
AN ARMADA INTERNATIONAL COMPENDIUM SUPPLEMENT 2018

2018
: THE TRUSTED SOURCE FOR DEFENCE TECHNOLOGY ANALYSIS



02 2018 Armoured Combat Vehicles Compendium

Untitled-2   1 3/26/18   3:18 PM



032018 Armoured Combat Vehicles Compendium

Stephen W. Miller

Armoured vehicles come in many shapes and sizes, with differing roles. This
compendium will examine two categories: armoured fighting vehicles (AFV) only
delivering direct fire and those that also carry infantry into the fight. 

EUROPE

The term ‘armoured vehicles’ is a 
broad one. It can cover vehicles that 
simply have armour protection for 
the occupants through to complete 
combat systems that may be as  

sophisticated in their own way as a jet fighter 
or a naval warship. In fact, there are increasing 
parallels between combat systems used in the 
land, sea and air domains.

This broad collection of ‘armoured’ 
vehicles makes any discussion a challenge. 
Attempting to categorise them is, in itself, 
difficult. Using the terms ‘light’, ‘medium’ 
and ‘heavy’ was at one time reasonable. It 
reflected the weight of a system, which in turn 
correlated closely with the level of protection, 
since protection was primarily the product 
of the amount and thickness of armour. The 
more armour that was provided the greater the 
protection, and the higher the vehicle weight. 

There was also a similar correlation between 
weight and armament, as a heavier vehicle 
weight was generally required to mount and 
fire a larger calibre gun.  Thus, lighter vehicles 
typically had smaller guns while heavy ones 
had larger, longer-range cannon. However, 
advances in technology have blurred these 
differences, and have rendered ‘light’, ‘medium’ 
and ‘heavy’ classifications largely meaningless. 

Even the terminologies used to describe 
the properties of armoured vehicles require 
change if they are to accurately reflect specific 
characteristics and how they are achieved. 
For example, ‘protection’ may be more 
appropriately referred to as ‘survivability’. This 
better describes the complex collection of 
factors that together contribute to keeping the 
crew safe and allowing the mission to continue. 
Similarly, our understanding of ‘mobility’ has 
changed. Once it was accepted that tracked 
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suspensions were a prerequisite for heavy 
armament and offered the highest off-road 
mobility, while limiting speed. Yet today, 70 
ton main battle tanks (MBTs) routinely move 
at 70km/h (44mph) while some wheeled 
combat systems mount the same armament 
as MBTs. 

Segregating armoured vehicles by mission 
role has greater value and relevance. Yet, even 
here differentiation can be complex - partly as 
a result of technological change. Larger calibre 
guns can now be applied to lighter weight 
vehicles, for example. In many cases these new 
weapons may even be retrofitted to existing 
vehicles as part of upgrade programmes. 
Similarly automotive advances including more 
compact, lighter-weight power packs and high 
performance hydro-pneumatic suspensions 
are permitting increases in vehicle payloads 
without compromising mobility. This permits 



04 2018 Armoured Combat Vehicles Compendium

protection and armament to be increased. 
Significant advances in sensor technology, 
data processing, communications (including 
data transfer) and automation, including 
remote operations, have also opened up new 
possibilities for combat vehicle developers.

Upgrade and improvement programs 
may allow fielded vehicles to gain enhanced 
mission capabilities with moderate 
investment, often facilitating greater multi-
role flexibility. This has tended to reduce 
the differences between vehicles that may 
be undertaking different missions. There is 
a growing recognition of the maintenance, 
logistics, economic and life cycle benefits 
of fielding common platforms where 

appropriate. New technologies, design 
approaches and manufacturing and support 
techniques are combining to achieve this 

‘single platform/multi-mission’ flexibility.
This compendium examines those 

armoured vehicles that are directly used in 
combat. These are the front line vehicles that 
make up the Schwerpunkt (German: main 
focus, focal point, or centre of gravity) of 
armoured warfare. These systems continue 
to embody the key triad of characteristics 
of conventional armoured fighting vehicles 
(AFVs) – firepower, mobility, and protection. 
Advances in situational awareness and 
command and control are increasingly 
augmenting these traditional AFV features, 

introduction

and are driving many of the latest capability 
improvement programmes.

This compendium divides combat vehicles 
according to two categories of primary 
purpose. The first category comprises AFV 
systems that have the principle role and design 
focus of delivering fires, which may be thought 
of as direct fire vehicle systems.  This category 
includes main battle tanks, ‘tank destroyers’, 
light tanks, mobile direct fire vehicles, mobile 
protected firepower (MPF) vehicles, and 
others. All are mobile platforms optimised 
to deliver highly accurate direct fires with a 
dedicated crew and incorporating a level of 
survivability against encountered threats. 

The second category consists of combat 
vehicles that are able to carry infantry who can 
dismount and fight. Such vehicles may often 
share some of the features of the first group of 
direct fire vehicle systems, but with the ability 
to accommodate an infantry section. 

The level to which the triad of AFV 
characteristics are applied to these vehicles 
may vary, some having as sophisticated a 
fire control system as an MBT but with a 
smaller calibre gun, others being more lightly 
armoured. 

Including direct fire vehicle systems and 
infantry vehicles in the same compendium 
makes perfect sense. Both categories of vehicle 
will often operate together. They are intended 
to support and complement each other 
contributing their different key attributes to 
ensure battlefield success. 
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M1A2 Abrams
Developer: General Dynamics Land Systems
Origin: United States
Armament: 120mm smoothbore M256

The original M1 Main Battle Tank (MBT) 
was first fielded in 1980, with a rifled 

105mm L/52 M68 gun. The M1A2 was in-
troduced in 1990. Like the M1A1 it uses the 
M256 120mm smoothbore cannon devel-
oped by Rheinmetall AG of Germany for the 
Leopard 2, but with an improved fire control 
system and other improvements. The A2 
has undergone a number of improvements 
applied as System Enhancement Packages 
(SEPs). The most recent Abrams SEP is the 
M1A2V3, and the first production V3s were 
delivered in October 2017. Funding issues 
have limited the introduction of the latest 
versions across the Army, and as a result large 
numbers of earlier M1A2 versions remain in 
wide service.  This means that although there 
are Abrams versions capable of matching the 
most advanced potential threat, these ver-

sions may not necessarily be in the hands of 
the units that will face them. At the roll-out 
Maj. Gen. David Bassett, program executive 
officer for Ground Combat Systems reflected 
that “Abrams M1A2 SEPv3 is a great step for-
ward in reliability, sustainability, protection, 
and on-board power which positions the 
Abrams tank and our ABCTs for the future. 
Even in a fiscal environment that has greatly 
hampered our ability to move towards en-
tirely new vehicles, the Abrams M1A2 SEPv3 
shows we can still deliver meaningful and 
operationally relevant improvements.” The 
Army has already initiated development of a 
V4 configuration. 

Leopard 2 
Developer: Kraus-Maffei-Wegmann (KMW)
/Rheinmetall
Origin: Germany
Armament: 120mm smoothbore
Rheinmetall L/55 

The Leopard 2 is one of the most widely-
fielded MBTs. Introduced in the 1980s, it 

has been continuously upgraded and im-
proved in response to battlefield challenges, 
through the application of new technologies 
and innovations. The tank owes its worldwide 
success to these core improvements but also 

to the active promotion of modifications and 
upgrades that customize its capabilities for dif-
ferent end users and geographic regions. Some 
recent customers have taken advantage of the 
availability of surplus Leopards from NATO 
armies. Many Leopard 2 upgrades have been 
undertaken and offered though Rheinmetall 
and some have included collaboration with 
local industries. The German Bundeswehr has 
entirely equipped with the Leopard 2A7V. It 
also recently elected to pursue the Combat 
Capability Improvement IV (Kampfwert-
steigerung IV, KWS IV) programme. This will 
allow the German Army to upgrade part of its 
MBT fleet to a new Leopard 2A8 standard as 
an interim to finalizing development of a new 
MBT (the Main Ground Combat System, or 
Leopard 3). Leopard 2 variants are in service 
in 18 countries and half a dozen more nations 
have shown interest in acquiring new or sur-
plus tanks from various sources.  

LeClerc 
Developer: Nexter (Previously GIAT)
Origin: France  
Armament: 120mm smoothbore CN 120-26

Fielded in 1991, LeClerc anticipated many 
of the features now common in combat ve-

hicles including onboard battle management. 
The main gun (at 52 calibre length, rather than 
the more usual 44) provides higher muzzle ve-
locity and a flatter trajectory. It also has an au-
tomatic loader and integrated fire control that 
can engage six targets in 60 seconds with 95% 
accuracy. The coaxial machine gun is the larg-
er 12.7 mm. It sported one of the first hydro-
pneumatic suspension systems on an MBT. 
LeClerc is currently undergoing an upgrade 
that includes a remote weapon station (RWS), 

additional modular armour on the hull and 
turret, new radios, and the SCORPION bat-
tlefield management and command system. 
The gun also incorporates an interface to al-
low use of programmed air-burst ammunition. 
LeClerc is also used by the UAE and has seen 
combat in the Yemen conflict. 
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DIRECT FIRE COMBAT VEHICLES

Challenger 2
Developer: Vickers Defence Systems 
(now BAE Systems Land & Armaments)
Origin: United Kingdom
Armament: 120mm Rifl ed L30A1

The FV 4034 Challenger 2 MBT is the suc-
cessor to the Challenger 1, and entered 

service in 1994. It is operated by the British 
Army and the Royal Army of Oman. In addi-
tion to a ri� ed 120mm main cannon its uses 
a 7.62mm L94A1 chain gun (EX-34) as its 
coaxial armament, both representing unique 
armament applications for a NATO MBT. 
� e use of a ri� ed barrel on the main gun is 
unique among modern MBTs, it was chosen 
because the British Army continues to place 
great emphasis on the use of High-Explosive 
Squash Head (HESH) rounds in addition to 
Armour-Piercing Fin-Stabilised Discarding-

Sabot (APFDS) rounds. Another unique as-
pect is that the main cannon uses projectile 
and propellant charges that are loaded sepa-
rately into the gun. Protection is provided by 
second generation Chobham armour (known 
as Dorchester) with reactive armour and bar 
armour panel kits � tted as required. � e steel 
underbelly was lined with armour as part of 
the ‘Street� ghter’ upgrade.

Currently the UK MoD is pursuing a Life 
Extension Project (LEP). It awarded contacts 
at the end of 2016 to both a Rheinmetall 
Landsystems lead team and a BAE Systems 
team to provide solutions for the assessment 
phase. � is may be followed by demonstration 
and manufacturing phases. Proposals are 
understood to include new thermal and 
commander’s sights, upgraded � re control 
systems, new displays, open-architecture 

systems, threat warning and a situational 
awareness system. Notably neither proposal 
addresses gun changes or automotive, 
particular power, upgrades. � e MoD has 
however, contracted with QinetiQ to assess 
active defence systems for Challenger as part 
of its MEDUSA Project.

T-90S
Developer: Uralvagonzavod
Origin: Russia 
Armament: 125mm smoothbore 2A46M 

The T-90 (and speci� cally the T-90S) is the 
most widely employed MBT in the Russian 

Army and is also in widespread use with other 
armies, including Syria and India. � e most 
recent Indian T-90s are being manufactured 

under license in Avadi, Tamil Nadu. � e T-90 
(originally designated T-72BU) was derived 
from the T-72B and T-80U, but with signi� -
cant improvements and upgrades. � e 125mm 
cannon is stabilized in two axes and � res both 
conventional projectiles and cannon launched 
guided missile and uses an automatic carou-
sel loader.  � e missile provides long-range 
engagement (4,000-5,000 meters) using laser 
beam riding and has a shaped charge (chemical 
energy) warhead. � e � re control system and 
day/night (thermal) sights o� er e� ective con-
ventional engagements with target identi� ca-
tion up to 1,500 metres even in reduced visibility. 
Protection is provided by a mix of conventional 
armour and explosive reactive armour, and by 
the Shtora-1 defensive aids suite. � is suite con-
sists of infrared jammer, laser warning sensors, 
and a grenade launcher system.

T-14 Armata 
Developer: Uralvagonzavod
Origin: Russia
Armament: 125mm smoothbore 2A82-1M

The Armata caused quite a stir in the West when 
it was � rst shown in 2015. It incorporates a 

number of innovative design features including 
a universal chassis, an unmanned turret, an 
armoured crew capsule, and is equipped with 
improved main armament, and additional 
protective measures. � e main gun can � re a 
range of new projectiles and guided missiles. 
� e Vacuum-1 sabot round has a 900mm 
penetrator that can penetrate 1,000mm of 
rolled homogeneous armour (RHA) equivalent 
at 2,000m. � e 2A82-1M main gun can also � re 
a controlled-detonation Telnik High explosive/
fragmentation round and is compatible with 
the 9M119M1 Invar-M missile, which has a 
range of 5,000m. Crew protection is enhanced 
by their central placement in the hull and by 
the Afghanit active protection system (APS). 
� is uses a millimetre-wave radar to detect 
and track threats. � e T-14 incorporates an 

active electronically scanned array (AESA) 
radar, multispectral commander’s and gunner’s 
sights, networked sensors and automatic target 
detection. Russia claims that its thermal sights 
can see tank targets at 5,000 m, though it is 
worth noting that its earlier high performance 
thermal cameras were of French origin. 

Further reports on the progress of the 
T-14 and its � elding and performance have 
been mixed and there is speculation that 
production thus far has been limited. Its design 
does, however, re� ect a number of approaches 
that have realized in other armoured combat 
vehicles. 

Oplot T-84 
Developer: Kharkiv Morozov Machine 
Building Design Bureau (KMDB)
Origin: Ukraine
Armament: 125mm Smoothbore Model 
KBA-3

The Oplot is the result of continued e� ort 
to improve the T-80 MBT which had 

been manufactured by KMDB.  � e � rst 
was the T-84U which added armoured 
side skirts, Kontakt-5 explosive reactive 
armour to the turret, an auxiliary power unit, 
thermal imaging sights, commander’s laser 
range-� nder, a muzzle reference system and 
navigation.  � is was followed by the T-84 
Oplot and more recently the T-84M or BM. 
Here the tank is equipped with a completely 
new welded turret (retaining the 125mm gun) 
with a bustle auto-loader (vice the carousel 
type), segregated ammunition storage, and 
upgraded � re controls including hunter-
killer capability.  More advanced passive and 
active armour and countermeasures were 
also included.  A major focus has been given 
to securing export orders for the tank with a 
number of unsuccessful presentations.  An 
order secured with � ailand incurred delivery 
delays although it was ful� lled.
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Merkava 
Developer: MANTAK
Origin: Israel  
Armament: 120 mm MG253 (M68)
smoothbore

The Merkava (Chariot) was designed to meet Israeli Defence Force 
requirements, entering service in 1978. � e front mounted engine 

allows a rear hull compartment to be used to carry ammunition, troops 
or casualties. � e latest Merkava IV incorporates a host of new tech-
nologies, including a modernised El-Op Knight Mark 4 � re control sys-
tem with automatic target tracking and improved thermal imaging, and 
with a capability against � ying helicopters. � e tank also incorporates 

a range of thermal signature reduction measures. � e Merkava IV also 
features a locally developed composite armour with modular supple-
mentary armour. In addition to 7.62mm coaxial and roof-mounted ma-
chine guns it is o� en � tted with a 0.50in heavy machine gun mounted 
on the main gun mantle and also has an internal 60mm light mortar 
that can deliver smoke grenades. � e Merkava Mk 4M is equipped with 
the Trophy active protection system, a combat-proven Israeli-developed 
hard-kill defence system linked to laser and radar warning systems and 
able to engage any incoming missile/projectile and to indicate the esti-
mated location from which it was � red. � e Tzayad battle� eld manage-
ment system can relay this information to other vehicles, allowing them 
to take evasive action or to engage the threat. 

NEXT GEN ARMOURED
F IGHT ING VEH ICLE

Network-enabled and equipped with a fully integrated camera suite, ST Engineering’s 
Next Gen Armoured Fighting Vehicle offers class-leading crew situational awareness 
as well as uncompromised combat and navigation performance under full armour protection. 
Just what your Armed Forces need to operate at the forefront of today’s battlefields.
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MMWT (Modern Medium Weight Tank)
Developer: PT Pindad (Indonesia) with FNSS (Turkey)
Origin: Indonesia 
Armament: Cockerill 105mm rifled high pressure gun 

The MMWT (Modern Medium Weight Tank) is the product of a co-
operative development programme between Indonesia and Turkey. 

Provisionally known as the Kaplan (Turkish) or Harimau Hitam (Black 
Tiger) the MMWT is intended to provide an MBT best suited to meet 
Indonesian and Asia-Pacific requirements. The first prototype was built 
by FNSS in Turkey while a second is being completed by PT Pindad. 
The tank was shown in Indonesia’s military parade in October 2017. 
It uses the CMI Cockerill 3105 two-man turret with a high-pressure 
105mm rifled cannon and a bustle mounted autoloader. Basic protec-
tion is provided against 12.7mm rounds and mine blasts, with add-on 
armour providing protection against 25mm armoured piercing rounds. 
The tank has a 20 hp:tonne power-to-weight ratio and incorporates an 
auxiliary power unit (APU). 

Centauro
Developer: Società Consortile Iveco Fiat - 
Oto Melara (CIO)
Origin: Italy
Armament: Oto Melara 105 mm/52 calibre gyro-stabilized high-
pressure, low-recoil gun or Low Recoil 120mm/45 gun  

The Centauro name is used by a family of Italian military vehicles based 
on a 24,000kg wheeled tank destroyer. The Centauro combines the fa-

vourable attributes of a wheeled chassis (Iveco Fiat was tasked with devel-
oping the hull and propulsion systems), with the firepower and lethality 
of a major calibre gun and turret (developed by Oto Melara). The wheeled 
design allows Centauro to undertake expedited road marches and to re-
deploy by road or air more quickly than an MBT could. The first models 
were fielded in 1991 and employed a 105mm tank gun capable of using 
NATO standard ammunitions including APFSDS (Armour-Piercing 
Fin-Stabilized Discarding Sabot) high velocity anti-armour rounds. The 
Centauro II is bigger, more powerful and better wired than the original 
Centauro, which it will replace, and incorporates a 120mm/45 gun, a new 
fire control system, new sights and an optional HITROLE remote weapon 
station. The Centauro platform has been used as the basis for a range of 
specialised derivatives including the Freccia IFV, personnel carrier, mor-
tar carrier, and recovery variants.

K-2 Black Panther
Developer: Agency for Defense Development/Hyundai Rotem
Origin: Republic of Korea  
Armament: Rheinmetall 120 mm/L55
smoothbore

The K-2 Black Panther is a Korean-designed and developed MBT. 
It is optimized for operating in mountainous Korean terrain, and 

entered service in limited numbers in 2014, with an indigenous en-
gine. The K2 officially entered service in 2016 using a license produced 

MTU 883 engine and RENK transmission. The 
intent was to manufacture the second lot of 
K-2 using a 1500 hp Doosan powerpack and 
locally developed S&T Dynamics automatic 
transmission, but the transmission did not meet 
required reliability standards, delaying further 
production until 2019.  The second batch will 
now have a ‘hybrid’ powerpack consisting of 
the locally developed engine with the German 
RENK transmission system. The K-2 also incor-
porates a number of unique features including 
an extended range KSTAM top-attack munition 

fired from the main gun (a 55 calibre length, higher velocity 120mm 
main gun based on the Rheinmetall L55), a hydro-pneumatic suspen-
sion that allows the tank to ‘squat’ in order to achieve a lower firing 
profile, a millimetre band radar linked to the fire control system, and 
a special layered composite and reactive armour.  What could not be 
developed locally was licence produced or reverse engineered. Korea 
has aspirations for exporting defence systems and secured a collabora-
tive agreement with Otokar to use K-2 technology in the development 
of Turkey’s Altay MBT. 

Direct Fire combat Vehicles
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Type 16 Manoeuvre Combat Vehicle (MCV)
Developer: Mitsubishi Heavy Industries
Origin: Japan
Armament: Japan Steel Works 105mm rifled cannon        

The MCV was designed to meet a Japan Ground Self-
Defense Force requirement for a highly mobile direct 

fire asset that would be deployable by sea or by air on board 
the new Kawasaki C-2 transport aircraft. It is a key element 
of the forward defence approach. First fielded in 2016, this 
8x8 has modular armour offering 40mm frontal protection, 
with armour panels that can be replaced when damaged. 
The 105mm cannon fires standard NATO ammunition.

ZTL-09
Developer: NORINCO
Origin: Peoples Republic of China
Armament: 105mm cannon      

The ZTL-09 was introduced in 2009 and is based on a modified version 
of the older ZTL-08 8x8 chassis, with a forward-mounted engine. 

The 105mm gun is manually loaded and the turret also has a 7.62mm 
coaxial machine gun, with digital fire control and gun stabilization. The 
main gun fires conventional ammunition and a cannon launched laser-
guided missile. Frontal protection is provided against rounds of up to 
25mm.  Powered by a Chinese built 440 hp Deutz BF6M1015C diesel 
engine the vehicle can ‘swim’ using twin water jets.

WMA301
Developer: NORINCO
Origin: Peoples Republic of China
Armament: 105mm cannon      

The WMA301 was developed for export by NORINCO. It is based 
on the PTL-02 6x6, but uses a 105mm cannon that is compatible 

with NATO ammunition instead of the PTL-02’s 100mm gun. The main 
gun can also fire a NORINCO guided missile. Fire control systems 
are simpler, because the vehicle is targeted at export customers. It has 
been widely fielded in Africa (Cameroon, Chad, and Djibouti) and by 
Myanmar.

AMX-10RCR (Renové)
Developer: NEXTER
Origin: France
Armament: GIAT F2 105 mm rifled 
cannon          

The Renové programme upgraded 256 
French Army AMX-10RC 6x6 light 

reconnaissance vehicles between 2005 
and 2010. The upgrade included add-on 
armour, a Sagem active protection system, 
LIRE infrared jamming system, SIT-IV 
battlefield management information 
system, and a new identification friend 
or foe system, as well as Galix smoke 

grenades. The vehicle also gained a new 
automatic transmission and new controls 
for the height adjusting hydro-pneumatic 
suspension system. It commander has 
a panoramic sight but the gun is not 
stabilized so the vehicle halts briefly to fire. 
The gun’s velocity is 1400m/s and it has a 
range of rounds including High Explosives, 
APFSDS and an improved HEAT round. 
The AMX-10RC and RCR are capable of 
rapid deployment and have been regularly 
employed in French expeditionary 
operations. The AMX-10RC is also used 
by Morocco and Qatar.

Direct Fire combat Vehicles
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Namer
Developer: Israel Military Industries/Israeli Ordnance Corps.
Origin: Israel 
Armament: .50cal MG, 40mm AGL Remote Weapon Station or 30mm 
RWS 

Namer is probably the most heavily armoured infantry carrier 
fielded. The chassis and automotive system is based on the 

Merkava MBT but the Namer (leopard) incorporates a raised troop 
compartment and enlarged rear door ramp to allow nine infantry 
to be carried in addition to the three crew. It was first fielded with a 
Samson RCWS (Remote Controlled Weapon Station) mounting either 
a .50 machine gun or 40mm automatic grenade launcher. The 60mm 
mortar (as used on the MBT) is also included. In July 2107 Namer 
was demonstrated with 30mm auto-cannon in a remote station.  It is 
also having the Trophy APS mounted and is fitted with the IDF (Israel 
Defence Force) Battlefield Management system. Although it entered 
service in 2008 the rate of fielding has been modest.

VBCI / VBCI- 2 Véhicule Blindé de Combat d’Infanterie
Developer: Nexter
Origin: France
Armament: 

The VBCI or (Véhicule Blindé de Combat d’Infanterie or Armoured 
vehicle for infantry combat) is an 8x8 IFV (Infantry Fighting Vehicle) 

fielded by the French Army in 2009. It has a DRAGAR one man Turret 
with a 25 mm stabilized gun, thermal sights, and laser rangefinder. With 
an empty mass of less than 18 tonnes the VBCI was designed to be air 
transportable on board the Airbus A400M. 

In 2015 Nexter displayed an improved version with increased gross 
weight (allowing improved armour protection), a reconfigured interior, 
and rear-wheel steering giving a reduced turning radius of 20 metres. The 
VBCI-2 is a private venture development by Nexter aimed at the export 
market. It features a new more powerful Volvo D13 turbocharged diesel 
engine, a new air conditioning system, and new thermal cameras. The 
VBCI-2 is fitted with a T40 two-man turret armed with the 40 mm CTAS 
cannon, as well as two tubes of anti-tank guided missiles. The vehicle can 
be offered with a remotely-controlled turret with a 30 mm cannon or a 
complete Russian BMP-3 turret. 

CV-90
Developer: Försvarets materielverk (FMV), 
BAE Systems Hägglunds, Bofors
Origin: Sweden
Armament: 40mm Bofors Autocannon, 
30mm Bushmaster cannon or other cannon 
up to 120mm 

The CV-90 first entered service with the 
Swedish Army in 1993, having been 

developed specifically for the Nordic sub-
arctic climate, with good mobility in snow and 
wetlands, The CV-90 was originally designed 
with a 40mm Bofors L70 auto-cannon and 
carrying a six-to-eight man infantry section. 
Operated by eight armies, the CV-90 has been 
fitted with a range or armament options. In the 
IFV and reconnaissance roles it has mounted 
the 30mm Bushmaster II and 35mm/50 
cal Bushmaster III, and variants have been 
produced with 105mm gun/turrets from 
BAE-Nexter and CMI (the Cockerill XC-8 

turret), a 120mm RUAG Compact 
Tank Gun and even the Mjölner 
120mm mortar.  One up-gunned 
CV-90 variant forms the basis of 
the Polish PL-01 light tank. Each 
CV90 evolution has increased 
its payload and protection level 
while also responding to new 
threats including mines and IEDs. 
Ballistic protection is provided 
against projectiles of up to 30mm 
and there are provisions for 
countering handheld anti-armour 
weapons.

The latest CV-90, the Mark 
IV, was unveiled in January 2017, 
powered by a new 1000hp Scania 
engine with an upgraded X300 heavy-duty 
transmission and a two tonne increase in 
payload. The Mark IV incorporates BAE 
Systems iFighting computer system that 

integrates the vehicle’s sensors, weapons, and 
that offers enhanced enhance situational 
awarenss and tactical decision making support 
to the crew. 

Direct Fire combat Vehicles
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Puma
Developer: Projekt System Management GmbH (PSM)
Origin: Germany
Armament: 30 mm Mauser MK 30-2/Air Burst Munition (ABM) autocannon  

Produced by the PSM Joint Venture formed by Krauss-Maffei Wegmann and 
Rheinmetall Landsysteme, the Puma (Schutzenpanzer Puma) began replacing the 

Marder fighting vehicle in 2015. Its configuration takes advantage of improvements in 
optics/video and data networking technology utilizing a remotely operated turret and 
armament. The entire crew is located in the chassis hull as are the embarked infantry 
section. The roof panoramic multi-sensor sight, primary gun sight, driver’s viewer 
and perimeter video sensors can be viewed from any position in the vehicle.  Base 
protection is provided by AMAP-B composite armour with provisions to increase this 
through additional armour modules. This also allows for easy replacement of damaged 
armour. Non-explosive reactive armour (NERA) also appears to be utilized on Puma. 
The MUSS (Multi-functional Self Protection System) a soft-kill active protection 
system is also to be fitted. Puma is powered by an 1100hp MTU V10 892 diesel engine. 
Though it was first fielded in 2009, the Puma is already being upgraded. Rheinmetall 
received a Bundeswehr contact in July 2017 that included providing colour displays 
and a turret-independent secondary weapon system that would be controlled from the 
rear fighting compartment against threats out to 400 meters.

BMP-3
Developer: Kurganmashzavod
Origin: Russia
Armament: 2A48-1 100mm rifled cannon plus 2A72 30mm 
auto-cannon and two 9K116-3 ‘Basnya’ ATGMs 

The BMP-3 (Boevaya Mashina Pehoty-3 or Infantry Combat Vehicle-3) IFV 
officially entered service with the Soviet Army in 1987.  The BMP-3 is fitted 

with a two-man turret mounting a 100mm cannon capable of firing auto-
loaded laser-guided 9M117 (AT-10 ‘Stabber’) anti-tank guided missiles and 
conventional high explosive fragmentation (HE-FRAG) rounds. It also carries 
a dual-feed 30mm cannon with HE and AP ammunition. The driver sits in the 
centre bow flanked by two of the seven infantry dismounts with another five 
behind the turret. Because the fuel cell is in the bow and the engine is in the rear 
infantry have to dismount via overhead hatches and over the power pack. The 
BMP-3 features a hydro-pneumatic suspension and is fitted with water jets for 
swimming. Frontal protection is provided against 30mm strikes, with all-aspect 
protection against 14.5mm rounds. A number of upgraded BMP-3M variants 
have been produced with a new turret and alternative engines, additional 
armour, improved fire controls and thermal sights, and ‘Arena-E’ or ‘Shtora-1’ 
active protection systems. 

The BMP-3M Dragun variant is powered by a forward-mounted 816 hp 
engine and has a reconfigured interior carrying eight infantry who can exit 
using a rear ramp. The Dragun also uses a remote controlled version of the 
100mm/30mm turret.

M-2 Bradley IFV
Developer: BAE Systems
Origin: United States
Armament: M242 25mm Bushmaster plus two TOW ATGMs 

The Bradley remains the US Army’s ABCT (Armoured Brigade Combat 
Team) infantry fighting vehicle. It entered service in 1981 and has 

been progressively improved and upgraded since then. The M2A3 
upgrade introduced the Improved Bradley Acquisition System (IBAS) 
for the TOW missile and a commander’s independent thermal viewer 
(CITV) using second-generation Horizontal Technology Initiative (HTI) 
cameras. The M2A2 ODS (Operation Desert Storm) version and the 
Bradley Urban Survivability Kit (BUSK) enhanced survivability, and 
added digital command and control, and navigation systems, and also 
provided improved fire control, and driver night vision.  The latest M2A3 
variant has digitized electronics, improved targeting and compatability 
with add-on reactive armour. The M2A3 takes advantages of the many 
TOW upgrades and lethality improvements. Current upgrade and 
modernisation efforts seek to restore performance lost as a result of 
increased weight, and to address a range of space, weight, and power-
cooling (SWaP-C) issues. Engineering Change Proposal 1 (ECP 1) 
upgrades the suspension to restore ground clearance and adds belly 

armour. ECP 2 increases electrical power generation to accommodate 
new sensors, networking and electronic warfare systems. 

BAE has proposed the M2A4, which (much like the Stryker DVH 
program), replaces the existing M2 chassis and hull with a vastly modernized 
one. The hull is redesigned for survivability with a thinker bottom, 175mm 
higher roof and changes to improve mine resistance. It also has more 
power and larger electrical capacity to address increased on-board system 
demands. Funding constraints mean that a significant proportion of the 
Bradley fleet remains without some of the identified improvements.

Direct Fire combat Vehicles
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K-21 IFV (Korea)
Developer: Hanwha Defence Systems/
Agency for Defense Development
Origin: Republic of Korea
Armament: 40mm Bofors XK autocannon 
plus two ATGMs  

Intended to met the specific circumstances 
of combat on the Korean Peninsula 

the K-21presents a unique collection of 
capabilities. It is well protected against 30mm 
frontal impacts and well armed with a Bofors 
XK 40mm cannon. The fire control system 
is equivalent to those fitted to MBTs. Its 
autocannon can fire a range of armoured 

T-15 Armata IFV
Developer: Uralvagonzavod
Origin: Russia
Armament: 2A42 30 millimetre automatic 
cannon plus four AT-14 Kornet-EM anti-tank 
missiles  

The T-15 is the Infantry Fighting Vehicle 
complement to the T-14 Armata MBT, 

with both vehicles forming part of a universal 
combat platform concept which will eventually 
include a range of armoured systems. The IFV 
uses the same chassis but is configured to 

Kurganets-25 IFV 
Developer: Kurganmashzavod
Origin: Russia
Armament: 2A42 30 millimetre automatic 
cannon plus four AT-14 Kornet-EM anti-tank 
missiles  

At 25 tons the Kurganets is clearly more 
lightly armoured than the T-15, though 

the IFV version does use the same basic remote-
controlled Epoch turret. It carries an infantry 

carry infantry while using a remote-controlled 
Epoch turret with a 2A42 30 millimetre 
automatic cannon, a PKT machinegun and 
four AT-14 Kornet-EM fire-and-forget anti-
tank missiles. This turret is also used on the 
Boomerang wheeled armoured infantry 
carrier and the Kurganets tracked infantry 
fighting vehicles. The T-15 is expected to have 
the same armour and defensive aids as the 
T-14 but the number of dismounts remains 
unclear. Thus far production seems to be 
limited to prototypes and test vehicles.

dismount section of six or seven (references 
differ on this) and a crew of three, all located in 
the hull. It reportedly has a top speed of 80kmh 
and can swim - as evidenced by a folding bow 
trim vane and twin aft water jets. There is a 
version without the turret, but with a remote 
machine gun weapon station. This may be a 
personnel carrier variant, or may provide the 
chassis for support roles. It is speculated that it 
will play the same role as the current BMP.

Freccia IFV 
Developer: IVECO/Oto Melara (Leonardo) 
CIO
Origin: Italy
Armament: Oerlikon KBA 25mm automatic 
cannon

Freccia was one of the first wheeled 8x8 
infantry fighting vehicles.  It uses the 

automotive baseline of the Centauro but 
mounts the Hitfist Plus two amn turret 

piecing sabot, HE-FRAG, air-burst, smoke 
and multi-purpose ammunition allowing the 
K-21 to engage, suppress and defeat ground 
and even helicopter targets.  The K-21 also 
carries two indigenously developed fire and 
forget anti-tank guided missiles that allow the 
vehicle to halt briefly, lock-on, launch and then 
move again. With a power to weight ratio of 
around 27hp/tonne it is well suited to the hilly 
terrain in which it must operate. Further it has 
integrated side floatation pontoons that can be 
inflated for crossing the country’s many rivers. 
The K-21 carries three crew and eight infantry 
comfortably with nine possible.

with an auto cannon and coaxial 
machinegun in the IFV model.  The 
Freccia is a family of vehicles which 
includes anti-tank missile, command, 
command post, mortar, ambulance, 
recovery, and ISTAR reconnaissance 
variants.  Its 22.2 hp/tonne power to 
weight ratio and hydro-pneumatic 
suspension provide on and off-road 
mobility. 

T-17 Bumerang IFV
Developer: Kurganmashzavod
Origin: Russia
Armament: 2A42 30 millimetre automatic cannon plus four AT-14 Kornet-EM anti-tank missiles

Bumerang is a wheeled 8x8 IFV using the same remote-controlled Epoch turret as the T-15 
Armata. It has a crew of three and can accommodate seven to nine infantry (reports vary). It 

is understood to have basic small arms armour but can accept ceramic add-on armour for 14.5mm 
protection. It uses a V-shaped hull to better resist mine blasts. Its estimated speed is around 100 
kmph and it can swim using water jets. Other versions are anticipated without the turret to fill 
other support roles.  Though the Army had initial vehicles as early as 2013 testing was still ongoing 
in 2017. A July 2017 ‘Russia Beyond’ article suggests that the T-17 may enter production in 2019.

Direct Fire combat Vehicles
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Boxer
Developer: ARTEC GmbH
Origin: Germany/UK/Netherlands
Armament: Up to 35mm (demonstrated) 

The Boxer is the product of a co-operative European programme 
to develop the next generation of armoured utility vehicle. France 

withdrew from the project in 1999 to concentrate on its own VBCI, and 
the UK withdrew in 2003 in favour of its own the Future Rapid Effect 
System (FRES). Larger than its contemporaries, the Boxer was the first of 
a new generation of 30+ tonne IFVs. Boxer consists of two key elements, 
with a platform/drive-line and a removable, replaceable mission module. 
The platform incorporates a 720 hp MTU 8V199 TE20 diesel engine, 
Allison HD4070 fully automatic transmission and front two axial steering 
endowing the vehicle with excellent performance and mobility.

Mission modules are attached by four points and can be swapped 
within an hour under field conditions, and allow the vehicle to be rapidly 
adapted to meet different operational requirements. Modules include 

APC, IFV, command post, engineer, 
battle damage repair (Netherlands), 
cargo and ambulance versions. A 
wide range of remote weapons 
stations can be fitted, with a variety 
of machine guns and autocannon 
and with a choice of fire control 
and sighting systems.  Lithuanian 
Boxers feature the Israeli RAFAEL 
Samson Mk II weapon station with a 
30 mm gun and Spike-LR anti-tank 
missiles. Australian Boxer CRVs will 
mount the Rheinmetall LANCE 30 mm two-man turret, fitted with the 
Rheinmetall Mauser MK30-2/ABM dual-feed stabilised cannon and 7.62 
mm coaxial MG. Krauss-Maffei Wegmann (KMW) has also integrated its 
155 mm/52-calibre Artillery Gun Module (AGM) suggests that the Boxer’s 
multi-mission applications may have only just begun to be realized.

AMV
Developer: Patria
Origin: Finland
Armament: Up to 105mm 

The AMV is a fourth generation modular 
armoured vehicle offered in three main variants: 

a basic platform for APC, IFV, C2, ambulance, 
reconnaissance, mortar carrier, FCV, ATGM and 
MGS applications, a high roof platform and a 
heavy weapon platform with a stronger structure, enabling the fitting of 
heavy weapon systems, including turreted 120mm mortars like Patria’s 
Nemo and 105/120 mm cannon. The Polish Wilk derivative is fitted 
with a CMI CT-CV 105HP turret. A range of different turrets, weapons, 

sensors, and communications systems can be 
fitted to all variants. The AMV has protection 
levels of up to 30-mm in the frontal arc and has 
exceptional mobility (a measure of speed, agility, 
and crew comfort) in rough terrain, not least 
because the suspension is able to adjust each 
wheel individually. The AMV is used by eight 
armies worldwide and is license built in Poland 
and South Africa. Emirati AMVs have seen 

combat in Yemen. It has been offered to meet British and Bulgarian 
requirements. In 2013 the AMVXP (Extra Payload Extra Performance, 
Extra Protection) was introduced as a major improvement, and was 
delivered to Slovakia.

PIRANHA/ Light Armoured Vehicle/Stryker
Developer: MOWAG, now General Dynamics European Land Systems 

– Mowag GmbH
Origin: Switzerland/Canada/United States
Armament: Up to 105mm cannon 

Dating back to the 1970s, the Piranha family of wheeled armoured 
vehicles includes 4×4, 6×6, 8×8, and 10×10 wheel versions, and is in 

service in various versions with 28 armies. Operators include the US Army 
whose Stryker is based on the Piranha IV-based Canadian LAV III. Though 
originally built in Switzerland, Piranha derivatives have been built under 
licence by General Dynamics (Canada), Cardoen and FAMAE (Chile), 
BAE Systems Land Systems (UK), and in the USA. The adaptability and 
versatility of the Piranha is illustrated by the fact that Belgium replaced 
all of its M113s, AIFVs and Leopard 1s with 268 Piranha IIICs in seven 
variants, converting to an all-wheeled armoured force. The Piranha has 
been extensively improved and upgraded in service. General Dynamics 

ARMA 
Developer: Otokar
Origin: Turkey
Armament: .50 RWS/ 30mm MIZRAK 
Unmanned and up to 105mm Cannon

ARMA is being fielded by Turkish industry 
that reflects the primary trends in wheeled 

combat vehicles.  The ARMA is fielded by the 
Turkish Army in a 6 X 6 model with the 8 X 
8 model introduced by the company in 2011.  
It has high mobility of a fully independent 
hydro-pneumatic suspension that is offered, 
central tire inflation, and a 18.75 hp/ton power 

ECP (Engineering Change Proposal) 
program for the Stryker has 
introduced the DVH (Double V Hull) 
to counter IEDs, and has integrated 
the Kongsberg 30mm remote 
turret with further improvements 
to enhance survivability, restore 
mobility, enhance reliability, and to 
introduce new technologies such as 
open-architecture networking and a 
digital backbone. The latest Piranha 
V variant has greater protection and payload than earlier versions but 
also has better mobility and off-road capability, thanks to higher installed 
power, a new hydro-pneumatic suspension, central tyre inflation, and 
higher agility including a 15m turning radius. In field evaluations its 
performance has reportedly approached that of tracked vehicles.

to weight ratio.  The drive wheels can be 
selected from 8 X 4 for hard surface to  8 X 8 
for cross-country. The armoured monocoque 
V-shaped steel hull offers mine and IED as 
well as ballistic protection for the crew and up 
to 12 dismounts.  The chassis is intended to fill 
a range of missions and it will accept various 
armament options including the MIZRAK-S 
30 unmanned turret with advanced optics, 
fire control, stabilization and a hunter-killer 
option.  ARMA can be configured as a family 
of systems which include a direct fire 105mm 
cannon version.  ARMA also incorporates 

Built-in Test (BIT) into its systems facilitating 
maintenance trouble shooting.  

Direct Fire combat Vehicles
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ZTQ/VT-5  Xinqingtan
Developer: NORINCO
Origin: Peoples Republic of China
Armament:  105mm cannon

The VT-5 the export version of the ZTQ 
was publically unveiled in 2017 although it 

was seen earlier in testing.  It is understood to 
weight between 25 and 35 tonnes depending 
on the armour suite � tted.  It is reported to 
use a hydro-pneumatic suspension and may 
be out� tted to operate in mountains with 
thinner air of high altitudes.  � e cannon 
� res conventional and gun launched guided 

PARS
Developer: FNSS
Origin: Turkey
Armament: .50cal RWS/ 25mm Turret

FNSS PARS was presented and accepted by 
the Malaysian Army and � elded there as 

the AV-8 built in-country by DefTech where it 
is provided in 12 variants.  It uses an advanced 
computer controlled adjustable hydro-
pneumatic suspension that o� ers exceptional 
manoeuvrability in both the 6x6 and 8x8 
models.  It has the driver and commander 
forward with a unique 180 degree panoramic 

observation with the power pak behind them.  
It includes forward and rear CCD and thermal 
cameras as well.  All wheel steering allows a 
tight eight metre turning radius. � e latest 
PARS III was shown in May 2017.  Crew 
protection is emphasised with blast protected 
hull, shock mitigating seating, and options for 
additional ballistic protection up to STANAG 
IV. � e chassis will accept a range of weapons 
including the Sabre 25mm M242 station, 

.50cal weapons, and mortars up to 120mm.  
Oman and the Turkish armies are also known 
to have � elded PARS. 

missiles.  Models shown had 
panoramic sights and advanced 
� re controls.  It appears to have 
a remotely operated 12.7mm 
machine gun and 30mm automatic 
grenade launcher that would be 
particularly suited for engaging 
targets at high angles, further 
supporting the use in mountainous 
terrain.  Sources speculate that the 
PLA may be acquiring 300 of the 
tank while export orders are also 
sought.

Current trends can perhaps be best 
be discerned by looking at each 
of the characteristics that de� ne 
combat vehicles – � repower, 
protection (survivability), and 

mobility, as well as command and control 
and situational awareness. Increasingly these 
features are interconnected, not just at the 
system level but also functionally. Sometimes 
they are even physically integrated. 

Underpinning the increased interconnec-
tion of combat vehicle characteristics is the 
introduction of advanced digital electronics 
and data processing, a trend that has been 
evident in commercial motor vehicles for 
some years. Combat vehicles increasingly 
incorporate a similar CPU (Central Processing 
Unit) linking all aspects of the vehicle’s func-
tions in an overall ‘open architecture’ system. 
� is provides for the cross exchange of data 
across various sub-systems and allows access 
to that data for di� erent purposes. A number 
of the ‘new’ capabilities that can be provided 
in recent combat vehicles actually exploit 
information that has always been there but that 
has not previously been accessed or shared. 

� e overarching picture suggests that, 
from a technical aspect, what were previously
separate classes of combat vehicles are 
progressively becoming more similar. Many 
advances in technology are equally applicable 
across all missions and roles, across tracked or 

FUTURE TRENDS TO WATCH
A number of trends are infl uencing the development 
of future combat vehicles. They will also shape efforts 
to upgrade existing vehicle fl eets in order to extend 
their capabilities and to allow them to remain relevant 
as battlefi elds change. 

Stephen W. Miller

TRENDS

Active Protection Systems (APS) are intended 
to destroy or disable incoming projectiles, 

typically hand held rockets and guided 
missiles fi red at the host vehicle.  The Iron 

Curtain shown on a Stryker detects a threat 
and then neutralises it.

 A
rt

is
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TRENDS

Ammunition like Orbital ATK’s 30mm 
MK310 and Advanced Multi-Purpose (AMP) 
120mm XM1147 round, and like Rheinmetall’s 
120mm HE DM 11, a tank round and airburst 
ammunition (ABM) represent a potential  

‘levelling of the field’ against these threats. The 
gunner can electronically programme these 
rounds while in the chamber, setting them to 
detonate in the most effective mode based on 
the target.

Rheinmetall pointed out that: “The round 
can be timed to explode for maximum effect 
either above, in front of, or inside a target (for 
example after penetrating a wall).” 

This provides optimal coverage even 
against targets in defilade or inside buildings 
or bunkers.

 Jeff Janey explained that: “Orbital ATK’s 
programmable munitions have proven their 
ability to add new capabilities to existing guns 
and to defeat a wide range of targets at longer 
effective ranges, to include hostile drones and 
troops in defilade positions.” 

Electronic fusing is already being intro-
duced in a number of tank modernization 
programmes, including the Leopard 2A6 in 
Singapore, and the new capability may have 
been a key factor influencing the US Army’s 
Stryker 30mm gun upgrade. Carl Johnson, 
deputy director, TRADOC Capability Manager 
Armoured Brigade Combat Team reflected 
that “the new AMP ammunition significantly 
enhances the MBT’s technical capability to  
address a range of threats and targets that will 
allow it be more effective in urban combat, 
against entrenched enemy, and for countering 
anti-tank missile teams at long range. This 
capability now needs to be leveraged through 
training and through the perfection of tactics 
and crew procedures.” 

Remote tuRRets 
The remote weapon station (RWS) has been 
gaining wider acceptance over the past two 
decades, especially for use on combat vehicles 
that carry infantry. The lack of penetration 
into the hull allows more open use of the  
interior and more space for the embarked 
infantry. Advances in video quality for sighting 
and surveillance have overcome some concerns 
and allow an unmanned station to achieve 
adequate targeting and situational awareness. 
The use of the RWS in the United States 
has progressed from using a remotely 
aimed .50 cal heavy machine gun and a 
7.62mm M240 machine gun, or a Mk 19  
automatic grenade launcher in a Kongsberg 
Protector M151 Remote Weapon Station, on 
infantry carriers like the M-1126 Stryker. The 
Stryker Mobile Gun System (MGS), fielded 
from 2007, featured an unmanned turret 

with an M68 105mm cannon, but received 
much criticism, which crews felt was not fully  
warranted. The most recent Stryker model, 
the XM1296 Dragoon, mounts a Kongsberg 
MCT-30mm unmanned turret.

Similar Remote Weapons Systems have 
been fitted to some MBTs as secondary  
armament.  In response to concerns about the 
M1A2’s ability to respond to threats in urban 
combat in Iraq, the Protector RWS was fitted 
as part of the Tank Urban Survival Kit (TUSK). 
This application was mirrored by several NATO 
armies, including the Norwegians on their 
CV90 IFVs. Russia too has embraced the RWS 
as a secondary armament for MBTs. 

It is the introduction of an unmanned  
turret on Germany’s Puma, the replacement 
for its Marder IFV, that has solidified the posi-
tion of the remote weapon as a likely path for 
future combat vehicles. As Rheinmetall’s Oliver 
Hoffman explained: “ Puma not only employs 
Rheinmetall’s 30mm MK 30-2 Air Burst  
Munitions (ABM) auto cannon but also a  
panoramic sight, gunner’s sight, driver’s viewers 
and five external cameras, all of which can be 
viewed throughout the vehicle. These offer  
unparalleled situational awareness.” 

Russia’s debut of the Armata series  
including T-14 MBT, T-15 and T-16 IFVs 
and wheeled Bumerang all feature unmanned, 
remotely-operated turrets which further  
suggest that this may be a direction that new 
armoured fighting vehicle design and even 
modernisation will follow.

The idea of standardising a common 
weapon station across multiple platforms 
is another approach that is taking gaining  
acceptance across combat vehicles. This is 
most clearly demonstrated in the latest Russian 
designs where exactly the same station is  
utilised on quite different chassis. In this case 
three of their infantry carriers all mount the 
30mm Bumerang-BM remote control turret. 

In the West, CMI has proposed a similar  
approach, with common turrets for medium 
autocannon and major caliber cannon up 
to 120mm. This has also been Rheinmetall’s  
approach, with the design of the 30mm remote 
station of the Puma IFV leading directly to the 
Lynx RWS that is offered on the Boxer, notably 
for the Australian Force 400 project. Employing 
a common turret offers massive advantages 
in manufacturing and in life cycle costs, with 
scope for common training, logistics, and 
maintenance. 

Russia, with its centrally managed devel-
opment process has been able to direct this 
type of commonality, and it will be interesting 
to see the extent to which militaries governed 
by a more competitive process can implement 
a similar approach. 

wheeled chassis, and they can often be applied 
in upgrades to older vehicles as well as in new 
designs. Capabilities that were once reserved 
for higher end combat vehicle, such as the  
advanced crew controls and enhanced situ-
ational awareness once restricted to MBTs,  
can now be provided to a wider range of  
vehicle types. 

Ammunition
Firepower is an effect that is achieved using 
guns, ammunition and fire control systems. 
The development of each of these has been 
influenced not only by advances in ballistics 
technology, but also by advances in electron-
ics and data processing. Armour penetration  
capabilities have improved with the intro-
duction of more advanced armoured pierc-
ing discarding sabot ammunition that can be 
used by currently fielded cannon. Jeff Janey, 
vice president for strategy at Orbital ATK, 
pointed out that: “the M829A4 large caliber 
round is an example of how new, advanced 
ammunition types are delivering improved 
capabilities to the well-established Abrams 
Main Battle Tank and its existing smooth 
bore 120mm cannon.” 

Russia’s 125mm tank cannon can now 
use Svinets-1 Armour-Piercing Fin-Stabilised 
Discarding-Sabot (APFSDS) rounds that use 
a tungsten penetrator or alternatively the 
Svinets-2 APFSDS which employs a depleted 
uranium (DU) penetrator. These penetrators 
are approximately 80% longer than previous 
rounds, and promise to increase anti-armour 
capabilities considerably. Similar improve-
ments have been seen in medium autocannon 
APDS ammunition.

Rheinmetall’s DM 63 and DM 53 A1 are 
examples of temperature-independent high-
performance tank ammunition which assure 
consistent ballistic characteristics in a broader 
range of climatic temperatures, guaranteeing 
considerably greater accuracy and substan-
tially less barrel erosion. 

Even more tactically significant develop-
ments have occurred in the area of electronic 
fusing. Referred to collectively as ‘programmable’ 
ammunition electronic fusing has been applied 
to direct fire projectiles from 30mm calibre to 
120mm, reflecting the range of weapons used 
by Infantry Fighting Vehicles (IFVs) through to 
the cannon used by Main Battle Tanks. 

The use of electronic fusing can signifi-
cantly enhance the lethality and effectiveness 
of a wide range of direct fire ammunition used 
by combat vehicles against targets other than 
opposing armoured vehicles, including forti-
fied and urban positions, ground-launched 
Anti-Tank Guided Missiles ATGMs), and 
shoulder fired rocket propelled grenades. 
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TRENDS

FIRE CONTROL SYSTEMS
� e digitisation of � re control systems is leading 
to greater accuracy by taking account of several 
factors that can in� uence the � ring solution 
and quickly and easily adjust for them. Winds, 
barrel temperature, vehicle cant, and more 
can be determined and adjusted for. It has also 
allowed for the wider distribution of informa-
tion and imagery to both the vehicle crew and 
embarked personnel and to other vehicles and 
units. Dan Lindell the programme manager 
for the CV90 at BAE Systems suggests that 

“even in just that last decade the ability to 
process data has increased 200 fold. � is vastly 
expanded processing power being o� ered to 
combat vehicle developers is allowing them 
to achieve the equivalent of 1 + 1 = 3 in new 
capabilities.” As demonstrated in the latest
CV90 Mk IV this not only provides for greater 
situational awareness by all those in the 
vehicle but also more sharing of workload. 
For example, in the CV90N (� elded by the 
Norwegian Army) its roof RWS can be operated 
from multiple positions including those in the 
troop compartment. Such information sharing 
is increasingly becoming a key element in the 
development of new combat vehicles, and has 
potential to be incorporated as a capability 
enhancement to already � elded systems. 

Lindell further suggested that “there has 

been a concern that the continued addition of 
sensors, counter-measures, and even weapons 
on combat vehicles, all well intended to add-
capabilities, could actually have an opposite 
impact by increasing the potential for task 
overload for the crew. � e idea in the CV90 
Mk IV is to incorporate ‘iFighting’ that uses 
the power of data processing to provide sug-
gested ‘solutions’ to the crew based on the 
correlation and analysis of available target 
and/or situation data.” � is is intended to 
assist the crew in quickly making decisions 
by drawing on the collective knowledge and 
experiences resident in the database. 

PROTECTION/SURVIVABILITY 
– ARMOUR
It has thus far proved impossible to develop an 
a� ordable, lightweight armour with equivalent 
protection to current heavyweight solutions, 
though a number of innovations in applying 
passive armour have been introduced. Prin-
ciple among them is the concept of modular
armour, using precon� gured ‘armour mod-
ules’ to be placed on vehicles to increase their 
protection level. � e approach is a more for-
malised version of the ‘add-on’ armour that 
has been used since World War II. � is has 
been taken to a new level, as witnessed when 
American units sought to keep up with the

escalating threats faced in Iraq. Armour modules 
can be optimised for various speci� c levels of 
protection and/or weight, allowing a vehicle 
to be customised to meet a particular threat 
or to meet transport thresholds. � is approach 
is a key element of the Puma IFV, and was 
exploited by IBD Deisenroth in its MEXAS 
(Modular Expandable Armour System) and 
AMAP (Advanced Modular Armour Protec-
tion) composite armour systems, which have 
been employed on the Leopard 2 MBT. 

Rheinmetall and IBD Deisenroth Engi-
neering have, in their AMAP, taken a systems 
approach to the modular protection concept. 
� ey combine various modules and protection 
techniques to achieve a protection level and 
con� guration most suited for the vehicle and 
mission. � is concept, according to industry 
combat vehicle designers speaking on back-
ground due to competitive concerns, is readily 
adaptable to both future designs and for retro-
� tting onto existing vehicles. AMAP modules 
include not just armour but other ‘surviv-
ability’ enhancements like counter–blast seats, 
transparent armour, signature reduction, and 
side skirts. 

PROTECTION/SURVIVABILITY 
– ACTIVE PROTECTION SYSTEMS
Active Protection Systems (APS) detect, classify
and neutralise an incoming projectile by 
direct action against it. Such systems are rapidly 
gaining greater acceptance. � is is partly driven 
by the successful performance of new anti-
tank guided missiles like the Russian Kornet, 
which has been demonstrated in Syria. Having 
some type of APS is viewed as a useful means 
of increasing survivability against weapons 
like these and against close-in shoulder � red 
anti-armour weapons like rocket propelled 
grenades (RPGs). APS solutions can include 

‘hard kill’ and ‘so�  kill’ systems, though both 
types use the common approach of detecting 
a threat and actively responding with some 
counter-measure, including decoys, ‘cha� ’, 
and electronic jamming. � e concept has 
been employed on naval vessels and aircra�  
for many years particularly against guided 
missile threats. 

Similar ‘so�  kill’ systems like those used 
on ships and aircra�  have also been em-
ployed on AFVs. Russia’s Shtora-1 electro-
optical jammer is � tted to the T-90 MBT, for 
example. It works by emitting false signals 
to confuse targeting systems, and by disrupt-
ing the ‘feed-back’ loop that is the basis for a 
missile’s Semi-Automatic Command to Line 
Of Sight (SACLOS) guidance system, as well 
as laser range� nders and laser target designators. 
Systems like these have been � tted mainly to 
Russian-designed or in� uenced vehicles, with 
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The remote turret or weapon 
station on armoured vehiclescan 
allow larger weapons to be fi tted. 
Here a US Army Stryker mounts a 

105mm Mobile Gun System. 
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mixed success.
Smoke and other masking screens generated 

by vehicle mounted dispensers are standard 
on most combat vehicles. � ese are usually 
linked to threat warning devices including 
laser detection systems and acoustic shot 
detection and location systems like the QinetiQ
North America’s EARS and the Raytheon 
Boomerang. Pyrotechnic advances by companies
like LaCroix allow the deployment of specialised 
projectiles and payloads that can defeat visual, 
thermal, and IR observation. 

Explosive Reactive Armour (ERA) remains 
in widespread use and much attention is being 
given to reducing its weight and size, though 
ERA is likely to remain a solution for vehicles 
with heavier armour due to the need to resist 
the ERA’s own blast. Greater modularity is being 
considered as a way to address the logistics of 
dealing with many di� erent sized ERA panels. 

Rheinmetall and IBD Deisenroth En-
gineering have started development of the 
AMAP-EL Electric Reactive Armour system, 
which releases energy from charged capacitors, 
pushing the outer layers of the armour away 
when projectiles or shaped charges penetrate 
it, thereby de� ecting the projectile away. � e 
system has an extremely quick reaction time 

and poses a reduced threat to surrounding 
troops or civilians, because it does not use 
explosives. 

Lighter weight solutions, at least against 
hand-held shaped-charge weapons like RPGs, 
include systems like Q-Net from QinetiQ. 
� is appears to be a cord net that is o� set from 
the sides of the vehicle. � is traps or captures 
the projectile and disrupts its e� ectiveness.
AMSafe Bridport’s Tarian RPG Armour 
System is similar. � e capabilities of systems 
like these were well established during combat 
in Afghanistan although their application has 
been largely to enhance protection on more 
lightly-protected vehicles.

� e greatest attention has been on ‘hard 
kill’ APSs such as the Raphael/ IAI Trophy 
and Russian Afghanit systems. � ese ‘hard 
kill’ systems target the incoming threat with 
counter-� re that seeks to kill the threat at 
some distance from the vehicle. ‘Hard kill’ 
systems can endanger dismounted infantry 
accompanying the combat vehicle and others, 
including nearby civilians. Altering tactics 
to keep infantry further from the vehicle can 
reduce this danger. However, this separation 
inevitably inhibits close co-operation between 
the infantry and the combat vehicle, which 

can ultimately make both more vulnerable, 
particularly when operating in close quarters 
combat such as in urban and forest areas. 

Other APS designs have focused on 
solutions that reduce the chances of fratricide. 
� e Iron Curtain system designed by Artis 
aims to defeat incoming projectile right at the 
vehicle itself. Artis uses radar to detect the 
incoming round and cue and arm the system.
An optical sensor then tracks the threat, 
selects an aim point and determines which 
ballistic countermeasure to � re. � is de� a-
grates the RPG warhead without detonating it, 
leaving the dud round to bounce o�  the 
vehicles side. � is limits collateral e� ects. 

Rheinmetall’s latest Active Defence Sys-
tem, the ADS-Gen 3 (which completed com-
pany testing in January 2018) is a distributed 
system, surrounding the vehicle with charges 
that blast the incoming projectile missile just 
before its intended impact. � is can even 
defeat tandem warheads. By defeating the 
incoming threat close-in the potential for 
collateral casualties is signi� cantly reduced.

Raytheon is also developing its Quick Kill 
APS with the objective of 360° coverage, as 
well as hemispheric coverage using a projected 
counter-measure that can engage threats � red 
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from any angle or elevation. 
Despite the tactical and technical challenges, 

and the cost, Active Protection Systems are 
likely to be fitted to more combat vehicles. The 
US Army announced in February 2018 that it 
would acquire the Israeli Trophy APS for 267 
M1A2s; approximately one brigade’s worth. It 
also continues to qualify the IMI Iron Fist for 
its IFVs and Artis LLC’s Iron Curtain for less 
well-armoured infantry carriers. The modular 
design of the latter system allows it to be  
configured for a wide range of platforms. In 
addition, in 2017 the Dutch announced their 
intention to demonstrate the Iron Fist on the 
CV90 through a contract with BAE Systems, 
if successful, this would then become the first 
operational IFV with APS. NORINCO also 
conducted a live fire demonstration of its own 
GL-5 APS in August 2017. Finally, in February 
2018 Turkey, which has lost tanks to ATGMs 
in recent operations, announced it would be 
fitting an indigenous APS, the Aselsan PULAT, 
to its MBTs. Live vehicle testing will begin in 
March 2018.

Protection/Survivability 
– counter Surveillance
“If you can’t be seen, you can’t be hit.” seems 
an obvious statement, yet there has been little 
exploitation of this truism to enhance combat 
vehicle survivability. Even the latest surveil-
lance and targeting sensors can have their 
effectiveness degraded through camouflage, 
concealment and deception. Niklas Alund of 
SAAB Barracuda suggests that “Individual 
and integrated counter-surveillance technologies 
available today are not necessarily seeking to 
provide invisibility but rather to present an 
opponent with additional uncertainty on what 
is already an uncertain battlefield.” 

Saab’s Modular Camouflage System (MCS) 
is specifically configured for combat vehicles 
allowing them to freely shoot and move while 
significantly increasing the difficultly that  
opposing soldiers will encounter when trying 
to detect, track and effectively engage them. 
The benefits of MCS and similar systems are 
becoming more widely recognised. Considering 
the relatively moderate price of such signature 
reduction systems it is perhaps surprising that 
they have not been more widely adopted and 
fielded. The US Army for example has yet to 
classify the SAAB system for its combat ve-
hicle fleets despite its adoption by more than 
seven NATO armies.

Protection/Survivability 
– Situational awareneSS
Situational awareness may be defined as  
knowing and understanding the tactical  
situation, and it is critical to survivability and 

mission success. You need to know the position 
of friendly forces, and of any enemy forces,  
detecting potential threats as early as possible 
and quickly acting against them. The first to 
see the enemy will gain an advantage. With the 
easy availability of more compact yet higher 
resolution video cameras, lower cost night  
vision systems, and with the ability to display 
and distribute imagery it is now possible to  
offer continuous 360° observation from a  
vehicle, and this can often be viewed by  
multiple occupants. 

Images can be processed and integrated 
with navigation and position data, and with 
other battlefield information including maps, 
graphics, and reconnaissance imagery gener-
ated offboard, allowing the viewer to achieve a 
wider appreciation of his surroundings and the 
overall tactical environment. This facilitates 
tactical orders, and enables rapid direction 
and targeting by commanders at all levels. Carl 
Johnson at the US Army’s Maneuver Center of 
Excellence (MCoE) suggested that “This com-
bination of shared information may be the 
single most valuable development for enhancing 
combat vehicle combat power.” 

Advances in technology have allowed the 
development of digital sensors that offer greater 
resolution, smaller size, at a more affordable 
cost, and these can be placed all around a  
vehicle. The output from all of these multiple 
sensors (together with pictures from other 
platforms) can be fused with other data (such 
as vehicle position and navigation informa-
tion) into a single integrated picture. BAE 
Systems’ BattleView 360 can take the imagery 
from multiple sensors and display them on 
a helmet-mounted monocle display or on a 
screen. This allows soldiers inside the vehicle 
to effectively ‘see through’ armour and to have 
a 360° view of the outside world. “BattleView 
360 focuses on helping soldiers understand 
their environment, quickly identify hazards 
and react to rapidly evolving scenarios,” said 
Dan Lindell, BAE Systems’ platform manager 
for the CV90 Infantry Fighting Vehicle.

Power
With the introduction of new powerpacks (a 
powerpack comprises an engine and drive-
train) efficiency, horsepower and torque have 
continued to increase, sometimes allowing 
performance lost through survivability and 
firepower upgrades to be recouped, sometimes 
increasing overall performance. The develop-
ment of more compact powerpacks can some-
times allow older vehicles to gain greater power 
even where the engine space is fixed. This has 
made powerpack upgrades extremely popular.

For the most recent ECP for the US Army 
Stryker, General Dynamics Land Systems  

included a more powerful engine, larger 
wheels and tyres, more electrical power, and 
a number of reliability improvements. Simi-
larly the latest CV90 Mark IV has a 1000hp 
Scania engine and a new X-300 transmission. 
Dan Lindell, BAE Hagglunds pointed out that: 

“power-to-weight ratio is only one of the factors 
that influence mobility. Torque is equally  
important.” The MTU powerpack in the Puma 
is another example of a successful upgrade, as 
Rolf Behrens at Rolls Royce Power Systems  
explained: “At 1073hp, the MTU V10 892  
offers not only greater horsepower per volume 
but is simpler to service and maintain.” 

SuSPenSion
Suspension performance is a key factor in  
allowing a combat vehicle to traverse a range 
of ground conditions in a manner that provides 
stability for the weapons systems and comfort  
for the crew and any embarked troops.  
Increased attention is being given to the con-
tribution of suspension systems in improving 
on-the-move target acquisition and firing  
accuracy. It is now routine for 60tonne MBTs 
to be able to fire accurately while moving at 
high speed. Beyond that the introduction 
of adjustable suspensions can offer tactical  
benefits. Korea’s Black Panther can change its 
stance in any direction allowing it to sit bow 
up, or to kneel, or cant to either side. 

The adoption of hydro-pneumatic, semi-
active and active ride controls has allowed 
vehicles to move more rapidly over rougher 
terrain. The adoption of advanced suspension 
systems, in conjunction with larger tyres and 
central tyre inflation, have allowed wheeled 
combat vehicles to carry higher payloads 
and to assume new combat roles. A member 
of Patria’s team suggested that “suspension 
advances and the resulting enhancement of 
performance and payload have encouraged 
the increasing adoption of wheeled platforms 
for combat roles.” The Patria AMV 8x8, for 
example, is now in service with eight armies 
and under consideration by three others with 
versions mounting weapons up to 30mm and 
offering the same capabilities as many IFVs. 
France is replacing its tracked AMX-10 with 
the wheeled VBCI, while Russia is introduc-
ing its new Bumerang 8x8 with the same turret 
as the Kurganets-25 infantry fighting vehicle. 

Equipping vehicles with combat systems 
like these only makes sense if they can be seen 
to be able to operate where fighting vehicles 
must go. Wheeled vehicles have always had 
major advantages in road and trail operations, 
but their adoption for direct combat roles  
indicates how far their off-road capabilities 
have improved. Although tracked vehicles 
have had the advantage in the most challenging 
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with other vehicles within the tactical unit and 
to higher command and supporting units. � e 
full bene� ts and rami� cations of gathering 
and exchanging information in this way are 
just starting to be realised. 

Digitisation and connectivity have been 
crucial in allowing crew positions to be mi-
grated from a turret into the hull of vehicles 
like the German Puma IFV and the Russian 
Armata IFV and MBT. It also has facilitated 
the reallocation of tasks across a vehicle crew 
and even to embarked troops. For example, on 
the latest CV90s anyone on board can view 
the scene outside from any observation cam-
era, and can also operate the roof mounted 
RWS. In networked vehicles all occupants gain 
an unparalleled awareness not just of the im-
mediate surroundings but also, by linking to 
vehicle position/location, mapping and battle 
management systems, to the wider tactical 
situation. 

� e ability to seamlessly share informa-
tion between vehicles in real time o� ers even 
greater bene� ts, allowing each combat vehicle 
within a unit to gain expanded situational
awareness. Imagine a scenario in which vehi-
cles are advancing in column. � e lead vehicle’s 
laser warning and/or gun shot detection system
alerts it to a threat to which it responds. 
Simultaneously, all following vehicles are 
alerted and supplied with the direction and 
position of this threat even though it may not 
yet be visible to them. � is could allow the 
whole unit to take more e� ective action, and 
the opponent’s  attack advantage would now 
be countered by the combined � repower and 
manoeuvre of the entire unit. In addition, 
supporting arms may also be more readily 
be able to respond as the situation and target 
information can be readily passed to them.

� e tactical information revolution has 
particularly signi� cant advantages to the 
implementation of manoeuvre warfare tactics 
and operations. Here the driving principle 
objective is to observe, assess, and respond to 
the battle� eld situation more quickly than one’s 
opponent. By continuously staying ahead of the 
opponent, a tactical advantage can be gained, 
and their responses can be rendered ine� ective
or even irrelevant. � e ability to gather and 
share information more rapidly has the po-
tential to allow a more rapid ‘OODA (Observe, 
Orient, Decide, Act) Loop’ – which is key to 
gaining such an advantage over the enemy. 

conditions, particularly in vehicles weighing 
more than 30 tonnes, wheeled vehicles are 
now closely approaching their performance, 
in the view of many militaries. Wheeled 
systems also have lower maintenance and 
operating costs and have proved to be adapt-
able to a wide range of roles, thereby o� ering 
commonality bene� ts. � is expanded use of 
wheeled chassis in armoured � rst line roles 
is expected to continue especially as tracked 
combat vehicles become more focused. � e 
Belgian Army is currently undergoing a 
major re-equipment programme, phasing out 
all tracked vehicles and replacing them with 
wheeled vehicles. 

DEPLOYABILITY
� e ability to move combat vehicles long dis-
tances, especially by air transport, is of grow-
ing importance for those armies that expect 
to undertake expeditionary operations. Such 
operations demand vehicles with a combina-
tion of mobility, protection and � repower. 
Unfortunately, the payload limits of transport 
aircra�  make it a challenge to provide the right 
balance of these properties in a lightweight, 
air transportable vehicle – especially when 
deployable, major calibre direct � re capabil-
ity is required. � e Leonardo Centauro and 
Stryker Mobile Protect Gun (MPG) are two 
examples of systems developed with this focus. 
Alternatively, CMI Defense Groupe o� ers gun 
turrets like its CT-CV 105 that allow vehicles 
like the AMV and CV90 to o� er a signi� cant di-
rect � re capability on a more readily transport-
able vehicle. � e modular armour approach of 
the German Puma is also focused on facili-
tating air transportability, since removing ar-
mour modules allows the vehicle to be carried 
by the Airbus A400M. A priority acquisition 
program of the US Army is its Mobile Protect-
ed Firepower (MPF) system. Being pursued as 
a rapid development it is intended to provide 
an air-transportable, tracked, protected, di-
rect � re vehicle to support deployed infantry 
combat teams. Awards to provide vehicles for 
run-o�  testing are expected later in 2018. 

NETWORKED COMMAND 
& CONTROL
Digitisation and an increase in data process-
ing capabilities are allowing much greater 
data-sharing, both within the combat vehicle 
and beyond. Data and imagery can be shared 
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