PART TWO: ARMAMENT

The Future Combat System (FCS):

Technology Evolution Review and Feasibility Assessment

by Asher H. Sharoni and Lawrence D. Bacon

(This is the second in a series of three must ultimately result in an increase of grated into an entirely new tank (turret
articles exploring a conceptual future volume and mass of the penetrator rodand hull) that is built around the main
combat system. -Ed.) and therefore, inevitably, in a corre- armament system. It will weigh at least

sponding undesirable reduction of the ef-as much as contemporary heavy tanks

fective muzzle velocity. Utilization of (70" tons). The changes would also in-
Main Gun Armament Evolution progressively heavier rod penetrators tocrease vehicle mechanical complexity
and Technology Assessment defeat contemporary and ever-improving and significantly reduce ammunition
armor protection required higher muzzle complement. This scenario is entirely
energy [presently 18-20 megajoules unacceptable under the FCS's current

MJ)]. Consequently, it led to guns with prevailing philosophy. But the 140mm

ver-increasing chamber pressures andyjun could become a valid anggent
likewise, larger gun calibers (90, 105, proposition if the U.S. encounters a ma-
predicted evolution: 120, 140mm, Western preference). chJ)rS ?rsageni.ng t}’r]ival, Idsimilar to _ttrr]](_a

; No future U.S. plans have been an-, = 't'louggg e o -'W?r te;]ra,dwlln
Conventional 120/140mm Guns nounced in regards to the 140mm gunt e next 10-20 years, prior to the deploy-

A major consequence of the diminished Advanced Tank Cannon System - ment of the FCS.
urgency to develop novel guns in the ATACS, subsequent to the untimely can- The following improvements are feasi-
near foreseeable future is that conven-cellation of the ‘Block III' Main Battle ble in the short term and make the ‘ge-
tional, Solid Propellant (SP) guns will Tank Program. Following a MOU pre- neric’ 120mm M256 smoothbore gun
remain in service for many years to viously signed in 1988 with the U.S., and its derivatives (e.g. XM291) viable
come, and their lethality will be gradu- Giat (France), Rheinmetall (Germany), propositions for the next three decades
ally enhanced. This was the predominantand Royal Ordnance (U.K.) are contem- and beyond. Extraction of more energy
reason behind the selection of the 120-plating a joint venture to develop, mar- from the propellant gases by increasing
mm high-pressure gun for the FMBT. ket, and produce a standardized 140mnthe effective length of the gun barrel up
The typical High Velocity Armor Pierc- smoothbore/rifled gun and ammunition. to 55 calibers long is a viable alternative,
ing Fin Stabilized Discarding Sabot The weapon system is designated bybut it will not yield dramatic results. For
(HV-APFSDS) projectile has been suc- NATO as theFuture Tank Main Arma- instance, the 120mm L55 gun developed
cessively improved over the last three ment(FTMA) and is claimed to have a by Rheinmetall (Germany) for the Leop-
decades with suggested near-future penesignificant increase in armor penetration ard 2 MBT, is 1.30 m longer(!) than its
tration capability of up to 800-96Gnm  over the standard 120mm tank gun. predecessor, the standard L44 Rh120
of Rolled Homogenized Armor (RHA). ; : 120mm smoothbore gun. The L55 gun
This was primarily achieved by a pro- am?nngggi%tggdmgisth&a%tom(g?er?tlijgl ?ﬂg will provide a moderate incremental
gressive increase of the geometrical ratioIar er aun size wiﬁ commgnd a bigaer higher muzzle velocity, resulting in im-
‘Length/Diameter’ (L/D) of relatively angl hegavier vehicle. If the re uirer%gent proved armor penetration. Notwithstand-
long and slender rod penetrators andto reduce weiaht and volume ig oind to ing its benefits, it will definitely make it
continuous improvements to their corre- remain firm agnd strictl enforce% itgis more difficult for the Leopard to maneu-
sponding materials (Tungsten Alloys, most unlikely that the y140mm un and Ver in heavily built-up areas or cross-
Powder Metallurgy-PM, Depleted Ura- heavy amm{/mition will find thegiJr way country terrain textured with densely
nium-DU, and Variable Density Penetra- into the FCS. Furthermore, because ofdrown vegetation or other ground obsta-

tors-VDP). the major changes required and the highdes'

Penetrators with high ‘L/D’ ratios cost involved in upgunning the M1 The XM291 gun is a spin-off of the
proved effective against RHA but they Abrams tank from 120 to 140mm (stor- dual-caliber approach previously adopted
were foundconsiderablyless effective age, autoloader, and turret/hull recon-by the U.S. Army. It was developed by
against composite and/or complex armor.figuration), it is highly doubtful whether the Army Armament Research, Develop-
To augment its effectiveness against thethe 140mm gun will ever be utilized in ment and Engineering Center (ARDEC)
latter, the penetrator rod must have aany future upgrade to the M1 tank series.in collaboration with Watervliet Arsenal,
larger diameter. Without reverting to Grounded on the author’s personal workand is a combination of a common rein-
lower and adverse ratios of ‘L/D’ (ap- experience with the ill-fated ‘Block III' forced 120/140mm high-pressure breech/
proximately 20/1 for 1220mm and experi- Tank Program, a 140mm main armamentchamber with a light 1220mm gun tube.
mental 140mm and still increasing), it system could only be successfully inte- This newly designed “Lightweight 120mm

This article will examine the potential
main and secondary armament system
for the FCS in view of their forecasted
technologies, their feasibility, and their
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Tank Main Armament System,” could These improvements, impressive asdevelopment for the U.S. Army. To the
yield comparable results to the 140mm they are, will probably not lead the way best of our information, the U.S. Army
gun at the lower performance range ofto the FCS's main antitank armament has reluctantly given up on this promis-
the latter. Another improvement in gun due to large caliber burden, ammunition ing technology inCrusader. Ostensibly,
performance could be obtained by thevulnerability, and the inherent limited it was compelled to make that decision
use of propellant with greater surface growth potential of solid propellants because of the detrimental impact it
burning progressivity, which generates (SP). According to basic governing ther- would have on production and deploy-
higher pressure gradients to propel pro-modynamic laws, the velocity at which ment schedules if the Army had to wait
jectiles. An additional increase in gun chemical SP could accelerate a projectileuntil LP technology matures enough to
performance could come from a reduc-is controlled by the velocity at which a warrant its near-term implementation. LP
tion in the temperature sensitivity of pro- gas could physically expand. For all technology is the outcome of extensive
pellants, which will allow the increase of practical purposes, contemporary 120-R&D efforts performed in several coun-
burning rates at lower temperatures.mm guns may ultimately reach a muzzle tries ever since the end of WWII.
Maximum allowable chamber pressure velocity of 1800-2000 m/sec. Future
at normal and high temperatures can bel40mm guns (if fielded) may reach an
raised by employing higher strength im- extended muzzle velocity of 2100-2300
proved steels commonly utilized in con- m/sec while their effective ‘kill' range i L

h ; R pre-maturation, ‘nagging’ problems such
struction of gun barrels. will not exceed 6-7 km at best. as ignition control, excessive corrosion,

Advanced 120mm KE penetrators, Sen- With industrial and logistic infrastruc- combustion non-repetitiveness, sealing,
sor Fused Weapons (SFW), Smart tanktures already in place, backed by battle-exorbitant weight growth, material con-
munitions and Smart Top Attack Weap- field-proven technology, conventional tamination, and difficulties in handling
ong2 (STAW) will soon be introduced 120mm guns will remain the ‘backbone’ of LP. It may be adaptable to naval ap-
into the inventory. These munitions have system in service for the next 20-30 plications where better controlled envi-
extended autonomous capabilities suchyears and beyond. They will progres- ronment, available space, larger guns,
as independent target acquisition, identi-sively continue to receive incremental handling, storing, and operating LP ar-
fication, prioritization, maneuver control, improvements until replaced, while al- mament systems seem more plausible.
and improved lethality. lowing sufficient time for a new main LP guns require continuous resupply of

: ; ; armament weapon system to mature. Thepropellant working liquid, which does
fe(r?gee ,&%?lgsceerg?gr\e/seeg?gf?Ig?(}jeetltfst,r&?;eai_ 20mm main armament gun system, not conform favorably with stringent re-
(DARPA) M872 ‘X-Rod’ Rocket-As- hough extremely potent in its own right, quirements for reduced logistics. LP, in
sisted KE (RAKE) long rod penetrator will not justify the enormous expenditure conjunction with 120/140mm tank guns
that defeats targets with kinetic energy'n development, production, and deploy- with regenerative, multi-stage propellant
and could achieve a boosted ‘muzzie’ MeNt of a new tank. It will serve as the injection systems, could reach unassisted
velocity of 2000 m/sec. Another is the standard gun of existing M1A1/A2s, and muzzle velocities up to 2200/2500 m/sec
XM943, Smart Target Activated Fire and 25 @n indisputable, cost-effective upgraderespectively at best. (It is about 10-15%
Forget '(STAFF) top-attack round, which for tanks that are equipped with an infe- higher than what could ultimately be
kills with a downward firing non-axis "or caliber gun (105mm). Regardless of achieved with conventional SP 120/140-
symmetric, Explosively Formed Penetra- how SP guns will ultimately evolve, mm guns). This only holds true if ailing
tor (EFP)’ The STAFF is designed to both users and the defense research conproblems with “traveling charge” or
penetrate'the thinner turret roof armor munity have concluded that solid propel- “stage propellant” will be satisfactorily
and lightly armored tank top deck. The lants are not the most efficient medium resolved to match the injected “charge
guided round's sensor and explo'sively of conveying to a projectile the energy front” propagation speed — through the
formed penetrating warhead are capabl required to defeat the ever-evolving entire injection process — with that of
of destroying evasively maneuvering ar_ethreat. Consequently, since the mid-80's,the projectile as it advances down the

there has been a significant increase inbarrel.
mored targets that attempt to make USEestern R&D interest and research ef-
of terrain texture and defilade. forts aimed particularly at developing o _ _
; : : ) y using a 30mm two-stage traveling-
new technologies which will substitute charge LP demonstrator qun. velocities
for contemporary SP gun systems. MOStas hig h as 3100 m/sec ang beyond could
of these efforts (ETC, EM, high-power 9 Y

be achieved. Trade-offs between projec-
laser) are descendants of the U.S. Strate; - o
gic Defense Initiative (SDI) space-ofi- tile velocity and mass will dictate the

preferred caliber for future applications.
ented weapons program. If limited vehicle weight and ammuni-

Though LP is technologically based on
a sound engineering foundation, it is
presently known to experience inherent,

It has already been demonstrated that

The MB829E3 is a dramatically im-
proved kinetic energy (KE) round devel-
oped to defeat advanced explosive reac
tive armor. The Advanced KE Cartridge
Program is about developing a round
with composite sabots, precursor, axial

thruster assembly, anfhstcore OXE- tion count are to remain the main driv-
TANE/CL20propulsion. It will have im- Liquid Propellant Guns ers, the selected caliber of LP guns is
proved performance over the standard probably not going to exceed 60-80mm

M829A1/A2 rounds in defeating Explo-  Liquid Propellant (LP) gun propulsion with maximum muzzle velocities of up

sive Reactive Armor (ERA) and pene- technology is another viable alternative. to 2500-2800 m/sec.

trating Rolled Homogeneous Armor Unfortunately, it has recently received

(RHA), and greater hit probability. Cate- untimely poor publicity when the U.S. LP technology, though once believed to
gorically, these types of advanced muni- Army finally decided it will not be im- be the prime alternative to SP, is nowa-
tions will further extend the useful life of plemented in th€rusader the advanced days viewed as less attractive for ground
the 120mm solid propellant gun. self-propelled howitzer currently under mobile applications and thus may not
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become the main armament for the FCS.structures for production, deployment, erative injector and combustion control
Nonetheless, all this may dramatically and logistics. to the conventional pressure chamber. In
change if these technical difficulties : the event that ETC technology will be-
would somehow be satisfactorily re- m%ggaeﬁ;ltcglieggg(zggggﬁn%rear?tlirtr.;eni aLtmacome practical, existing conventional
solved. As with the implementation of with a firina rate of 10-15 rounds/m%n 120mm and future 140mm guns could
any novel technology, LP requires cur- At this cali%er range, various types of be economically converted into ETC/SP
rently nonexistent industrial and military rounds could be cgm' rised of K?E ro. 9UNs as one more step in the evolution
infrastructures for production, deploy- iectiles and CE rounds[,) as well as flﬂ)tureOf SP guns. There are still various pre-
ment, and logistics. J ' dominating problems to be addressed

‘smart’ sensor-fuzed munitions. The ulti-
; : : : e e and resolved before ETC guns can be-
In spite of its temporarily recent handi- mate objective is aimed at an ETC auto- .o practical proposition in conjunc-

cap, research and development of Re-matic gun with a muzzle energy of 20 : ] ; ;
generatively Injected LP guns (RILP) for MJ (corresponding to 2500-3000 m/sectT'%g \g(')tn]bﬁggggﬂt'gpi‘!)ﬁt?gﬂaglrgplrjés'ggi_
various ground and naval applications, for medium calibers) which is compara- able inner ballistics with a com aptible
will most likely continue® In all fairness,  ble to that of the conventional, solid pro- solid propellant. and the si nificgnt in-
there is much to be said in favor of LP pellant 140mm gun. Much like LP guns, creasg inp erformance B 9 muzzle ve-
technology, despite its disadvantages.ETC technology allows better control of ocity) in szr e caliber ung has vet to
Chiefly these are its inherent growth po- the pressure (propulsion) generated, Sdoe (tjyemonstr%lted guns, y
tential and high level of design flexibil- that it is maintained relatively close to its '

ity. LP guns possess controlled, variable maximum while the projectile is moving Regardless of whether ETC technology
lethality and permit a relatively larger down the barrel, resulting in more en- will become a viable proposition, the use
stowed load due to improved efficiency ergy conveyed to the projectile. of large consumable ammunition in ad-
of LP storage and reduced volumetric re- i : ; dition to ‘energetic’ liquid propellant is
guirements in comparison to SP combus—S;h'Ste'ghﬂgige con&cﬁreyreto t%%nve?gggﬁrlecontradictory to the requirement of re-
tible solid cases. Other advantages are Uickl diminig%,es as the ro'ecriile de- duced dependency on logistics and
safer storage of LP via compartmentali—q rt yfr m th mb tipnl hamber weight. The combined implementation
zation, improved piezometric efficiency, pEgl'Cs teccf)molo € isc?ecousniged % amaﬁ of SP with ETC, will probably not jus-
and extended barrel life due to a muchto Show romgi]ge of “infignite" or >r/nulti- ytify the enormous investment in design,
cleaner and better controlled combustionSta e vaFr?iabIe lethality and imoroved development and deployment associated
process. Last, but not least, RILP tech- " 9 Ision controllabili y It also r P ir with the fielding of an entirely new tank
nology represents a rational leverage ofPropulsion controliability. It also requires g o Though new and promising tech-

the substantial investment already madeS|gn|f|cantIy less_electrical energy in nology, it will not change the nature of
armored warfare.

in the LP version of the revolutionary comparison 1o _Electro-Magnetic (EM)

. : ; that use only electricity for projec-
Crusader Notwithstanding a myriad of guns . i
technical and logistic problems, given tile propulsion. Nevertheless, ETC tech

P : Electromagnetic Guns
sufficient time and resources, LP tech- no!ogy,fa?thprorplsgg as [{t Imay seerﬂ,ge- Elect I tic (EM) rail i
nology could mature to warrant its future quires further fundamental research be- Electromagnetic (EM) railguns or coil-
implementation as the principal arma- yond the laboratory stage. Much detailedguns, also known as Pulsed-Power EM
ment system in heavy armored Vehiclesre_search_ and testing has yet to be accomguns, are expected to launch light pro-
and the FCS in particular plished in the field and at weapon sys- jectiles (KE, up to 5 kg) with 30-60mm
' tem level. It must achieve maturation to in diameter, at unprecedented hypervelo-
. warrant its applicability as a stand-alone cities between 4000-8000 m/sec (30-60
Electro-Thermal-Chemical Guns solution, or in conjunction with other MJ). Contrary to conventional SP guns,
Encouraging results have been obtainedmature technologies, or with existing the EM pulse travels at near the speed of
with Electro-Thermal-Chemical (ETC) 120/140mm guns. light (@ 186K miles/sec) and thus pro-
experimental guns. In principle, an ETC vides propulsion means inherently im-
gun utilizes a chemically energetic (reac- As an additional practical alternative, mune to natural limits of gas expansion.
tive) working liquid instead of conven- ETC technology could be combined with At these extremely high velocities, EM
tional solid propellant. It requires consid- existing conventional SP 120mm and/or guns are unsurpassed, being more effi-
erably less electrical energy to achievefuture 140mm guns and ammunition, cient than any other type of existing
adequate projectile propulsion than itsthough a new cartridge and modified gun#° EM railguns operate on the same
predecessor, the Electro-Thermal experi-gun chamber are required. It represents grinciple as ‘linear’ electric motors. The
mental (ET) gun. It needs relatively near-term upgrade application of alreadybarrel consists of two (or more?) highly
smaller and lighter auxiliary equipment leveraged and proven technology. Theconductive rails with the projectile posi-
to produce and store electricity. This size of the electrical equipment is much tioned between the latter and enclosed in
equipment could ultimately be reduced smaller than that of current EM researchthe leading bore. As high current is sup-
to a suitable size to warrant its installa- guns and present ETC as a viable up-plied to the rails, a strong magnetic field
tion in an armored vehicle. Energetic grade proposition. Research has showns created by the electric arc across the
working liquid is naturally prone to be that specially designed ammunition andrails which accelerates the projectile
problematic in operation, handling, stor- ETC gun technology could be combined down the barrel. Hypervelocities appear
age, and supply, such that its utilization with existing conventional SP guns to to improve the effectiveness of kinetic
will pose a potential safety concern and further enhance the performance of theenergy projectiles against some types of
a logistic burden, much similar to LP latter up to 30% and beyond. Augment- homogenized armor but may not do so
guns. As in LP, ETC implementation re- ing the energy of solid propellant is pos- against others. It increases with velocity
quires new industrial and military infra- sible by implementing a plasma regen- against explosivaeactive armor if the
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projectiles are segmented, but will not not become public knowledge. In Inter- rated at 32 MJ. Reportedly, Maxwell
increase against a variety of complex national Defense Review (IDRJt was Labs succeeded in accelerating a
composite armors. The benefit of hyper- reported that ARDEC and DARPA, with plasma-armatured projectile weighing
velocity projectiles is obvious against funding assistance from the SDI office, 1.1 kg up to 3500 m/sec, corresponding
RHA, missiles, helicopters, and low fly- embarked upon a two-phase, multi-task-to a muzzle energy of 7 MJ. As of today,
ing ground support aircraft, but requires ing joint venture, to demonstrate that ME systems have been demonstrated
further development for full adaptation both rail and coil type EM guns could with 30-35% efficiency, though 50% is
to antiarmor complex applications. For repetitively fire projectiles at 2500-4000 the acknowledged practical maximum.
instance, in order to achieve muzzle en-m/sec with a muzzle energy of 9 MJ ; _—
ergy of merely 9 MJ at velocities of (equivalent to 120mm SP KE round). h(L)JL?sdee[?ggégrcipgﬂzotr)sg\;giothﬁw(;/Xte%gr%er
2500-4000 m/sec, a Compensated Pulse®hase | was divided into multiple tasks constructed a 56mm/60 M 5) “Thunder-
Alternator (CPA) system that weighed culminating with the construction of re- bolt” railaun for lethality demonstrations
20 tons was used as recently as less thapetitively firing skid guns. In phase Il by t hiah- egnd h ervelotgities Much detalil
a decade ago. Considerable size, low end1995, they were supposed to down-selecii‘:ilou|(§J have b){a%n reported herein about
ergy density, and a multitude of unre- one of the concepts identified in phase l’recent advancementg in ME technolo
solved technical problems indicate that as the basis for a self-contained, vehicle-research if it was not considered clasgi)i
EM guns still have a long way to go be- mounted 15 MJ EM gun. The mobile ied information. There are still funda-
fore they could become practical enoughdemonstrator vehicle was supposed to b ental issues that must be investioated
to be incorporated as the main gun arma-equipped with an EM gun firing at a rate researched. and developed beforg EM
ment in a relatively small, highly mobile of 4 rounds in 24 sec. ' pea ;
guns could become a practical proposi-

weapon system such as the FCS. Two contracts have been awarded. Onetion, among them: 1) Material ablation
Because of the high secrecy associatedo the University of Texas (UOT) under effects due to extremely high friction
with outer-space military weapons appli- ARDEC, and the other to Maxwell with the atmosphere at hypervelocities
cations, no recent information has beenLaboratories under the Defense Nuclearcould cause the projectile to burn un-
published nor released about EM gunsAgency (DNA). In 1989, it was reported evenly, resulting in substantial degrada-
and their applicability. Many in the re- that the Maxwell Single Shot Gun (SSG) tion of its ballistic trajectory accuracy,
search community believe that signifi- was a simple bolted design, 8 m long, velocity attenuation, and subsequent re-
cant technical breakthroughs have beenweighed 18 tons and had a 90mm circu-duction in penetration effectiveness. Ma-
achieved over the last ten years, but havdar bore. The associated capacitor wasterials demonstrating low ablation must
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also possess high mechanical strengttcally 1 km/sec), prior to the projectile high priority operational requirements,
(hard to find); 2) Interface repulsive entering the railgun breech, has been deand given sufficient time and adequate
force between the projectile and the ac-veloped. This method introduces me- resources. Ten years ago, under project
celerators (rails or coils) must be deter- chanical complexity and additional un- Mile Run, DNA conducted research to
mined to quantify the critical implica- desired logistic burden. reduce a 10 ton EM system into an af-
tions in safety, structural integrity and fordable 1.2 ton package with 32-50 MJ
launch reproducibility; 3) Selection of Nevertheless, in spite of immense tech-copolymer resin-based capacitor technol-
gun barrel material for overall weight re- nical challenges, especially extensive ogy, intended to be fitted in a tracked ve-
duction while maintaining adequate re- pulse and power requirements for ex-hicle for ground mobile lethality and
sistance to ablation and durability; 4) Ac- tremely short periods of time, and virtu- feasibility demonstrations. EM guns
celerations of 19g’s produce previously ally nonexistent infrastructure, EM gun have reduced vulnerability and operate
unknown and unique material problems technology is the preferred long-term ul- on electrical energy alone.

(e.g. vaporization) with critical implica- timate choice. Consistent improvements - - -

tions for both lethality and accuracy. [At in super high-efficiency copolymer resin- trgrl‘esdgﬁalhglqglgysggremg% gé)rzltorlcirtrggn
hypervelocities, materials behave like based capacitors, compulsators (e.g.an IgTC' or LP eneraizing “liquids” that
liquids, requiring the implementation of UOT developed ‘alternator’ type gener- re yuire special handl?n e?nd gtora e and
hydrodynamics, gas thermodynamics,ating sharp-pulse shapes), homopolarcocllJld begome a arar%ount haza?d’con—
and compressible fluid dynamics to rep- generators, HPG (e.g. Faraday rotatingCern The notion pof simplified loaistics
resent the impact interaction between thedisk requiring large inductors for sharp- will further tio the scale i% favor gf EM
penetrator and its target]; and 5) Reduc-pulse shaping), high energy density su- uns. An F(?S equioped with main svs-
tion of electrical equipment size (e.g. ca- perconducting inductors, and very high- tgems' operatin o(?el p%n electrical enB-/
pacitors, compulsators, and homopolardensity EE storage devices (‘super Ca-arqy is pa tremggndo{lsl reduced loaistic
generators) and development of coaxialpacity’-batteries), will yielddramatically bu%en Even if frictionyand atmos ﬁeric
inductors and first-generation, Barber re-reduced volume and weight. Sizable attenuation will limit the antiarmorp ro-
petitive opening switches operating at computers that only 30-40 years ag0 . qiiles to onlv sav. 6000 m/sec. it ig Still
extremely high-current; 7) Railguns ex- filled-up enormous volume and WeighedJb far su erigr tg’an existing. conven-
hibit difficulty with initial acceleration. 30(+) tons, have been reduced in volumetignal unp EM qun t)échnolo 9 thouah
To avoid excessive heat and stress asscand weight into today’s personal com- still in% 'rematgre stage angy, resur%ed
ciated with the initial projectile launch puters. There is no logical or any known P 9 P

phase, a method of gas-injected running-physical barrier to preclude it from hap-

start for initial acceleration (up to practi- pening also to EM guns if driven by Continued on Page 49
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FCS (Continued from Page 33)

high-risk in development, but with leap- out propellant case, EM rounds are mug
aheadvariable lethalitypotential through smaller, requiring less storage space, a
hypervelocity, is chosen as the preferredtherefore could be carried in greate
main gun armament system for the FCS. quantities for extended firing operations|

For demonstration purposes only, our Because plasma containment and ener

. : conversion efficiency tend to improve
\S/{?L%rtlgéy aor]!ds%(()ngbeg[rlé?é !E':f]r%lén ':rgog% with bore diameter, it is possible tha
25mm. and the other three of 35mm (in- single, larger barrels with 90mm diame
her diémeter) for two kinds of ammuni- " Will be used. The latter represents
tion. Each ‘barrel’ is comprised of fi major disadvantage in that the larger th

. prised of five

- : =~ diameter — the lower the ammunition
equally spaced accelerating rails which omplement, the heavier the gun, an
also act as cooling fins to enhance he"J‘Eche more difficult it is to reach higher
dissipation. Only one barrel is firing at a velocities 9
time, and only one type of ammunition '

(25 or 35mm) is being fired in every An interesting and promising ‘spin-off’
burst. The multi-barrel assembly is en- of EM technology isEM Armor® It is

closed in a stealthy rail support structurestill highly classified and in its infancy,
through which ambient air is forced for but some initial reports indicate that steg
cooling. The anticipated controlled vari- plates that get ‘energized’ upon impag
able rate of fire is from 1 to 60 projec- could form a unidirectional strong mag-
tiles/min, depending on battle conditions netic field that is capable of deflecting
and availability of targets, while optimiz- and attenuating shape-charged warhead
ing and conserving energy. Obviously, it (increasing survivability up to a factor of
is highly dependent upon the rate of 10). If this is feasible, there is anothe
electrical consumption for firing projec- major application for electrical energy
tiles and the cooling requirements of the available on board the FCS to assist i
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