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Office of the Commanding General

nerDear Gener il

Help us Forge the Thunderbolt.

Sincerely,

Enclosure

REPLY TO
ATTENTION OF:

Lieutenant General Frederic J. Brown, U.S. Army Retired
6317 Stoneham Lane 
McLean, Virginia 22101

Enclosed is your copy of the Tank Modernization Plan. It is the result of 
many months of work, to include successive briefings to senior Army leaders. 
The Tank Modernization Plan is a vision to ensure continued U.S. Main Battle 
Tank combat dominance through the first part of the 21st Century.

Tough decisions were made during the crafting of the plan. Recommen
dations from many experienced soldiers and civilians were incorporated. A 
parallel Army Science Board Study, chaired by General (R) Otis, reached 
remarkably similar conclusions.

Our next step is a broad consensus building campaign across the Army and 
DoD. Your support is indispensable. The Tank Modernization Plan provides 
a solid foundation to articulate our strategy. I am prepared to provide 
additional information or a briefing should you desire.

Lon E. Maggart
Major General, U.S. Army 
Chief of Armor

DEPARTMENT OF THE ARMY
HEADQUARTERS. U.S. ARMY ARMOR CENTER AND FORT KNOX 

FORT KNOX. KENTUCKY 40121-5000

October 11, 1996
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I TTiis Tank Modernization Plan reflects the guidance of Senior Army

Leaders and provides a roadmap for combat and materiel developers.I
Changes in technology, organizations, doctrine, training, other systems.I
budgetary constraints, and the Threat yvill likely lead to modifications. Our

I intent is to jointly update this plan at least annually.
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Direct comments and questions concerning this document to:
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Major General, U.S. Army
Chief of Armor

Tank Modernization Plan 
9 September 1996

This is our best assessment of the current status and description of tank moderniyation 
The content of this document is not intended to endorse any particular company or firm 
and does not preclude or mandate the use of any product during the modernization effort.

TRADOC System Manager - Abrams Tanks 
(502) 624-2471 or DSN 464-2471

Directorate of Force Development 
U.S. Armv Armor Center 
(502) 624-4412 or DSN 464-4412

Major General, U.S. Army
Program Executive Officer
Armored Systems Modernization

Program Manager - Abrams Tank System 
(810) 574-6894 or DSN 786-6894
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Senior Armor leaders provided a clear strategy for tank modernization. They explicitly: rejected 
an Abrams based evolutionary approach to a Future Main Battle Tank (FMBT), supported limited 
Abrams modifications, and withheld judgment on further production pending analysis. The final M1A2 
production number will be based on a study of force packaging and w’ar plans. The strategy selected 
accepts risk for the next 10 years, provides for a Future Scout and Cavalry System (FSCS) for fielding in 
2006, and invests in a new leap-ahead Future Combat System (FCS) for fielding in the 2015-2020 
timefiame. Risk is mitigated by the development and fielding of select high payoff improvements to the 
Abrams fleet, develofwnent of the XM291 120mm gun, and more effective ammunition.

This Tank Modernization Plan provides a roadmap for the Total Armor Force that is specifically 
tailored for the Force XXI battlefield. A mobile, armored system that provides the speed, fire power, 
siuvivability and shock effect - to close with and destroy an enemy, w ill be the centerpiece of combined 
arms ground combat on the 21st Century battlefield. Such a system will provide the means for decisive 
operations.

The Abrams Integrated Management (AIM) XXI Program will provide fleet sustainment and 
replace the inadequate Reliability Centered-Inspect and Repair Only as Necessary' (RC-IRON) program. 
This is required because the MlAl will remain the predominant U.S. tank, equipping elements of Force 
Package 11 and all of Force Package HI through at least 2015. AIM XXI is a high payoff refurbishment 
program that will produce a better than original production tank and provide life cycle cost reductions.

Development of a new gun and ammunition will further mitigate risk. The XM291 120mm gim 
will be developed and examined for possible future integration. The STAFF round wi 11 be fully 
developed (but not fielded); a new kinetic energy round will be pursued, as well as a smart tank extended 
range non-line-of-sight munition. Investments in new propellants and penetrators will also improve the 
effectiveness of conventional and smart munitions.

The Future Combat System will provide the leap ahead capability to realize the full potential of 
Force XXI Operations. The FCS will be light enough to permit two systems for transport on a Cl7. Full 
second generation digital systems will provide the nexus for combined arms operations, fully embedded 
training and ease of system operation. The FCS will have the sensors and lethality to detect and destroy 
any target with a near perfect probability of hit/kill at ranges beyond an enemy's capability. It will have a 
non-line-of sight capability' that will dramatically increase the task force commander’s battlespace and 
combat power. An embedded second generation integrated defensive system will make the FCS nearly 
immune to enemy weqrons. The FCS propulsion system will provide speeds in excess of 100 kph and 
require significantly less fuel than the Abrams. The FCS-equipped force will require at least 50% less 
logistical support than the Abrams tank.

The Abrams tank, with addition of select high payoff system improvements to the Ml Al and 
M1A2, will meet battlefield requirements as the Army moves toward mature Force XXI operations. 
M1A2 improvements may necessitate an M1A3 designation, however, a new turret and 140mm gim will 
not be added. Approved select high payoff modifications include: an integrated defensive suite, armor 
upgrades, digitization improvements, better target acquisition & fire control, driver vision enhancements, 
and improvements to the Battalion Countermine Set. Most high payoff improvements are targeted for
2006.
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This plan is a vision to ensure continued U.S. Main Battle Tank (MBT) combat 
dominance through the first part of the 21st Century.

The U.S. Army Modernization Plan stipulates that the Army must achieve and 
maintain land force dominance through overmatching capabilities. The Abrams vehicles: 
Ml, Ml Al, and now Ml A2 are the dominant heavy armor systems in the world. This is 
a result of the 35+ year effort, after the painful lessons of World War 11, to achieve the 
best survivability and lethality capabilities in the world for an American tank. Since 
1980 the U.S. Army has produced a given MBT configuration while simultaneously 
developing a follow-on MBT major upgrade configuration (see Figure 1). A detailed 
history of the Abrams program is provided at Appendix A.

REALITY OF HISTORY....MULTIPLE PROGRAMS 
PROGRAMS BEING EXECUTED AT THE SAME TIME

I M1A2 Prod 
h,07l TANK

______  FMS 
[4.851 TANKS

I Ml Production |
_____

IPM1 Development | IPM1 Prodi

I tM tanks]

FY8o' FY81 * FVea’ FY83 FYM* FYSs' FYSS* FY87* FYSS* FYBs’ FY9o‘ FY9i * FY92' fY93‘ FY94
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Today, America's focus is on the need to project power (see Figure 2, Figure 3, 
and Figure 4) into regions important to U.S. interests to defeat hostile regional powers or 
to establish or preserve peace. U.S. forces must be capable of gaining decisive victory in 
both war and in OOTW. The potential for renewed Industrial Age Warfare remains. 
U.S. forces must be capable of decisive victory in classical Industrial Age Warfare while 
preparing to fight Information Age Warfare.

The changing nature of war and the dramatically different security environment 
in which the US exists will significantly change the nature of future conflicts. For over 4 
decades, the Soviet threat determined strategy and doctrine, tactics, force size and shape, 
weapon design, and the defense budget's overall size. The expectation that future 
conflict would require American military forces to confront numerically superior Soviet 
forces in Europe, the Far East, and Southwest Asia dominated military planning. 
Although the possibility of general war has greatly receded, it is clear that the new 
security environment is more complicated, ambiguous, and dynamic than the previous 
era. Recent events in North Korea, Iraq, the former Yugoslavia, Iran, and China- 
combined with the vast quantities of armaments left over from the Cold War—indicate 
clearly that although the strategic environment is much less directly threatening, it is far 
from stable.

Modernization through the development and introduction of new tanks and
modifications to existing systems must be maintained to retain these overmatching 
capabilities. New battlefield dynamics and recent experience in both war (major regional 
conflicts involving mid-intensity conventional warfare) and operations other than war 
(OOTW) (contingencies involving low-intensity and peace operations) highlight the need 
for modernized mounted ground forces. New capabilities, especially those resulting 
from the advent of the information age, have the potential to fundamentally alter the 
battlefield dimensions of time and space. Information technology is expected to make a 
thousand-fold advance over the next 20 years. America's Army must be ready for this 
new age.

liito

*

^EUROPE
6 AR BATTALIONS
2 DIV CAV SQDN

Figure 2. Current Active Component

' KOREA
2 AR BATTALIONS
1 DIV CAV SQDN<___________

I®

{ CONUS CONTINGENCY
10 AR BATTALIONS
2 DIV CAV SQDNS
3 AR CAV SQDNS\____ ________

f CONUS REINFORCING ^
11 BATTALIONS
1 DIV CAV SQDNS 

AR CAV SQDNS (LT)
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CARSON

J76 IN BDE 
E/238 CAV

29 IN BDE ' 
F/82CAV(OR)

41 IN BDE
Ey82 CAV 29TH IN DIV

1-168 CAV

278 ACR
1- 278 CAV
2- 278 CAV
3- 278 CAV

256 IN BDE (M)
B266CAV
1-166 AR

116 AR BDE 
G«2 CAV (OR)
2- 116 AR
3- 116 AR (OR)

34TH INF DIV
1-632 AR (VM)
1.84 AR (Ml) k

46TH IN BDE 
E/145 CAV

166 AR BDE
A/98 CAV
1- 198 AR
2- 198 AR

218 IN BDE (M) 
‘87202 CAV
1-263 AR

35 INF DIV (M)
1- 167 CAV(NE) 
1«6AR(KS)
2- 635 AR (KS)
1-196 AR (NE)
1- 123 AR (KY)
2- 123 AR (KY)

28TH INF DIV
1- 104 CAV
2- 103 X\R
2-103 AR r
1-160 AR (WV) J

.92 IN BDE 
E/192 CAV

81 IN BDE (M) 
EAJ03CAV
1-303 AR

SOIN BDE(M)
■E/196CAV
1-262 AR

42ND INF DIV
6-117 CAV
2-102 AR (NJ)
1-101 AR
1-127 AR
1- 172 AR (VT)
2- 172 AR (VT)

FT STEWART, GA
3RD IN DIV (MX)

3- 7 CAV 
Z-Q3 AR
1-64 AR
4- 64 AR

40TH INF DIV (M)
1-18 CAV
1- 186 AR
2- 185 AR
3- 186 AR
1-149 AR

39 IN BDE 
E/151 CAV

S3 IN BDE
E/153 AR

218 IN BDE (M)
8/202 CAV
1-263 AR

48 IN BDE(M)
Ef348 CAV
1-108 AR

zi

1/3 ACR 
2/3 ACR 
3nACR

163 AR BDE 
E/163 CAV
1- 163 AR \
2- 163 AR \

□ 1st Army
H Sth Army

49TH AR DIV
1-124 CAV
1- 112 AR
2- 112 AR
3- 112 AR
4- 112 AR
5- 112 AR

FT BENNING, GA 
3RDINDIV(MX) 

2-69 AR

31 AR BDE 
Eni CAV
1-131 AR 

<1-152 AR

11TH ACR
1-221 AR (NV) 
E/1ie CAV (AZ)

/ aFiy
A?

35TH INF DIV
2-107 CAV
1-107 AR
1-147 AR
1-246 AR (Mt)

34TH INF DIV \
. 1-113 CAV (lA) 1\
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Upgraded versions of Former Warsaw Pact tanks will continue to pose a viable 
threat to ±e U.S. MBT fleet. Few nations have the economic resources to undertake 
new-vehicle modernization programs; tank upgrades become a very attractive alternative. 
Innovative modernization packages for such tanks as the T-54/55 allow relatively poor 
nations the flexibility of choosing incremental upgrades in lethality (to include target 
acquisition), protection, and mobility at relatively low cost. Prices of older items of 
equipment are also severely depressed, permitting (for example) Botswana to purchase a

The globalization of the arms market in the Post Cold War era has resulted in 
tremendous growth in the development and proliferation of new weapon technologies. 
Former Warsaw Pact (FWP) nations continue their armor modernization and research 
programs. Though armor/antiarmor R&D has slowed on the part of Russia, many other 
FWP nations have enlarged their programs in an attempt to capture part of the worldwide 
arms market; in particular, the market in weapons upgrades. Most of the "new product" 
R&D is still done by the major arms producers of the world (France, Germany, UK, 
U.S., and Russia/Ukraine). China, though a large producer in terms of volume, has a 
relatively small "new product" R&D effort. Many countries are producing items that can 
be added onto existing platforms to enhance armor performance, especially in the area of 
protection.

Through 2003, the National Ground Intelligence Center (NGIC) projects that the 
number of T-72 through T-90 tanks will grow drastically, the majority being fielded in 
Russia/Ukraine and the Middle East. The trend worldwide is that the overall numbers of 
tanks will remain the same, or slightly decrease, but the concentrations will shift from 
Europe and North America to the Middle East and Asia, where an increase in tank 
inventories will occur. Most of these increases will be additions to existing fleets of like 
tanks. These tanks can be fitted with ERA-2 or (by 1998) ERA-3 with little difficulty. 
"Tunable" armor, which allows the changing of the internal configuration of ERA 
packages, will also be available, making the defeat of threat armor even more difficult. 
Tanks during this timeframe will be able to accurately engage targets at around 2,000 
meters using kinetic energy (KE) munitions.

Between 2004 and 2015, a future Threat tank, capable of firing out to 4,000 
meters and mounting an integrated combination of passive and active armor, is projected 
to make its debut on the world market. T-90s and the future Threat tank during this 
period will be outfitted with ERA-3 or better. Of greater concern will be the myriad of 
tanks that are based on old designs (T-55/72/80), but which have had significant 
upgrades in terms of protection and lethality.
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fleet of Leopard-1 tanks, giving a very large upswing in the military capability of this 
nation. Pakistan, likewise, has agreed to purchase a division's worth of T-8OUs at $1.8 
million apiece, rather than the $2.2 million price just a year ago.

Training considerations also mitigate against the procurement of whole new 
sophisticated systems. Older upgraded vehicles depend less on a generally high level of 
technological awareness, which stresses the training capability of less developed nations. 
As a general rule, arms purchases come with a minimal level of new equipment training. 
New equipment that does not have enough similarity to existing items in a country's 
inventory may often be left in storage awaiting the development of an indigenous cadre 
who can then train the whole force. Most likely, though, new equipment will be rejected 
in favor of add-ons to existing systems with relatively minor training requirements. With 
the worldwide glut of older, relatively unsophisticated vehicles and munitions (and the 
resulting drop in prices), small countries can have a major boost in their military 
capability at a fraction of the cost of the newest systems.

In terms of new technology, the threat lies not so much in facing new tanks with 
significantly greater capabilities than ours, though that is a possibility. The more likely 
case is that we will face older tanks that have been outfitted incrementally with the 
newest upgrade modules. For example, a base T-72 that has been given a new fire 
control permitting ATOM firing, ERA or tunable armor, new automotive gear, and an 
active protection system, would be operationally equivalent to a T-90 or later model tank. 
Such scenarios are not only possible, but can actually be seen today. Just prior to Desert 
Storm, Iraq displayed a prototype T-55 that had been re-tooled to accept a 125mm main 
gun and fitted with ERA. This tank, if it had seen service, would have been 
operationally the same as a T-72, at a fraction of the cost.

The proliferation of complete new systems, however, is tempered by a larger 
force capability perspective. There is little evidence of a holistic approach to force 
integration throughout most of the world. Many countries have ground forces that are 
based around single systems with very narrow missions, and true combined arms 
warfighting concepts are prevalent only in the more developed countries. Additionally, 
many countries do not acquire corresponding maintenance and resupply capabilities. As 
a general rule, other combat, support, and service elements are considered separately, and 
may or may not be acquired with sufficient timeliness to facilitate smooth integration 
into the country's armed force, or sustainment once fielded.

Smart munitions also offer a means to upgrade capabilities, although the cost of 
fairly high. The Merlin guided mortar, for instance, costs $25,000 per round. However, 
a small country might opt for the shock value of destroying 10 Abrams tanks with 10 
rounds at a cost of $250,000, a trade-off of $1/4 million in munitions for the destruction 
of $45 million in tanks.
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upgrades that improve the effectiveness of tank killing systems are a viable 
option for potential U.S. adversaries. Upgrading existing systems costs far less than 
designing and fielding new ones in terms of both time and money. Potential threat 
countries with limited budgets can now integrate specific improvements to reduce or 
negate the Abrams' combat overmatch such as our ability to acquire targets at far greater 
ranges at night; also, since these upgrades do not usually affect the entire system, their

■E> Antitank Guided Missiles - improved system lethality and target acquisition; 
adapters that enable obsolete ATOM launchers to fire modem munitions; add
on thermal imaging sights. Gun-launched ATGMs are becoming the de facto 
standard in non-western tanks.

Infantry Antitank Weapons and Mines - vastly improved, more lethal systems; 
new development is largely being done in small countries (Serbia makes the 
world's most lethal RPG).

■£> Explosive Reactive Armor - KE sensitized; latest generation adds up to 
500mm of CE and 350-400mm of KE protection.

Active Protection Systems - Infrared ATGM jammer that introduces false 
signature into the missiles circuitry; advanced laser warning systems.

Advanced KE and CE Tank Munitions - more lethal, larger calibers; advanced 
long rod KE penetrators of tungsten or depleted uranium alloys.

Artillery Delivered High Precision Munitions - defeats an armored vehicle's 
roof armor; infrared and/or millimeter wave sensors; probability of hit is 3-6 
times greater than for unguided Improved Conventional Munitions (ICM).

$ High Reliability and High Accuracy Digital Fire Control Systems - Improved 
fire control available for T-54/55/62/72 tanks that adds thermal imaging 
without turret modification.

Advanced Target Acquisition Systems - Thermal sight upgrades; significantly 
reduces our advantage in "owning the night."

Advanced Camouflage and Signature Suppression Technologies - Inexpensive 
signature reduction, to include thermal profile reduction.

Advanced Armor Arrays - New composite armor packages designed for easy 
replacement.
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The 21st Century Battlefield will place new and unique demands on Armored 
forces engaged in combat. Many of these demands will come from the enormous 
capabilities that advanced technologies bring to the fight. These technologies will make 
future combat systems more difficult to detect, hit, and kill. At the same time, mounted 
forces will be substantially more deployable, lethal, survivable, mobile, and sustainable 
than current systems. Commanders on the future battlefield will be able to move in all 
weather and light conditions at speeds unheard of today. Targets will be destroyed at 
twice the ranges and beyond line-of-sight at rates currently not possible. The Armored 
force will have no competitors on the battlefields of the 21st Century.

Armored systems of the future will be equipped with position-location and 
information systems to give commanders real-time information on where their units are 
located and what they are doing. Commanders will have access to information from a 
variety of sensors linked to information processors and intemetted communications that 
will allow enemy ground forces to be rapidly acquired, identified, and targeted.

Knowledge of the enemy, coupled with position location information, will give 
commanders at all levels a common view of the battlefield and for the first time ever, the

integration has less overall impact on logistical and training requirements than a new 
system. As producer nations become more open about their technology developments, 
and as market forces cause competition for arms markets to become more fierce, these 
annor/antiarmor improvements will be more common, thus negating the effects of the 
technological edge we now hold if new technology is not periodically introduced.

The capability to overmatch the Abrams tank using selected niche technologies 
will be found throughout the nations of the world in varying degrees. Quantities of these 
weapons may be limited due to cost; associated levels of supporting forces and materiel 
may be lacking or non-existent. Nations electing to expend resources to acquire and/or 
develop these technologies may find a larger problem in sustaining development and 
maintaining stocks of technologically perishable equipment. However, advances in 
technology and continued proliferation will lead to a serious threat advantage should the 
United States not modernize its armored force.

The U.S. Army will enter the new millennium with a first generation digitized 
force, capable of limited information sharing and improved command and control. 
Embedded and applique communications equipment will be applied to current-generation 
systems and will operate initially within organizational structures similar to those in use 
today. As the force gains new insights into the proper ways of utilizing this new 
capability, follow-on systems and organizations will be developed to maximize the 
advantages of increased situational awareness at all levels.
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Armored systems will be light enough to deploy with airborne assault units,
virtually impossible to detect, difficult to hit because they move faster than enemy 
systems can track, survivable enough to continue fighting even if hit, and able to fight for 
days deep in enemy terrain - because their logistical burden for fuel, ammunition, and 
repair parts has been enormously reduced.

Advanced technologies also will require soldiers and leaders who can manage 
complex digital networks, who are adaptable, creative, innovative, and who can simplify 
complex, disparate information. Future systems will demand tactical concepts for 
employment that maximize the use of embedded technology to totally overmatch all 
enemy opposition on the battlefield and to achieve decisive results quickly.

ability to see and completely understand the commander’s intent. There is not a more 
powerful tool for the mounted force.

The ability of Armored forces to move quickly and accurately across the
battlefield will increase the tempo of operations to such an extent that simultaneous 
offensive engagements will be possible. The enemy will be attacked through the width

Dispersed Armored formations will attack by massing the effects of their 
weapons to rapidly destroy the enemy from any direction, then reposition to engage 
successive formations or continue the attack into the depths of the enemy defense.

Units will move rapidly from ports of debarkation in dispersed formations to
equally dispersed positions from which attacks in depth can be launched against the 
enemy. The ability to disperse will make it difficult for the enemy to acquire and target 
friendly forces. Dispersion will off-set the impact of weapons of mass destruction, 
expensive precision guided munitions, and conventional area weapons. Dispersed attacks 
will make it difficult for the enemy to reposition his maneuver, artillery, air, and reserve 
forces because there will be no massed main effort to identify.

The ability of the Armored force to attack in dispersed formations around and 
through enemy forces that have been identified with sophisticated sensors and verified by 
future scout and cavalry vehicles will make classic penetrations and frontal attacks 
unnecessary. Future technology will give the initiative to the Armored force even before 
tactical operations begin. The enemy will be vulnerable to attack even in his own 
assembly areas.

Commanders will fight systems that have on-board computers with detailed 3D 
database displays of terrain information on topography, hydrology, and line-of-sight data 
which is available while moving anywhere on the battlefield. Commanders will be able 
to select and maneuver to positions where fires can be massed to destroy an enemy force 
while simultaneously controlling artillery fires, attack aircraft, and air assault forces to 
engage enemy formations, logistics and Command and Control (C^) elsewhere on the 
battlefield.
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For the early part of the 21st Century, the Abrams tank will be the primary 
system for battlefield supremacy. The system to fulfill this role later in the next century 
will require leap ahead capabilities not possible from the Abrams platform. The Future 
Combat System or FCS will be the foundation of 21st Century decisive operations.

Lx)gistical self-containment of the force will be the key to dispersion and
sustained attacks in depth. The mounted force will be free from lines of resupply trucks 
traveling along main supply routes from fixed logistical bases in Theater. Equipment for 
the future mounted force will be self-diagnostic, less complex, require fewer parts and 
will consume far less fuel. Ammunition, while enormously more effective, will be 
smaller, lighter, have non flammable propellant and not require special handling 
equipment. Water generation equipment and better packaged foods will dramatically 
reduce resupply requirements. The net result for the Armored force will be more combat 
power on the ground and less tied up in sustainment.

In order to be successful on tomorrow's battlefield, the commander must be able 
to shape his battlespace through firepower, mobility, agility of action, and information 
supremacy. As the commander's primary tool to dominate the maneuver battle, the tank 
must have lethal, long range, rapid fires that provide shock effect through simultaneous 
destruction of key enemy assets throughout the entire battlespace. The tank's capability 
to attack targets beyond line of sight gives the commander responsive precision fires 
from an organic unit. The tank will team with mounted scouts in a hunter-killer 
combination; the scouts will find (hunt) the Threat and the tank will provide lethal 
firepower (kill). The unit must also be able to quickly transition to follow on missions to 
exploit success or react to changing situations.

and depth of the battlefield. He will not be able to take advantage of pauses in battle 
because there will be none. The enemy commander will collapse as he constantly is 
forced to react to a multitude of simultaneous actions. He will be unable to gain the 
initiative.

The tank provides simultaneous and sustained offensive mobility, lethality, 
survivability against heavy threat firepower, shock effect, versatility, protected sensors, 
and leadership on the battlefield. Other platforms can perform one or more of these 
tasks, but only a tank-like system can do them all at once, and can sustain them over a 
period of time.

The tank will function as the "nexus system" on the 21st Century battlefield, 
integrating its own sensor picture and those from other sources, providing a forward 
platform to coordinate external lethality mechanisms (such as artillery or aircraft), and 
possessing a multi-mission flexibility across the spectrum of combat operations, from 
OOTW to total war. Without these overwhelming battlefield advantages, the Force XXI 
and beyond concepts cannot become reality.
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An assessment of the Armor modernization strategy in August 1996 by the Armor 
Center concluded that a holistic approach to Armor vehicle modernization was needed, 
existing plans were unaffordable, and the science and technology base for Armor was not 
aligned with 21st Century battlefield needs.

The realization of these shortcomings led to the Atlanta Caucus Initiative. On 22 
November 1995, the Armor Center hosted a joint Combat Developer/Materiel Developer 
briefing for senior Armor leaders. The Caucus provided a forum to review and discuss 
the existing modernization plans, gain consensus on the problems, and decide upon a 
single strategy for Armor modernization.

Senior Armor leaders explicitly rejected modernization Options A and B depicted 
in Figure 5. They determined that only a revolutionary vehicle (Option C) should merit 
significant modernization funding and that a new strategy for Armor modernization was 
necessary. Discussion yielded the following key points as a framework for developing 
the modernization plan;

The transition from AirLand Battle to the 21st Century battlefield will be 
executed over the next 2 decades. Digitization is an evolutionary process, requiring 
experimentation, analysis, and then application of the results into optimally designed 
systems and organizations. In a fiscally constrained environment, these activities will 
require years of effort in order to stay within annual budget constraints. Deliberate 
modernization must allow for several iterations of organizational and tactical concepts, 
with the ultimate goal of producing an affordable force capable of dominating the future 
battlefield.
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On 15 January 1996, the Chief of Armor commissioned four Integrated Concept 
Teams to flesh out Armor Caucus I guidance. The ICT core membership came from The 
TRADOC System Manager - Abrams Tanks (TSM-Abrams), the United States Army 
Armor Center Directorate of Force Development (DFD), The Program Executive Officer 
- Armored Systems Modernization (PEO-ASM), the Tank Automotive and Armaments 
Command (TACOM), the Army Research Laboratory (ARL), and various research and 
development commands. The ICTs focused on; the current Abrams fleet, gun and 
ammunition, a Future Main Battle Tank, and a Future Scout and Cavalry System.

Specifically, the ICTs had to develop modernization plans based on Atlanta 
Caucus guidance and influence the 98-03 POM. The ICTs used the methodology in 
TRADOC’s new “Requirement Determination Pamphlet” to determine Force XXI 
conceptual implications, identify required operational capabilities, rough order of 
magnitude costs/schedules, and formulate a program/plan for modernization.

Multiple General Officer reviews resulted in adjustments and culminated in 
successful briefings to the TRADOC and FORSCOM Commanders and the Vice Chief of 
Staff of the Army.

The collective work of the Current Abrams Fleet, Gun and Ammunition, and 
Future Main Battle Tank ICTs is the foundation for this Tank Modernization Plan and 
provided an immediate framework for the POM submission. This has resulted in an 
executable shift in tank modernization that is compliant with guidance from the Atlanta 
Caucus and approved by the Army.

Armor Caucus 11 was held during the June 1996 Armor Conference. Senior 
Armor leadership reviewed the key points of the previous caucus and were briefed on the 
current status of the Armor Modernization Plan. Caucus leadership determined that the 
Ml A2 SEP tank with high payoff improvements may be called an “Ml A3,” but would 
not include a new turret or 140mm gun. Senior leaders also directed a thorough review 
of the science and technology base to align programs to support the Tank Modernization 
Plan.
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< Foreign advances in protection and gun/ammo combinations that are already 
in evidence indicate that by approximately 2015, the Abrams will be surpassed 
in its world #1 ranking by a new tank, perhaps Russian, if no new
improvements are added to the Abrams Ml A2 SEP tank.

< A careful search of new technology failed to show a breakthrough for tank 
improvements before 2020. Several technologies could bring improvements to 
the Abrams family, but no such technology is on the horizon that would make 
it necessary and cost effective to opt for a new tank, or Future Main Battle 
System (FMBS), before 2015.

< The Abrams tank family, with prudent technology insertions as they mature 
and become available, should continue to be improved until an FMBS is 
warranted. The key areas for upgrading are survivability and lethality.

After assessing four possible tank modernization alternatives using a three stage 
decision aid model, the Board arrived at the following conclusions;

< The Army does not yet visualize a change in the centrality of the tank role on 
the future battlefield. While recognizing the importance of UAVs, digitization, 
and helicopters, the need for a tank-like system remains a high priority well 
into the next century.

> Determine which technologies offer the most cost and operationally effective 
improvements for insertion into the Abrams tank beyond the current Ml A2 
upgrade program and when the windows of opportunity will be present to 
insert these improvements.

> Determine when the Army will reach the technology and engineering "cross 
over" point(s) where it becomes more effective to develop a new tank rather 
than continue to insert advanced technologies into the Abrams tank and what 
technology and engineering factors drive the choice between continued 
upgrades or the initiation of a new system.

> Determine, with respect to the “cross over” points, if a decision process, 
methodology, or model can be derived to address this issue for the tank and, if 
so, determine its potential for application to other ground combat systems.

As the Caucus and ICT efforts unfolded, an Army Science Board Ad Hoc Tank 
Modernization Study also took place. The Study analyzed armor modernization with the 
following of objectives:
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Senior leaders concluded that continuous Ml A2 production/upgrades and
investment in a Future Combat System were not affordable. However, efficient use of 
our resources will allow us to apply specific high payoff modifications to the Abrams 
fleet, mitigate risk with the development of a new gun and ammunition, and provide for 
leap ahead capabilities that support development of a revolutionary Future Combat 
System,

The Army Science Board further proposed an implementation strategy that 
included continued M1A2 production (beyond Tank 1079), with a goal of completely 
fielding the active component (an additional 1967 Ml A2 tanks). Figure 7 depicts this 
strategy The Army Science Board proposal for continued Ml A2 production did not 
include an examination of affordability.

The “Way Ahead” for tank modernization is set. The next three chapters detail 
the modernization plan for the Abrams Fleet, Main Gun and Ammunition, and the Future 
Combat System.

< Based on detailed battle analysis, the use of smart rounds for the tank (like 
STAFF or X-Rod) when coupled with improved target acquisition capabilities 
shows a high leveraged payoff in range and lethality. An active protection 
system (APS) and the use of LR suppression and radar signature reduction 
techniques, if combined, would produce a significant improvement in the loss 
exchange ratios by reducing U.S. tank losses.
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I 3. 0 Abrams Modernization Plan

I
I 3.1 M1/IPM1 Modifications

I
I

3.2 Ml Al Fleet ModernizationI
I
I

3.21 MlAl On-going Modifications

I
I Mounted Water Ration Heater

I
Halon ReplacementI

I
I
I

Figure 8. Ml Al On-Going ModificationsI
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External Auxiliary 
Power Unit

Vehicle Intercom System 
(Replace Analog System)

Drivers Night
Viewer Quick Release

Pulse Jet System 
(Extends Service Time for 
the Air Filtration System)

Battlefield Override 
(Mechanical Fuel & 
Transmission Bypass)

Live Fire CAT B 
improved Gunners Station 
Smoke Generator Fuel Line 
Ammo Door Lock Meeh..

Armament Enhancement Initiative 
(AEI) Upgrades To allow for Newer Ammo:
Ballistics Computer
Gun Mounts
Fire Control System 
GAS Reticle Changes

Precision Lightweight Global Position 
System Receiver (PLGR) 
(Derives Position, Velocity & Time)

The current Ml/lPMl fleet will receive safety and currently funded 
modifications identified during Operation Desert Storm (ODS) for the remainder of their 
service lives. This includes Halon replacement and the Driver’s Viewer Quick Release 
(DVQR). The Tank Modernization Plan seeks to eliminate Ml Tanks from the Army 
National Guard as soon as possible.

Application of specific modifications within the Ml Al fleet is essential to
mitigate the risk of limiting Ml A2 production quantities. These modifications will 
provide the minimum capability enhancements necessary to avoid unacceptable risk until 
a Future Combat System (FCS) is fielded.

Live Fire CAT A 
Ind Manual Blaster 
DVR/LDR Hatch Ballistic Rims 
Turret Cable Ballistic Protection 
DVRH-DR Hatch Latch

"5
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The PLGR is a self-contained unit that collects and processes GPS satellite 
signals to derive position, velocity, and time. This system is smaller, less 
prone to interference, and more accurate than its predecessor. The goal is to 
field PLGRs and installation kits to all MlAls

The MlAl (last new production vehicle delivered on 28 April 1993) will 
potentially remain for the next 20 years the largest component of the Abrams Fleet. A 
total of 4,550 Ml Al’s were produced, of which 4,327 are in the Army and 158 in the 
USMC. The MlAl fleet will receive the Ml/fPMl modifications and the following 
near-term modifications:

Modification blocks will correct survivability deficiencies found during live fire 
testing. The Battlefield Override modification provides the MlAl the ability to 
extricate itself from the battlefield when normal fuel flow and/or transmission 
shifting has been lost. This system is designed only for emergency combat 
situations in which 
crew/tank self recovery
takes priority over potential 
engine or transmission
damage resulting from
uncontrolled operations.
The goal is to modify all
MlAl tanks

The Pulse Jet System 
(PJS) will extend the 
time between required 
sePi' ices to the air 
filtration system in 
severe dust 
environments. This

The Armaments Enhancement Initiative (AEI) is a high priority lethality 
program. The program's primary focus is improving tank ammunition. It 
also incorporates new ballistic solutions. Gunner's Auxiliary Sight (GAS) 
reticle changes, and gun mount upgrades on early MlAl production vehicles 
to the higher pressure AEI configuration. This is a fully funded retrofit 
program for all MlAl's and will be complete in FY97.

The VIS is a digitized intercom for intra-crew communications with 
electronic noise suppression for speech clarity. It will replace the 
technologically obsolete AN/VIC-1 in all 4,532 MlAl's through FY99. (The 
system requires a new Combat Vehicle Crewman's (CVC) helmet. The VIS 
installation provides the helmet liner and components, but not a new CVC 
shell.)
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There is a critical need for operational performance improvements to as many 
MlAls as possible. These are the tanks that will remain in the Active Army and the 
Enhanced Readiness Brigades of the National Guard, and the USMC through 2020.

. Figure 10. 
Replacement Plenum

4- The improved plenum seal provides an airtight joint 
between the engine inlet and the air box plenum 
without inspection. This modification will help reduce 
the frequency of engine failures due to foreign object 
digestion. The seal is considered user friendly since it 
eliminates the use of an inspection plate under the 
vehicle. Currently, the seal is being retrofitted by 
attrition. It will be incorporated into production with 
Job #1 Phase 11 (Oct 96) Upgrade Ml A2 vehicles at 
120 per year.

new system will provide automatic air filtration system cleaning in the 
engine compartment (vee packs) while the vehicle is running. PJS will 
contribute to reduced fuel consumption and greater operational range by 
keeping the air filters cleaner during high dust conditions. PJS reduces crew 
exposure since the crew is no longer required to leave the confines of the 
tank to clean the vee packs. This modification addresses one of the top five 
ODS tank issues. 4,328 MlAls are funded to receive this modification. 
However, the procurement and installation rate of this major improvement 
should be done at the rate of 800 PJSs per year to get the operational and 
support cost savings earlier.

4 The External Auxilary Power Unit (EAPU) is a self-contained 2.2 kW, bustle 
mounted power unit designed to provide auxiliary electrical power to the tank 
during "mounted watch" operations. The EAPU reduces fuel consumption and 
main engine wear by providing adequate electrical power instead of idling the 
main engine (when its fuel consumption rate is .55 Ib./shp-hr). Due to the
increased electrical demands of the Ml A2, 500+ units are being initially installed 
on Ml A2 vehicles until the Under Armor APU (UAAPU) is developed, cut into 
production and eventually retrofitted as part of the Ml A2 System Enhancement 
Program. When the UAAPU is installed on the Ml A2s, the EAPU’s will then be 
reissued and installed on MlAls.

4 The Mounted Water Ration Heater (MWRH) will
provide the tank crew with the internal capability to heat water and rations 
(MREs) during extended field operations without having to exit from their 
vehicle's protection. The MWRH will also be installed on the Ml A2.
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4 The installation of a digital applique command and control package to selected 
MlAls is essential to achieve Force XXI required capabilities. Applique will 
provide situational awareness and the ability to automate command and control 
functions.

The Vehicle Integrated Defense System (VEDS) is an optimized suite of sensors and 
countermeasures that provide the tank a self protection system against a variety of 
threat weapons. The VIDS will counter ATGMs, main gun rounds, top attack 
weapons, and mines. See Section 3.46 for further details.

Armor Upgrades. The Ml Al fleet consists of three different survivability 
configurations. These configurations are the Ml Al, Ml Al Heavy Armor 
(Ml AlHA), and the Ml A1HA(+). The Ml Al configuration, 2235 vehicles, has the 
same survivability characteristics as the IPMl fleet. The 1,306 Ml AlHAs possess 
first generation DU armor and are more survivable than MlAls, but less survivable 
than MlAlHA(+)s. There are 810 Ml A1HA(+); these vehicle are configured with 
second generation DU armor and have the same survivability as the current 
production M1A2. Therefore, 77 percent of the Ml Al fleet can not survive the same 
threat penetration capability level as the current Ml A2. The installation of the latest 
Armor package while MlAls undergo AIM (see Section 3.6) or M1A2 SEPs are 
produced or retrofitted will be accomplished.

4- Improving the Ml Al’s fire control will provide the Ml Al greater accuracy at longer 
ranges and incorporate changes to accommodate new ammunition. This 
improvement will require upgrades to the ballistic solution software and hardware 
controls, specifically new gyros.

4- Driver’s Viewer Enhancement -1’ Gen (DVE- f) incorporates a 3d generation image 
intensifier and provides a 50 percent range improvement at low light levels over the 
current DVE.

4 Vehicle Integrated Defense System (VIDS),

4 Front and side turret armor upgrades,

> Applique Force XXI Command and Control,

4 Improved Fire Control, and
Driver’s Viewer Enhancement -1 Gen (DVE-1).
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The current Ml Al Gunner’s Primary Sight (GPS) thermal channel could be upgraded 
to give the Ml Al gunner the ability to see the same battlefield as the Ml A2 SEP and 
M2A3 gunners. The 1st Gen FLIR Thermal Imaging Sight ( I IS), Image Control 
Unit (ICU), and CPCU power supply could be replaced by the 2nd Gen FLIR TIS, 
biocular ICU and a new Electronics Unit (EU) in the MlAl GPS. This change 
would give the Ml Al gunner the same thermal capability as the Ml A2 gunner.
Some integration RDT&E would be required to modify the current MlAl GPS; 
however, a majority of the work has already been accomplished as part of the Ml A2 
SEP/2nd Gen FLIR Program.

DVE-Thermal, Figure 11, is a thermal imaging, long wave 
infrared driver’s viewer. It has a modular design consisting of a 
sensor, an integrated collar, and a display. The display image is 
digital and can be transmitted to other locations within or 
external to the vehicle. This will enable the driver not only 
improved driving capabilities in all battlefield conditions, but 
will also enable him to assist in target acquisition.

The following items may be considered for further development and integration 
on a case-by-case basis once the high payoff modifications are fully funded:

Replacing the AGT 1500’s analog control unit with a DECU 
offers several advantages. The DECU’s digital microprocessor
allows incorporation of software improvement. The DECU also
has push-button diagnostics and can identify 43 potential system faults which reduces 
support costs. Engine life is improved through improved fuel flow control that 
reduces fuel consumption at idle and tactical idle by 20 percent. This improves 
recuperator and hot section durability. Finally, the DECU increases crew 
survivability via auto relight capabilities.

.1 ■

i.... '

Eyesafe Laser Rangefinder (ELRF),

Driver’s Vision Enhancement - Thermal (DVE-T),

Digital Electronics Control Unit (DECU),

s 2d Gen FLER for the Gunner’s Primary Sight (GPS), and

Selected Titanium (W) components.

Discussion of the Eyesafe Laser Rangefinder and Titanium (W) components can 
be found in the Ml A2 sections of this plan.
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The M1A2 incorporates the Inter-vehicular Information System (IVIS), a system 
which allows the transfer of digital (non voice) data between vehicles, thus allowing 
rapid and precise command and control information transfer. During Focus Dispatch 
1995, Ml A2s and IVIS Ground Stations (IGS) on the M4 Command & Control Vehicle 
(C^V), an experimental Battle Command Vehicle (BCV) (an Ml Al), scout HMMWVs, 
fire support systems LLAMA/ECOLT, Ml 13 FOVs (Engineer and ISG's), and 
Ambulance HMMWVs transferred digital information. IVIS also communicated with 
the following systems; Initial Fire Support Automated System (IFSAS ) on the Paladin, 
Enhanced Mortar Fire Control System (M121), LOGISTICS (SACIMS), and Brigade

Ii

The Ml A2 tank configuration represents a significant advance in capability over 
the MlAl tank in fightability, survivability, and maintainability. The Ml A2 tank has a 
new Ml A1HA(+) turret structure that accommodates the M256 120mm cannon and 
entirely new digital electronics. This core electronics structure, the vetronics, uses a 
1553B Data Bus and RS-485 Power Bus to pass digital signals within the tank more 
efficiently and allows for a more survivable system through redundancy. This system 
uses processors and other advanced electronics that allow future upgrades via software 
changes rather than through hardware.

i
i

•MlA2 is 96% More Accurate In Reaching 
Checkpoints than M1A1

•M1A2 Takes 42% Less Time to Complete 
Road Marches than M1A1

•Ml A2 Travels 10% Less Distance than 
M1A1 Between Checkpoints

Mqor Improvement in Fightability 
Over M1A1

•M1A2 Target Acquisition is 4S% Faster 
than M1A1

•M1A2 Target Hand-Off is 50-70% Faster 
thanMIAl

•M1A2 is 32% More Accurate in Reporting 
Target Location than M1A1

Integrated System 
• Improved C3 
•B^erUnrtFightabiiity
• Improved Diagnostics

i

• Better Visibility While Buttoned Up
• Ballistic and Directed Energy Protection

/ Conmander^s Independent Thermal Viewer (CTTV) 
/ • Second Thermal Sight
/ • Hunter - Killer. Find and Kill Faster

Position Z Navigation Equipment (POS Z NAV)
• Faster Force Maneuver
• Accurate Position Location & Heading
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and Below Command and Control (B^C^). This system will aid in the development of 
future command and control systems.

IVIS software/hardware performs three inter-related functions on the M1A2. The two 
FNTRA-vehicular functions are:

Gunner’s Control and Display Panel 
(GCDP)

To digitally communicate externally between tanks and other C^ elements, the 
Ml A2 uses a Radio Interface Unit (RJU) as a digital modem. The RJU is the interface 
between the tank’s computers and the SINCGARS radio which servers as the digital 
transmission/reception medium for communication. The IVIS software/hardware was 
designed in the late 1980s before a standard definition for tactical internet routing or 
protocol existed. Because of this, the intervehicular protocols of IVIS are unique and, 
most significantly, message routing is performed within the C2 software of the individual 
M1A2.

> INTER-vehicular command and control (including automatic position update reports 
for situational awareness and formulation, transmission, receipt, and display of C" 
messages, reports and operational graphics)

> INTRA-vehicular operations (i.e. turning on lights, power management, tank 
functions and controls)

> INTRA-vehicular diagnostics (i.e. continuous self test, built in test (BIT) and fault 
isolation tests (FIT) for both crew and organizational level diagnostics

Commander’s Integrated Display 
(CID)

Driver’s Integrated Display 
(DID)

The M1.A2 tank is the first weapon system capable of executing both internal 
(tank functions) and external (C^) digital functions. The term adopted for the INTRA- 
and INTER- vehicular digital hardware/software in the M1A2 is IVIS (Inter Vehicular 
Information System). The tank digitally interfaces with the crew through controls and 
display modules in the driver’s, gunner’s, and commander’s stations (see Figure 13).
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The fire control system is refined in the Ml A2 by using the Dual Axis Head 
Assembly (DAHA) in the GPS, allowing better evasive target tracking and greatly 
improving the gunner's ability to see and acquire targets while the vehicle is moving. 
This gives the tank the capability to better engage helicopters through the capabilities of 
this sight and the use of the AEI munitions. Advances in fire control software logic have 
also been incorporated into the Ml A2.

The Ml A2 power train uses the original Ml, AGT 1500 that undergoes a depot 
level Service Life Extension (SLE) overhaul. It is mated to the XI100-3B Increment III 
Transmission. The Ml's XI100-3B Increment I Transmission is overhauled and 
converted to the X1100-3B Increment III Transmission configuration to meet required 
performance characteristics. New AGT 1500 engine production has ended and only 
depot overhauled SLE engines are used in the Ml A2 upgrade program. A special 
engineering effort is underway to further improve engine component part durability. 
This program's goal is to eventually procure improved spares for the SLE rebuild 
program that result in a rebuilt engine that is better and more reliable than the last new 
AGT 1500 engine. There is an absolute need to continue to invest in future R&D for the 
AGT 1500 engine or a replacement such as the LVIOO, if cost effective, as it will be used 
in Abrams vehicles through 2020.

To allow other members of a combined arms unit to be on the IVIS INTER- 
vehicular C2 digital net, it was necessary to build ground stations out of modified 
hardware/software from the tank. The latest version of this device is called the Improved 
Ground Station (IGS). Since the IGS uses IVIS hardware/software, protocols, and 
routing functionality, it is completely functional as an external device. IGSs could be 
mounted in tactical operations centers (TOCs), HMMWVs, Ml 13s, Bradley Fighting 
Vehicles, ect. As an interim measure, IGS can enhance task force-level until more 
robust Applique/Tactical Internet systems and radios are fielded after the turn of the 
century. The current decision is to not procure IGS for units equipped with basic Ml A2s 
using IVIS software, but instead upgrade the Ml A2 hardware/software to be fully 
compliant with the next generation communication operating environment (COE).

The Ml A2 has an improved MIAIHA suspension to better handle the heavier 
tank on rough terrain. Other changes within the hull include an updated, digital driver's 
station and an onboard inertial Position/Navigation System (POS/NAV) which allows for 
more effective control for the driver and aids in route planning. The POS/NAV is a 
critical component of IVIS and is integral to the full solution fire control. POS/NAV 
provides dynamic cant and unk-to-target line of sight variation inputs to the fire control 
system.

Another major improvement is the Commander's Independent Thermal Viewer 
(CITV). The CITV is a fully integrated, full-target engagement sight designed to provide 
the Commander with a redundant capability equivalent to that of the Gunner's Primary 
Sight (GPS). The Commander can independently acquire targets with the CITV while
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The Improved Commander's Weapon Station (ICWS) provides better ballistics 
and directed energy survivability by incorporation of a larger hatch opening with an 
upgraded ballistic cover and optical improvements. To gain more volume in the turret, 
the Commander's weapon is no longer powered and the TC must be exposed to fire it. 
The TC's battlefield view is enhanced through an entirely redesigned weapon station, 
offering the TC a dramatic increase in his field of view while buttoned-up.

The Abrams Ml A2 Upgrade Program capitalizes on existing technologies and 
production processes utilized in past and ongoing Abrams production programs-the U.S. 
LRIP Ml A2, the Kingdom of Saudi Arabia Ml A2 (315 vehicles), and the State of 
Kuwait M1A2 (218 vehicles). Additionally, the program uses a combination of the U.S. 
Army Depot System and commercial facilities in the upgrade process. The use of 
reclaimed Ml tank hardware in combination with new assemblies to produce the Ml A2 
configuration is a unique procedure that has resulted in considerable program savings.

The general process flow. Figure 14, shows Mis inducted at Anniston Army 
Depot (ANAD), where the turret is removed and disposed. The hull is stripped and 
prepared for Ml A2 remanufacturing use and component reclamation initiated prior to 
hull shipment to the Lima Army Tank Plant (LATP). Commercial contractors are 
responsible for reclaiming and upgrading specific components such as the XI100 
transmission, LRF, the Thermal Imaging Sight (TIS), and the Gunner's Auxiliary Sight 
(GAS). Army depots overhaul other components such as the AGT 1500 engine and 
deliver them to LATP as government furnished materiel (GFM) for the Ml A2 assembly 
line. At LATP, the hull is converted and inducted into the established Ml A2 production 
line and integrated with a newly built full-up turret, the complete Ml A2 is assembled and 
then tested for delivery.

the gunner engages other targets, thereby increasing survivability by more rapidly
identifying targets. In addition to independent target acquisition, the CITV provides the 
Commander the ability to hand off to the gunner (Hunter-Killer mode) or to
independently engage targets as the necessity arises. The Tank Commander (TC) 
remotely controls the CITV from the Commander's Station with the Commander's handle 
and the Commander's Integrated Display (CID).

I 
I
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New GFE / CFE Arrives 
•M1A2 Unique 
•AMMO Racks 
•NBC Fitters 
•Roadwheels 
•Track 
•120Mm Gun

Initial Cleaning
and Inspection

Build Up
NewTurrett

Turret Stripped 
and Disposed

Complete
Assembly,
Acceptance

Split Hull 
and Turret

Issue Tank 
to Force

A

Rework Examples:
• Engine
• Transmission
• Skirts
Rework Examples:
• Laser RangeFinder
• Thermal Sight
• Gunner’s Aux. Sight

HULL UPDATED Build Up Hull
• 120 Mm AMMO Compartment
• M1A2 Unique Appurtenances
• NBC System Ports

j

Gun, Other Comps.
"^-^-^^^euse/D is pose

technological advances. Most of the Near-Term P I are grouped into a System 
Enhancement Package (SEP). Others are applied as production line cut-ins/in-stride 
improvements

M1A2 production, with in stride improvements (Halon, DNVQR, VIS, Battlefield
Override, PIS, MWRH; select titanium components, T-158LL track, and an Eyesafe 
Laser Rangefinder (ELRF)), will continue until FY03-06. These in stride improvements 
will start in FY99 with the introduction of the System Enhancement Package (SEP) and 
Second Generation Forward Looking Infrared (2nd Gen FLIR) Engineering Change 
Proposals (ECP). All 1,079 MlA2s will be modified into the same configuration by 
applying new ECPs in production vehicles and by retrofitting (MWO) previously 
produced vehicles into the most current production configuration (Figure 15). This

Ml A2 near-term modifications are designed to maintain a lethality overmatch 
against potential threats, achieve directed C^ compatibility, and enhance on-board 
capabilities. Near-term modifications will satisfy known requirements through 
approximately 2003-2006.

8 .

IOC

--I-!

Tank Arrives
At Anniston 
Army Depot

Il

The Ml A2 MBT will evolve from its current configuration through a series of 
pre-planned product improvements (P^I) (Figure 16). These improvements center on 
reliability, maintainability, enhanced command and control, better crew performance, 
and increased lethality. Although many Ml A2 subsystems are based on 70 and 80's 
technology, these pre-planned improvements will capitalize on state-of-the-art
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Figure 15. Abrams Tank Program
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I Upgraded SEP electronics and C^,

-£> 2nd Gen FLIR and optical improvements.

I Under Armor Auxiliary Power Unit (UAAPU), and

Environmental cooling.I
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I Figure 16. K41A2 System Enhancement Package
27

I t

Improved AvatlabUlty
- Under Armor Auxiliary Power Unit
- Improved Power Distribution
- Diagnostic Expert System
- Improved Component Reliability
- Improved Component Operation 

Environment - Cooling System
- VECP Dual Axis Head Assy.(DAHA) *

Improved Fightabillty 
-Commander’s Color Tactical Display
- Commander’s CITV Display
- Keyboard
- Speech Synthesis
- improved Crew Operating

Environment - Cooling System
- Digital Terrain Maps 
-Intra-Vehlcie Battle Command
- Improved Blasting Machine
- Video Bus
- PCMCIA Interface

Restored Core System Growth Capability
- Increased Memory
- Improved Processors
• Mass Memory Unit 
. Open Architecture
- Improved Fire Control Processor

Improved Communicatlons/Navigatlon
- Tactical Communications interface Module (TCIM) (Locator Only) 
-Global Positioning System(GPS)
-Army Common Operating Environment
- Enhanced Position Location Reporting System (EPLRS) * 
-VIS Intercom*
- Force 21 Command and Control Software * 
-SINCGARS SIP/INC*

Horizontal Technology Integration 
-CITV Gen 11 FLIR 
-GPS Gen II FLIR
- Eye Safe Laser Range Finder

i
!

FVOI' y'yo2 nos IFYWI pros fvot , Fvoa

program will ensure that the highest priority Force Package I units are continuously 
equipped with the best tank possible.

j'"

The SEP program is the result of 2nd Gen FLIR technological maturity, the 
current computer/electronic 3-5 year evolution cycle, and the need to make the Ml A2 
compliant with the Army’s digital Common Operating Environment and new 
common software. This Ml A2 SEP will include the following mods between FY98-06:
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The RIU has been eliminated because the SINCGARS SEP with Inter Net 
Controller (INC) performs all communication management. In the RIU’s space claim 
will be the CEU. The CEU will not only provide the functions listed in the previous 
paragraph but will also provide local INC initialization.

The Ml A2 Systems Enhancement Program (SEP) will offer a significant 
upgrade to the Ml A2 core electronics capabilities. Fundamental considerations for this 
e^ancement include: support of the combined arms digital linkages (Abrams, Bradley, 
Paladin, Aviation, Intel, and the Force XXI Applique program); appropriate 
interoperability with other Army systems; greatly improved Soldier-Machine Interface 
(SMI); a total systems approach; and ease of retrofit - staging for future component 
improvements.

The SEP electronics changes at the LRU level include; replacing the
Commander’s Integrated Display (CID) with the Commander’s Display Unit (CDU), 
eliminating the Radio Interface Unit (RJU), replacing the Hull/Turret Electronics Units 
with Hull/Turret Mission Processing Units (MPU), and adding a Mass Memory Unit 
(MMU) and a Commander’s Electronics Unit (CEU). The Driver’s Integrated Display 
(DID), Gunner’s Control and Display Panel (GCDP) and the Fire Control Electronics 
Unit (FCEU) remain unchanged.

The MPUs consolidate the H/TEU functionality and provide increased processing 
power and memory. The MPUs and the CEU share common elements to reduce cost and 
logistical support requirements. Each unit has the same chassis, power supply, 
backplane, and a general purpose processor (GPP) CCA with a 1553B databus interface. 
The CEU has a GPP with a communication interface and graphics controller and two 
spare slots. The Hull MPU has a GPP with utility bus interface and a speech module and 
two spare slots. The Turret MPU differs from the Hull MPU because it has a GRAM 
CCA (see next paragraph). The spare slots, five total, in these units provide future 

The MPUs consolidate the H/TEU functionality and provides increased
processing power and memory. The MPUs and the CEU share common elements to 
reduce cost and logistical support requirements. Each unit has the same chassis, power 
supply, backplane, and a general purpose processor (GPP) CAA with a 1553B databus 
interface. The CEU has a GPP with a communication interface and graphics controller 
and two spare slots. The Hull MPU has a GPP with utility bus interface and a speech 
module and two spare slots. The Turret MPU differs from the Hull MPU because it has a 
GRAM CCA (see next paragraph). The spare slots, five total, in these units provide

The CDU accommodates a color, flat panel, active-matrix liquid crystal tactical 
display (AMLCD) and a 16:9 (High Definition TV equivalent) monochromatic flat panel 
(AMLCD) for the 2nd Gen FLIR CITV. The CDU will be smaller, lighter, cooler, and 
consume less power than the CID. This is due to replacing the CRT technology and 
remoting power supply and processing to the CEU.

I
1
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The MMU is a field proven (in the LeClerc), high-performance 3.5 inch
Winchester magnetic disk drive. The MMU is an environmentally sealed disk with 800 
Megabytes of formatted data storage with an integrated heater control, power converter 
and EMI/RFI filter.

future growth. The two spare slots in the CEU could house a second graphics interface 
for either a Loader’s Display Unit (LDU) or a Helmet Mounted Display (HMD) and a 
Tactical Communications Interface Module (TCEM). One spare slot in the Turret MPU 
could have a GPP with a HSDB interface to it

Once this is accomplished, the embedded Force XXI software package, combined 
with the fully qualified Ml A2 tank component hardware pieces necessary to run, store, 
and display it as the SEP configuration Improved Ground Station (SEP-IGS), see Figure 
43 below, could be the core components of the fully militarized production applique

By doing this, the Ml A2 SEP configuration will be fully compatible with the 
evolving Army COE protocols and C^ software when they are stabilized and produced 
without having to continuously disturb the INTRA-vehicular software of the core tank 
that does vehicle operations and diagnostics.

The introduction of color tactical display, new display driver software, and an on 
board MMU will allow the utilization of digital maps on the vehicle. Additionally, the 
C^ software will no longer be the unique IVIS software, but instead will be the common 
core intervehicular C^ software from the Army’s Applique program.

The core software/hardware architecture of the Ml A2 SEP will change to include a 
separate, embedded INTER-vehicle C^ processor that will contain a unique C^ CSCI that 
is common to the Army’s Force XXI C software.

The current GPS which
housed in its own box on the
M1A2 will be downsized to a
subsystem replaceable unit (SRU)
for the Ml A2 SEP. This saves
space and weight while reducing 
power requirements. TheMlA2
SEP’s GPS Receiver Application
Module (GRAM) will be a VME
card that is in the MPU (Figure
17). This card is being developed
by ATC through the Naval Figure 17. GPS Receiver Application Module
Research Laboratory and is 
logistically compatible with the AN/ASN-128 used in the CH-47D and UH-60 
helicopters.
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The Under Armor Auxiliary Power Unit (UAAPU), Figure 19, is predicated 
on the Ml A2's extensive electrical power requirements and the need to sustain extended 
"mounted watch" periods. The UAAPU provides hydraulic pressure for turret operation 
and for the environmental cooling system. This improvement is expected to reduce fuel 
and battery consumption as well as extending the "mounted watch" periods. The fielded 
fleet of Ml A2 tanks (over 500) will have to be modified at the depot level beginning in 
FYOO in accordance with the SEP program.

Coincident with the SEP/2nd Gen FLIR, several additional optical improvements 
will also be made: (1) an improved Dual Axis Head Assembly (DAHA) (a VECP) and 
(2) a biocular infrared viewing unit, giving the gunner more flexibility at his battle 
station. The Value Engineering Change Proposal (VECP) for the DAHA is an 
acquisition success story. The DAHA (VECP) not only is less expensive than the 
original but it also provides better performance and at less weight. Performance 
improvement is in the area of line-of-sight jitters that currently occurs on hard surfaces. 
The DAHA (VECP) eliminates this problem completely.

1 
I

0 Second Generation Forward Looking Infrared (2nd Gen FLIR), Figure 18, is 
an Horizontal Technology Integration (HTI) initiative. Both the Gunner's Primary Sight 
(GPS) and the Commander's Independent Thermal Viewer (CITV) will receive this 
improvement. 2nd Gen FLIR will significantly improve the ability to view the battlefield 
and will provide the same view across several combat platforms.

M1A2 SEP/M2A3 2nd Gen FLIR
Provides:
• Common picture of the Battlefield across platforms,
• Extended range sight Imagery
• Digital Data for Advanced Processing onboard Weapon Systems

Genl Gen II

subsystems for retrofit of not only the Ml and Ml Al family, but also all combat/tactical 
systems requiring a fully militarized C^ capability.
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< Tn the space vacated by the removal of the External APU (EAPU), the 
Thermal Management System (TMS) will be placed to provide environmental cooling. 
The TMS is a hydraulically driven subsystem that will maintain the crew compartment 
temperature at 88° F on a 125°F, full solar load day (weighted average air temperature) 
and LRU touch temperatures below 122°F.

Air Handlirtg Unit 
(AHU)

— QI
Vapor Compression 
System Unit (VCSU)
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Armor Upgrades. Armor upgrades for the Ml A2 SEP will include improved 
frontal DU armor and turret side armor packages during SEP production and retrofit.

Capability improvements for application on the Ml A2 in the mid-term focus on 
improved survivability and target acquisition/fire control. These capabilities (together 
with the gun/ammunition portion of lethality) are the essence of Abrams tank supremacy 
through the 2006 to approximately 2015 time frame. They collectively provide the 
ability for the Abrams to dominate ground operations on the emerging Force XXT 
battlefield, and are key TCT and Army Science Board recommendations. Improved 
survivability and target acquisition/fire control will exploit the Ml A2 SEP Vetronics 
architecture to maximize the operational payoff.

In addition to the System 
Enhancement P’l program, there is also a 
modest weight reduction program 
ongoing. The introduction, into 
production vehicles, of the new light
weight T-158 Long Life track reduces 
vehicle weight by 1,100 lbs. Titanium is 
being evaluated for components that are 
not welded into the structure such as 
ammunition compartment blow-off 
panels and GPS cover. Figure 21 shows 
those components and the possible 
weight savings to the vehicle from a 
titanium part replacement program.

C- The Vehicle Integrated Defense System (VIDS) is an optimized suite of 
sensors and countermeasures that provide the tank self protection system against a variety 
of threat weapons. The VIDS will counter ATGMs, main gun rounds, top attack 
weapons, and mines. The Ml A2 version will take full advantage of the on-board 
Vetronics. See Section 3.5 for more information.

❖ Vehicle Integrated Defense System (VIDS)
Armor Upgrades 
Target Acquisition and Fire Control Improvements

Weight savings shown.

Figure 21. Titanium Replacement Part Program

GPS Cover 
147 lbs\

Blow-Off Panels
182 lbs /! 
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Target Acquisition and Fire Control Improvements. SEP and its associated 
improved processors and digital video distribution architecture will allow for the 
integration of advanced video processing SRUs which will support automatic target 
acquisition, recognition, and tracking. Coupled with 2nd Gen FLIR, these improvements 
will enhance the Ml A2 tank fire control system and could increase its battlespace by as 
much as .5 kilometers while also significantly increasing system target acquisition 
capabilities and speed. These are all capabilities required on the Force XXI battlefield.

• Eyesafe mode: 
Ranging with high pulse rates, 
LADAR functionality, 
EO Retroflection target detection, and 
Training device-modulation

> A Multifunction Laser Rangefinder (MFLRF). The MFLRF will be 
mounted in either the GPS or a modified CITV. The multi-function laser device needs to 
have some or all of the following capabilities:

> A Millimeter Wave Radar (MMWR). The MMWR will be initially 
used to detect moving targets. This role may be expanded to include locating stationary' 
targets in the future.

Target acquisition and fire control algorithms will assist the crew in controlling 
the sensors and automating the target acquisition functions. As the FLIR performs a scan 
of the battlefield, the MFLRF, in the range finding mode, supplies a range map of the 
area under surveillance. The digital FLIR data, in conjunction with the range data, are 
then processed and analyzed for potential targets, MMWR data are processed in parallel

• Non-eyesafe mode: 
Ability to shift wavelength and 
Target Designation capability for all current PGM’s.

i

i
1

> The current CITV or GPS 2d GEN FLIR, upgraded to allow for a 
gimbaled scan. The FLIR will provide the primary means of locating targets by 
performing up to a 120' sweeps of the battlefield in less than ten seconds. Possible TA- 
ATD improvements that must be evaluated for CITV P’l are. a black & white or color 
CCD; a ranging Eyesafe Laser rangefinder, or a multi-function laser device (MFLRF): 
and a Moving, Target Indicator (MTI) radar. Possible TA-ATD P’l for the GPS 
includes: replacement of the GPS body assembly with either a new fixed body or a 
rotating, head assembly similar to the CITV, integration of a MFLRF; a black & white or 
color CCD, and introduction of monochromatic or color AMLCD’s in the gunner’s 
station.
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with the FLIR data and then digitally compared to the FLIR data to increase confidence 
in the location of targets. The MFLRF, in the target profiler mode, will paint potential 
targets. The MFLRF returns will be processed against stored profiles to identify (ID) the 
target type. The ID data will be processed on a high speed data bus. The TA algorithms 
will provide suggestions on target priorities and will maintain a target cue. The system 
will also establish an automatic target lock and track function during tank engagements. 
All target data are presented to the crew using the Ml A2 SEP displays.

The current, Ml A2 and Ml A2 SEP, Fire Control Electronics Unit (FCEU) 
contains 11 VME cards with 4 spare slots. Potential upgrades to this LRU could include; 
combining functions from several CCAs onto a single CCA, upgrading the processors to 
the PowerPC 603 chip and providing video and high speed data bus (HSDB) interfaces. 
The 1553 CCA could be replaced by a chipset on another card. The analog I/O and 
monitor CCAs could also be combined. These changes would free up two slots for 
video interface and HSDB cards. Upgrading the Fire Control Processor (FCP) and the 
Line of Sight (LOS) processor to the PowerPC 603 would also remove legacy hardware 
remaining from the original Ml A2 AUT design. The new LOS processor CCA could 
also have improved software to incorporate the VECP DAHA. This is one example of 
built-in growth potential.

VIDS and target acquisition/fire control improvements are targeted for the 2003-
2006 time frame. Armor improvements will occur during SEP and SEP retrofit. The 
combined capability differential between the Ml A2 SEP and the subsequently applied 
high payoff improvements may merit an Ml A3 designation.

Further fire control and accuracy improvements will also be pursued in the 
Advanced Tank Armament System (ATAS) program. This program was designed to 
integrate state-of-the-art developments in target acquisition, sights, fire control, and a 
new gun (XM 291) into tank testbed vehicles for user evaluation of accuracy and 
lethality should the XM 291 120mm gun be approved for production (see Section 4.1).

In addition to the Ml A2 SEP displays, other existing on-board tank sensors and 
equipment may also be employed in supplementing target acquisition functions. For 
example, data from the tank's embedded Global Positioning System, the inertial 
Position/Navigation System, the HulVTurret Position Sensor and the digital maps may be 
used to formulate the range map for the FLIR surveillance sweep in the event the 
MFLRF is inoperative or integration of the unit into the CITV envelope proves to be not 
cost effective.

I 
I
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CiTV Cover 
120 lbs

The following improvements may be considered for development and integration 
on a case-by-case basis after previous modifications are fully funded:

-3 Additional components 
made from Titanium could be 
added. Specific components and 
their estimated weight savings are; 
TC’s hatch (53 lbs.), engine top 
deck (309 lbs.), NBC exhaust 
covers (81 lbs ), and a new turret 
bustle rack (153 lbs.). Another 
possible Titanium armor upgrade 
candidate is the UAAPU cover.

•6- Improved Suspension, 
In-arm or In-arm semi
active.

❖ Speech recognition and
color touch panel displays off two
improvements that could 
dramatically improve the execution of C2 tasks. These capabilities would capitalize on 
the Ml A2 on-board vetronics to automate task execution. This is especially critical at 
the tank commander’s station.

Additional Titanium components (to decrease weight).
Speech Recognition and touch panel displays for better C^ soldier-machine 

- interface.

Figure 22. Additional Titanium Replacement 
Parts

Engine Top Deck 
----- 309 lbs

TC Hatch
53 lbs

■C* Electric drives eliminate the need for gearboxes and mechanical linkages. 
Electric drives offer the potential benefits of improved survivability, mobility, 
supportability, with reduced training and production costs. Electric drives can improve 
crew survivability by eliminating hydraulic tanks and lines form the crew compartment. 
They improve vehicle survivability by distributing the drive mechanism over a larger 
area and by being able to perform with degraded components. Electric drives can 
improve system mobility by providing weight savings and by reducing the total amount 
of parasitic hp required to operate the turret. Electric drives can improve supportability 
through their high reliability (due to built in redundancy), low maintenance requirements.

NBC Covers \
Turret Bustie Rack 

153 lbs
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Significant automotive upgrades, such as a new power plant, will not be 
undertaken due to cost restrictions. Efforts to improve cross country speed and agility 
will focus on weight control, in-arm suspension, and semi-active suspension integration. 
The weight impact of modifications will be a critical decision factor. New materials, 
such as titanium, are critical to the effort to keep the M1A2 below 70 tons. Although 
fuel consumption will continue to be an issue, the AGT 1500 with technology insertion 
could provide sufficient agility.

3.4 Abrams System Support Improvements (M1A1 & M1A2)

The in-arm suspension system is a hydropnuematic suspension fitted within 
the road arm, there is no separate strut or shock absorber. This technology has been 
designed, fabricated, and tested on an Ml Al. This technology is fully developed. It 
offers benefits in the areas of: weight and space savings, weight class commonality, 
reduced operating costs, and greater load leveling capability. This suspension would 
reduce Ml Al and Ml A2 weight by 1,500 lbs and 1,800 lbs respectively and open 17 ft’ 
of space. The in-arm suspension technology uses lower track tension which results in 
longer track and sprocket life and better fuel efficiency.

In-arm semi-active suspension is an in-arm suspension system with computer 
controlled shock absorbers, this is very similar to the smart suspension system with 
computer controlled shock absorbers, this is very similar to the smart suspension systems 
now appearing on some automobiles. The semi-active suspension adds the benefits of 
increased vehicle mobility, platform stability, ride comfort, and increased vehicle 
reliability. This suspension technology could save 2,000 lbs on an Ml A2 and provide 
increased cross country mobility over passive systems. Reduced shock levels and 
frequencies due to this technology would reduce tank system component failure due to 
shock effects.

and their simpler design with fewer parts than a hydraulic system. These improved 
supportability factors would result in less mechanic training requirements and fewer parts 
needing to be stocked. Lastly, it is believed that electric drives will be cheaper to 
produce than hydraulic ones.

3.41 Supplemental Fuel Carrying Capability (SFCC)
The Supplemental Fuel Carrying Capability (SFCC) system allows for rapid 

delivery of fuel to the end user using virtually any transportation means available. SFCC 
is a completely self-contained system that is available in 30, 55, and 80 gallon capacities. 
The reusable system can be transported by sling-load helicopter, dropped from low flying 
fixed-wing aircraft, by any ground vehicle, or by floating. Dispensing fuel from the 
system does not require pumps or any power source. Normal fuel transfer is
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3.42 Battalion Countermine Set Modifications 
(Figure 24 and Figure 25)

Modifications to the Battalion Countermine Set (BCS) are designed to improve 
mobility by correcting BCS deficiencies identified during Operation Desert Storm. 
These improvements will make the set safer, more reliable, and improve its capability. 
The BCS improvement plan includes;

accomplished by driving upon the fuel cell
which creates pressure that forces the fuel
into the vehicle. Fuel transfer can also be
accomplished by gravity flow. The
system comes complete with hoses and
connections for dispensing fuel. The
system is designed to allow multiple
vehicles to self refuel, eliminating
“waiting in line” caused by trying to refuel
all vehicles from a single source pump
system. The emptied system can then be
transported by the refueled vehicle to a
drop-off point or left behind for follow-on
units to salvage. A tank can transfer 55
gallons of fuel in less than 3 minutes. The SFCC is congressionally directed and will be 
distributed based on warplans.

$ Simplifying and improving the attachment hardware for the Improved Dogbone 
Assembly,

■S3- Redesigning the roller quick release mechanism to allow positive control for both 
emergency jettison and ensure roller attachment during mine detonation.

s Upgrading the plow attaching pin and redesigning the pin lock. This improvement 
will allow installation without putting a crewman under the plow assembly.

■£> Redesigning the plow moldboard attachment points to prevent moldboards pins from 
snapping when plowing.

■& Rerouting the wiring harness to improve driver vision, reduce damage to the cable 
and vehicle electrical system, enhance mission and crew safety, and reduce repair part 
cost;

omcx-connect 
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There are five variables of survivability that contribute to success, see Figure 26 
Historically the only variables addressed on combat vehicles were “don’t be penetrated” 
(armor package) and “don't be killed” (spall liners and compartmentalization) Future 
survivability considerations will not accept the traditional solution of adding more armor, 
if it means a significant increase in vehicle weight. Therefore, other survivability options 
must be pursued.

Adding two Israeli KMT 5 carriage 
assemblies to the system for use in 
soft/sandy soil conditions,

Attaching a visual indicator to the 
plow skidshoe so the driver can 
make a quick visual check to ensure 
both plows are properly digging, and

-3- Attaching a wire cutter to the plow 
to cut wire/tape obstacles and 
prevent them from entangling the 
plow or vehicle tracks.

w Upgrading the plow travel lock 
design to prevent weldments from 
shearing when the vehicle crosses 
steep banks/rough terrain.

, I'- . -j

The U.S. Army Mission Need Statement for a Suite of Survivability
Enhancement Systems, approved on 27 January 1994, states that the Army needs a 
comprehensive, integrated suite of survivability enhancement systems (SSES) to increase 
soldier/system survivability on the battlefield The specific makeup of this suite of 
survivability systems may vary according to platform mission, but in general will provide 
warning and protection for our soldiers/systems Threats considered include advanced 
technology target acquisition systems, weapon systems munitions, smart/guided 
munitions, and mines that may be prevalent on the future battlefield. The Vehicle 
Integrated Defense System (VIDS) is the holistic application of SSES on the Abrams 
tank.

s- Attaching a plow centerline deflector 
to remove surface laid mines 
between the tracks of the plowing 
tank,

5^

Figure 25. Ml Al 'with Mine Plow

■ ■ ■ 

a-

Figure 24. Ml Al with Mine Rollers
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possible. Low observable material and exterior design to enhance signature reduction 
contribute to detection and acquisition avoidance.

Detection avoidance is the ability to avoid detection and acquisition by threat 
soldiers or weapons systems, across all the spectrums, see Figure 27. Signature 
management is an essential survivability capability that must be incorporated where

An integrated suite of optimal survivability enhancement systems is required for 
the Ml Al and M1A2 tanks to maintain an acceptable level of crew survivability in the 
mid to far-term. The suite will include an optimized blend of detection, hit, penetration, 
and kill avoidance technologies. While VIDS for the Ml Al and Ml A2 will be in the 
form of an add-on package, VIDS for the Future Combat System and the Future Scout 
and Cavalry System will be incorporated into the ground up system design.

Penetration Avoidance^<>^
In Tanks this is the ability of the physical 
armor to defeat KE & CE threats that actually 
impact on the vehicle after both detection and
hit avoidance measures have been overcome.

[vulnerability Reduction |

llli-a.........

Don’t Be Killedp*
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Hit avoidance is a combination of technologies that prevent/reduce a
weapon/system from either acquiring or hitting a vehicle. Hit avoidance technologies 
include sensors and countermeasures. Possible sensor applications are in the detection of 
laser, radar, acoustic, and optic/electro optic emissions. Sensors detect and alert the 
crew/operator of impending danger and recommend an appropriate action or 
automatically activate the appropriate countermeasure(s) to defeat the threat. 
Countermeasures range from technological responses to tactics, techniques and 
procedures (TTP). TTP consist of counterfire and maneuver. Countermeasures may 
include, but are not limited to false target generators, jammers, obscurants, expendable 
decoys, selected signal alteration, dispensers, and active protection. Linkage of SSES 
sensors to target acquisition and fire control systems for target hand-off is desired. 
Linkage of SSES sensors to digital command and control for improved situational 
awareness is also desired.

Penetration avoidance is the ability to defeat KE and CE threats that impact on 
the vehicle after both detection and hit avoidance measures have been overcome. 
Removal and replacement of front and side special armor packages are possible to an 
Ml Al survivability upgrade program as well as the continuing evolution of the Ml A2 
tanks. Both vehicles have the same basic turret structure and armor compartment 
dimensions. Any new armor packages developed and produced for production line 
MlA2s can be retrofitted into previously produced MlA2s and the Ml Al, but the armor 
package cannot significantly increase vehicle weight.
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Abrams Integrated Management XXI (AIM XXI) is the Armor Community’s
high payoffprogram to ensure the MlAl’s viability. By the year 2015, the initial 
production version of the Ml Al will have been in the field for 30 years. AIM XXI will 
provide benefits in terms of life cycle cost reduction, increased readiness, enhanced 
configuration control, fleet modernization, industrial base sustainment, and opportunity 
to insert warfighting capabilities while the tank is disassembled.

AIM XXI involves an innovative teaming of government and industry, through 
the identification of core repair and manufacturing competencies, to provide a fleet 
sustainment and modernization program that will produce a better than original 
production tank. This program will enable the Active and Army National Guard Abrams 
fleet to meet the challenges of the 21st Century. This is achieved through the insertion of 
subassemblies rebuilt using advanced technology materials and processes. AIM XXI 
offers the opportunity to control Ml Al configuration by upgrading all versions to a 
common configuration with the potential for advanced technology insertion to ensure 
performance compatibility (survivability) within the fleet.

AIM XXI is currently funded to conduct a Proof of Principle (PoP) utilizing 17 
Ml Als from the NTC. The process will parallel the Abrams Upgrade process but will be 
tuned to meet Ml Al requirements. Both government and industry facilities will be used 
to induct tanks, execute complete disassembly and rebuild of subassemblies, both hull 
and turret structures, and finish with a complete system check and approval by 
government (see Figure 29). This breaks out to approximately 2/3 of the work being 
done by government facilities and 1/3 by a contractor. The PoP is scheduled to begin 4th 
Qtr FY96 and ends 1st Qtr FY98 with a final report prepared by AMSAA. Included in 
that timeframe is the rebuild, operation of the tanks over 1500 miles, failure data 
collection, and analysis. Preliminary cost analysis shows that this program will reduce 
0«&S costs on these 17 tanks from $294.91/mile (current NTC figure) to $116.90/mile. 
That translates to a reduction in O&S costs for 17 tanks at the NTC operating at 1500 
miles/year over 20 years from $88.3M to $59.6M.
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An AGT 1500 engine improvement program is under study to address durability, 
reliability, fuel efficiency, and mobility areas. This program would leverage off 
helicopter turbine engine, T800, developments. The AGT 1500 has undergone only one 
operational modification and several durability and reliability improvements since the 
XMl tank was type classified as the Ml Abrams in 1981.

• Demate & Disassemble 
(Integrated Industry Team)

• Clean, Inspect,

Depot
• Receive Vehicle from
• Integrated Induction Team
• Safety/Environmental Protection

The AIM XXI Program is strictly an OMA funded susUinment program; 
however, should there be a desire to add Ml Al performance related product 
improvements during AIM XXI remanufacturing, this could be accomplished. By using 
PAA Modline procurement funding, various modifications could be purchased and then 
“assembled into” vehicles in the AIM XXI production line. This would incur no cost to 
the OMA account as the mod kits would be a procurement account buy.

Step?
VEHICLE 
COMPLETE

Industry 
Assemble Chassis. Turret, 

Vehicle

Industry
• Vehicle & Systems

Starting in FYOO, an M1A2SEP retrofit program will convert initial Ml A2 tanks 
to the SEP configuration. If FCS fielding will not begin until 2016 and follows a similar 
production rate (120 tanks per year), then the Ml A2 tank will remain the primary main 
battle tank through at least the year 2020 when 50 percent of Force Package I MlA2s are 
replaced. A key item identified for potential improvement is the AGT 1500 engine.

Depot & Industry
• Restore COMMANDER’S HATC

SUSPENSION COMPONENTS

GUNNERS PRIMARY SIGHT 

steps
Industry 
• Paint, Prep, and Ship
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Potential improvement areas have been identified and organized as three options 
that may be selected at program onset to satisfy a wide range of needs. Options 1 and 2 
are totally independent from the other. Option 1 focuses on improving detail engine 
component and accessory durability and the reliability. Option 2 concentrates on fuel 
consumption reduction. Option 3, which relies on both options 1 & 2 being done (but 
may be concurrently done with options 1 &2), would improve engine horsepower.

In 1985, the engine was
modified to provide bleed air for
the NBC system. This change 
had adverse impacts. It increased
engine temperature, fuel
consumption, and thermal shock 
to the recuperator. Increased
failure rate in the recuperator, due
to the NBC system and increased
vehicle weight, was countered in
1988 with the introduction of
laser welded pair plates. The last
change to the AGT 1500 was the
replacement of the analog control
unit with a digital electronic 
control unit (DECU) in 1989 and
then an improved DECU in 1991. The DECU reduced fuel consumption at idle by 20 
percent, improved recuperator and hot section durability, and proved auto relight 
capabilities.

Option 2, fuel consumption reduction, would result in the redesign and
replacement of the high speed power turbine, high ratio reduction gearbox, high 
efficiency high pressure compressor, and variable power turbine stator. These changes 
are expected to result in reducing O&S costs 4 percent and improving fuel efficiency 5 to 
7 percent.

Option 1, durability and reliability improvements, would involve analysis and 
redesign of the number 1, 2, 4 & 10 shaft bearings, fuel pump spline, accessory gear box 
drive, inlet guide vanes (IGV) ball and fork assembly, rotary variable differential 
transformers (RVDT), pulsed thyristor excitor, temperature compensating oil pump, 
power turbine housing, recontoured inlet housing, effusion combustor, and modular 
recuperator. Also, using materials and techniques, similar to those used on the T800, 
would result in blades and vanes with higher durability single crystal blades and vanes. 
Option I’s goal is to increase each component’s present expected life two to three times. 
Initial estimates show that this option would reduce O&S costs 16 percent, increase Mean 
Time Between Failures (MTBF) ten percent and improve fuel efficiency 6 to 7 percent.
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Option 3, power increase, would consist of a fuel reschedule. The control system 
fuel schedule controls the engine to produce the required power within temperature 
limitations dictated by the current AGT 1500 design. It is possible to optimize the 
engine to higher power with the added capabilities resultant from doing options 1 and 2. 
An optimized fuel schedule could result in 20 percent more total horsepower (1,800 hp) 
and provide an additional 1 to 2 percent increase in fuel efficiency.

TADSSs already saved the Army substantial amounts of training dollars by 
providing quality training experiences while reducing OPTEMPO and ammunition costs. 
Also, the potential for new, more realistic, cost saving TADSS in the future is extremely 
promising. Many examples of these savings are included in the following TADSS 
descriptions. It is important to remember, however, that there are inherent limitations to 
the training capabilities of TADSS; they are an effective supplement to “full-up” 
training, but are not a complete replacement. The requirement for soldiers to train on 
their system, firing real ammunition and maneuvering over real terrain, is a critical 
element of combat preparedness. No matter how substantial the potential savings, the 
use of live fire and maneuver training cannot be completely sacrificed. Rather, achieving 
an optimum balance between TADSS and live training should be the objective. This 
balance will provide significant cost saving while sustaining peak combat readiness.

TADSS create a realistic training environment for armor crewmen. These 
training tools help fill the gap by providing alternate means of training gunnery and 
tactical skills when live (“full up”) resources are unavailable or too costly. Through 
computer and laser technology, tank crews can perfect their battlefield techniques 
without the danger and expense of a live-fire exercise.

An AGT 1500 technology insertion program would benefit both the Ml Al and 
Ml A2 fleets. Initial program estimates indicate that power could be increased 20 percent 
to 1,800 Hp, durability increased providing at least a twenty percent reduction in O&S 
costs, reliability could increase 10 percent as measured by mean time between failures 
(MTBF), and fuel efficiency increased up to 15 percent. These improvements could be 
attained after a 3 year development program and implemented in the tank fleet through 
attrition, the AIM XXI process, and the M1A2 SEP retrofit program. Additional analysis 
for this program is required before requesting funding.
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ACTS fielding is divided into two phases. During Phase 1 (Oct 95-Dec 95), three 
AGTS were fielded, two to Fort Hood and one to Fort Knox. During Phase 2, scheduled 
for May 97 to Jun 97, .Fort Hood will receive two more systems. The AGTS provides 
the same cost savings for the Ml A2 Fleet that COFT provides for the Ml/Ml Al Fleet. 
The AGTS for Ml A2 will be capable of training in crew, section, and platoon 
configurations providing the systems are collocated.

The Advanced Gunnery Training System (AGTS) for the Ml A2 tank will provide 
training in precision gunnery skills. The AGTS provides an improved fire control 
capability that more closely replicates that of the actual tank and includes initial 
qualification and sustainment level training. All Ml A2 AGTSs are capable of 
networking into a Platoon Gunnery Trainer (PGT) configuration. The crew, section, and 
platoon can progress through increasingly difficult training scenarios, based on a 
computer assessment of their attained skill levels. The Instructor/Operator (I/O) monitors 
their progress and can select specific exercises as needed. The modes of operation shall 
include the flexibility of presenting a realistic threat array, based on unit wartime mission 
scenarios. The AGTS includes mobile, relocatable, and permanent configurations. It 
provides Ml A2 gunners and commanders with state-of-the-art precision gunnery 
simulation training through a linked capability.

> Built-in basic gunnery, sustainment training, transition training, and cross
training programs

The Conduct of Fire Trainer (COFT) is a stand-alone precision tank gunnery 
simulator. It has two crewstations (commander and gunner), a visual display system, an 
Instructor/Operator (I/O) Station, and a computer system. COFT moves the gunner and 
tank commander through more than 800 increasingly difficult training scenarios based on 
computer assessment of their skills. An I/O monitors progress and can select appropriate 
exercises. The configurations of COFT are Unit (UCOFT), Institutional (ICOFT), and 
Mobile (MCOFT). The COFT has other advantages as well;
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The Ml/Ml Al Unit Conduct of Fire Trainer (UCOFT) saves dollars by enabling 
the Armor force to use fewer 120mm main gun rounds for training. COFT has reduced 
the number of main gun training rounds used by 34 per crew per year. This totals to 
70,176 rounds per year and saves approximately $56,140,800 per year. Ml/MlAl COFT 
systems are fielded worldwide to the Active and Army National Guard units.

The Commander’s Display provides the tank commander with command and 
control, mission planning, communications, reporting, and backup functions. Stand
alone operation provides tow Commander’s Displays in different virtual tanks allowing 
the operation to study tank-to-tank communications with a single training station. 
Commander’s handles are provided at each training station to provide a realistic soldier
machine interface for cursor control on the Commander’s Display. The Gunner’s 
Display provides the gunner with the interface to the fire control system for all fire 
control parameters, as well as diagnostics of the fire control system. The Driver’s

The CrewStation Trainer was developed for new equipment training. The
CrewStation Trainer is a flexible, computer based, interactive training station designed to 
support crew training on the three Ml A2 command and control displays: the 
Commander’s Integrated Display, the Driver’s Integrated Display, and the Gunner’s 
Control and Display Panel. The three displays are networked together to enable 
interactive operation in a variety of training configurations. The networking capability 
also provides the mechanism for establishing both inter- and intra-tank communication 
among the displays and allows the operator to select the individual placement of the 
Commander’s, Driver’s and Gunner’s displays into virtual tanks. Networked training 
stations provide multi-tank, multi-echelon training simulations allowing the three crew 
displays to be assigned to a single training station or distributed across multiple stations.

The PGT is a simulation system which provides platoon and crew gunnery 
training to commanders and gunners of the Ml Al Abrams Main Battle Tank and the 
M2/M3 Bradley Fighting Vehicle (BFV). It is used to train target acquisition, 
identification, and engagements with the tank guns (in the Ml Al) and with the TOW, 
coax, and 25mm gun (in the BFV) using both the primary and alternate fire control and 
sighting equipment against mobile and stationary threats, single and multiple target 
arrays, in a realistic battlefield environment during day, night, and reduced visibility. 
The PGT system also provides for Platoon Briefing and After Action Reviews (PAAR) 
capabilities. The basis for issue of PGT is one per division, however, this requirement is 
not supported by DA funding. Currently, three PGTs are fielded, two in Europe and one 
at Fort Knox.
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Display provides the driver with consolidated controls and displays for automotive 
functions, position navigation, diagnostic, and mission critical backup functions.

The MTS is designed to provide Unit and Direct Support/General Support level 
training to maintenance personnel for the Ml A2 Abrams Tank and the M2A3/M3A3 
Bradley Fighting Vehicle. Ml/Ml Al MTSs are already fielded to the institutions; the 
Ml A2 MTS will be fielded in May/Jun 97.

The MTS takes maximum advantage of existing expandable technology and 
products, providing for both commonality and an embedded flexibility. The use of 
Commercial Off-The-Shelf (COTS) hardware and software results in a training system 
that is easily reconfigurable to meet student throughput requirements.

The MTS diagnostic/troubleshooting maintenance trainers are desk-top, 
multimedia, computer-based trainers which teach the student how to use their actual 
Technical Manuals, Built-In Test, and external test equipment to isolate and diagnose 
problems. The MTS further provides an interactive, desktop VR environment for 
training the maintainer on the use of the Direct Support Electrical System Test Set 
(DSESTS), adding yet another dimension to the maintenance training array. Immersive 
and interactive Virtual Reality is used as a multimedia technique to provide training in 
the location, mounting, appearance, and configuration of components inside the vehicle.

Application of Virtual Reality to vehicle maintenance training provides an 
immersive, interactive 3-D training world previously only envisioned for the 21st 
Century classroom. The use of Virtual Reality for maintenance training, enables the 
student maintainer to;

4- Move at his own pace along data paths to understand and comprehend system 
relationships and data flows, and

4- Learn at a faster rate, to permit training more students at fewer sites and with 
fewer instructional personnel, resulting in better training at a lower cost.

Learn to associate the logical and functional relationships of system level 
connections and associations between LRUs and/or Test Sets,

Fully experience the system to be maintained without ever leaving the 
classroom.

—

I
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Also known as the Armor Full-Crew Interactive Simulation Trainer (AFIST), this 
trainer uses the actual tank with no-motion, power off. The GUARDFIST system 
provides a computer generated visual presentation of European and desert terrain 
scenarios to permit the evaluation of collective combat skills from basic and intermediate 
gunnery tables. The system is used at armories for Ml, IPMl, and Ml Al,

The TDT is a 20 station institutional training system located at Fort Knox, 
Kentucky. It provides initial and transition driver training for Abrams Armor crewman. 
The simulator consists of a driver training station, instructor/operator station, visual 
system, aural/audio system, computer system, and a fully integrated motion system. The 
TDT cab duplicates the tank driver’s station. It is mounted on a hydraulic motion 
platform that produces pitch, roll, yaw, surge, sway, and heave. The instructor station is 
capable of selecting a visual scene, viewing it, monitoring each trainee's performance, 
and introducing malfunctions and emergency control situations. The real time color 
computer image generation subsystem provides visual scenes to the driver through the 
periscope or on a screen for out-of-hatch training. A monitoring station for students 
provides automatic evaluation of student performance.

The MILES 2000 is a competitive replacement procurement for the currently 
fielded MILES training devices. These devices are downwardly compatible with the 
current family of fielded MILES and will be phased in as replacements for those devices 
as they wear out or become uneconomical to repair.

The MIZMIAI Tank Driver Trainer (TDT) cost savings to the Armor Center 
from March 1993 to July 1996 totals about $23,850,358. As a comparison, the 18 Tank 
Driver Trainers were purchased by the Government at a cost of approximately $49M. 
Two Ml A2 TDTs are due in September 1996.

During training, the device is installed on a "dead" tank that has been modified to 
incorporate simulated driving and aborting into the computer generated scenario. Audio 
cues (engine speed, transmission shifting, weapons firing, and weapon storage door 
movement) will be provided through tank crew member helmets.

Guard Unit Armory Device Full-Crew Interactive Simulation Trainer for
Armor (GUARDFIST 1)
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MILES 2000 is used for a two-sided, real-time tactical engagement for up to 
battalion size units and provides realistic casualty assessments. MILES 2000 does not 
incorporate sufficient fidelity for precision gunnery training. MILES 2000 is scheduled 
for worldwide fielding in Feb 98 and is fully funded.

TWGSS/PGS is an on-tank precision gunnery trainer that facilitates day/night 
gunnery training and limited force-on-force exercises.

MILES 2000 devices will meet or exceed the performance baseline of current 
MILES devices. The devices will replicate the ranges, vulnerabilities, weapon 
characteristics, and ammunition of the weapons being simulated to the extent required for 
laser-based force-on-force training. The devices will incorporate enhancements to allow 
for multiple levels of kill, aspect angle, player identification, and related information to 
be captured.

The system uses eye-safe lasers and microelectronics to simulate firing main gun, 
machine guns, and other direct-fire weapons. Laser transmitters attach easily to 
conventional weapons and allow crewmen to fire invisible laser pulses - coded to 
distinguish range and killing power of specific weapons - instead of live ammunition. 
Receiving detectors, attached to opposing troops and vehicles, pick up the laser pulses 
and instantly provide audiovisual indications of a kill, hit, or near miss. Kill indicators 
on men or vehicles disable the victim's weapon. The hit and kill probabilities are similar 
to those for weapons using live ammunition. For added realism, rifles and machine guns 
fire blank ammunition, while missiles and main guns use weapon effect simulators to 
produce the noise, blast, and smoke of the actual weapons.

4 Simulated Area Weapons Effects/MILES n Combat Maneuver Training Center 
Instrumentation System (SAWE-MELES n/CMTC-IS)

The Simulated Area Weapons Effects/MILES Il/Combat Maneuver Training 
Center Instrumentation System (SAWE-MILES II/CMTC-IS) is a training system to be 
used in tactical engagement simulations at the combat training centers. In real time, it 
will simulate effects of direct and area weapons systems. SAWE/MILES n will 
incorporate Global Positioning System technology, audio and visual simulation, and real 
time casualty and battle damage assessment. When used in force-on-force exercises all 
instrumented vehicles within the lethality radius of the simulated impact area will receive 
the appropriate kill/near miss indications. SAWE/MILES n was fielded to the CTC in 
June 1995 and the JRTS and the NTC June 1996.

Tank Weapon Gunnery Simulation System/Precision Gunnery System 
(TWGSS/PGS)
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The Close Combat Tactical Trainer (CCTT) is the first of the Combined Arms 
Tactical Trainer (CATT) family of virtual trainers. CCTT will train Armor, Cavalry, and 
Mechanized Infantry platoons through Battalion/Task Force on their doctrinal Mission 
Training Plan collective tasks. The CCTT-system is the first fully Distributed Interactive 
Simulation (DIS) compliant training system and consists of networked vehicle simulator 
manned-modules which work in combination with Semi-Automated Forces (SAF), 
Combat Support workstations, computer networks and protocols, and After-Action

TWGSS is a laser based, tank-appended precision gunnery training system for 
simulating main gun firing. TWGSS interfaces with the tank's fire control system and 
allows precision gunnery; it takes into account lead, super elevation, range, and 
ammunition type. The device superimposes real-time observation and a tracer image 
over the sight picture in the gunner's sights and simulates a burst over the calculated 
impact point. The system operates in real time and simulates the main gun (120mm, 
105mm, 25mm), 7.62mm coax machine gun and TOW weapon systems. A crew 
evaluation subsystem provides a laptop computer based, hard-copy record of engagement 
parameters. This enables the trainer to reconstruct the two-sided (firer and target) firing 
sequence for crew evaluation and critique. TWGSS allows for crews to negotiate full 
scaled ranges (targetry is fitted with Laser Target Interface Devices). TWGSS is also 
compatible with the MILES for use during tactical training.

TWGSS provides savings by reducing the number of main gun rounds consumed 
in live fire training events. With TWGSS each crew will fire 10 less main gun rounds 
per crew per year, or about 20,640 rounds, saving about $2,592,000. TWGSS fielding is 
ongoing, however, future fielding is dependent on the availability of funding.

TSV is a vehicle appended system that provides a video and audio recording of 
gunnery engagement exercises used by tank and Bradley Fighting Vehicle units. TSV 
records, for playback during AARs by the gunnery or instructor/trainer, the exact gunner 
sight picture in real time and also records crew intercom and radio transmissions for 
critique of gunnery live-fire, simulated, and subcaliber engagements. A television 
camera linked to the gunner's primary sight (GPS) and wired to an equipment support 
enclosure (ESE) package that records the gunner's sight picture. The ESE package 
includes a video cassette recorder (VCR), a time code generator (TCG) that superimposes 
real time or stopwatch time onto the recorded video tape, and an events generator (EG) 
that superimposes a visual indicator on the video recording at the instant the gunner pulls 
the trigger. Other data such as range, ammunition type, etc are also displayed on the 
screen to support the AAR. A separate video player and television (TV) monitor for 
audio and video playback is located at the AAR site. Fielding started in Oct 95 with the 
first unit equipped (FUE) at Fort Hood completed in Sep 96.

I
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CCTT will be fielded in two phases. Phase 1 (Quickstart) started in Jun 96 with 
units to Forts Knox and Benning. Phase 2 fielding starts in Oct 97.

Through the use of computer workstations, CCTT adds logistics, artillery, mortar, 
engineer, and aviation assets to the synthetic battlefield. The effects of these workstation 
created entities will require units in training to plan for and coordinate the 
implementation of other battlefield operating systems in support of the tactical maneuver. 
The supporting networks and protocols are fully DIS-compliant and will provide CCTT 
with the capability to link with other DIS- and CATT-compatible simulations.

Review (AAR) systems. CCTT manned-modules will consist of the Ml Al, M1A2, 
M2/3A2, FIST-V, Ml 13A3, and the HMMWV. These manned-modules are high fidelity 
simulators which require individuals and crews to correctly perform their respective tasks 
in order to successfully accomplish their collective missions. Semi-Automated Forces 
have the capacity to create a wide variety of OPFOR and BLUFOR vehicles and units 
which units can train against or with. SAF entities exhibit highly realistic behaviors and 
can be tailored to varying levels of competence.

This system's components combine to create a highly complex synthetic
battlefield on which soldiers can conduct training in a combined arms environment. The 
system allows unit commanders to train their unit's collective tasks in a variety of virtual 
environments to include; day, night, and varying fog densities. CCTT will support 
training more than 83% of the Armor, Cavalry and Mechanized Infantry Platoon and 
Company/Team MTP-defined collective tasks. CCTT will be fielded as Company/Team 
fixed sites to 11 CONUS and OCONUS division locations. Twenty-one mobile platoon 
sets will support training National Guard units with several training opportunities per 
year. Furthermore, the mobile sets will be capable of being deployed to contingency 
areas to support training in the forward-deployed areas.

SIMNET is a joint DARPA/Army program for demonstrating large scale, local 
and long haul networking of military based weapons simulators. SIMNET makes it 
possible to conduct regular and intensive practice of combat skills by numerous large 
military teams in widespread locations. SIMNET consists of 236 vehicle simulators 
distributed to seven sites worldwide. In addition, it provides capability to conduct 
evaluations of new, emerging tactics, doctrine, and weapons systems. This system is 
now used on an interim basis until the Army fields the CCTT.

SIMNET uses large numbers of full-crew interactive simulators to conduct large 
exercises simultaneously. The simulators permit real-time tactical training in a simulated 
combat environment, with forces up to battalion/squadron size opposing one another in 
free play. Crews look at a computer-generated visual scene from their own perspective 
and interact in real time with an integrated OPFOR. The systems can be integrated over
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SIMNET’s key features are; I
Replications of tactical operations centers and command posts

I
IReplicates primary vehicle armaments

ISemi-automated forces providing man-controlled OPFOR

I❖ Emulates CAS, artillery, engineers, and CSS

After-action review station/playback capability. I
3.74 Future TADSS I
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TADSS development will take full advantage of information age technology. 
Strategies will focus on merging the capabilities of multiple legacy systems in order to 
reduce costs and provide more realistic training.

long distances. SIMNET can support CPXs or FTXs without the high cost and overhead 
those exercises entail. The quality of the simulation does not compare with training in 
the field, but it does provide valuable training in command and control and operations 
planning.

The Armor force will reduce the number of TADSS presently available while 
continually closing the gap between combat potential and training proficiency. We will 
guide the Future Scout and Cavalry System and Future Combat System toward a fully 
embedded training simulation capability that can be networked with other vehicles. This 
will reduce the number of training devices, enhance standardization, and achieve a 
capability to conduct precision gunnery training in conjunction with tactical training. 
The goal is for the crew to fully train on the system it will take to war.

Manned vehicle simulators representing Armor, Armor Cavalry, and Meeh 
Infantry platoon and company organizations
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At present the major portion of the Abrams Fleet is armed with the 120mm M256 
Gun. In the early 1970s, the 105mm gun was judged incapable of launching projectiles 
of sufficient lethality to defeat the threat. This led to the U.S. purchase of the rights to 
produce the Rheinmetall 120mm gun. All of the Active Component and most of the 
Reserve Component Armor force are equipped with the 120mm M256 tank gun. This 
Tank Modernization Plan seeks to replace all remaining Army National Guard 105mm 
tanks with 120mm tanks as soon as possible.

To deal with future threats, the U.S. entered into a Future Tank Main Armament 
(FTMA) agreement with Germany, France and the United Kingdom to standardize the 
ammunition parameters of the next tank main armament system. The U.S. XM 291 was 
originally designed with built-in growth potential to accommodate calibers ranging from 
120mm to 155mm. Since the critical parameters of the 140mm system are very similar 
to those of the 120mm system, the U.S. XM 291 Gun can fire either 120mm or 140mm 
ammunition by changing the gun tube. At present, the U.S. development community is 
only pursuing the 120mm option. The 120mm XM 291 gun (by itself) would provide 
limited increased lethality over the M256 cannon (by virtue of the XM 29rs longer gun 
tube). Full optimization of the XM 291 gun would require the development of higher 
pressure munitions.

While there is no immediate need to replace the 120mm M256, there is a need to 
mitigate the risk of potential increased Threat survivability by developing the XM 291 
main gun (Figure 31). Senior leaders explicitly rejected a 140mm gun, in favor of the 
120mm version. The object of this development is to have the new gun ready for 
integration should Threat survivability evolve to a point where the M2'56 and 
accompanying ammunition fail to provide a sufficient overmatch capability. After 
development, the XM 291 will be placed on the “shelf’, available for installation. If 
installation is necessary, then development of ammunition optimized for the XM 291 
would also be recommended.
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The XM 291 Tank Gun, in either caliber, is approximately the same size and 
weight as the current 120mm M256 Cannon. The 120mm XM 291 is capable of firing 
all current and developmental 120mm tank ammunition. It is designed for turret 
installation as an assembly from the front through the rotor opening.

Integration of the XM 291 main gun into the Abrams tank would require a depot 
facility and an upgrade of the hydraulic drive.

The gun offers increased performance over the M256 through an increase in wall 
thickness to accommodate higher ammunition pressures and an increased gun tube length 
of 5 feet. These two design characteristics permit a higher pressure to act on the 
projectile longer, thus increasing its kinetic energy by as much as 16%.

Figure 31. XM 291 Cannon

The XM 291 carmon system consists of a gun tube with a muzzle reference sensor 
(MRS), thermal shrouds, gun cradle assembly, and bore evacuator assembly. The gun 
tube is attached to a multi-lug breech mechanism. The breech mechanism is opened and 
closed by a powered actuator; a stub base catcher can also be provided if necessary. The 
tube and breech assembly are housed within the recoil mechanism which provides the 
gun cradle assembly, four recoil brake assemblies, and two recuperator assemblies.

■Multi Lug Breech Mechanism 
z—- Case Catcher

4 - Recoil Brake Assembly
Bayonet-Type Quarter Turn----
Quick Release 
Ball/Socket Attachment

I 
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Figure 32. Exploded View of a Sabot RoundI
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Chemical energy (High Explosive Anti-Tank, HEAT or Multipurpose) cartridges 
are used for everything other than a frontal assault on other tanks. CE is composed of an 
explosively loaded projectile which inverts a liner or cone (usually of copper) into a 
molten jet which penetrates armor or other material.

The 120mm M830 High Explosive Anti-Tank Multipurpose Tactical (HEAT- 
xMP-T) is a secondary armor-defeating ammunition. It is used primarily against lightly 
armored targets, field fortifications, and personnel. Each round consists of a steel body 
containing a high-explosive shaped charge, formed by a copper shaped liner. The M830 
also includes a wave shaper. The projectile embodies a steel spike with a shoulder and 
nose switching mechanism for frontal area functioning. Upon impact, one of the fuse

Kinetic Energy (KE) cartridges are the primary anti-tank munitions used by 
tanks. A KE projectile utilizes a heavy metal, arrow-like penetrator carried down the gun 
tube by a lightweight sabot. The sabot is discarded after gun exit to allow free flight to 
the target. The round's energy (armor performance) is a function of the penetrator mass 
and velocity. Kinetic energy decreases with distance because air friction (drag) reduces 
velocity and ultimately kinetic energy. The KE round penetrates less with increasing 
distance.

Combustible Case and
Propellant

•w

The M829A1 Armor Piercing, 
Fin Stabilized, Discarding Sabot 
(APFSDS) dubbed the “Silver Bullet” 
during Operation Desert Storm, is a 
highly lethal anti-armor round. The 
M829A1 uses a Rheinmetall propulsion 
system and advanced U.S. projectile 
technology featuring a larger length-to- 
diameter depleted Uranium (DU) 
penetrator.

Significant advances have been
made in sabot material, penetrator 
geometry, and propellant density. The
M829A2 APFSDS represents the
cutting edge of sabot materials 
technology. The M829A2 improves on 
the performance of the M829A1. The M829Al’s aluminum sabots were replaced with 
composite sabots, thereby, reducing the round’s parasitic weight by 30 percent. The 
penetrator was redesigned to improve penetrator mechanical properties.

Primer
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and Seal
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Subcaliber Projectile
Aasombly

Spring Clip and 
Retaining Ring

«



I Tank Modernization Plan

I
I
I
I
I
I *5*

I
-700mI

I
I Figure 33. Air Mode Engagement with M830A1 (MPAT)
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The tank must be able to destroy Threat armor. In order to sustain and improve 
our tank to tank lethality, we will use a KE and “smart” round combination. This paired 
round strategy provides lethal kinetic energy (KE) munitions for the majority of antitank 
engagements and, when the situation demands, tank-killing munitions with special

The outcome of tank engagements in the next century will continue to depend 
heavily on our success during direct fire, line-of-sight (LOS) situations. Our capability 
to win on the 21st Century battlefield, however, demands that we also have the capability 
to destroy Threat tanks at extended ranges and in non line-of-sight engagement 
situations. It is essential that future Armor commanders possess a dual capability for 
tank killing. Other special purposes munitions may also be developed and fielded if the 
need arises.

sensors is activated. The fuse then detonates the high-explosive shaped charge which 
collapses the cone assembly creating a high velocity focused shock wave and a jet of 
metal particles that penetrate the target. Fragmentation of the projectile body sidewall 
provides an antipersonnel capability.

The 120mm M830A1 High Explosive Anti-Tank Multipurpose Tactical 
(MPAT) represents a significant advancement in tank multi-purpose munitions. The 
M830A1 is a subcaliber projectile which is saboted to provide increased velocity and 
ultimately improved hit probability. The effective range has been increased by a 
kilometer over its predecessor, the M83O. An anti-helicopter feature was incorporated, 
making the M83OA1 the first ever production tank round in the world with this 
capability. The M83OA1 also has increased effectiveness against bunkers, buildings, and 
light armor vehicles. Engagement mode, air or ground, must be manually set prior to 
chambering the round. Figure 33 illustrates an air mode engagement.

\ \ , I

J t •

Tar^t/Detonate

ProxEnabJed
0.5 sec • 4?^

/
Prox Tum-on 

. -100mFuze Arm



I Tank Modernization Plan

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

57

I

capabilities. Optimally, we will field paired round combinations together. KE and smart 
munition development was a key recommendation of the ICT and Army Science Board.

XM943 (STAFF) is packaged, transported, handled, and fired much like all other 
tank ammunition. After a target is identified, the tank commander establishes the range 
to the target and calls for a XM943 (STAFF) round from the ammo racks. In the Ml Al, 
a three position range switch on XM943 (STAFF) is set for short, medium or long range 
and the round is loaded. With the Ml A2’s improved fire control, there is no need to set 
the range switch, range information is automatically fed into XM943 (STAFF) through a 
data link along with the fire pulse.

The XM943 (STAFF) round will be fully developed, then placed “on the shelf” 
Identification of a significant threat will trigger procurement.

XM943 Smart Target-Activated Fire and Forget (STAFF). The XM943 
(STAFF) is a 120 millimeter, top-attack, autonomous tank cartridge that can be fired 
from either the Ml Al or Ml A2 tanks. XM943 (STAFF) has an extended range 
capability over the present tank ammunition inventory. It is effective against moving and 
stationary targets. Since XM943 (STAFF) is top-attack, it is able to defeat defilade 
targets. It is particularly effective when fired across rolling terrain where intermittent 
target visibility is a frequent problem.

As XM943 (STAFF) exits the muzzle, fins are deployed for stability. At the 
appropriate range, XM943 (STAFF) uses its downward-looking millimeter wave radar to 
establish vertical orientation. The Electro-Magnetic Roll Control System then roll aligns 
the front end of XM943 (STAFF) so that the forward-looking radar can search the target 
area. Once the radar identifies a possible target, the XM943 (STAFF) processor goes 
into a discrimination mode to classify the target. The processor and sensor then track the 
target and the roll control system maintains alignment so that when the round flies over 
the target area, the warhead will be facing the target. The downward radar is used to 
establish exact fusing timing. The warhead shoots down at the target using an 
Explosively-Formed Penetrator which defeats heavily armored vehicles.
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The M829E3 will push the M256 gun to its pressure limit. Gains in composite 
technology, propulsion and other technologies will allow for a substantial increase in 
terminal penetration, but will also require additional work to mitigate against gun tube 
wear and the volatility of propellant.

Against 
Helicopters

Tank Extended Range Munition (TERM). A joint TRADOC, TARDEC, 
MIRDEC, ARDEC, and ARE study group is evaluating the technical feasibility, 
challenges, and combat utility of equipping a tank with a cannon-launched non-line of 
sight smart munition. This munition with a long range precision guided capability would 
be digitally linked to the maneuver commander’s situational awareness picture. TERM 
would provide the non-line of sight capability required for the hunter-killer relationship 
between scouts and tanks. Scouts would find and designate targets beyond the tank’s line 
of sight. Tanks would then engage with TERM from positions outside the Threat’s direct 
fire capability. This non-line of sight capability will dramatically improve tank 
survivability and loss-exchange ratios. Figure 35 illustrates how TERM engagement 
might take place.

Terrain 
Mask

Gunner Fires at 
Observed Target

STAFF’S Line of Flight

Gunner’s Line of Sight

Figure 34. XM943(STAFF) Advantage Against Defilade Targets

M829E3. The M829E3 program seeks to provide tank leaders with a robust 
round that maintains the overmatch margin of tank to tank lethality through the mid term. 
The next KE projectile will have effective ranges one to-two kilometers greater than 
currently available. This will require significant improvements to propulsion, sabot, and 
penetration technologies.
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Munition Improvements. These may involve improved penetration, greater 
range, and an enhanced ability to defeat future Threat survivability systems (ERA, active 
countermeasures, etc.). Leap ahead technology in penetrator composition and design, 
precursor research, propellant, and propellant ignition may all contribute to an improved 
capability.

Target Practice Tracer (TP-T) ammunition (inert projectiles, which cause less 
damage to range facilities and are less expensive than service rounds) is used during 
gunnery training in place of service ammunition. TP-T rounds are nearly ballistically

The majority of current work is in the propellant area. LOVA (lower 
vulnerability) propellants offer potential solutions, but candidate formulations lack the 
technical maturity for integration into complete rounds. Standard propellants, based on 
nitrocellulose, nitroglycerin and nitroguanidine are highly vulnerable to initiation from 
numerous combat threats and adverse environments. LOVA gun propellants use an inert 
binder system with RDX as the principle energetic compound, have high ignition 
thresholds and equivalent or better ballistic performance at reduced barrel wear rates. 
These same characteristics, in addition to clean burning and excellent stability, have 
made LOVA propellants excellent materials for applications in airbag inflator systems.

Figure 35. Envisioned TERM Engagement

Other Munitions. A requirement exists for an anti-personnel round (APERS). 
The USMC has also indicated a potential need for an APERS and a smoke round. The 
U.S. currently has no 120mm APERS or smoke rounds. Foreign munitions offer a 
potentially attractive solution to these low density needs. However, a stronger consensus 
from the field is required in order to gain adequate funding.
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matched to service rounds to 2,000+ meters. Beyond this range, as the ballistic 
similarities decrease, their accuracy decreases.

• 120mm M865 and M865 Improved Product (IP) Target Practice Cone Stabilized
Discarding Sabot Tracer (TPCSDS-T).

Current efforts focus on providing an MPAT-TP-T and increasing the effective 
range of the M865 TPCSDS-T.

The cost of developing and procuring training munitions that effectively mirror 
the capabilities of future main gun ammunition for training purposes presents a 
significant challenge. We will continue to examine low cost ways, such as demilling or 
product improvements to existing rounds, in order to maintain the proper mix of training 
ammunition. We will also continue to integrate all ammunition into TADSS. TADSS 
may evolve as the primary training mechanism for some munitions due to cost.
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Mobility. The weight of the Abrams constrains its mobility. The tank cannot 
move quickly across all terrain types. Lesser-developed countries have many bridges and 
tunnels that cannot handle the Abrams' weight or size.

The Abrams tank will carry the mounted force into the first phases of Force XXI. 
However, the inherent constraints of the platform will not permit satisfying mature Force 
XXI needs or the Army After Next, as presently conceived.

Lethality. The M256 120mm cannon is limited in its maximum penetration 
performance. The XM 291 120mm cannon provides improvement over the M256, but 
physical constraints limit the maximum capability of a 120mm projectile. Smart 
ammunition or novel lethality mechanisms can add to the system's performance, but 
threat vehicle countermeasures can defeat many of these solutions.

Survivability. The Abrams tank was designed to defeat a 197O's and 198O's era 
threat, and it cannot survive against the more powerful conventional and smart munitions 
fielding by many nations. Specific vulnerability levels are classified. The Abrams' 
physical size and configuration limit the ability to manage the system's signatures. Smart 
weapons and advanced target acquisition systems rely on a target's radar, infrared, or 
acoustic signatures, so reducing the tank's signatures in the relevant spectral regimes is an 
important growth issue. Given an existing physical envelope, however, the Abrams is 
limited in the extent to which this is possible.

A tank-like system will have a central role in achieving decisive operations on the 
future battlefield. The Abrams tank cannot provide the overmatching capabilities 
required to execute mature Force XXI operations or Army After Next concepts. The 
Army must develop a new revolutionary Armor System possessing leap ahead 
capabilities in the areas of lethality, survivability, command and control, mobility, and 
sustainability. A broadening of the tank’s core capabilities in also required in order to 
expand the commander’s battlespace. The resultant materiel solution is called the Future 
Combat System or FCS.

Deployability. At nearly 70 tons, only a few national strategic assets can be used 
to rapidly deploy an Abrams force. The accompanying Abrams logistical infrastructure 
significantly hampers any force deployment, to include seaborne. An Abrams force 
cannot quickly deploy to a contested theater without support and sustain itself for more 
than a few hours.
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Sustainability. This is arguably the most significant Abrams shortfall. Today's 
tank imits require halts every 6-8 hours to resupply fuel and ammunition. Besides 
slowing the operational tempo, this resupply rate requires frequent movements of many 
large fuel tankers and cargo trucks over great distances. The logistical infrastructure 
necessary to sustain an Abrams equipped unit is completely incompatible with mature 
Force XXI or Army After Next decisive operations.

To be effective on the future battlefield, the FCS must fight more efficiently on 
the battlefield. Efficient lethality systems will reduce ammunition resupply needs, and 
efficient engines and power systems will provide improved operational mobility with 
reduced fuel consumption. Improvements in all areas will reduce the force’s logistics 
tail, thereby improving the system’s and force’s strategic deployability. The following 
requirements outline the FCS’s necessary capabilities.

Survivability. Through the proper combination of integrated detection, hit, 
penetration, and kill avoidance technologies, the FCS and crew must be able to survive 
against the full range of expected threat systems and munitions. These threats will 
include large caliber kinetic and chemical energy direct fire munitions, smart and 
conventional artillery, hand held anti-tank weapons, missiles, mines, and directed energy 
weapons. An integrated suite, optimized and designed into the vehicle's structure and 
physical layout, will be incorporated to maximize both system and crew survivability. 
This requirement will include hemispheric protection against chemical and kinetic energy 
weapons, protection against conventional artillery and small arms, and crew 
compartment protection against conventional mines. The system must be hardened 
against EMI, EMP, HPM, lasers, and NBC attack.

Lethality. FCS must be able to detect, acquire, identify, hit, kill, and assess 
damage against multiple moving and stationary targets, while stationary or on-the-move. 
It must be lethal at ranges beyond the threat’s ability to kill it. FCS must be capable of 
more accurate and more lethal fires at longer ranges than today to counter the threat of 
2015 and beyond. The future threat will be more survivable and will possess more lethal, 
long ranged weapons. Direct fire kill probabilities must approach 100% at ranges to 5 
km. FCS must be able to engage ground and air targets from all aspects (360 degrees) 
around the vehicle, and must be effective in all environments, to include day, night, bad 
weather, jamming, and NBC conditions. FCS must be capable of precision beyond-line- 
of-sight lethality to a 10 km range and self defense against helicopters and other aerial 
threats.
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Sustainability. FCS must require less frequent resupply of all supply classes 
during a battlefield day. The minimal threshold is to reduce the Class III, V, and IX 
logistical "tail" by at least 50%. The FCS must have improved RAM characteristics, 
with graceful degradation modes of key systems. It will maximize the use of on board 
diagnostics and prognostics.

Joint and International Interoperability. FCS will be designed to allow for the 
incorporation of interoperability features, such as multi-fiieled engines and 
communications systems. It must be physically compatible with friendly nation 
shipping, key transport aircraft, and engineer equipment.

C^L FCS must interface with the larger Force XXI digital architecture. It must 
provide the crew information from internal and external sources with proper filtering and 
display modes for ease of use.

Operational and Strategic Deployability. FCS must be designed to facilitate 
rapid air deployment. An objective system weight that allows two FCSs to deploy on 
one C-17 aircraft is required. The FCS will facilitate force deployment through a 
dramatically reduced dependency on logistical support.

Training. FCS must include embedded training and rehearsal systems. It must be 
designed so that operator and required maintainer training is reduced by 50 percent. 
System design must include automation of complex battlefield tasks.

Mobility. FCS must be able to better traverse the same land terrain environments 
as current systems at increased speed and with more agility. The design goal is a level 
cross country maximum speed of at least 100 km per hour. FCS must require less 
external support, to include resupply and engineer assistance. FCS will operate in more 
dispersed formations, and must be capable of facing fewer infrastructure constraints 
(including indigenous bridging, military bridging, tunnel, and road restrictions) than 
current tanks.

Soldier. FCS must incorporate features that decrease task execution times and 
improve human performance. Crew stations must be designed for low-stress, ease of 
operation, and continuous operations.

•f
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The lethality subsystem is the highest risk portion of the FCS program. 
Currently, five lethality options are under consideration. These are the electromagnetic 
(EM) gun, electro-thermal-chemical (ETC) gun, liquid propellant, missiles, and 
conventional guns. Technology base work is ongoing in each of these areas. To reduce 
cost, these five options will be narrowed to two, and then to a final selection by 2006 (see 
Figure 36). The timeline driver is the EM option. With adequate funding and no 
unforeseen problems, an EM system could be available for final integration into the FCS 
by 2013. The other alternatives are lower in risk and have shorter timelines, but they do 
not offer the tremendous lethality, survivability, and sustainability improvements 
envisioned for an EM-armed FCS.

The Future Combat System (FCS) will require a new program start. Development 
of a new vehicle will allow designers to incorporate "leap ahead" technologies and 
integrate state of the art lethality, survivability, C^, mobility, deployability, and 
sustainability components into an optimized combat system.

Production is targeted for 2015; developmental work must, therefore, begin early 
enough to allow component maturity prior to vehicle integration. To focus the 
technology base and secure required ftmding, a Mission Need Statement (MNS) for a 
new system start is necessary. Detailed requirement definition analysis work will also 
start in the near term. Areas of study include lethality options, power distribution, and 
survivability suite composition. The draft Mission Need Statement and the study results 
wilt provide the basis for future technology efforts. Upon completion of a detailed 
analysis of alternatives, a final Operational Requirements Document (ORD) will be 
completed no later than 2005. The ORD could be ready significantly earlier; 2005 is the 
latest a Milestone I decision can occur in order to maintain a 2015 production schedule. 
Long lead research items must also be funded to the extent necessary to maintain 
program time lines.

Key ongoing research and development work is underway today, and must 
remain funded. The target acquisition, hit avoidance, and crewman's associate Advanced 
Technology Demonstrators will end in FY98 or FY99. Each program will demonstrate a 
significant increase in system capabilities. A subsequent integration effort, executed in 
conjunction with the Future Scout and Cavalry System program, will prove that these 
individual subsystems can be integrated into a complete system. Additional research and 
development in target acquisition and survivability will continue, providing state of the 
art subsystems from tank integration.

The FCS will require a new prime power source. A new design must include 
reduced space requirements, improved efficiency, and a power output significantly 
higher than current engines can provide. The actual requirements for the prime power 
source will be driven by both the mobility requirement and the lethality solution.
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Different lethality systems will require different power inputs from the prime power 
source. For example, an EM gun system will require a larger engine (in terms of output 
power) to generate the electricity needed for the gun's pulse power source. In addition, a 
power management system, capable of integrating prime power, pulse power, and the 
loads drawn by the various electric components must also be developed. Sufficient 
progress is expected by 2004 to allow a technology demonstration that will integrate a 
complete electric vehicle architecture, including prime power, pulse power, energy 
storage, and realistic gun, mobility, and other component loads.

&

The following chart shows recommended system program phases and key technology 
areas with their respective schedules;

Concurrent system level development work will begin in 2005. Risk mitigation, 
provided by the system integration demonstrations, will define much of the platform's 
limitations early in the program. Close oversight of the high risk gun and engine 
programs will enhance system schedule compliance. Prototype testing will occur in 
2009. Full development runs from 2010 through the production decision in 2015. A 
production decision delay until 2020 is acceptable if necessary to mature a critical 
technology. The highest risk in the development phase will be the availability of mature 
electric gun and engine components for operational testing and low rate production. To 
field an FCS in 2015, dedicated research and development incorporating Advanced 
Technology Demonstrations are required.

&
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In early February 1976 the Army accepted prototype vehicles from both Chrysler 
and General Motors. On 12 November 1976, following comparative engineering and 
operational testing, the Secretary of the Army selected the Chrysler prototype for full 
scale engineering development. Eleven XMl pilot vehicles were fabricated at the Detroit 
Arsenal Tank Plant (DATP). They then underwent intensive DT/OTII testing from 
February 1978 to September 1979. This testing included the first ever live-fire evaluation 
of a full-up system. One of the pilot vehicles successful withstood attack by 15 large 
caliber rounds and one antitank mine remaining operational after each attack. Concurrent 
with this activity, the production site at Lima, Ohio, the Lima Army Tank Plant (LATP), 
was equipped as the most modem and efficient tank production facility in free world. 
Program quantity was increased from 3,312 to 7,058 tanks by 22 July 1977.

The Army signed a Memorandum of Understanding (MOU) with the Federal
Republic of Germany on 11 December 1974 in which we agreed to evaluate modified 
version of the West German Leopard 2 against U.S. material need requirements. The goal 
was to achieve maximum standardization of the US and West German vehicles by the 
date of introduction into their respective forces. A significant consequence of this MOU 
has been the integration the West German 120mm smoothbore cannon into the Abrams.

The LRIP vehicles underwent DT/OT HI testing from September 1980 to May
1981. In January 1981, the XMl achieved Initial Operation Capability (IOC) at Fort 
Hood. A special ASARC in February 1981 reaffirmed the production goal of 7,058 tanks

In April 1979, the Army System Acquisition Review Council (ASARC) and the 
Defense System Acquisition Review Council (DSARC) recommended XMl for a low rate 
initial production (LRIP) of 110 vehicles to be assembled at LATP and DATP. The first 
two production vehicles were delivered at LATP during a special acceptance ceremony,
28 February 1980, at which the tank was formally named in honor of the late General 
Creighton Abrams, Jr.

Requests for proposals were sent to potential contractors, and on June 1973 
contracts for the XMl tank system's validation phase were awarded to the Defense 
Division of Chrysler Corporation and the Detroit Diesel Allison Division of General 
Motors Corporation.

1

In response to Congressional direction to develop a main battle tank to meet the 
threat of the 198O's and beyond, the Army in February 1972 established a task force 
headed by Major General William Desobry with user, trainer, and developer participation 
to formulate the concept. The final program was approved by Deputy SECDEF on 
January 8, 1973.
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at a rate of 30 per month. It was type classified “Standard” as the Ml Abrams Tank on 17 
February 1981. Full production rate of 60 per month (30 at LATP and 30 at DATP) was 
authorized on 19 November 1981. Production deliveries at DATP began in March 1982, 
and peak monthly production of 103 from both plants was achieved in 1986.

An improved version, designated the IPMl, with improved frontal armor entered 
production in December 1984. Production of the IPMl ran currently with the phase out 
of Ml production and phase in of Ml Al production, with the last IPMl being produced in 
May 1986. The last basic Ml was produced in January 1985.

An armor design change was introduced to tanks produced after May 1988, 
consisting of incorporation of steel-encased depleted uranium. The first 3 Ml Al tanks 
with Heavy Armor were produced during September 1988. Fielding began with the 2nd 
Squadron of the 11th Armored Cavalry Regiment in Bad Kissingen, Germany, and was 
completed by 18 April 1989. The last model of the Ml Al tank that was produced, the 
Ml Al with Heavy Armor Plus, was fielded between July 91 (to the 24th Infantry 
Division (Mechanized) at Fort Stewart, GA) and May 94.

The Ml Al tank evolved from two separate efforts. The first was the integration 
of the German gun, following a determination that the 120mm smoothbore was better 
suited to meet the long term threat. The second effort, a Product Improvement Program 
(PIP) accomplished the following: improved armor, a hybrid NBC protection system, an 
improved suspension system, and upgraded transmission and final drives. Also included 
were several vehicle weight reduction changes.

On 13 September 1981, the Vice Chief of Staff, Army approved both efforts and 
directed that they be merged. The resulting vehicle was designated the MIE 1. Fourteen 
prototype vehicles were built and extensive qualification testing and DT/OT testing was 
conducted. ASARCII approved the MlEl, and the vehicle was type classified 
“Standard” as the Ml Al on 28 August 1984 as the result of an ASARC DI. Full 
production approval was received from a DS ARC III in December 1984 and announced in 
a Secretary of Defense memorandum dated 4 January 1985. First production MlAls 
were delivered in August 1985.

Fielding of the earliest model Ml Al tank, of which 2,388 were produced, began 
with the 2nd Squadron of the 3rd Armored Cavalry Regiment at Fort Bliss, Texas, in 
1QFY87.

Abrams tank fielding began with 3-66 Armor as the First Unit Equipped in 
1QFY82 at Fort Hood, Texas. This was the beginning of the deployment of 2,374 Ml 
tanks.
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In 1986, funding constraints “splintered” Block II into phased, piecemeal 
developments. The ICWS, CO2 LRF, and survivability enhancement 3 were started while 
the remaining elements were to be funded for development “in the near future.” Block 11 
had been initially scheduled to start production in 1988. Due to limited program funds, it 
was decided that Block II would be cut into production incrementally as development for 
each of the improvements was completed.

Tank assembly operations ceased at the Detroit Army Tank Plant (DATP) on 3 
September 1991, when the last Ml Al tank to be assembled there was accepted by the 
Government. It was a zero defect tank. Machining operations supporting the Lima Tank 
Plant (LATP) continued at DATP and the Detroit assembly line was laid away. The last 
U.S. Ml Al tank was delivered at the Lima Army Tank Plant on 28 April 1993.

In September 1987, PM Abrams contracted with General Dynamics to develop a 
systems engineered approach to the development and production of all the Block II 
improvements. Both the user and materiel developer agreed that the system engineered 
recommendation to integrate electro-optical improvements to the Ml Al (sometimes 
referred to as the “core tank”) was the most efficient method of achieving the Army 
approved requirements: fightability, survivability, and lethality.

In November 1990 a block of over 80 engineering changes were introduced into 
Ml Al production. Three major items in this block were U.S. Marine Corps 
requirements; stronger tie-downs, accommodations to mount a deep water fording kit and 
mounting provisions for the Position Locating Reference System. Because these Marine 
Corps requirements were applied to all tanks, this change is often referred to as the 
“Common tank change.”

As part of Pre-Planned Product Improvement (P’l), several improvements were 
considered for incorporation into the Ml Al at a future time. Collectively known as 
Block II (the Ml Al was Block I), these improvements included in 1984: Improved 
Commander's Weapon Station (ICWS), Commander's Independent Thermal Viewer 
(CITV), CO2 Laser Rangefinder (CO2 LRF), Driver's Thermal Viewer (DTV), fast refuel, 
and enhanced smoke generation.

In 1985, the Vice Chief of Staff of the Army directed that development continue 
on Block n. The program was then identified as seven improvements: (1) Survivability 
Enhancements 1, 2 and 3; (2) CITV; (3) ICWS, (4) CO2 LRF; (5) a position and 
navigation device (POS/NAXQ; (6) DTV; and (7) an Inter-Vehicular Information System 
(IVIS).

In September 1988, the Chief of Staff, Army approved the requirement for the 
Block n Abrams tank and the Army Acquisition Executive (AAE) directed the Program 
Executive Officer Close Combat Vehicles (PEO CCV) and the Project Manager (PM) 
Abrams Tank Systems to complete its development. Although the full scale development 

A-3
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The last US new production Abrams, the 62d Ml A2, a zero defect tank (SN 
13262) was delivered at LATP on 11 March 1994. Development of the Ml A2 Abrams 
tank began in 1984 and a milestone IIIA limited production decision, signed by Mr. 
Steven K. Conver, the Army Acquisition Executive, was received on 23 March 1992. As 
of January 1993, $430 million of US funds were obligated along with $46.4 million of 
Saudi Arabian dollars for Ml A2 development. An additional $42.8 million of Saudi 
Arabian dollars were obligated for Saudi unique effort consisting primarily of integration 
of the Jaguar radio, dual language displays, and Arabic labels and decals.

On 11 December 1989, Procurement Budget Decision (PBD) 810 reduced the 
Army's tank program by $522.3 million; reversing earlier PBD 105 and 105C decisions to 
support M1A2 extended production of 2,926 vehicles. The Army response proposed to 
use available funds to procure 62 Ml A2 tanks to qualify the production line prior to 
layaway. On 9 January 1990 a memorandum signed by Mr. George E. Dausman, Acting 
Assistant Secretary of the Army (Research, Development and Acquisition) approved 
acquisition of long lead items and materiel for the 62 tanks. The tanks were not to be type 
classified “Standard”, so direction was received that a milestone IIIA would be required. 
The first two Ml A2 tanks were accepted at LATP on 1 December 1992.

In December 1988 the Defense Acquisition Board (DAB) agreed to the Army
Ml A2 program, contingent upon a subsequent review to examine cost and effectiveness. 
In the interim, the DAB imposed a $300 thousand (FY89 constant dollars) delta cost cap 
so that the FY90/91 President's Budget could be finalized and transmitted to Congress.

Ml A2 funding decisions accelerated planning in FY90 for optimum use of the 
Abrams Fleet via conversion of the older Ml models to the Ml A2 configuration. FY91 
proved to be an indecisive year for the upgrade program. The Defense Authorization and 
Appropriations Acts for both fiscal years 1991 and 1992 contained both funding and 
direction to the Department of Defense in support of an M1A2 conversion program. The 
December 1991 PBD 716, however, proposed that FY92 funds provided by Congress for 
conversion of the Ml/Ml Al to Ml A2 be rescinded. This resulted in conversion not 
being assessed at the March 1992 MS IIIA decision review. Congress, however, did not 
rescind the funds in the Rescission Act of 1992 and OSD agreed to release the funds.

effort encompassed DTV, position/navigation and IVIS, budget constraints precluded 
consideration of these improvements for the planned Block II production effort. The 
Block n tank (which became the M1A2) acquisition strategy supported August 1992 
volume production deliveries.

The Army presented an Ml to Ml A2 upgrade program plan to the Conventional 
Systems Committee on 10 November 1992 and on 18 December 1992, Dr. Donald Frazer, 
Deputy Under Secretary of Defense (Acquisition) signed a memorandum to the Secretary 
of the Army approving the plan. The memo also directed a milestone HI DAB in mid
1994 as well as a status briefing to the Conventional Systems Committee in mid 1993. 
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Plans then forecast 210 tanks to be converted through FY95 and 792 thereafter. The first 
Army Upgrade Tank (AUT) pilot was coproduced by Anniston Army Depot (ANAD) and 
the LATP and delivered at Lima on 11 March 1994.

The Abrams Upgrade Program was given approval by the Army Systems 
Acquisition Review Council to proceed into full rate production on 8 April 1994. Mr. 
George Dausman, the Army Acquisition Executive signed the resulting ADM on 20 April 
1994. The ADM approved the program for production and deployment with delivery of 
998 converted vehicles. The ADM also stipulated that production was anticipated beyond 
that plan “...with the objective to modernize tanks at least for Force Package I and 11. 
Exact quantities will be determined well prior to completion of the 998 tanks.”

A production contract for Phase I of the Upgrade Program, consisting of 172
M1A2 tanks and an option for an additional 34 was awarded on 30 September 1994. The 
first two production upgrade M1A2 tanks were accepted on 31 October 1994. Production 
ramped up to its maximum monthly level in March 1995 at 10 tanks per month.

On 14 September 1994, a contract in the amount of $5 million was awarded 
General Dynamics Land Systems to identify an electronic enhancement package for the 
Abrams Ml A2 Tank and to perform preliminary engineering leading up to a Preliminary 
Design Review. The contract being the first phase of a two phase effort to enhance the 
MlA2’s computer assets meet requirements for digitization of the battlefield in the 21st 
Century provide a platform for integration of present and future weapons and sensor 
suites, and to provide a path for incorporation of new technology into the 21st Century. 
The second phase, started in July 1995, is to complete the design and verification of the 
enhancement package.

•I
I

The effort to contract for Phase II of the Upgrade Program (to fulfill a requirement 
for an additional 792 M1A2 tanks) began in June 1994. The acquisition strategy being 
pursued for Phase II is multi-year contracts in an attempt to stabilize the Tank Industrial 
Base. The Army Program Objective Memorandum (POM) for FY96-01 reduced the 
Total Obligation Authority (TOA) for the Upgrade Program by $100 million for each of 
the fiscal years 96, 97 and 98. This action was considered destabilizing by the Congress 
and permission to pursue a multi-year contract was not granted. The acquisition strategy 
was modified to a single year procurement effort for an average of about 95 tanks per 
year. The Justification and Approval (J«&A) to sole source contract with General 
Dynamics Land Systems Division for the first single year contract of Phase II was 
approved by Mr. Decker, Army Acquisition Executive, on 13 January 1995. Quantities 
authorized under the J&A ranged from 100 to 120 tanks for a contract to be awarded in 
FY96.
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4,327

as of U Sep 95

The first division of Ml A2 tanks will be fielded by March 1999 at current
projected production rates. All units which are projected to receive the M1A2 tank are 
expected to complete fielding by the 4th quarter FY03. At that time, approximately 1,046 
M1A2 tanks will be in the hands of our first-to-fight tankers. Ml A2 SEP tank fielding 
will be complete in FY07.

P = PRODUCED
L = LOSSES

B/B = BRIDGER/BREACHER
AUT s ABRAMS UPGRADE TANKS

USMC = U.S. MARINE CORPS
p/p/p s Ml A2 PILOTS / PROTO-TYPES Z PILOT UPGRADE TANKS (PUT)

Figure 1. Abrams Fleet Evolution

Abrams fieldings are based upon the DA Master Priority List (DAMPL) which is 
driven by the National Defense Planning (juidance issued yearly by the Secretary of 
Defense. The DAMPL expires yearly on 1 Oct and a new one is published yearly no later 
than 1 Dec. Force Package Structure (FPS) is reflective of the DAMPL. The DAMPL 
defines a unit's fielding priority; if they are in the FPS; and if so, in which Force Package 
(FP) they reside and in what position/priority within that package. Changes to our 
national Defense Planning and Strategy have significantly altered the composition of the 
Force Packages and resulting Abrams fieldings.
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S&T Program Structure
Congress authorizes and appropriates fund for Defense S&T in three budget 

categories - Basic Resource (6.1 Account), Exploratory Development (6.2 Account), and 
Advanced Technology Development (6.3 Account).

Technology Base Activities
The Defense Science and Technology base provides a significant resource for 

technology based capability upgrades to Abrams. Efforts in the technology base are most 
often focused on developing technology to meet capability requirements of future new 
systems in the Army After Next. This focus is not incompatible with the need for early 
technology insertion to legacy systems where cost effective and necessary to maintain 
competitive combat effectiveness. Key to exploiting the opportunity of emerging 
technologies is the leveraging of technology base efforts and organizations to identify 
and advantage Win-Win opportunities of mutual benefit to legacy and future system 
modernization paths.

Technology maturation is a richly complex process. Risk in the S&T business is 
often high. The many alternatives available, continually fed by advances in the 
commercial sector and in research, and lessons learned in failure keep unpredictability 
high. This erratic course is, however, a symptom of the vitality of the exploration 
process. While many S&T projects achieve notable success, others do not succeed 
despite the effort of S&T planners to make every effort to ensure funds are allocated to 
the most promising projects. Investigations which yield no useful result may make sense 
scientifically by providing valuable information to further our understanding. The time

The Exploratory Development (6.2) and Advanced Development (6.3) programs 
mature technologies for military use. Exploratory Development provides proof of 
concept experiments and evaluations built around models and laboratory experiments. 
Advanced Development (6.3) begins to harness technological advances to provide 
military capability by the development of hardware for testing of operational feasibility. 
Advanced development provides the primary path for the rapid transition and insertion of 
new technologies into Army systems be they new systems or product improvements to 
legacy systems.

The Basic Research Program (6.1) produces knowledge in a science or engineering 
area. Basic research is a long-term investment with emphasis on opportunities still far in 
the future. It is generally not known at this stage whether or not the particular scientific 
result will lead to a military application. On occasion this research enables a transition 
directly from the research laboratory to the field, but most often breakthroughs require 
decades before the potential is harnessed for military use. Most research products are 
incremental evolutionary advances; revolutionary breakthroughs are rare, but highly 
valuable.
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Technology Demonstrations
Technology demonstrations facilitate rapid transition of technology from the 

technology base to useful military application. They are performed to demonstrate that a 
technology is sufficiently mature and its contribution to military capability sufficiently 
understood to be ready for transition to the next stage, development if cost and 
operational effectiveness analysis justifies the expenditure. The technology demonstrated 
also assists the user to better understand the technology and formulate a better statement 
of the requirement prior to entering development. Technology demonstrations are 
usually funded with 6.3 funds, but may include 6.2. The two types of demonstration 
which most facilitate technology transition are the Advanced Concept Technology 
Demonstration (ACTD) and the Advanced Technology Demonstration (ATD).

Advanced Concept Technology Demonstration (ACTD)
ACTDs are DOD’s broadly based proof of concept demonstrations. ACTDs 

provide a mechanism for intense involvement of the warfighter while incorporation of 
technology is still at the informal stage. ACTDs are user-oriented, even user dominated. 
The ACTD has three driving motivations: (1) to have the user gain an understanding of 
and to evaluate the military utility before committing to acquisition; (2) to develop 
corresponding concepts of operations and doctrine that make the best use of the new 
capability; and (3) to provide residual operational capabilities to the force. ACTDs are of

for a scientific idea to mature varies widely. For example, the capability to identify and 
destroy targets at night so ably demonstrated during Operation Desert Storm was enabled 
by research in infrared imaging begun during the 1950s, followed by development and 
field testing of the first militarily useful applications in the 1970s, procurement and 
training for combined arms use in the 1980s, and combat use in the early 1990s. 
Conversely, many of the key technologies for digitizing the fleet rapidly transitioned 
from research to utilization in commercial and military application within the past 
decade.

Technology Transition
The key to technology base support to Abrams is the technology transition process. 

Enabling the creation of the advanced future combat systems of the Army After Next is a 
primary path for the technology base. While advancing on that path it is just as 
necessary to sustain and upgrade the capability of fielded systems, like the Abrams, so 
that the legacy fleet retains its competitiveness and technological edge until the Army 
After Next can be procured. Key to mainUining that competitive edge is the vitality and 
ability of the technology base to spin-off relevant technology advances early to Abrams 
capability upgrades along the Program Manager’s modernization path. Current 
discussions make the planning assumption that the next “tank” may not be a reality until 
2015 or later. The Abrams can in that light be considered as both the present and the 
future (at least the next two decades) tank. In recognition of this, the Army established 
the Abrams S&T Management Office at TRADEC to facilitate the identification and 
advantaging of opportunities to insert advanced technology to the legacy fleet.
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Advanced Technology Demonstrations
Advanced Technology Demonstrations (ATDs) are the military Departments’ and 

Defense Agencies’ narrowly focused technology demonstrations targeted to identify key 
technologies ready for transition and demonstrate their performance parameters to enable 
application decisions. Each ATD must meet or exceed exit criteria agreed upon by the 
warfigher and ATD manager at program inception (well before tests begin) before the 
technology in question will transition to development. Active participation by the user, 
as well as the developer, is required throughout the demonstration.

Science and Technology (S&T) Strategy
The Army’s significant investments in the Science and Technology Base represent 

a resource vital to enabling the Abrams to remain competitive as the Army’s present tank 
and the Army’s first 21st Century tank. Key to leveraging the technology base 
investment toward Abrams capability upgrade is early identification of programs with 
high potential to transition functional capability to Abrams, involvement as a “user” in 
defining the demonstration exit criteria, coordination of programs to create Win (now for 
Abrams) - Win (future systems) opportunities, and resolution of schedule, performance, 
and resourcing conflicts between transition paths to legacy system application and future 
system application demonstrations. Pivotal in executing this strategy is the newly 
established Army Abrams S&T Management Office working in concert with functional 
technical area managers from throughout the technical community to horizontally 
integrate tech base efforts. The Army Science and Technology Master Plan details 
current S&T efforts.

military significant scope and scale sufficient to establish military utility and potential 
impact on doctrine.
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