
 

 

 

Designing the Future Infantry Vehicle 
 

Do We Want a Tank with Dismounts? 
Or a Close Assault Vehicle for Mounted Infantry? 

 
by Stanley C. Crist 

 
What is the optimum configuration for 

the future infantry vehicle? The assump-
tion expressed in most essays on the sub-
ject is that it will be an evolution of the 
Bradley Fighting Vehicle, but is that 
really the best choice? Or might there be 
other options that would be better suited 
to the challenges that lie ahead? Answer-
ing those questions will require an ex-
amination of the alternatives, from exist-
ing hardware to theoretical concepts. 

The Armored Personnel Carrier 
Although tanks were invented and em-

ployed by some of the combatants in 
World War I, armored transport for foot 
soldiers was not made reality until the eve 
of the Second World War. At that time, 
the German Wehrmacht and the U.S. 
Army simultaneously developed the con-
cept of mechanized infantry, and created 
the armored personnel carrier (APC) to 
equip their high-mobility units.1 Like its 
German counterpart, the M3 “half-track” 
was a thinly-armored, open-topped vehi-
cle that provided some protection from 
small arms fire and shrapnel, but left the 
infantry squad vulnerable to air-bursts of 
artillery shells. 
Because of the limitations inherent to its 

design, doctrine intended that the APC 
would be employed as a “battle taxi”; that 
is, it would give the troops a degree of 
protection en route to the objective, but 
the infantry would dismount to make the 
attack while the vehicle remained at a 
safe distance. In actual use, half-tracks 
were often driven right onto the objective, 
thereby enabling the onboard infantry-
men to fight while mounted, firing their 
individual weapons over the sides of the 
squad compartment.2 When the half-track 
was employed in this manner, the vehi-
cle’s armament — typically a single, 
pintle-mounted, M2 .50-caliber heavy 
machine gun (HMG) — added greatly to 
the firepower of the squad. 
After World War II, there was a succes-

sion of full-tracked, armored personnel 
carriers — the M39, M44, M75, and M59 

— none of which satisfactorily met Army 
requirements.3 Finally, in 1960, the M113 
APC arrived on the scene. With a hull 
made of a special aluminum alloy, the 
“one-one-three” was light enough for 
parachute delivery, buoyant enough to 
swim without preparation, yet tough 
enough to protect the occupants from 
artillery fragments and rifle bullets.4 Also, 
the troops inside are shielded from artil-
lery air-bursts (a significant weakness of 
the WWII half-track) when the cargo 
hatch is shut on the fully-enclosed design, 
but they are unable to use their weapons 
until after they exit the vehicle. This is in 
keeping with the “battle taxi” concept, 
but — once again — wartime practice 
overturned peacetime doctrine when the 
M113 was used in the Vietnam War. 
In that conflict, it did not take long for 

mechanized soldiers to realize that the 
APC was quite usable for mounted war-
fare; with the cargo hatch locked open, as 
many as four men can stand up in the 
opening to fire their rifles during a 
mounted attack. Although they were then 
partially exposed to enemy fire, the risk 
proved to be well worth the benefits, and 
the idea was soon taken a step further. By 
installing a pintle-mounted, 7.62mm ma-
chine gun on each side of the cargo hatch, 
the fightability of the vehicle was essen-
tially triple that of an issue M113, which 
only had the standard APC armament of 
a single .50-caliber HMG. With armor 
shields added to each of the three ma-
chine guns, the gunners were fairly well 
protected from small arms fire, and the 
configuration became known as the ar-
mored cavalry assault vehicle (ACAV).5 
While the ACAV performed capably in 

Southeast Asia, there was doubt in the 
minds of many planners that it would 
have been adequate for the high-intensity 
conflict that could have resulted if the 
Cold War had turned hot. Clearly, the 
ACAV conclusively proved the validity 
and usefulness of mounted combat by the 
infantry,6 but it was also apparent that the 
exposed gunners would be extremely 
vulnerable to the nuclear, biological, or 

chemical (NBC) hazards that might have 
been encountered in a war against War-
saw Pact forces. After the Vietnam War, 
a few combat-savvy veterans continued 
to employ the “A-kit” shield and hatch 
armor7 made for the commander’s cu-
pola, but the “B-kit” shields for the side-
mounted M60 machine guns disappeared 
from use. In contrast, the Israeli Defense 
Force (IDF) apparently found the ACAV 
concept worthwhile, and adopted a varia-
tion of it that they continue to use to this 
day. Perhaps because their primary oppo-
nents are light infantry, IDF armored 
personnel carriers are typically armed 
with three 7.62mm medium machine 
guns rather than the .50-caliber and two 
“seven-six-deuces” of the ACAV. Oddly, 
the Israelis rejected the use of ACAV-
type gun shields until about 1996, when 
gun shields of a more sophisticated de-
sign were seen on some IDF M113s op-
erating in Lebanon.8 
The M113’s minimal level of armor 

protection is easily defeated not only by 
the shaped-charge projectiles fired from 
recoilless rifles and hand-held antiarmor 
weapons like the RPG-7, but also by the 
bullets from 12.7mm and 14.5mm heavy 
machine guns.9 This happened numerous 
times in Vietnam, and to Israeli mecha-
nized units in the Middle East. The IDF 
has attempted to cope with this by attach-
ing additional armor to many of their 
M113s, but this effort has only reduced 
the severity of the problem, not elimi-
nated it.10 The latest version of the APC 
to be adopted by the U.S. Army — the 
M113A3 — is also capable of accepting 
add-on armor, but such armor has yet to 
be fielded. 

The Infantry Fighting Vehicle 
As early as 1963, U.S. Army leaders 

recognized the limitations of the M113, 
and initiated a quest for a replacement.11 
Nearly two decades later, after some false 
starts, budgetary difficulties, and program 
delays, the M2 Bradley infantry fighting 
vehicle (IFV) was born. In its original 
incarnation, the Bradley offered four ma-
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jor improvements over the armored per-
sonnel carrier: increased armor protec-
tion, superior cross-country mobility, 
greater vehicle firepower, and the capa-
bility for mounted combat by all of the 
onboard infantrymen.12 This last charac-
teristic was fundamental to the IFV con-
cept as developed by Russia, Germany, 
and the United States, for it allowed the 
infantrymen in the M2 (and M2A1) to 
fight from within the vehicle, under ar-
mor. 
Although the M2 was made primarily 

with aluminum alloy of the same type 
and similar thickness as that of the M113, 
effectiveness of the armor was increased 
by the shapes and angles incorporated 
into the construction, and side skirts of 
thin steel functioned as spaced armor, 
providing some additional resistance to 
penetration. To improve the survivability 
of the track commander (TC), the open 
cupola of the APC was discarded in favor 
of a fully-enclosed, armored turret. Vehi-
cle firepower was made several orders of 
magnitude greater, as the solitary .50-
caliber machine gun of the M113 was 
superseded by a high-velocity 25mm 
cannon, a coaxial 7.62mm machine gun, 
a twin-tube TOW missile launcher, and 
six 5.56mm firing port weapons (FPWs).13 
In a move that is both curious and inter-

esting, the Army later abandoned the 
concept of fighting mounted when it 
added, on the newer M2A2 and M3A2 
vehicles, steel applique armor on the tur-
ret and hull, with extended side skirts that 
block the firing ports on the left and right 
sides.14 Apparently, the increased level of 
protection was deemed more important 
than the infantryman’s ability to fight 
from within the vehicle. This course of 
action seems to actually reduce surviv-
ability, particularly in the close terrain of 
jungles, forests, and cities, because the 
mounted soldiers can no longer neutralize 
any RPG gunners who attempt to ambush 
the vehicle from the sides. 
In a further note of irony, the 

steel/aluminum armor combination pro-
vided only a negligible increase in protec-
tion against the RPG-7, which is able to 
penetrate an RHA (rolled homogeneous 
armor) equivalent of up to 600mm15 — 
more than 10 times the RHA equivalent 
of M2A2 armor! This vulnerability was 
tragically illustrated on 27 February 
1991, when a Bradley of 4-66 Armor was 
struck by an Iraqi RPG round that 
punched through the crew compartment, 
instantly killing the driver, severely 
wounding the TC, and inflicting minor 
wounds on the gunner.16 Unquestionably, 
the armor does offer enhanced protection 

from heavy machine gun and auto-
cannon projectiles, but, even so, there 
were reports from Operation Desert 
Storm of Bradleys being “holed” by 
HMG fire.17 
Since the armor configuration of the 

M2A2 mandates that the infantry team 
must dismount in order to engage the 
enemy, it certainly seems that we have 
come full circle — from battle taxi (the 
M113), to infantry fighting vehicle (the 
M2/M2A1), and back to battle taxi (the 
M2A2). Actually, it might be more accu-
rate to label the M2A2 a light tank — one 
that carries a small number of infantry, 
but a light tank nevertheless. As such, it 
is inferior to the M113 (especially the 
ACAV version) as a vehicle for mounted 
combat by the infantry, and it is grossly 
inferior to the M1 Abrams for tank com-
bat. 

The Combined Arms Tank 
Although it definitely has a more potent 

weapon system than the standard APC, 
the M2A2 has neither the armament nor 
the armor to allow it to go “head-to-head” 
with enemy main battle tanks (MBTs). 
The notion that IFVs only need sufficient 
gun and armor to do battle with enemy 
infantry vehicles seems to ignore the les-
sons of history. As long as they have 
enough ammunition and time available, 
tankers have a strong tendency to shoot 
anything that can be considered a legiti-
mate target, and that certainly includes 
IFVs. During Desert Storm, for example, 
1st Armored Division tankers readily 
destroyed the many Iraqi BMPs that 
came into their sights,18 and there was at 
least one Bradley gunner who was forced 
by circumstances to use his 25mm gun to 
engage a T-55 tank.19 
Rather than continuing to field an infan-

try-carrying light tank with thin armor 
and a small-caliber gun, wouldn’t it make 
more sense to produce an infantry vehicle 
that has the survivability and combat 
power of a main battle tank? After all, the 
time is long past when it was acceptable 
to consider the infantry as expendable 
“cannon fodder”; the emphasis on keep-
ing friendly casualties to an absolute 
minimum, as seen in operations con-
ducted since 1990, clearly calls for vast 
improvements in IFV protection levels. 
Also, a large-caliber, high-velocity main 
gun would enable more effective and 
versatile supporting fires from the vehi-
cle. The trend to increasing the bore size 
of the main armament of the infantry 
vehicle is paralleling that of the tank: the 
M113 has a .50-caliber HMG; the Ger-
man Marder is armed with a 20mm auto-

cannon; the Bradley has a 25mm 
weapon; the British Warrior has a 30mm 
cannon; and Sweden has adopted the 
CV90, which is equipped with a 40mm 
gun. It’s a safe bet that calibers will con-
tinue to increase in the future, so why not 
skip the intermediate steps and go di-
rectly to the 120mm tank gun? 

The combined arms tank (CAT)20 is the 
logical successor to the Bradley series. 
Like the M2A2, the CAT would carry an 
infantry fire team, but with the combat 
capability and survivability of the 
Abrams main battle tank. So far, the clos-
est thing to a CAT in the real world is the 
Israeli Merkava, an MBT that has suffi-
cient internal space to transport a few foot 
soldiers, and a rear hatch that makes in-
gress/egress practical when under fire. 
While the Merkava was not designed 
expressly to be an infantry-carrying tank, 
it has been pressed into service in that 
role during some of the fiercest battles in 
Lebanon.21 Some Merkavas have taken 
multiple hits from antiarmor weapons, 
but because the shaped charge warheads 
were unable to penetrate to the interior of 
the vehicles, in most cases the tank crews 
(and any onboard infantrymen) were 
uninjured and able to complete their as-
signed tasks. In one instance, a Merkava 
Mk3 survived an astounding 20 hits from 
antitank guided missiles (ATGMs), with 
the sole casualty being one crewman who 
had his head outside the turret!22 It takes 
little imagination to envision what would 
happen to a Bradley — and the soldiers 
inside — if struck by even half that many 
ATGMs. 

Adoption of a CAT would have other 
advantages beyond greatly magnifying 
combat power and survivability. Logis-
tics would be simplified and, since there 
would be only one vehicle type for both 
Infantry and Armor units, there would no 
longer need to be separate stocks of parts 
and tools for IFVs and MBTs. Also, 
training of crewmen and maintenance 
personnel would be simplified. because 
there would be only one set of vehicle 
operation and maintenance procedures.  
The combined arms tank offers a de-

gree of operational flexibility that cannot 
be matched by either the infantry fight-
ing vehicle or the main battle tank. 
Unlike the Bradley, the CAT can oper-
ate without tank support, because it is a 
tank. Unlike the Abrams, the CAT can 
operate without accompanying infantry 
vehicles, because it has its own onboard 
infantry. The combined arms tank unites 
the best characteristics of the IFV and 
the MBT, and the result is a multi-role 
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combat vehicle suitable for employment 
across the operational spectrum. 

The Close Assault Vehicle 
Unfortunately, the CAT also shares two 

potentially significant disadvantages with 
the M2A2: the infantrymen would have 
minimal spatial awareness while mount-
ed, and no means to engage the enemy 
until after dismounting. The IDF, which 
has extensive and prolonged experience 
with the use of mechanized forces in 
military operations in urban terrain 
(MOUT), has addressed these issues with 
the creation of the Achsarit infantry vehi-
cle.23 The Achsarit — which can carry 
ten infantrymen — is created by remov-
ing the turret from an obsolete T-55 tank, 
replacing the old engine with a new, 
more compact diesel that is offset to the 
left in the engine compartment, installing 
a rear access hatch and passageway to the 
right of the engine, and adding 14 tons of 
advanced composite armor to the hull. 
Armed with three 7.62mm machine guns, 
the Achsarit is a “super-ACAV” that 
allows the infantrymen to have excellent 
awareness of the surrounding terrain, 
enables them to fight while mounted, and 
gives them near-invulnerability to an-
tiarmor weapons! 
The Russians, too, have developed a 

heavily-armored infantry vehicle (the 
BTR-T)24 in response to the devastating 
losses of conventional IFVs during the 
savage fighting in Chechnya. Also built 
on a T-55 chassis, the BTR-T differs 
from the Achsarit primarily in armament, 
troop capacity, and entry/exit hatches for 
the infantry. Whereas the Israelis have in 
essence made a heavy ACAV, the Rus-
sians have basically created a heavy IFV; 
the BTR-T is armed with a 30mm cannon 
that is externally-mounted on a low-
profile, unmanned turret, augmented with 
an ATGM. Troop capacity is only five 
men, and the soldiers must enter and 
leave the vehicle through roof hatches, as 
the engine and transmission are un-
changed from the original. 
The Achsarit and BTR-T are low-

budget approaches to developing a close 
assault vehicle (CAV) for mechanized 
infantry, and the same methodology 
could undoubtedly be followed to make a 
similar combat vehicle from M1 tank 
hulls.25 However, it would be far more 
desirable to develop a state-of-the-art 
CAV, with a full-width exit ramp, for-
ward-located engine, maximum armor 
protection, and optimal armament. As for 
armament, the auto-cannons currently in 
vogue do not seem appropriate for infan-
try vehicles, in part because the excessive 
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Top, overhead weapon station (OWS) assemblies mount 
7.62mm machine guns above day/night sight unit and internal 
controls. Flexible chute feeds ammunition from 230-round box. 
Above, an internal view of an M113 with overhead weapon sta-
tions installed. Single gun unit is at right. OWS machine guns 
can be also fired from the open hatch, as shown in top photo. 
(Photos: Rafael, Israel) 
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mount of hull space required by the tur-
et system reduces the number of infan-
rymen that can be carried, but also be-
ause use of a large, two-man turret 
ould interfere with any viable weapon 

tations for the mounted infantrymen. 
There should be a minimum of four 
eapon stations, arranged so that each 
unner would have primary responsibility 
or a separate sector of observation and 
ire. Fields of fire should be overlapping, 
hough, so that at least two weapons 
ould be brought to bear on targets in any 
ne sector; this would minimize dead 
pots, and provide some redundancy in 
ase a gun was put out of action.  
Armament should be the 25mm objec-
ive crew served weapon (OCSW) — if 
nd when it is fielded — or 7.62mm or 
arger machine guns (5.56mm lacks suf-
icient range and penetration capabil-
ty26). Such weapons would be far more 
ffective for mounted combat than either 
he standard M16A2 rifle or the M231 
PW, which have extremely limited (30-
ound) magazine capacities, and have 
ery low hit probabilities when fired from 
 moving vehicle. There are at least three 

usable methods for installing the weap-
ons: on a pintle mount (with or without a 
gun shield), as on Vietnam ACAVs and 
IDF M113s; on an overhead weapon sta-
tion (OWS),27 another Israeli develop-
ment; or on a cupola, similar to that on 
the Abrams MBT. Pintle mounts would 
be the easiest to implement, would permit 
the greatest number of gun positions, and 
would allow maximum utilization of the 
vehicle’s internal volume; a disadvantage 
of this method is that the gunners would 
be exposed to small arms fire, shrapnel, 
and the NBC threat when manning their 
weapons. 

Weapons mounted on the overhead 
weapon station can be operated from ei-
ther within the vehicle, or by the gunner 
standing up in the open hatch, thereby 
giving him the choice of having maxi-
mum protection or maximum spatial 
awareness; one drawback to this system is 
that the OWS mechanism and the gun-
ner’s seat occupy a considerable volume, 
thereby significantly limiting troop capac-
ity. Use of the M1-style cupola would 
provide comparable protection and about 
the same number of weapon stations as 
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Still in development, the Objective 
Crew-Served Weapon, at right,  is 
touted as the successor to the ma-
chine gun. Its 25mm ammunition is 
seen above in comparison to 40mm 
and .50 caliber ammo. The ammuni-
tion family would include air-burst 
fragmentation, armor-piercing, and 
training rounds.  (Photo: GD-Primex) 
 OWS, but might take up less internal 
ce, and allow a full infantry squad to 
carried; also, the cupola would offer a 
ater degree of traverse than the OWS, 
ecially when operating with open 
ches. 
ll of these options for mounting the 
icle armament allow mounted combat 

 the infantrymen, with the most signifi-
t difference between them being the 

mber of soldiers that can transported 
en the weapon systems are installed. A 
ision as to the appropriate size for the 

antry team28 would, by default, indi-
e which weapon mounting method to 
ect. Regardless of the type of weapon 
 mount that might be chosen, a close 
ault vehicle would enable the infantry 
fight effectively while mounted, with 
vivability far exceeding that of con-
tional infantry vehicles. 

nclusion 
ending the creation of either incredibly 
anced lightweight armor, or extremely 

ective active defense mechanisms, it 
uld seem difficult to justify the contin-
 development of lightly armored, in-
try combat vehicles. A downsized 
my cannot afford the losses of person-
 and equipment that have historically 
urred when light armor has been em-
yed in high-intensity battles. Whether 
 the M113 in Vietnam and Lebanon, 
 BMD in Afghanistan, the Malaysian 
ndor in Somalia, or the BMP in 
echnya, engagements with determined 
ponents who were well supplied with 
iarmor weapons have too often re-
ted in disastrous losses of men and 
teriel, regardless of whether the battle 
s won or lost. 
here is no reason to think that the 
A2 Bradley would fare any better, 

especially in the urban combat scenario 
that so many individuals think is likely.29 
If what is really desired is a tank that 
carries a few dismounts, don’t make the 
future infantry vehicle another under-
gunned, underarmored, light tank — 
make it a lethal, survivable, combined 
arms tank. On the other hand, if what is 
wanted is a vehicle that permits and pro-
motes effective mounted combat by the 
infantry, then develop a close assault 
vehicle that has the weapons and armor 
that will enable the infantrymen of the 
future to win the mounted fight, and live. 
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