offensive role, the FCS will also act as
is the U.S.-Israelilfactical High-Energy an armoredmobile air defense (AD)
Laser (THEL), developed to engage systen# for the combined arms team
and destroy incoming missiles. Though (CAT). By acquiring this capability, air
chemical laser technology is considereddefense will become fully integrated
mature, a compact and transportableinto the CAT to allow for its maximum
tactical laser weapon system, well inte- effect and deployability. A network of
grated into a smaller mobile armored four to six FCSs could prioritize and
vehicle, remains to be demonstrated.engage a number of aerial and point
Typical outstanding issues are integra-targets. This network, being an integral
tion of optics, energy pressurization part of the digitized force, could either . :
system, radar, and command & control. acquire and engage targets on its own,Pe?ﬁtleer?g:'aazﬁpoeri]sét}’gﬁ'cgsﬁtﬁérﬁggr'sn'
To facilitate its development, the U.S. or convey critical information to other WOL?|d be able to see the faces of peo-
Army is already leveraging technology forces in the greater area. The FCS dis- le they are communicating with :’fl)nd
from the USAF's space-based laserpersed ‘battle groups’ (not large ar- gther grtinent ictured info?mation on
program. Finally, the U.S. Army’s fixed mored formations anymore) could be their %rsonal di% lavs
laser, based at thdigh Energy Laser connected to higher-echelon defense P piays.
Systems Test FacilifHELSTF) White and command centers for automatic re- Integrated Survivability
Sands, N.M., and theos Alamos Na- sponse to saturation and time-com- I ;
tional Laboratory (LANL) facility are  pressed attacks. This need is reinforce%;li—;"s a'l'ﬁvﬁggf;?eﬁt (;(t’ei%etg”g ea:lzla_ttigﬁal
both engaged in laser research for mili- by the reality that the Army is modify- capabili (EOCS highl mo%ile ar-
tary applications. These developmentsing its 50-year-old air defense doctrine, mopred t\yehicle V\;ouldg b)é significantl
and similar projects imply that future taking over responsibility for close air more versatile than the ?esent I\%l
‘spin-off’ versions, on a much smaller support (CAS). The Army will rely on brams tank series and capable of mis-
scale, could be implemented in various,its own means, such as deep attac ions bevond those traditiopnall er-
armored ground-to-ground and ground- helicopters (AH-64 Longbow Apache), formed %’ contempora maix gattle
to-air offensive weapons and active advanced artillery systems (Crusader),,[anks (MBXI') porary
self-defense applications. The high- and ultimately the FCS, rather than the :
power, direct line-of-sight (LOS) laser customary U.S. Air Force dedicated The vehicle would present a substan-
beam must have the ability to travel close support aircraft. tially reduced overall target signature
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(heat, acoustic, magnetic and visual) byand energetic/reactive armor modules Mobility and Agility
way of utilization of ‘stealthy’ materi- that could be installed in accordance un -

- . Ly . : o precedentedross-country mobility
als and design contours. Equipped withwith the primary assigned mission. and enhanced agility will be provided

g{/]st:r)rite?ssll\\/llg _S'%Rg:umrgl rglzg?r%%”;;'jt Another system would integrate pas- by an all-electric power train producing
netic, acoustic) countermeasures. and aglve/actlve_ mine detection, avoidance, a variable 800-1200 Hp (@45 ton max.
False Target Ceneration(FTG) ac- and  possibly destruction (neutraliza- overall weight!). Computerized hydrop-

tion) while stationary, or preferably on- neumatic ‘dynamic’ suspension will

tive/ passwg decc|>y system, which could the-move. provide smooth and comfortable ad-
project and emulate an imaginary FCS I o justable ride over all kinds of rough
signature to divert incoming homing Force-Projection Deployability terrain. Maximum cross-country speed

missiles away from the real FCS. Reduced weight and a smaller silhou- will be 100 KPH (63 MPH). This is
A self-defense, dynamic ‘hit-avoid- ette would improve air, land, and sea extremely high and practically unat-
ance suit’ (HAS) would automatically transportability and deployability. tainable with limited performance, con-

ventional torsion-bar or coil-spring sus-

detect, prioritize, counter, and intercept
pensions. Nonetheless, it is attainable

enemy cruise missiles, helicopters, un-_ .. ; : ;
manned vehicles, high performance actltved _w;fo:jme_ltt.lond Qogle,f. E”% |{_1te-| with a hydropneumatic suspension.
fixed-wing ground support aircraft, top- g:%ereI?o?\allgéc;ﬁmur%caﬁifn heﬁ(')cris’ Maximum flat-road cruising speed will
attack antitank munitions, homing artil- rovidir? combat. surveillance. and lo- exceed 120 KPH (75 MPH) at maxi-
lery munitions like SADARM (Search P! tic i fg tion. ' mum power output.

and Destroy Armor), and other antitank gistic information.
threats. The vehicle would offer improved Sustainability - Reduced Maintenance

cross-country mobility, speed, and agil- and Logistics

There would be an automatic detec-ity, and a greater range than the M1 se- Powered b : .

. : o y a new, high-efficiency
tion, alert, avoidance, and protection ries tank. power-pack and energy source, possi-

system for areas contaminated by A :

; n autonomous system would pro- bly an alternative energy source to
weapons of mass destruction (WMD). vide day/night obstacle avoidance, conventional fossil fuels. The en-
The vehicle would be equipped with ‘Auto-Pilot’ (AP) navigation/cruise and gine/power source facilitates the imple-
advanced, ‘add-on’ modular passive automatic formation maneuver. mentation of electromagnetic or elec-

The FCS would play a key role as an

Evolutionary Silhouette Comparison

M1 Abrams-70 ton (1980) / FMBT-55 ton (2010)

FMBT-55 ton (2010) / FCS-40 ton (2030)
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trothermal-chemical guns that use elec-ergy for mobility and propulsion, while
trical energy (EE) as their means, all or reducing the traditional restricting de-

in part, for projectile propulsion. pendency on rations, ammunition, and 36

spare parts. This same underlying phi-
reliance on conventional maintenance losophy has played a paramount role in

resupply of rations, ammunition, fuel, 'the derivation of our FCS concept.
and spare parts to achieve long-term, We'll deal with solutions to these
extended operational capability. problems in the second part of this

Compliance of major sub-systems three-part article.

with the above required capabiliies Note All information contained in
and attributes will be discussed in the this article was derived from open
following sections. sources and the analysis of the authors.

We envision a significantly reduced
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