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FOREWORD

For thefirst half of the twentieth century,
most major wegpons sysems had rea
tively short life spans; the Spad Xllls,
which Captain Edward Rickenbacker
flew over theWestern Front, had aservice
lifeof only afewyears. During World War
11, it was unusual for an aircraft or a tank
to have aservice life of more thanfiveor
six years. Shipswere by their size and ex-
pense somewhat longer lived, but almost
inevitably their mission was downgraded
over time. For supporting systems, like
field telephones, artillery, radio sets,
bomb sights, rockets, radar and elec-
tronic countermeasures, the life span was
even shorter, sometimes measured in
months, not years, as technology over-
took it.

Today, however, thelife span of weapon
systems is often measured in decades,
who would have imagined when the B-52
first flew in April 1952 that the Strato-
fortress would be scheduled for service
well into the next century? Who would
have thought that the great battleships
lowa, New Jersey, and Missouri would be
hauled from their mothballs to be put
into combat again? Times and technol-
ogy have changed, and as costs haverisen
and the defense budget reduced, more
effort is placed in extending the useful
lives of the weapons already in existence.

This is but one of the reasons that the
Encyclopedia of Modern U.S. Military Weap-
onsis such avaluable contribution to the
literature, for the weapons it describes
will be relied upon by the American
armed forces and their dliesfor the fore-
seedble future. The book is the most com-
prehensive and compl ete reference avail-
able on U.S. military equipment, and will

satisfy the requirements of anyone from
novice to expert.

Written in abrisk, accessible style, this
encyclopedia provides a collective de-
scription of the principal weapons sys
tems of the United States at the most
definitive juncture of American defense
policy, which isbeing redefined to an un-
precedented degree by the end of the
cold war. For the first time in two centu-
ries, Europe is not threatened by asingle
great continental power. The U.S. de
fense policy is no longer predicated on
mutually assured destruction, or on the
defeat of massve Soviet land armies
pouring through the Fulda Gap. Instead,
attention now has to be focused on the
proliferation of threats—it was not ob-
viousto theWest that during the cold war
the Soviet Union was maintaining peace
within its sphere of influence. Russias
sphere of influence is now much dimin-
ished, and the policies of many of the
former states of the Soviet Union un-
predictable, to say the least. With the in-
evitable proliferation of nuclear weap-
ons, the United States faces new and im-
ponderable threats which, because of
continuing cutsin the U.S. military bud-
get, will have to be addressed primarily
with the weapons systems currently in ex-
istence.

The authors have provided listings for
al U.S. weapons anywhere in the world,
encompassing systemsas old asthe Doug-
las C-47 "Gooney Bird" and asnew asits
twenty-first-century successor, the Mc-
Donnell Douglas C-17 Globemaster I11.
Each individual listing provides informa-
tion ontheweaponssystem, itsevolution,
development, variants, combat experi-
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ence, and specifications. The coverage of
ships is particularly valuable, for it in-
cludes a listing of every ship within its
class, by hull number, ship's name,
builder, and with key dates. Similarly ex-
haustive detail is provided for armored
fighting vehicles, missiles, and other
weapons.

Tim Laur and Steve Llanso are experts
in the field and their book is an impor-
tant contribution to military literature,
providing as it does an instant reference
to the weapons systems of al the services
of the United States.

—Walter J. Boyne
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AIRCRAFT

ATTACK

Avenger (A-12)

The Avenger was to be a night/all-
weather, high-performance drike air-
craft. After severa years of controversial
secret development and several months
of accelerating cost projections and
schedule stretch-outs, the program was
canceled inJanuary 1991. The proposed
A-l 2, dso known asthe Advanced Tactical
Aircraft (ATA),wastoprovideaneventual
replacement for the Navy and Marine
CorpsA-61ntruder/EA-6B Prowler series.

The artist's conception showed a rela-
tively high-aspect-ratio deltawingwith ap-
proximately 2'/2timestheareaoftheA-6's
wing. The leading-edge sweep was about
47°; thetrailing edgewas straight and con-
tinuous from tip to tip. The A-12's shape
led to nicknames such as Manta Ray and
Dorito (after the tortillachip).

Roll control involved two sections of
elevens on the trailing edge near the
wingtip and spoilers ahead of the elevens;
used differentially, the eevens provided
yaw control. A control surface was cen-
tered on the trailing edge to control
pitch. When the wings would be folded,
the A-12's span was reduced to 34 ft
(10.36 m). Movable surfaces on the outer
half of the leading edge increased lift for
takeoff and landing.

The two General Electric engineswere
derived from the F/A-18 Hornet's F404s
the fan diameter was increased for
greater airflow. The deltawing planform
combined with a deep center section pro-
vides a large internal volume for fuel
while keeping the wing's thickness/
chordratiorelatively low.

The ATA design featured "stealth”

technology so that it would be difficult
to detect on radar. The ATA's avionics
were to be controlled by an IBM com-
puter using Very High Speed Integrated
Circuits (VHSIC) technology and Cen-
tral Processing Units (CPU) with 1.4 mil-
lion words of memory and capable of 3
million instructions per second.

Westinghouse, with Texas Instru-
ments, was to develop the AN/APQ-183
electronically scanned, phased-array mul-
timoderadar. Harris Corp. developed the
multifunction antennas, to have been lo-
cated in the wing's leading edges. Magna-
vox was supplying the A-RPX-5 Global
Positioning System (GPS) receiver while
Westinghouse was developing the A-12's
combined-functions  Forward-L ooking
Infrared (FLIR) system.

Tandem seats for the pilot and
weapons officer were enclosed by a bub-
ble canopy. The instrumentation in-
cluded Kaiser's Kroma liquid-crysta
Multifunction Displays (MFD) and
Bendix Tactical Situation Displays
(TSD). The front-seat Head-Up Display
(HUD) had a30° X 23° field of view. An
&in X 8in (203-mm X 203-mm) TSD was
flanked by two 6-in X 6-in (152-mm X
152-mm) MFD. Intherear cockpitwerea
TSD and three MFDs.

Defensive avionics were to be Litton's
electronic surveillance measures system
and General Electric's missile-warning
system.

The maximum payload was 40%
higher than that of the A-6, or 25,200 Ib
(11,431 kg) vs. 18,000 1b (8,165 kg), and
its range would be 80% gresater.
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DEVELOPMENT ¢ The Avenger was
canceled onJanuary 7, 1991. Its planned
initial operational capability was
scheduled for 1992 but was slipped to at
least 1996 or 1997. First flight had been
expected to occur in summer 1990 but
was delayed several times.

The program cost was estimated to be
$42 hillion for 450 Navy and $31-$36 bil-
lion for 300-350 Air Force aircraft. Total
Navy buy was to be 858 aircraft (to outfit
both Navy and Marine Corps attack
sguadrons) and another 400 for the Air
Force. These plans too were revised dur-
ing the plane's planning.

SPECIFICATIONS -

MANUFACTURER McDonnell Douglas
and General Dynamics

CREW 2 (pilot, navigator/weapons sys-
tems operator)

ENGINES 2 General Electric F412-GE-
D5F2 turbofan
max power more than 16,000 Ib

(7,257 kg) each

WEIGHT

max takeoff approx 70,000 Ib (31,751

kg)

DIMENSIONS (EST.)

wingspan 70 ft (21.34 m)

length 37 ft (11.28m)

wingarea 1,300 ft* (120.8 m*)
PERFORMANCE

max speed  approx. Mach 1
RADAR Westinghouse AN/APQ483 ra
dar

Dragonfly (A-37)

The Dragonfly is adapted from the T-37
"Tweet" trainer, intended for use in
counterinsurgency operations. The wing
is mounted low on the fuselage, having a
straight leading edge and dlightly ta
pered trailing edge. Streamlined fuel
tanks are permanently fixed to the wing-
tips. The fin and full-height rudder are
nearly upright; the fin has a dorsal fillet.
The double-taper tailplanes are fitted

approximately one-third of the way up
the fin.

The two General ElectricJ85-17 turbo-
jets are in thickened wing roots. The oval
intakes are considerably larger than
those of the T-37; the nozzles exhaust
through the wing root at the trailing
edge: A refueling probe is fitted to the
nose of many A-37s, located on the cen-
terline, and extends forward. The short,
wide-stance main gear retracts inward
into the wing root, while the nose gear
retracts forward into the nose.

The bulbous forward section of the
fuselage contains an oversize sde-by-side
cockpit with a single-piece clamshell
canopy bubble hinged at the rear. The
fuselage then tapers gently toward the
tail.

The Dragonfly's 7.62-mm, 6-barrel
minigun is mounted in the lower left
nose, and four store pylons under each
wing carry avariety of conventional and
cluster bombs, rocket pods, gun pods,
and drop tanks.

The A-37 ischaracterized by itssimple
operating characteristics, its efficient
ordnance-carrying capability, anditsrela-
tively high operational ceiling. The for-
giving flying qualities stem from its
trainer origins.

DEVELOPMENT ¢ TheA-37'sinitial op-
erational capability was in 1967; its first
flight was on October 22,1963. A total of
577 were produced from 1967 to 1978. In
addition to its US Air Force service, the
A-37 is operated in nine Latin American
countries, South Korea, Thailand, and
probably Vietnam.

VARIANTS ¢ YA-37A (prototype),
A-37A,A-37B, OA-37, T-37 Twest.

COMBAT EXPERIENCE ¢ In Decem-
ber 1989, 21 OA-37sfrom the Air Force's
24th Composite Wing flew 255 sorties
over three days during the US military
operation to remove Panamanian |eader



General Noriega. The aircraft were not
used for ground attack, but rather for
radio relay, medical evacuation coordina-
tion, and flare dispensing.

SPECIFICATIONS -
MANUFACTURER CessnaAircraft
CREW 2
ENGINES 2 General ElectricJ85-GE-17A
turbojet
maxpower 2,850 Ib (1,293 kg) static
thrust each
fuel capacity
507 USgd (1,920 liters)
WEIGHTS
empty
max payload
5680 Ib (2,576 kg)
max takeoff 14,000 Ib (6,350 kg)
DIMENSIONS
wingspan 35 ft 10M>in (10.93 m)
length 29 ft 3in (8.92 m)
height 8 ft IOVain (2.7 m)
wingarea 184 ft* (17.09 m2)
PERFORMANCE
max speed

6,211 Ib (2,817 kg)

440 kts (507 mph; 816
km/h)
max diving 455 kts (524 mph; 843
km/h)
max cruise 425 kts (489 mph; 787
km/h)
max weight: 98 kts (113
mph; 182 km/h)
normal weight: 75 kts (86
mph; 139 km/h)
6,990 ft/min (2,130
m/min)
both engines: 41,765 ft
(12,730 m)
1 engine: 25,000 ft
(7,620 m)
with 4,700-1b (2,132-kg)
weaponsload: 74 nm
(85 mi; 137 km)
with 3,700-Ib (1,678-kg)
weapons load: 217 nm
(250 mi; 402 km)
with 1,300-b (590-kg)
weapons load: 478 nm
(550 mi; 885 km)

stall speed

climbrate

ceiling

radius

AIRCRAFT 3
range with 4,100-1b (1,860-kg)
weapons load: 399 nm
(460 mi; 740 km)
with 4 100-US gd (379
liter) drop tanks: 877
nm (1,000 mi; 1,625
km)
armament 1 GAU-2B/A 7.62-mm
minigun with 1,500
rounds
8 wing pylons for up to
5,600 Ib (2,540 kg) of
ordnance

Harrier (AV-8B)

The AV-8B Harrier is an advanced Verti-
cal Short Takeoff and Landing (VSTOL)
fighter/attack aircraft that is coproduced
by McDonnell Douglas Aircraft and Brit-
ish Aerospace. It hasthe ahility to take off
vertically and hover. The AV-8B differs
from previousHarriersby having alarger,
more efficient wing shape, larger trailing-
edge flaps and ventral air brake, strakes
under the gun/ammunition pods, re-
designed engine intakes and nozzles,
strengthened landing gear, a ventral air
dam, and a more powerful engine, pro-
viding twice the payload of the AV-8A.

The shoulder-mounted, |ow-aspect-
ratio swept wings have supercritical air-
foil sections and Leading-Edge Root
Extensions (LERX) that increase in-
stantaneous turn rate. In later aircraft,
the LERX isenlarged for better handling
and survivability. Single-slotted trailing-
edge flaps are located inboard of the
midwing landing-gear pods. Drooping
ailerons are located outboard. The flaps
arepositioned automatically during flight
to generate the best lift at agiven angle of
attack.

The tail unit features a swept, pointed
fin and rudder with a ventral fin below
the fuselage. The aircraft is aso fitted
with a Stability Augmentation and Atti-
tude Hold System (SAAHS) and a short
tailboom.
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The Harrier's single engine provides
both lift and thrust. It has large, semicir-
cular engine air intakeswith two vertical
rows of auxiliary air doors on each side of
the fuselage. The engine power has been
upgraded several times during produc-
tion. In place of a conventional exhaust
nozzle, the Harrier uses swiveling ex-
hausts that can be repositioned for hover-
ing flight and for better combat maneu-
vering. A water injection system increases
thrust by 2,500 1b (1,134 kg) for IVzmin-
utes to ad in hot-weather takeoffs and
landings.

Retractable bicycle landing gear re-
tracts into the fusdlage; a singlewhed
unit is forward, a twin-wheel unit aft.
Rearward-folding outrigger landing gear
retracts into pods extending aft from the
midspan of each wing. The aircraft's net
weight consists of 26% composite compo-
nents. Compared to the original Harrier
design, the cockpit has been raised 12 in
(305 mm) and upgraded to include a
Multipurpose Display (MPD) for attack
and navigation aswell asHands on Throt-
tle and Stick (HOTAYS) technology.

The principal attack avionics system is
the Hughes nose-mounted AN/ASB-
19(V)2 or (V) 3 Angle Rate Bombing Set
(ARBS), which uses a TV/laser target
seeker and tracker. Navigation is aided
by the Litton AN/ASN-130A Carrier
Aircraft Inertial Navigation System
(CAINS). The ARBS feeds information
to the Sperry AN/AYK-14(V) mission
computer, the Lear-Siegler AN/AYQ-13
Stores Management Set (SMS), and
Smiths Industries SU-128A dual combin-
ing, wide field-of-view Head-Up Display
(HUD). Radar warning is provided by the
Litton AN/ALR-67(V)2 radar-warning
receiver; the Lora AN/ALE-39 chaff/
flare dispenser is fitted in the lower rear
fuselage.

The aircraft carries an external 25-mm
gun pack faired into the underfuselage,
withal1,000-1b (454-kg) capacity fuselage
hardpoint for bombs or an AN/ALQ-164
defensive ECM pod, four 2,000-Ib (907-

kg) capacity wing pylons, two 620-b
(281-kg) capacity outboard pylons avail-
able for bombs, rockets, air-to-air and
air-to-ground missiles, and fuel tanks.
Outrigger pylons were added to USMC
AV-8Bs beginning with aircraft num-
ber 167.

DEVELOPMENT ¢ The Harrier'sinitia
operational capability for US Marine
Corps service was in January 1985; the
YAV-8B's first flight was on November 9,
1978, AV-8B on November 5, 1981, and
EAV-8B in August 1987. Until the AV-8A/
C'sretirement, the AV-8B was known as
the Harrier 11.

The Marine Corps has been procuring
300 AV-8B and 28 TAV-8B aircraft. The
firgt three aircraft of an order of 12
EAV-8B were delivered to the Spanish
Navy in October 1987, with the last two
delivered by the end of 1988. The produc-
tion share for the US and Spanish aircraft
is60% for McDonnell Douglas and 40%
for British Aerospace.

The Royal Air Force acquired GR Mk 5
aircraft, with thefirst delivered onJuly 1,
1987; production for the GR Mk 5 is
shared equally between the two com-
panies.

In October 1990, the United States,
Italy, and Spain drafted a Memorandum
of Understanding (MU) that guides de-
velopment of the AV-8B Plus, aHarrier 11
variant fitted with a verson of the AN/
APG-65 radar used in the F/A-18 Hornet.
Some of the Marines AV-8Bs, including
those ordered in FY1991, were upgraded
to the Plus standard. The Spanish Navy
plans to remanufacture its 11 EAV-8Bs
and buy an additiona seven.

In May 1990, following the MU nego-
tiations, the Italian Parliament approved
the purchase of 16 AV-8B Plus and two
TAV-8B trainers; delivery of the Jill-
million order for the TAV-8Bswas made
in August 1991. The AV-8B replaced the
earlier British-built AV-8A/C Harrier and
A-AM Skyhawk aircraft in US attack
squadrons.



VARIANTS ¢ YAV-8B, GR Mk 5, TAV-8B
(trainer), EAV-8B Matador Il (Spain),
AV-8D Night Attack Harrier, Harrier GR
Mk 7, Harrier T10 (trainer), and AV-8B
Plus.

COMBAT EXPERIENCE « US Marine
CorpsAV-8Bswere deployed to Saudi Ar-
abiain mid-August 1990 as part of Opera-
tion Desert Shield.

When Operation Desert Storm began,
86 AV-8Bs—60 operating from airstrips
in Saudi Arabia and 26 flying from am-
phibious assault ships Tarawa (LHA 1)
and Nassau (LHA 4) in the Persian
Gulf—compiled 3,567 sorties against
Iragi targets in Kuwait and Irag. Almost
3,000 tons of ordnance were delivered by
the aircraft.

The Harriers used their ARBS to de-
tect targets and dropped laser-guided
bombs and launched laser-guided
AGM-65 Mavericks. In one attack, four
AV-8Bs were credited with the destruc-
tion of 25 Iragi tanks. On amost every
sortie, 25-mm cannon fire was directed
againg avariety of vehicles (armored and
"soft") and was said to have been very
effective.

Five AV-8Bs were lost during the war,
four in combat and one noncombat. Post-
war Marine Corps analysis reveded that
the midfuselage location of the engine
nozzles made the Harriers much more
vulnerable to an infrared missile hit than
other aircraft.

Many believe that the AV-8B, partic-
ularly the Night Attack and AV-8B Plus
variants, represents the first truly effec-
tive VSTOL combat aircraft.

SPECIFICATIONS -
MANUFACTURER  McDonnell Douglas
and British Aerospace
CREW 1 (2 in TAV-8B)
ENGINES
1 Ralls-Royce FA02-RR-406 Pegasus
11-21 turbofan
or 1 Rolls-Royce F402-RR-408 Pegasus
1161 turbofan

AIRCRAFT 5

max power -406: 21,450 Ib (9,730 kg)
static thrust
-408: 23,400 Ib (10,614
kg) static thrust
internal fuel capacity
1,200 US gd (4,164 liters)
max internal and external fuel capacity
approx 2,300 US ga
(8,705 liters)
WEIGHTS
empty -406: 13,086 Ib (5,936 kg)
-408: 13,968 Ib (6,336 kg)
max weapons load
-406: 9,200 Ib (4,173 kg)
-408: 13,235 Ib (6,003 kg)
design limitfor 7 g operation
22,950 1b (10,410kg)
max takeoff -406, sea level, vertical
takeoff: I1SA, 18950 Ib
(8,595kg);at90°F
(32°C), 17,950 1b

(8,142 kg)
-408, tropical day: 20,595
Ib (9,342 kg)
with 1,640-ft (500-m)
takeoff roll: 31,000 Ib
(14,061 kg)
DIMENSIONS
wingspan 30 ft 4in (9.25 m)
length 46 ft 4 in (14.12 m)
height I1ft73/4in (3.55m)
wingarea 230 ft? (21.37 m?)
PERFORMANCE

max speed  sea level: 580 kts (668
mph; 1,075 km/h;
Mach 0.88)
at altitude: Mach 0.91

climbrate more than 13,000 ft/min
(3,962 m/min)
ceiling 50,000 ft (12,240 m)

radius with 1,200-ft (366-m) roll, 7 500-
Ib (227-kg) bombs, and 2 300-USgal
(1,136-liter) drop tanks

-406: 471 nm (542 mi;
873 km)

-408: 594 nm (684 mi;
1,100 km)

ferry range with 300-USgal (1,136-liter)
drop tanks
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dropped

-406: 2,067 nm (2,380 mi;
3,850 km)

-408: 1,965nm (2,263 mi;
3,639 km)

retained

-406: 1,720nm (1,981 mi;
3,187 km)

-408: 1,638nm (1,886 mi;
3,034 km)

2,560 nm (2,946 mi;
4,741 km) max fuel

1 GAU-12/U multibarrel
25-mm cannon, 250
rounds

and 16 500-1b (227-kg)
bombs

or 10 Paveway laser-
guided bombs

or 12 cluster bombs

or 10 rocket pods

or 6 AIM-9 Sidewinder
AAM

or 2 Sidewinder + 4
AGM-65 Maverick ASM

range

armament

Intruder (A-6)

The Intruder is the US Navy's carrier-
based al-weather, night-attack aircraft. It
can deliver avariety of conventional and
nuclear ordnance. The Intruder was de-
veloped on the basis of night-attack re-
quirements generated during the Korean
War in the early 1950s.

TheA-6 configurationisrelatively con-
ventional. The wing is mounted at mid-
fuselage height and has a modest 25°
sweep at the quarter-chord. Nearly the
entire leading edge is occupied by dats;
virtually dl of thetrailing edge hassingle-
dotted flaps. Spoilers that run parallel to
the flaps provide roll control when oper-
ated differentially, lift dumpingwhen op-
erated collectively. The rear haf of each
wingtip can be opened into upper and
lower halves, thus acting as air brakes.

Almost 180 A-6Esare receiving composite
wings to extend their service lives.

The fin leading edge has a slight sweep
aft; the trailing edge, with its inset rud-
der, sweeps dightly forward. The dl-
moving tailplanes are dightly swept and
are mounted on the fusel age ahead of the
rudder hinge line.

The two J52 turbojet engines are con-
tained in pods under the wing flanking
the fuselage; the airflow is a straight line
from intake to exhaust. Each intake,
headed by a boundary-layer splitter plate,
is mounted in a cheek position below the
cockpit; the exhausts appear beyond the
wing trailing edge on either side of the
fuselage. Both wings house integral fuel
tanks, and additional tankage is in the
fuselage behind the cockpit and near the
center of gravity. Intruders are fitted with
an in-flight refueling probe mounted im-
mediately ahead of the cockpit.

The fuselage, with its large nose ra-
dome, bulged side-by-side cockpit, and
tapered after section, resembles to some
a tadpole. The side-by-side cockpit im-
poses some drag penalty.

The remainder of the fuselage tapers
aft and isfilled with avionics equipment
and fuel. The retractable main gear units
fold forward and inward into the intake
pod; the nose gear retractsto therear. The
arrester hook for carrier landings swings
down from a fuselage point midway be-
tween the wing trailing edge and the tail.
Dual hydraulic systems power the control
surfaces, flaps, speed brakes, and wheel
brakes. The design load factor is -1-65 g.

The A-6 was one of the first attack air-
craftwith anintegrated offensive avionics
suite, known as DIANE (Digital Inte-
grated Attack and Navigational Equip-
ment) . The later Navy and Marine Corps
A-6Es had a major revison in its avionics
package when the two-radar system was
replaced by the Norden AN/APQA448
multimode radar, which offers terrain
avoidance as well as target acquisition
and tracking; an improved version is des-
ighated APQ-156. The Litton ballistic



computer was replaced by the 1BM
AN/ASQ433 (later improved as the
ASQ-155) digital, solid-state ballistic
computer, which oversees some 60 dis-
plays and sensors.

The primary cockpit display is the Kai-
sar AVA-1 Verticad Display Indicator
(VDI), which accepts information from
the radar and navigational avionics, in-
cluding the Litton AN/ASN-92 Carrier
Aircraft Inertial Navigation System
(CAINS). Defensive avionics include the
Lockheed Sanders AN/ALQ-126B, AN/
ALE-39 chaff dispenser, and Litton AN/
ALR-67 Threat-Warning System.

The A-6E dso has the Hughes AN/
AAS-33 Target-Recognition Attack Mul-
tisensor (TRAM), which integrates a
Forward-LookingInfrared (FLIR), acom-
bination laser designator/rangefinder,
and a laser designation receiver. North-
rop's Infrared Video Automatic Tracking
(IRVAT) automates the tracking portion
of TRAM. The TRAM sensor isfitted in a
small, spherical turret under the nose; the
BN uses a separate viewing scope for the
TRAM.

Some A-6s have been retrofitted with
blue-green cockpit lighting that is com-
patible with Cats Eye Night Vison Gog-
ges (NVG). These aircraft are able to
reduce their minimum altitude during
night flying (in good wesather) from 500-
800ft (152-244 m) to 200ft (61 m) and
can maneuver more sharply because of
the pilot's improved field of view.

Weapons and external fuel tanks are
carried on thefour wing pylonsand an un-
derfuselage attachment point; each
weapons station has a capacity of 3,600 Ib
(1,633 kg) for a maximum payload of up
to 18,000 Ib (8,182 kg). The Intruder's
bomb load makes it the most capable
"bomber" in USnaval service. AHarpoon
antiship missile capability has been fitted
to al aircraft, and the aircraft can carry
Sidewinder air-to-air missles for salf-
defense aswell asBrunswick Tactical Air-
Launched Decoys(TALD). Theaircraftis
"wired" for carrying nuclear bombs.
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A KA-6D tanker variant—-converted
from earlier attack model s—has avionics
deleted to provide space for the reel and
drogue; up tofive400-USgd (1,514-liter)
drop tanks can be carried.

DEVELOPMENT < The A-6's initia op-
erational capability was in 1963 its
first flight was on April 9, 1960, and
the KA-6D tanker prototype was on May
23, 1966. Over 700 A-6s have been built,
with 240 converted to the A-6E con-
figuration. Intruders suffered a series
of wing fatigue problems, with hairline
fractures occurring after approximately
2,200 flight hours. Over 180 A-6 air-
craft were grounded for wing inspec-
tions in early 1987 after a series of
crashes.

VARIANTS « A-6A, EA-6A Intruder
(EW), A-6B, EA-6B Prowler (EW), A-6C,
KA-6D, A-6E, A-6E Block 1 (A-6E
Systems/Weapons Integration Program
SWIP), A-6E Composite Rewing Pro-
gram, A-6F, A-6G.

COMBAT  EXPERIENCE -« Intruders
were used extensvely in the Vietnam
War. A total of 68 Navy and Marine Corps
A-6 aircraftwerelost in combat from 1965
to 1973

In December 1983, Intruders from the
USS Independence (CV 62) andJohnF. Ken-
nedy (CV 67) participated in air strikes
against Lebanon's Bekaa Valley; one In-
truder and an A-7E Corsair were shot
down by Syrian missile batteries.

In March 1986, an A-6 aircraft from the
USS Coral Sea (CV 43) fired an AGM-84
Harpoon missile at a Libyan Nanuchka-
class corvette, sinking it. In April 1986,
Intruders from the Coral Sea and the USS
America (CV 66) attacked five targetsin
northern Libyain retaliation for alleged
Libyan involvement in a terrorist bomb-
ingin West Berlin.

In April 1988, A-6sfrom the USS Enter-
prise (CVN 65) attacked Iranian Bogham-
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mer patrol boats, sinking one and chas-
ing away four others. Later that day, A-6s
helped sink the Iranian frigate Sahand
and damaged the Sabalan (Sahand'ssister
ship).

OnJanuary 17, 199.1, 90 A-6Esfrom six
aircraft carriers in the Persian Gulf and
Red Sea, along with 20 US Marine Corps
Intruders, attacked Iragi targets at the
initiation of Operation Desert Storm.
For the entire conflict, the Navy's A-6E
contingent flew 4,071 sorties and Marine
Corps aircraft amassed 854. Four Navy
A-6Es were lost in combat and one was a
noncombat loss.

Two US Navy Intruders on separate
missions from the USS Abraham Lincoln
(CVN 72) fired single HARM missiles a
Iragi surface-to-air missile sites after be-
ing illuminated by the radar. The aircraft
were monitoring the no-fly zone over
southern lraq inJuly 1993.

SPECIFICATIONS -
MANUFACTURER Grumman Aerospace
CREW 2 (pilot, bombardier/navigator)
ENGINES 2 Pratt & Whitney J52-P-8B
turbojet
maxpower 9,300 Ib (4,218 kg) static
thrust each
internal fuel capacity
2,344 US ga (8,873 liters)
WEIGHTS
empty 26,600 Ib (12,065 kg)
max weapons load
18,000 Ib (8,165 kg)
max takeoff catapult: 58,600 Ib
(26,580 kg)
land-based: 60,400 Ib
(27,397kg)
DIMENSIONS
wingspan 53 ft (16.15 m)

length 54 ft9in (16.69 m)

height 16 ft 2 in (4.93 m)

wing area 529 ft? (49.1 m?)
PERFORMANCE

max speed (sea level)
560kts (644 mph; 1,036
km/h)

cruise speed
412 kts (474 mph; 763
km/h)
stall speed  flaps up: 148 kts (164

mph; 264 km/h)
flaps down: 98 kts (113
mph; 182 km/h)
clean: 7,620 ft/min
(2,323 m/min)
1 engine: 2,120 ft/min
(646 m/min)
clean: 42,400 ft (12,924
m)
1 engine: 21,000 ft (6,400
m)
combat: 880 nm (1,012
mi; 1,629 km)
with tanks: 2,375 nm
(2,733 mi; 4,399 km)
without tanks: 2,818 nm
(3,245 mi; 5,222 km)
+6.5
43,600-1b (1,933-kg)
capacity wing pylons
and 1 fuselage
hardpoint for external
fuel and weapons
30 Mk 82 500-1b bombs
0rlOMk831,000-1b
bombs
or 3 Mk 84 2,000-Ib bombs
or3B43/B57/B61H
nuclear bombs
or up to 4 missiles:
AGM-84A Harpoon
AGM-8 HARM
AGM-65 Maverick
AGM-123A Skipper
]
AIM-9 Sidewinder
AN/APQ-156 multimode

climb rate

celling

range

g limits
armament

radar

Skyhawk (A-4)

The Skyhawk is a small attack aircraft,
originally devel oped for daylight-only nu-
clear strike missionsfrom US aircraft car-
riers. It has subsequently been modified



to serve as a highly versatile, light attack
aircraft for conventional strike and close
air support missions.

The A-4 has a nonfolding, low-aspect-
ratio deltawing mounted low on the fu-
selage. Thewing's quarter-chord sweep is
33.2° and thewing dihedral angleis2.67°.
Thewing'sthree sparsrunfrom tip to tip;
virtualy al of the wing is an integral fuel
tank. The leading edge has automatic
dats and wing fences. The trailing edge
has split flaps inboard of horn-balanced
alerons, ahead of the flaps are lift-
dumping spoilers.

TheA-4hasa"cropped delta’ finand
ribbed rudder; the ribbing reduces flut-
ter, although not by design.

The engine air intakes are located on
the fuselage above the wing and behind
the cockpit. Rectangular air brakes are
fitted on either side of the fuselage be-
hind the wings. The aircraft's long-stroke
landing gear retracts forward into the
wings and nose. The pilot sits well for-
ward and has excellent visibility. The
cockpit is enclosed by asingle-piece, rear-
hinged canopy.

The 20-mm or 30-mm cannon are lo-
cated in the wing roots, and five attach-
ment points are provided for weapons
and external fuel tanks. The outboard
wing pylons are rated at 570 1b (258 kg)
each, the inboard wing pylons at 1,750 Ib
(794 kg) without roll restrictions and
2,240 Ib (1,016 kg) with restrictions, and
the centerline fuselage hardpoint at
3575 Ib (1,622 kg). These hardpoints
carry antiradar and land-attack missiles
as well as conventional bombs, rocket
pods, and mines. Avionics include a
Head-Up Display (HUD), Angle Rate
Bombing Set (ARBS), aloft bomb com-
puter system, and atailfin-mounted ECM
system.

DEVELOPMENT » The A-4'sinitial op-
erational capability was in 1956; its first
flight (the XA4D-1) wasonJune 22,1954.
The Skyhawk's production from 1956 to
1979 totaled 2,960, of which 555 were
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two-seat variants. Although the aircraft is
no longer in service with active US Navy
or Marine Corps units (last active USMC
aircraft retired on July 6, 1990), New
Zedand and Singapore are updating
many of their A-4s, enabling them to
serve to the end of the century.

When Iraq invaded Kuwait in August
1990, five sngle-seast A-4KUs and dl sx
trainers were captured, but Kuwait's
other 25 attack aircraft escaped to Saudi
Arabia

The aircraft has been replaced by the
A-7 Corsar. It was replaced in the US
Blue Angelsflight demonstration team in
1987 by the F/A-18 Hornet. It is replaced
in USMarine Corps service by the AV-8B
Harrier. Both the Navy and Marine Corps
fly large numbers of A-4s for training,
target tow, and other special missions.

TheA-4isoperated by sevenforeign air
forces. The Skyhawk has enjoyed a repu-
tation for durability and possesses good
handling characteristics. Recent Argen-
tina, New Zealand, and Singapore update
programs reflect the airplane'sversatility.

VARIANTS « XA4D-1, A-4A, A-4B,
TA-4B, A-AC, A4D-3, A-4E, A-4F, TA-4F,
EA-4F(EW),A-AGITA-4G,A-4H/TA-4H,
TA-4), A-AK/KAHU, A-4KU/TA-4KU,
A-4L, A-4M Skyhawk |1, A-AN, A-4P, A-4Q,
A-4PTM/TA-4PTM ("Peculiar to Malay-
sia"), A-4S, A-4S-1 Super Skyhawk.

COMBAT EXPERIENCE ¢ Skyhawks
wereused extensively by the USNavy and
Marine Corpsin the Vietham War and by
Israel in the Middle East wars. During the
1973 Yom Kippur War, Isradl lost 53 of its
Skyhawks. Argentina flew the A-4 in the
1982 Falklands War against Britain.
Skyhawks were often used for simulat-
ing Soviet threat aircraft in US military
pilot training during the cold war.
During the Iragi invasion of Kuwait in
August 1990, Kuwaiti Skyhawks bombed
and strafed Iraqi forces until resistance
ended on August 4. A total of 21 helicop-
ters and four Iragi patrol boats were
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destroyed. 25 A-4KUs from the Sth and
25th Sguadronsflew to Saudi Arabiato re-
group.

When Operation Desert Storm began
on January 17, 1991, the Kuwaiti A-4s
flew against targets in Kuwait. The
squadron commander was shot down by
ground fire in an early raid; no other
A-4KUswere logt. Limited by the lack of
radar or radar-warning systems, the rela-
tively "low-tech,” day-attack A-4s relied
on E-3 Airborne Warning and Control
System (AWACYS) for defense against
Iragi fighters. Kuwaiti A-4 sorties contin-
ued until the cease-fire on February 28,
1991.

SPECIFICATIONS -
MANUFACTURER McDonnell Douglas
CREW 1 (2 in TA-4 and OA-4 variants)
ENGINES 1 Pratt & Whitney J62-P-408
turbojet
max power 11,200 Ib (5,080 kg) static
thrust
internal fuel capacity
800 US gd (3,208 liters)
WEIGHTS
empty 10,456 Ib (4,743 kg)
max external load
9,195 Ib (4,139 k)
max takeoff 25,500 Ib (13,113 Kkg)
DIMENSIONS

wingspan 27 ft 6in (8.38 m)
length 40 ft 4V4in (12.3 m)
TA-4/0A-4: 42t 7V 4in
(12.98 m)
height 14 ft 11 in (4.55m)
TA-4/0A-4: 15ft3in
(4.66 m)
wingarea 260 ft? (24.16 m?)
PERFORMANCE

max speed (sea level)
clean: 582 kts (670 mph;
1,078 km/h)
with4,0001b (1,814 kg) of
weapons. 560 kts (645
mph; 1,038 km/h)

climbrate 8440 ft/min (2,573
m/min)
ceiling 42,250 ft (12,878 m)

radiuswith 4,000 Ib (1,814 kg) of
weapons and external fuel
335 nm (386 mi; 620 km)
range with 4,000-1b (1,814-kg) of weapons
and external fuel
799 nm (920 mi; 1,480
km)
ferry range 2,055 nm (2,366 mi;
3,808 km)
2 20-omm Mk 12 cannon
with 200 rounds each
or 2 30-mm DEFA cannon
with 150 rounds each
and 14 500-lb (227-kg)
bombs

0r31,000-1b (454-kg)
bombs

or 12,000-1b (907-kg)
bomb

or 14,500-1b (2,041-kg)
bomb

or4AGM-45Shrike
missiles

or 3AGM-62 Walleye
missiles

or4AGM-65Maverick
missiles

or | M k43/57 nuclear
store

armament

Spectre (AC-130)
The Spectre gunship is derived from the
C-130 Hercules, the most widely used mil-
itary transport in the modern military
era. AC-130s were first used in Vietnam
and more recently to support Special Op-
erations Forces (SOF) missions. (For a
description of the basic C-130, see Cargo
Aircraft.)

Theweaponsin the AC-130H consist of
a 105-mm howitzer, two 20-mm Vulcan
Catling cannon, and a Bofors 40-mm/70-
ca cannon, al mounted athwartships
and firing to port. The howitzer iscarried
in a hydraulic mount just ahead of the
rear cargo ramp. It has ashortened barrel
and a49-in (1.24-m) recoil and isfired by
a three-man crew (gunner at the control



AC-130 Spectre

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

panel, loader, and unloader). The how-
itzer's pointing angle is 20° in azimuth
fore and aft and 40° elevation. 76 ready
rounds are carried near the gun with an-
other 24 stowed farther forward.

The Bofors cannon is ahead of the 105
mm howitzer in a hydraulic, trainable
mount served by two crew members. It
has arate of fire of 100 rounds per min-
ute and 69 4-round clips. The two Vulcan
Catling cannon are mounted in parallel
between the forward door and the
landing-gear sponson. Each fires at arate
of 2,500 rounds/mm and has a magazine
of 3,000 rounds.

Avionics are comprehensive and in-
clude several sensors. A General Electric
AN/ASQ-145 Low-Light-Level Television
(LLLTV) andan AN/AVQ-19 | aser desig-
nator are mounted in a stabilized turret
located in the forward door. Ahead of the
door is alarge radome for the AN/ASD-5
Black Crow ignition tracking system. The
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AN/AAD-7 Forward-Looking Infrared
(FLIR) ball ismounted on the nose of the
port-landing-gear sponson. The AN/
APQ-150 beacon tracking radar is fitted
in between the 40-mm cannon and the
105-mm howitzer. The AN/JAVQ-17 IR/
whitelight searchlight is mounted on the
port rear fuselage.

The three sensor operators are housed
in a single position in the cargo hold be-
tween the two sets of gun positions. Be-
cause the location of armament and the
pilot's Head-Up Display (HUD) are both
on the port side, al firings are in a port
orbit.

A Litton AN/ALR-69 radar-warning
receiver is fitted in the fuselage. Four
chaff/flare launcher systems are fitted
to each side of the aircraft, and two
more are in the tail; atotal of 300 car-
tridges are carried. Westinghouse AN/
ALQ-119 noise/deception jamming and
SUU-42 IR countermeasures pods can be
carried on the Triple Ejection Racks
(TER) that are fitted to the external fuel
tanks.

DEVELOPMENT e« Although the basic
C-130 isflown throughout the world, the
AC-130 isflown only by the US Air Force.
The AC-130's initial operational capa
bility was in 1967. Two AC-130 variants,
the -A and -H, serve with Speciad Opera-
tions Squadrons, the former in an Air
Force reserve unit and the latter in an
active unit. The AC-130As are in service
with aUS Air Force Reserve Specia Op-
erations Squadron, while AC-130Hs are
in active servicewith the 16th Specia Op-
erations Squadron.

The latest variant, the AC-130U pro-
gram, suffered from delays and cost in-
creases. Problems in design of the
software and the Electronic Warfare
(EW) suite and compressed develop-
ment and production scheduleswere sin-
gled out as causes. Itis ar refuelable and
includes a side-firing weapons system.
The AC-130U variant's mission isto pro-
vide precison fire support for Specid
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Operations Forces, as well as conven-
tional forces, plus performing escort, sur-
veillance, search and rescue, and armed
reconnaissance/interdiction missions.

VARIANTS » C-130 Hercules, AC-130,
AC-130A, AC-130E, AC-130H, AC-130U.

COMBAT EXPERIENCE ¢ In Decem-
ber 1989, seven AC-130 aircraft flew 74
sorties against Panamanian forces as part
of the American military operation to
oust General Noriega. Gunfire from an
AC-130 destroyed or disabled nine vehi-
clesfrom aPanamanian convoy appeared
heading toward US forces at Tocumen/
Torrijos International Airport.

In late January 1991, an AC-130 was
shot down off the Kuwaiti coast during
Operation Desert Storm against Iraqi
forces in Kuwait. All 14 men on board
were listed as missing; the wreckage was
found in shalow water in early March.
AC-130s supported Special Operations
Command missions that placed small
teamsin Iraq and Kuwait to gather intel-
ligence and conduct operations.

Spectres were deployed to Somdiain
mid-1993 and used against the forces of
warlords, marking the first military en-
gagement under the Clinton administra-
tion.

SPECIFICATIONS -

MANUFACTURER  Lockheed-Georgia

CREW 14 (2 pilots, navigator, flight en-
gineer, radio operator, 3 sensor oper-
ators, and gun crews)

ENGINES 4 Allison T56-A-15 turboprop
maxpower 4,591 effective hp each
internal fuel capacity

9,679 US ga (36,636
liters)

WEIGHTS
empty 76,469 1b (34,686 kg)
maxpayload 42,673 b (19,356 kg)
takeoff normal: 155,000 Ib

(70,310kg)
max: 175,000 Ib (79,380

kg)

DIMENSIONS
wingspan 132 ft 7 in (40.41 m)
length 97 ft9in (29.79 m)
height 38 ft 3in (11.66m)
wingarea 1,745 ft* (162.12 m?)
ramp opening
length: 9ft 1in (2.77 m)
width: 10 ft (3.05 m)
PERFORMANCE
cruise speed
max: 325 kts (374 mph;
602 km/h)
econ: 300 kts (345 mph;
556 km/h)
stall speed 100 kts (115 mph; 185
km/h)
climbrate 1,900 ft/min (579
m/min)

ceiling at 130,000 Ib (58,970 kg)

4 engines: 33,000 ft
(10,060 m)

3 engines: 26,500 ft
(8,075 m)

max payload: 2,046 nm
(2,356 mi; 3,791 km)

max fuel with 15,611-Ib
(7,081-kg) payload:
4,250 nm (4,894 mi;
7,876 km)

takeoff run: 3,580ft
(1,091 m)

1 X 105-mm howitzer (76
ready rounds, 24
stowed)

1 X 40-mm Bofors
cannon (276 rounds)

2 X 20-mmVulcan
Galling cannon (6,000
rounds)

APQ-150

range

armament

radar

Thunderbolt (A-10)

The Thunderbolt was designed specifi-
cally for Close Air Support (CAS) opera-
tions. It was especially designed and
armed to engage tanks and other ar-
mored vehicles and to operate from aus-
terely equipped forward bases, amission
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U.S. Air Force A-10 Thunderbolt 1

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

it carried out effectively during Opera
tion Desert Storm. (The World War I1-
era Soviet 112 Sturmovik ground-attack
aircraft and the more recent Su-25
Frogfoot were designed for asimilar mis-
sion.) The A-10 origindly had only a
visual targeting capability but subse-
quently was upgraded with a laser spot
Seeker.

The design and construction of the
A-10 was governed by the desire to deliver
aheavy weapons|oad, require little main-
tenance, and remain survivable in an in-
tensely antiaircraft environment; speed
and ceiling were deemphasized. The low
wing is a thick-sectioned airfoil with little
taper. The center section has no dihedral
or taper; the outer panels, which are at-
tached just outboard of the leading-edge
landing-gear "knees," have dihedral,
some taper, and turned-down tips. High-
lift devices include dats on the center-
section leading edge and trailing-edge
double-dlotted flaps inboard of broad-
chord ailerons.

The tail group has low-mounted, rect-

angular horizontal tailplanes, each with
an upright endplate fin and rudder. The
fin and rudder have converging taper. All
movable tail surfaces are left/right inter-
changeable; the aircraft can fly with an
entire vertical tail missing. Hydraulic
control systems for the control surfaces
are duplicated, with each system taking a
different path through the airframe;
there is also amechanical backup system.
TheA-10isaso fitted with aGeneral Elec-
tric two-axis, two-channel Stability Aug-
mentation System (SAS).

The two TF34 turbofans are housed in
large nacelles mounted on short stubs on
the fusdage flanks ahead of the tail
group. The engine position reduces vul-
nerability to small-arms fire while the In-
frared (IR) signature is blanketed by the
wing and tailplane. Engine-out control
asymmetry is reduced because the en-
ginethrustlines are relatively close to the
centerline. Interna fuel tankage condsts
of tear-resistant, self-sealing, foam-filled
cdls.

The fuselage is relatively slender, with



14 AIRCRAFT

the cockpit placed well ahead of the
wing leading edge. As part of the air-
craft's ballistic protection, the pilot
dtsin a 700-1b (318-kg) titanium tub de-
signed to resist 23-mm antiaircraft artill-
ery fire. Further passive protection is
provided by Electronic Support Mea-
sures (ESM), such as the Litton
AN/ALR-46/69 radar-warning receiver,
and 16 Tracor AN/ALE-40(V)10 chaff
cartridge dispensers mounted in groups
of four in each wingtip and whedl well;
Westinghouse AN/ALQ-119, AN/ALQ-
131, or Raytheon AN/ALQ-184 active
jammer pods can aso be carried onwing
pylons.

The main landing struts retract for-
ward into "knees" located at the dihedral
break of the wing leading edges. The
wheels are partially exposed when re-
tracted. The nose gear is offset to port to
provide clearance for the 30-mm cannon
barrdl; it retractsforward under the cock-
pit.

The cockpit is enclosed by a single-
piece canopy that is hinged at the rear.
Avionics include a Kaiser Head-Up Dis-
play (HUD) with aMIL-STD-1553 multi-
plex digita databus system, a Litton
LN-39 Inertial Navigation System (INS),
and the Martin Marietta AN/AAS-35(V)
Pave Penny day/night laser tracker. The
Pave Penny is mounted on a small pylon
attached to the port side of the fuselage
below the cockpit.

For the A-10's offensive ground-attack
capability, a General Electric GAU-8/A
Avenger 7-barrd 30-mm Gatling gun is
mounted in the forward fuselage. The
installation, including the 1,174-round
ammunition drum, is 19 ft 10 in
(6.05 m) long and weighs 4,029 1b (1,829
kg). The cannon has a maximum rate of
fire of 70 151b (0.68-kg) rounds per
second.

Fusdlage weapons stations include
three sde-by-sde ventral hardpoints. Ei-
ther the outer two, each with a 3,500-1b
(1,588-kg) capacity, or the centerline
5,000-1b (2,268-kg) capacity hardpoint

can be used, but not dl three smul-
taneously. The center-section wing py-
lons have a 3,500-Ib (1,588-kg) capacity.
Outboard of the landing gear on each
wing are three pylons, the inner one ca
pable of a 2,500-1b (1,134-kg) load, the
middle one 1,200 Ib (544 kg), and the
outer pylon 1,000 Ib (454 kg).

The maximum weapons load of 16,000
Ib (7,258 kg) can include AGM-65 Mav-
erick TV- or IR-guided air-to-ground
missiles, conventional and laser-guided
bombs, rocket pods, gun pods, sub-
munitions dispensers, AIM-9 Sidewinder
Air-to-Air Missles (AAM), and fuel
tanks.

DEVELOPMENT « The A-10s officia
name was originaly Thunderbolt Il in
honor of Republic's P-47 fighter-bomber
of World War 1I; the "lI" was later
dropped. Pilots and ground crew more
commonly refer to the A-10 as the Wart-
hog or Hog; the latter nickname has been
applied to most Republic Aviation air-
craft since World War I1. The Warthog's
initial operational capability wasin 1977,
and its first flight was on May 10, 1972
Production ended in 1984 after 707 air-
craft, and six preproduction aircraft,
were delivered. The A-10 has served for
the Air National Guard in addition to the
active USAir Force. Thailand announced
plans to purchase 25 A-IOs in the early
1990s.

The FY1991 Defense Authorization bill
required that A-10s replace US Army
OV-1 Mohawks and US Marine Corps
OV-10 Broncos over afive-year period.

VARIANTS « A-10A, A-10 NAW
(Night/Adverse Weather), A-10 up-
grades. Low Altitude Safety and Target
Enhancement (LASTE) program, Close-
Air Support/Batdefield Air Interdiction
(CAS/BAI) program, OA-10.

COMBAT EXPERIENCE ¢ The A-10
participated with distinction in Opera



tion Desert Storm, attacking tactical and
theater targetsin Iraq and Kuwait. Before
the ground war began on February 24,
Warthogs attacked avariety of targetsin-
cluding Scud mobile balistic missile
launchers, radar sites, and surface-to-air
missile positions. When preparation for
the ground war began, most A-10 sorties
were directed against Iragi armored and
unarmoredvehicles. Inal, A-lOsflew ap-
proximately 8,100 sorties.

Limitations imposed by the lack of a
radar or FLIR were overcome by using
the AGM-65D Maverick's IR seeker to
search for targets. The 30-mm cannon
proved effective against a variety of tar-
gets, including two helicopters shot down
over Kuwait. Accounts credited pairs of
A-1Oswith destroying 20 or more tanksin
a single day. Altogether, Warthogs were
credited with over 1,000 tanks, 2,000 mili-
tary vehicles, and 1,200 artillery pieces
destroyed.

Five A-10s were shot down during the
seven-weekwar.

SPECIFICATIONS -
MANUFACTURER  Fairchild-Republic
CREW 1
ENGINES 2 General Electric TF34-GE-
100 turbofan
maxpower 9,065 Ib (4,112 kg) static
thrust each
WEIGHTS

empty 21519 1b (9,761 kg)

BOMBERS

F-11/FB-III

The FB-111 was the strategic/theater
bomber version of the US FI 11 multipur-
pose aircraft. Both are described here.
The FB-111 design differs from the tacti-
cal strikeaircraftvariantsby havingdiffer-
ent engines, a SVaft (1.07-m) extension
on each wingtip, strengthened land-
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forward airstrip weight, armed and
fueled
33,412 Ib (15,155 kq)
max takeoff 50,000 Ib (22,680 kg)
DIMENSIONS
wingspan 57 ft6in (17.53 m)

length 53 ft4in (16.26m)

height 14t 8in (4.47m)

wing area 506 ft* (47 m?)

PERFORMANCE

max speed 367 kts (423 mph; 681
km/h)

cruise 300 kts (345 mph; 555
km/h)

climbrate 6,000 ft/ min (1,829
m/min)

radius with 9,000-Ib (4,309-kg)

weapons load, 1.8-hr
loiter: 250 nm (288 mi;
463km)
single-store deep strike
penetration: 540 nm
(622 mi; 1,000 km)
FERRY RANGE 2,209 nm (2,542 mi;
4,091 km)
ARMAMENT
1 GAU-8/A 30-mm multibarrel gunin
fuselage w/1,174 rounds
18 Mk 82 500-Ib (227-kg) or 6 Mk 84
2,000-Ib (907-kg) bombs
or 6 AGM-65Maverick air-to-surface
missiles
or 18 Rockeye |1 cluster bombs
or 6 500-1b (227-kg) or 4 2,000-Ib (907-
kg) laser-guided bombs

ing gear and fuselage, greater fuel capac-
ity, and improved avionics.

In the basic 111 design, the pivot
points for the variable-sweep, shoulder-
mounted wings are located relatively
close to the fusdlage insde fixed wing
"gloves'; the gloves extend forward to
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the rear of the cockpit and give the plane
a "hooded cobra' look. Although the
close-set pivots complicated design and
required a titanium wing carry-through
structure, they dso result in a low mini-
mum sweep angle of 16° and a high maxi-
mum sweep angle of 72V2°; such a wide
range resultsin an aircraft with relatively
low takeoff, landing, and stall speeds as
well as supersonic, low-altitude penetra-
tion flight.

High lift surfaces line the full span of
the leading and trailing edges of the
wing; the trailing-edge flaps are double-
slotted. Roll control is achieved through
spoilers and large, all-moving swept tail-
planes that move differentially for roll,
collectively for pitch. The broad-chord,
swept fin has a full-height rudder.

The two TF-30-P-7 twin-spool turbofan
engines are buried in the aft fuselage and
fed by variable-areaintakes that are fitted
with boundary-layer splitter platesand lo-
cated on the fuselage flanks under the
leading edge of thefixed wing gloves. The
engines are fitted with variable-area noz-

F-111

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

Zleswith blow-in door gjector. Fuel tanks
occupy much of the fuselage ahead and
behind the wing carry-through structure
aswell asmost of eachwing. All F/FB-111s
havein-flight refueling capability.

The fuselage is broad enough to ac-
commodate a side-by-side cockpit for the
pilot and navigator. The aircraft's maxi-
mum design load factor at design weight
is30.

The cockpit is protected by individua
canopies over each seat; these are hinged
on a common centerline rail and, when
open at the same time, have a gull-wing
appearance. The cockpit and glazing are
combined in an escape pod that is g ected
by a single rocket; the crew remains with
the pod while it parachutes to earth.

The F/FB-111's high wing-loading and
low aspect ratio at full aft sweep makes
the aircraft relatively insensitive to low-
level turbulence, which extends its low-
atitude, terrain-following flight en-

durance. In low-leve flight, the primary
avionics unit is the Texas Instruments
AN/APQ-117 Terrain-Following Radar



(TFR) fitted in the nose radome. Other
avionics include the General Electric
AN/APQ-117 attack radar (upgraded to
the AN/APQ-169), Genera Dynamics
AN/AYK-6digital computer, AN/AY N-3
Horizontal Situation Display, AN/ASG-
25 optical display sight, AN/AIN-16iner-
tid bomb navigation system, AN/APN-
167 radar dtimeter, and AN/APN-185
Doppler radar.

The comprehensive Electronic Sup-
port Measures/Electronic  Counter-
measures (ESM/ECM) suite includes a
Cincinnati ElectricAN/AAR-34 Infrared
(IR) warningreceiver, Loral AN/ALR-41
homing receiver, Dalmo Victor AN/
APS109B Radar Homing and Warning
System (RHAWS), Sanders AN/ALQ-94
or AN/ALQ-137 internal noise/decep-
tion jammer, and an AN/ALE-28 coun-
termeasures dispenser.

Theinternal weaponsbay islocated be-
tween the nose and main gear bays and
has avolume of 126 ft* (3.57 m®). The bay
carries either two nuclear bombs or two
AGM-69 nuclear Short-RangeAttack Mis-
sles (SRAM). Of the sx externa
weapons pylons, the center and inboard
pylons under each wing swivel with the
wing sweep. The outermost pylon on
each wing is fixed so that it creates the
least drag at a 26° sweep angle; these py-
lons are used for fuel tanks and arejet-
tisoned with the tankswhen the latter are
empty. The other four pylons carry
SRAMSs, nuclear bombs, conventional
7501b (340-kg) bombs, cluster bombs, or
600-US gd (2,271-liter) drop tanks.

DEVELOPMENT e« The FB-Ill's initial
operational capability was in October
1969, and its first flight was inJuly 1967.
While in production from 1968 to 1971,
76 werebuilt. Thelast wasretired onJuly
10,1991. 22 FB-llIs, designated FB-llIGs,
were converted to trainers beginning in
June 1990 and would be retired by early
1994 at the |atest.

An unofficial US Air Force nickname
for the FFB-111 is the Aardvark, refer-
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ring to the long nose. The FB-111 saw
service only with the USAF and is no
longer in operation; the F-IIl isin ser-
vice with Austraia

VARIANTS « FB-111A, FB-111G, FB-
111H (upgraded engines, stretched fu-
selage), F-Il1 G.

COMBAT EXPERIENCE e First combat
use of the US Air Force F-IIl aircraft
came in 1972-1973 with limited results
and relaively heavy losses during raids
into North Vietnam.

Twelve England-based F-IIIFs aircraft
attacked Libyan targets at night on April
15,1986. (Five more developed problems
that forced them to turn back.) One was
lost with itstwo-man crew. Each F-1 11 re-
quired three in-flight refuellings enroute
to the target and two more on thereturn
flight.

On January 17, 1991, the 38 F-llIFs
deployed in the region attacked Iraqi tar-
gets as part of the air assault that began
Operation Desert Storm. Together with
the F-1 17 Stealth "Fighter" and the F15E
Eagle, the F-llIFs were responsible for
many of the precison-bombing strikes
using laser-guided bombs that dislocated
the Iragi air-defense system. F-IlIFs dso
attacked Scud fixed and mobile ballistic
missile stes, as well as delivering LGBs
against 1,500 armored vehicles (known as
"tank plinking"). No F-l 11swere logt in
the seven-week campaign.

SPECIFICATIONS (FB-111)
MANUFACTURER General Dynamics
CREW 2 (pilot, navigator)
ENGINES 2 Pratt & Whitney TF30-P-7
turbofan
maxpower with afterburner: 20,350
Ib (9,231 kg) st (static
thrust) each
intermediate without
afterburner: 12,350 Ib
(5,602 kg) steach
max fuel capacity: 5,623
US gd (19,088 liters)
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WEIGHTS
empty 47,481 1b (21,537 kg)
combat 70,380 Ib (31,924 kg)
design 110,646 1b (50,188 kQ)

max takeoff 119,243 Ib (54,088 kg)
DIMENSIONS
wingspan 70 ft (21.34 m) extended,
33ft11in (10.34m)
swept
length 75 ft 6Vsin (23.03 m)
height 17 ft 1in (5.22 m)
wingarea 550 ft? (5111 m?)
PERFORMANCE
max speed at high altitude
[,262kts(l,453mph;
2,338 km/h) or Mach
2.2
basic speed at 35,000ft (10,668 m)
1,188 kts (1,368 mph;
2,201 km/h) or Mach
2.05
max combat speed at sea level
728 kts (838 mph; 1,349
km/h) or Mach 11
max dash speed, high altitude
1,147 kts (1,321 mph;
2,125 km/h) or
Mach 2
max dash speed, low-level
562 kts (647 mph; 1,041
km/h) or Mach 0.85

range cruise
444 kts (511 mph; 823
km/h)
max rate of climb, with external weapons
stores
22,870 ft/min (6,971
m/min)
ceiling at combat weight
50,263 ft (15,320m)
armament internal weapons bay with
2B43/B61/B83

nuclear bombs

and 6 wing pylonsfor up
to 31,500 Ib (14,288
kg) weapons load
including:
4SRAMs

0or24750-1b (340-kg)
MI 17 bombs

radar AN/APQ-134 or -171
TFR
AN/APQ4140r-169

attack

SPECIFICATIONS (F-111) -
MANUFACTURER General Dynamics
CREW 2 (pilot, navigator)
ENGINES
F111A: 2 Pratt & Whitney TF30-P-3
turbofan
F111F 2 Pratt & Whitney TF30-P-100
turbofan
max power with afterburner
F-111A18,500 Ib (8,391

kg) st each
F111F 25,100 Ib (11,385
kg) st each
maxfuel capacity
5043 US gd (19,088 liters)
WEIGHTS
empty F111A: 46,172 1b (20,943
k
FJJ%).F: 47,481 1b (21,537
k
combat weight 9
F111A: 64,7281b (29,360 kQ)
F111F: 63,0481b (28,598kQ)
typical  takeoff

F111A: 82,819 1b (37,566 kg)
F111F; 85589 1b (38,823 kg)
max takeoff F111A: 98,850 Ib (44,838

kg)
F111F 100,000 Ib
(45,360 kg)
DIMENSIONS
wingspan 63 ft (19.2 m) extended,
31ft11in (9.74m)
swept
length 73ft6in (22.4 m)
height 17ft 1in ( 522 m)
wing area 525 ft? (48.77 m?)
PERFORMANCE

max speed at high altitude
F111A: 1,262 kts (1,453
mph; 2,338 km/h) or
Mach2.2
F111F 1,436 kts (1,653
mph; 2,660 km/h) or
Mach 2.5



basic speed at 35,000ft (10,668 m)
1,196 kts (1,377 mph;
2,216 km/h) or Mach
21
max combat speed at sea level
794 kts (914 mph; 1471
km/h) or Mach 1.2
range cruise
444 kts (511 mph; 823
km/h)

max rate of climb with external weapons

stores
F111A: 26,600 ft/min
(8,108 m/min)
F111F; 43,050 ft/min
(13,122 m/min)
ceiling at combat weight

FI 11A: 55,300 ft (16,855
m)

F111F 57,100 ft (17,404
m)

Fl 11A, hi-lodo-lo-hi at
combat weight with 12
750-Ib (340-kg) bombs:
681 nm (784 mi; 1,262
km)

F-I 11F, hi-lo-hi at com-
bat weight with 24
750-b (340-kg) bombs:
440 nm (507 mi; 815
km)

range with 4 600-USgal (2,271-liter) drop
tanks

radius

F-111A:3,156nm (3,634
mi; 5,848 km)

F-111F: 2,934 nm (3,379
mi; 5,437 km)

internal weapons bay for
1 M61A1 20-mmgun
(2,050 rounds)

and 1 B43 nuclear bomb

or 2B43/61/83 nuclear
bombs

and4wing pylonsfor
31,500-Ib (14,288-kg)
weapons |load

or 4AIM-9Sidewinder
AAM

or4 600-US gd (2,271-
liter) drop tanks

armament
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L ancer (B-1)

The B-l is the long-range strategic
bomber designed originally for low-
altitude penetration missions against mo-
bile ICBMs or standoff Air-Launched
CruiseMissile (ALCM) attacks. 100were
procured in the early 1980s as a "bridge"
in capability between the aging B-52
Stratofortress and the planned B-2 Ad-
vanced Technology Bomber (ATB or
"Stealth").

The B-1B features variable-geometry
wings mounted at midfuselage. Thewing
pivot is located relatively close to the fu-
selage, which yields a large change in
wing aspect ratio from its minimum
sweep angle of 15° to the maximum
sweepangleof 67!/2°. Aswithseveral other
"swing-wing" aircraft designs, the pivots
and wing carry-through structure are ti-
tanium. The outer panels are of more
conventional aluminum-alloy construc-
tion.

In addition to the low-sweep angle,
takeoff and landing performance is
aided by leading- and trailing-edge lift de-
vices. Each leading edge has full-span
dats in saven sections that droop 20° for
takeoff. Each trailing edge isfitted with
sx single-dotted flap sectionswith a max-
imum down flap setting of 40°. Rall con-
trol is provided by four sections of
spoilers on each wing; there are no
ailerons.

The vertical tail is arelatively upright
surface made of titanium and aluminum
dloy. The three-section rudder is inset
into the trailing edge with the lowest sec-
tion set below the tailplane. Large, swept
tailplanes are mounted on a common
spindle that passes through the fin at a
reinforced station approximately one-
third up the fin. The tailplanes can be
used differentially to aid roll control as
well ascollectively for pitch control.

Four independent 4,000-ps (276-bar)
hydraulic systems power the flight con-
trols, flaps, landing-gear actuation,
landing-gear doors, and weapons-bay
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doors. A quadruplex Automatic Flight
Control System (AFCYS) is fitted. Ride
control at low altitudesis provided by the
Structural  Mode Control Subsystem
(SMCS) that uses accelerometers to
dampen the rough ride at low altitude.
Two small, swept vanes are fitted at 30°
anhedral in the lower fuselagejust ahead
of the cockpit; these work in conjunction
with the lowest rudder section under
command of the SMCS.

The B-1B initialy had little inherent
stall warning, and its terrain-following
performance had deteriorated due to
the substantially higher gross weights
compared to the B-1A. A Stall Inhibitor
System (SIS-1) was fitted to the first 18
aircraft to force the pilot to "fail-safe"
by limiting his control system power
near the B-IB's Angle of Attack (AoA)
limits.

A later SS-2 is a backup to the triple-
redundant Stability Enhancement Func-
tion (SEF), which is designed to expand
the AoA limits and permit Mach 0.95
speeds at max grossweight from sea level
to about 6,000 ft (1,829 m) while retain-
ing an adequate margin of controllability.
In addition to reducing the necessary
stall warning margin from 20% to 5%
above aerodynamic stall, the SEF system
has permitted successful automatic
terrain-following flights at 200 ft (61 m)
in a "hard-ride," hands-off mode. All
B-IBs were retrofitted with the SIS-2/SEF
system, with fully equipped B-IBs enter-
ing squadron service between January
and April 1990.

Four General Electric turbofans are
housed in pairs in nacelles under the
wings. They are fed through fixed-
geometry intakes that limit maximum
speed to approximately Mach 1.25. Prob-
lems with the engine's first-stage com-
pressor fan led to the Air Force's
cessation of al B-l routine training
flightsin December 1990 until the source
of the failures could be found.

Internal fuel tankage is located in the
fuselage midbody and in the outer wings.

Thein-flight refueling receptacleis fitted
ahead of the cockpit.

The fuselage has a blended wing-body
union similar to that of the F-16 Fighting
Falcon. The B-IB's Radar Cross Section
(RCS) that gives the plane its "stedlthi-
ness' is approximately ¥7 that of the
FB-111A, Via of the B-1A, and VIM of the
B-52. The smal RCS is achieved through
shaping and Radar-Absorbent Materials
(RAM) used at many points on the air-
frame.

Although much of the structure is au-
minum alloy, titanium isusedwhere high
heat isgenerated (firewalls, engine bays)
or high stress is expected (tail, rear fu-
selage skinning). The main landing gear
was strengthened to accept the B-IB's
higher gross weights; the two four-wheel
bogies retract into the fuselage between
the engine nacelles. The nose gear re-
tractsforward.

The pressurized flight deck provides
for two pilots and two weapons systems
officers, each seated in his own Weber
ACES Il egjection seat. The pilots use
control sticks rather than wheels and
have the engine throttles on consoles to
the left of each seat, which is said to
enhance the aircraft'sfighterlike feel. In-
strument displays include vertical tape
displays and Sperry Multifunction Dis-
plays (MFD).

Avionics are grouped under two main
sysems. the Boeing Offensive Avionics
System (OAS) and Eaton-AlL AN/ALQ-
161 Electronic Countermeasures (ECM)
suite; together the two suites account for
over 197 Line Replaceable Units (LRU)
weighing more than 10,000 Ib (4,536 kg).
The main systems computers are linked
through a MIL-STD-1553 databus.

The Westinghouse AN/APQ-164 dual-
channel, multimode Offensive Radar Sys-
tem (ORYS) isbased on the F-16's APG-66
and is located in the nose. Additional
OAS avionics include dua Honeywell
AN/APN-224 radar atimeter systems,
the Teledyne Ryan AN/APN-218 Dop-
pler velocity sensor, and three Sperry



MFDs, two for the offensive-weapons offi-
cer and one for the defensive-weapons
officer. The Air Force plans to fit a
Forward-Looking Infrared (FLIR) sen-
.

The AN/ALQ-161 detects, classfies,
and andyzes enemy emitters and de-
velops passve and active responses to
them. Three sets of phased-array an-
tennas are fitted in the wing leading
edgesandthetail for high-frequency cov-
erage while other antennas are distrib-
uted at severd points of thefuselage. The
ALQ-161 has suffered significant prob-
lemsand hasfrequency gapsinitspassive
coverage. In January 1989, the Lora
AN/ALR-56M radar-warning syssemwas
selected tofill in those gaps.

Internal  weapons are carried in
weapons bays ahead and behind thewing
carry-through structure. The 31-ft 3-in
(9.53-m), two-section forward bay has a
movable bulkhead that dlows stowage of
eight extended-range AGM-86B Air-
Launched Cruise Missiles (ALCM) on a
Common Strategic Rotary Launcher
(CSRL). The bays can dso hold nuclear
gravity bombs.

When converted to the conventional
role, a specia bomb-handling module is
inserted into each bay. Asaresult, up to
84 Mk 82 500-pound conventional bombs
can be carried. The Air Force would also
like to cary CBU-87, CBU-89, and
CBU-97 cluster munitions dispensers as
wdl as Mk 56, Mk 62, and Mk 65 un-
guided weapons. Eight external-stores
stations under the fuselage can hold ad-
ditional weapons such as the Paveway
Laser-Guided Bomb (LGB) series, the
AGM-137 Tri-Service Standoff Missile
(TSSAM), and possibly the AIM-120 AM-
RAAM air-to-airmissile. Upto 24 GBU-10
2,000-1b (907-kg) LGBscan becarried at
once.

DEVELOPMENT ¢ TheB-IB'sinitial op-
erational capability was on October 1,
1986. The aircraft's first flight was a B-1A
on December 23,1974; the B-1B first flew
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on March 23,1983. Four B-1A prototypes
were built in the mid-1970s and used for
test and evaluation.

The Air Force had origindly proposed
aforce of 244 B-Is to replace the entire
B-52 force. Production was approved on
December 2, 1976, but the Carter admin-
istration entered office a month later,
and inJune 1977, die entire program was
canceled in favor of the development of
theAir-LaunchedCruiseMissile(ALCM)
and modernization of the B-52 force as
an aternative.

The manned bomber became an issue
in the 1980 presidential campaign. In Au-
gust 1980, to helpjustify the decision to
cancel the B-1, then Secretary of Defense
Harold Brown announced that the US
was in fact developing a new bomber in
secret, the "Stealth" aircraft (later called
the B-2 Advanced Technology Bomber or
ATB). TheReagan administration, which
took office inJanuary 1981, gave immedi-
ate support to the B-l program (repor-
tedly based on successful test flights that
demonstrated the upgraded bomber's
stealthier qualities), and gained congres-
siond funding.

100 B-IBswere acquired by the US Air
Force, funded asfollows:

FI SCAL YEAH Al RORAFT
1982 1
1983 7
1984 10
1985 A
1986 48

A crash in September 1987 and two
crashes in November 1983 reduced the
number in service to 97. Thelast aircraft
was delivered on April 30, 1988.

The name Lancer was officially
adopted in 1990 after permission had
been granted from Fairchild Republic to
use the nickname, which in 1941 wases-
signed to the P-43 fighter, an under-
powered predecessor of the Republic
P-47 Thunderbolt. Air Force personnel
reportedly never refer to the B-l as the
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Lancer, choosing instead to cal it the
Bone ("B-One").

As part of the overal reduction in ac-
tive US nuclear wespons, President
George Bush announced that al US stra-
tegic bombers were taken off 24-hour
strip aert and their nuclear weapons put
in storage.

A B-1B unofficially set several flight re-
cords in early July 1987. While carrying
33 tons of water as ballast, the aircraft
averaged 67648 mph on a 620-mile
(1,000-km) course, and 669.52 mph
on a 1,240-mile (2,000-km) circuit. The
previous records for that weight/
speed/distance were set, respectively, in
1959 by a Soviet bomber and in 1962 by a
USAIir Force C-135 transport. The B-l set
12 time-to-climb records in three weight
classes on February 29, 1992

VARIANTS - B-1A, B-1B.

COMBAT EXPERIENCE ¢ During the
deployment of US weapons for Opera-
tion Desert Storm in February 1991, the
potential role of the B-l was debated, but
the aircraft was held out of the conflict.
The Air Force gave two official reasons
for the B-I not being used: because there
were not enough available to significantly
contribute to the effort without degrad-
ing strategic deterrence and because the
B-I simply wasn't operationally prepared
to deploy with conventional arms.

SPECIFICATIONS -
MANUFACTURER Rockwell International
CREW 4 (2 pilots, 2 systems operators)
ENGINES 4 Genera Electric F101-GE-
F102 turbofan
max power 30,000 Ib (13,620 kg)
static thrust each
fuel capacity
196,600 Ib (89,176 kQ)
with bay tank
214,000 Ib (97,069 kg)
WEIGHTS

empty 192,000 Ib (87,090 kg)

max internal weapons load
75,000 Ib (34,019 kg)
max external weapons load
59,000 Ib (26,762 kg)
max takeoff 477,000 Ib (216,365 kg)
DIMENSIONS
wingspan extended: 136 ft 8Vain
(41.67 m) (15° sweep)
67.5° sweep: 78ft2M>in
(23.84m)

length 147 ft (44.81 m)

height 34 ft (10.36m)

wingarea 1950 ft* (181.2 m?)
PERFORMANCE

max speed  at atitude: 717 kts (826
mph; 1,329 km/h) or
Mach 1.25
at 500 ft (152m): 660 kts
(760 mph; 1,223
km/h) or Mach 0.99
cruise speed
a low altitude: 550 kts
(633 mph; 1,019
km/h) or Mach 0.83

ceiling 60,000 ft (18,300 m)

combat radius

[,100nm (1,267 mi;
2,037km)

max at high altitude:
5,600 nm (6,449 mi;
10,377km)

low altitude with 8 SRAM
and 8 B-61 bombs:
1,500 nm (1,727 mi;
2,780km)

2 internal weapons bays
for up to 42,000 Ib of
ordnance, such as.

84 Mk 82 500-Ib bombs

or24Mk842,000-1b
bombs

or 12 B28 free-fal nuclear
bombs

or 24 B61/B83 free-fall
nuclear bombs

or 24 Short-RangeAttack
Missiles (SRAM)

or 8 Air-Launched Cruise
Missiles (ALCM) and 8
hardpoints under

range

armament



fusdagefor 14 ALCM
or SRAM
or8B28
or!'4B43/B61/B83
nuclear or Mk 84
conventional bombs

or 44 Mk 82
radar AN/APQ464 forward-
looking
Stealth (B-2)

The Advanced Technology Bomber
(ATB) is popularly called the Stedth
bomber but its official name is "Spirit."
Although not operational, this contro-
versial batlike aircraft has flown test
missions. The combination of its perfor-
mance problems, the end of the cold war
with the collapse of the Soviet Union, and
the high cost of the plane may preclude
the B-2 from joining the active US Air
Force.

The B-2 was designed to complement
the B-1B. It is designed to present the
lowest possiblevisual, radar, acoustic, and
infrared signatures. Its original mission
was to attack mobile ICBMs and hard-
ened command-and-control installa-
tions. After the loss of a structured
nuclear threat, the aircraft's mission was
redefined to emphasize long-range con-
ventional strike missions.

The B-2 achieves "invishility" to radar
and infrared sensors for as long as possi-
ble by reducing the aircraft's Radar Cross
Section (RCS) and decreasing engine ex-
haust gas temperatures; it dso is claimed
to be 50% more aerodynamicaly effi-
cient than the B-I.

The B-2'sgeneral design resembles ear-
lier Northropflyingwings (theYB-35and
Y B-49 of the 1940s), a configuration that
has the smallest head-on and side-view
RCS. A further reduction in RCS is at-
tained by using surface skins made of a
composite, ferrite-based carbon-fiber
honeycomb Radar Absorbent Structure
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(RAS) over titanium main structural
members.

The wing carry-through section was
modified in 1984 from single front and
rear spars to narrow torgque boxes to en-
able the aircraft to better withstand low-
levd flight and to reduce the wing's
weight. Thewing is quite rigid, showing
only Viath the deflection that the B-52
shows at high load.

The wing's leading edges are swept a
approximately 40° to tips that are raked
back toward the centerline to decrease
the flying wing's tendency to yaw while
rolling. Thewing's sawtooth trailing edge
isunique, designed to cope with a flying
wing's natural instability even as it helps
to reduce RCS and exhaust heat signa
ture.

At approximately midspan (moving to-
ward the fuselage), the trailing edges
turn and head aft to a pointjust outboard
of the engine installations on each side.
The two control surfaces are elevens that
can aso be used asflaps. At thispoint, the
trailing edges again turn amost 90°,
heading forward to apoint directly aft of
the center of the unusual engine ex-
hausts. Finaly, thetwo halvesof the flying
wing's trailing edge turn aft and meetin a
movable fuselage "beavertail," which op-
erates with the devens for gust dlevia
tion. The hydraulic actuators are the fast-
action type and are supported by a 4,000-
psi (281.2-kg/cm?) system.

When seen from ahead, the fusdlage is
thickest through the center, with the
cross section tapering out to the outer
panels. Over the center section are two
low engine intakes, one on each side of a
shallow, rounded cockpit section that has
large window panels. The windshield is
designed to be a load-bearing structure
and has an integra metal mesh designed
to prevent strong returns from the glaz-
ing or emission leakage from flight deck
instruments or systems.

Thetwofour-wheel, main-landing-gear
bogiesretract inward whilethewheelsare
stowed close to the centerline. The two-
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wheel nose gear retracts to the rear. The
aircraftis able to use any runway that will
support a Boeing 727 jet transport.

Each engine intake feeds two of the
four GE nonafterburning turbofan en-
gines that are in the wing. Each engine
intake has two rear-hinged auxiliary inlet
doors that face forward and are angled
off the centerline. These doors are open
at low speedsto provide sufficient airflow
to the engines.

In October 1990, Northrop was con-
tracted to convert the B-2's fuel system
fromJP-4 fuel, which requires pressuriza-
tion, to JP-8, which has a higher flash
point.

The two-man cockpit has control sticks
linked to a computer-controlled, quad-
ruple-redundant Stability Augmentation
System (SAS) produced by General Elec-
tric. Honeywell is developing the Radar
Altimeter Set (RAS) and GEC Avionics
(formerly Kearfott) isresponsiblefor the
advanced Inertial Navigation System
(INS). The aircraft has two flat-plate
antennas for the Hughes AN/APQ-181
multimode phased-array radar.
Multifunction Displays (MFD) provide
instrumentation, navigation, and attack
information.

Nuclear weapons such asgravity bombs
and Short-RangeAttack Missiles(SRAM)
are carried in ddeby-sde internal
weapons bays. Up to 16 B83 gravity
bombs, AGM-69A SRAM or AGM-131
SRAM |l cruise missiles, or 20 smaller
nuclear weapons could be stowed; alter-
native loads include up to 80 conven-
tiona 500-lb (227-kg) bombs or sea
mines.

DEVELOPMENT e The B-2 isunder de-
velopment. First flight had originaly
been planned for late 1987, but a $1-
billion design modification to permit
low-level flight delayed the program. Af-
ter high- and low-speed taxi tests, the first
flight took place onJuly 17, 1989, at Ed-
wards AFB, Cdifornia. Firg flight of the
second aircraft came on October 19,

1990; thisaircraft (AV-2) isthe only one of
the gix test aircraft not to be refitted asan
operational bomber.

The planned total number of aircraft
has been reduced first from 132 to 75
aircraft and then to 20. The initial opera-
tional capability is currently planned for
the mid-1990s. When the 20 B-2 bombers
are properly equipped near the turn of
the century, they could drop 160 tons of
bombs a day in awar area, compared to
the 146 tons/day dropped by 20 B-52
bombers in Operations Desert Shield/
Desert Storm.

SPECIFICATIONS -

MANUFACTURER
Northrop Grumman
Vought (former LTV) (subcontractor)
Boeing Advanced Systems (sub-

contractor)

CREW 2 (pilot, weapons systems offi-
cer)

ENGINES 4 General Electric F118-GE-
100 turbofan
maxpower 19,000 Ib (8,618 kg) static

thrust each
WEIGHTS
empty weight approx 158,000 Ib
(71,668KkQ)

max takeoff 240,000-376,000 |b
(108,862-170,551kg)
maxpayload 50,000 1b (22,680 kg)

internal
DIMENSIONS
wingspan 172 ft (52.42 m)
length 69ft (21.03m)
height 17 ft (5.18 m)
wingarea more than 5,000 ft?
(464.5 m2)
PERFORMANCE
speed Mach 0.85

operational ceiling
approx 50,000 ft (15,240
m) with weapons load
range (w/weapons)
high altitude: 6,600 nm
(7,600 mi; 12,230 km)
hi-lo-hi: 4,500 nm (5,182
mi; 8,339 km)



hi-lo-hi (optimized):
5400 nm (6,218 mi;
10,006 km)

2 internal weapons bays
for up to:

16 B83 gravity bombs,
AGM-69A SRAM or
AGM-131SRAMII
cruisemissiles

or 20 smaller nuclear
weapons (eg., B61
gravity bombs)

wupto80500-Ib (227-
kg) bombs or sea
mines

Hughes APQ-181
multimode

armament

radar

Stratofortress (B-52)

The B-52 strategic bomber celebrated its
40th anniversary in 1992 and is still oper-
ational. Its mission has been altered sev-
erd times since its inception, to adjust to
US military operational requirements.
B-52s were used in the conventional
bombing role in the Vietham War and
some are now dedicated to conventional
strike missions.

The B-52 is a multiengine, long-range
aircraft capable of both conventional
free-fall bomb delivery and air-to-ground
missile launch missions. The B-52 carried
the largest nuclear payload of any US stra-
tegic platform.

The B-52 has long shoulder wings
swept a 36° and has arelatively high as-
pect ratio of 8.5; thewingsflex considera-
bly during flight. Each wing has two
engine pods spaced equidistantly along
its leading edge; each pod carries two en-
gines (adl have turbojets but the B-52H,
which hasturbofans). Retractable outrig-
ger wheds and fuel tank pods are out-
board of the engines.

Contemporary B-52s have a 40t
(12.20-m) tall fin and full-height rudder
with squared-off tops; earlier B-52s had a
taler, pointed fin. The relatively large,
low-aspect-ratio horizontal stabilizersare

AIRCRAFT 25

mounted midfusel age, directly below the
tailfin.

In addition to the extensive internal
fuel tankage, two 700-US gd (2,650-liter)
drop tanks are usually carried on dedi-
cated pylons outboard of the outer pair of
engines.

The fuselage is long, dab-sided, and
capacious. Theflight deckiswell forward,
behind a stepped windshield and blunt
nose. The two man gear legs are ar-
ranged side by side, ahead and behind
the weapons bay. The whedls can be
“crabbed" into a crosswind, which is a
compensation for the aircraft's inability
to drop awing during a crosswind land-
ing due to its great span. Operational
aircraft have undergone extensive offen-
sve avionics and electronic warfare up-
dates as well as improvements to basic
systems. In 1969, the G and H models
were fitted with a Stability Augmentation
System (SAS) to improve low-altitude
ride and extend airframe life.

264 B-52G and B-52H aircraft were
refitted with the digital, solid-state Of-
fensive Avionics System (OAS) from 1980
to 1986. Two IBM navigational/attack
computers coordinate the IBM/
Raytheon AN/ASQ-38 analog bombing
and navigationa equipment, Teledyne
Ryan AN/APN-218 Common Strategic
Doppler navigation system, Honeywell
AN/ASN-131 precision inertial navi-
gation system and AN/APN-224 radar
atimeter, and Lear-Siegler Model
6000 series attitude/heading reference
system.

As part of the OAS program, the stra-
tegic radar has been reworked by Nor-
den, incorporating solid-state, digital
components to gready improve re
liability and to enhance the radar's
ground-mapping and terrain-avoidance
capability. The B-52G and B-52H are also
fitted with a chin-mounted Electro-
Optical Viewing System (EVS), which
consists of a Westinghouse AN/AV Q-22
Low-Light-Level TV (LLLTV) and a
Hughes AN/AAQ" Forward-Looking
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Infrared (FLIR) system. B-52Gs were
being fitted with a Globa Positioning
Sysem (GPS) to improve accuracy in
long-range strike missions.

Defensive avionics currently include
the Northrop AN/ALQ-155 EW power
management system, Motorola AN/
ALQ-122 Smart Noise Operation Equip-
ment (SNOE) false target generator,
Damo Victor ALR-46 digital radar-
warning receiver, Westinghouse AN/
ALQ-153 tail-warning system, and ITT
AN/ALQ-117 tail-mounted deception
jammer for use against radar-guided mis-
sles. B-52Hsarefitted with ALQ-172(V)2
with phased-array antennas.

The weapons payload can be carried in
internal weapons bays and on wing py-
lons located between the inboard pair of
engines and the fuselage. 98 B-52Gs carry
12Air-Launched CruiseMissiles(ALCM)
on pylons. 69 non-ALCM B-52Gs are be-
ing fitted with the Integrated Conven-
tional Stores Management System
(ICSMYS), a software upgrade that per-
mits weapons computers to target and

launch both nuclear and conventional
weapons.

The B-52H has been fitted with the
Common Strategic Rotary Launcher
(CSRL) intheweaponsbay that will carry
free-fall nuclear wespons, Short-Range
Attack Missiles (SRAM), andALCMs.

Operational models have an in-flight
refueling capability. A remote-control tail
turret is fitted, controlled by the AN/
ASG-15 radar gunsight, and is the only
gun armament the B-52 has ever carried.

DEVELOPMENT -« Initial  operational
capability was inJune 1955, and the first
flight (the YB-52) was on April 15, 1952.
744 aircraft were produced through Oc-
tober 1962. On September 28, 1991, as
part of an overall reduction in active US
nuclear weapons announced by Pres-
dent Bush, al US strategic bombers were
removed from 24-hour strip aert and
their nuclear weapons were put in stor-
age. Airframe aging is a problem with
some B-52s, since some airframes have
been in servicefor over 30years. Modern-



ization programs have helped keep the
B-52 in operation well into the 1990s. The
US Air Force has been the only operator
of the B-52.

VARIANTS « XB-52 (prototype), YB-52,
B-52A, NB-52A (NASA), B-52B, B-52C/D
(productionversions, first flightin 1956),
B-52E, B-52F, B-52G, B-52H.

COMBAT EXPERIENCE < B-52 aircraft
were used for conventional high-altitude
bombing operationsin the Vietnam War.

The first aircraft to take off on mis-
sons supporting Operation Desert
Storm's air assaults on January 17, 1991,
were seven B-52s from Barksdale AFB,
Louisiana, that departed at 6:35 A.M.
GST (1135 Greenwich), almost 12 hours
before the first bombs fell. These aircraft
carried AGM-86C ALCMs that had been
secretly modified to carry conventional
warheads and a guidance system based
on the GPS.

Approximately 1%/? hours after the at-
tacks began, 35 ACLMs were launched
against eight "high-priority" targets.
What the Air Force later caled the long-
est combat mission in aviation history
took 35 hours, covered 14,000 nm
(16,221 mi; 25,928 km), and required
four refuelings and an augmented crew
to complete. No other ALCMs were used
during Desert Storm, and damage assess-
ment was difficult to separate from other
bomb damage. The mission was termed
"successful."

Despite the bombers' age, few missions
had to be aborted, and the mission-
capable ratewas over 81%, a2% increase
over peacetime operations.

Over 72,000 weapons were dropped,
totaling more than 25,700 tons. This to-
tal was 29% of all USbomb tonnage deliv-
ered. A total of 60-70 B-52Gs were used

against Irag.

SPECIFICATIONS -
MANUFACTURER Boeing Military Air-
plane
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CREW 6 (2 pilots, navigator, radar navi-
gator, electronic warfare operator,
gunner)

ENGINES
B-52G: 8 Pratt & Whitney B7-P-43W

turbojet
B-52H: 8 Pratt & Whitney TF33-
P-3/P-103 turbofan
maxpower J57: 13,750 Ib (6,237 kQ)
stetic thrust each
TF33: 17,000 Ib (7,718
kg) static thrust each
internal fuel capacity
46,000 US gal (174,130

liters)
WEIGHTS
empty 195,000 1b (88,450 kg)
max bomb load

60,000 Ib (27,216 kg)
max long-range weapons load

43,500 Ib (19,731 kg)
max takeoff 488,000 Ib (221,350 kg)
max with in-flight refueling

566,000 Ib (256,783 kg)

DIMENSIONS
wingspan 185 ft (56.39 m)
length 157 ft 7 in (48.03 m)
height 40 ft 8'in (124 m)

wingarea 4,000 ft* (372 m?)
PERFORMANCE
max speed at altitude
516 kts (595 mph; 957
km/h) or Mach 0.90
cruise speed at altitude
442 kts (509 mph; 819
km/h) or Mach 0.77
penetration speed at low altitude
352-365 kts (405-420
mph; 652-676 km/h)
or Mach 0.53-0.55

takeoffrun 9,500 ft (2,895 m)
ceiling 55,000 ft (16,775 m)
range B-52G with 30,000-1b

(13,608-kg) internal
payload, no loiter: no
refueling, approx 6,200
nm (7,139 mi; 11,482
km); 1 refueling,
approx 7,800 nm
(8,982 mi; 14,446 km)
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B-52H: 8,800 nm (10,133
mi; 16,306 km)

| 20-mm Vulcan M61A1
gun with 1,242 rounds
in tail turret

max internal conventional
bomb load consists of:

27250/500/750-1b
(113/227/340-kg)

or 8 2,000-Ib (907-kg)
bombs

external payloads:

24250/500/750-1b
(113/227/340-kQ)
bombs

or 10 2,000-Ib (907-kg)
bombs

nuclear weapons payload
consists of:

up to 20 AGM-69A
SRAM

or12AGM-86BALCM

armament

CARGO

Galaxy (C-5)

The C-5 Galaxy is astrategic airlift trans-
port and one of the largest aircraft in the
world. It has a dightly longer fuselage
than the Soviet An-124 Condor but has a
10% lower maximum payload compared
to the Soviet aircraft.

The Galaxy was designed to operate
from rough fields and has the requisite
low stalling speed and extensive landing
gear. However, size and weight limitations
usually restrict the aircraft to improved
airfields. The Galaxy has held severa
world records for payload and weight.

The C-5 has a shoulder-mounted wing.
Corrosion and fatigue in the original
C-5A wings considerably shortened their
lifetimes and led to a rebuilding project
in the mid-1980s.

or'2AGM-129ACM
or 4 gravity nuclear
bombs in weapons bay
and 12 SRAM or ALCM
onwing pylons
(approx 70 B-52G are
fitted with AGM-84
Harpoon antiship
missiles)
AN/ASQ-38 bombing/
navigation
AN/ASG-15 turret
control system
AN/ALQ-172 Pave Mint
ESM
AN/ALQ-153 pulse-
Doppler tail-warning
AN/ALQ:155(V) ECM
suite
AN/ALT-16jammer
AN/ALE-29 chaff
dispensers

radar

The tall T-tail has a dightly swept fin
ahead of a two-section, full-height rud-
der. The fin has a cross section thick
enough to enclose a ladder used by air-
crew to ingpect and maintain the flying
tail.

The immense fuselage has a pear-
shaped cross section for most of its
length. The nose comes to a blunt point
andishinged below and behind the flight
deck, allowing it to swing up and over the
flight deck like avisor and affording un-
obstructed access to the main cargo deck.
The appearance of the "mouth" profile
led to the C-5's informal nickname Jaws,
after the cinematic great white shark. The
upper deck has space forward for a relief
crew.
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The 19t (5.79-m) wide rear ramp
forms the bottom of the rear fuselage,
which tapers up to meet the tail. The
hinged sde panels swing out for ground
access but are not required to be open
during airdrops. The four General Elec-
tric turbofans are mounted in nacelles
that extend on pylons below and ahead of
the leading edges of the wings.

The unusual landing gear has a total
of 28 wheels. Four whedls are mounted
side by sde on the single nose-gear strut,
which retracts to the rear. The other 24
wheels are carried on four six-whed
bogies in tandem sets left and right
that retract into bulged fairings on the
lower fuselage sides under thewing. The
gear can "kneel" to lower the aircraft to
put the cargo deck floor at truck-bed
height.

DEVELOPMENT ¢ The Galaxy's initial
operational capability was in 1969; the
firgt flight of the C-5A was on June 30,
1968, and the C-5B on September 10,

AIRCRAFT 29

1985. The C-5A has been transferred to
Air Force Reserve and Air National
Guard units. By early 1990, the C5
fleet had accumulated 1 million flight
hours.

During its initial development, the
G5 experienced intense disputes over
its cogts. The origind C5A wings ever-
tually were al replaced on operational
aircraft.

In June 1989, a C5B set an airdrop
record at the International Airlift Rodeo
1989 by dropping four M551 Sheridan
Armored Reconnaissance Vehicles and
73 paratroopers for a total ddivery
weight of 190,346 Ib (86,340 kg).

VARIANTS « C5A, C5B, Pacer Show,
C-HA (Space Cargo Modification/SCM;
capable of holding a Shuttle Container
Transport System/SCTS and its tractor).

COMBAT EXPERIENCE ¢ The C-5 first
gained combat experience during the
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Vietnam conflict. A Galaxy was the lead
military aircraft in Operation Babylift,
the 1975 airlift of orphansfrom Vietnam,
when it crashed after takeoff, killing 138
people, including 78 orphans.

C-5s supported many other crises in
which the USwas tasked to transport per-
sonnel and cargo. In support of Opera-
tion Desert Shield, C-5s began moving
equipment to Saudi Arabia in August
1990. A C-5A from the 60th Military Air-
lift Wing crashed on takeoff from Ram-
stein AFB in Germany on August 28,
1990. Of the crew of 17, 13 were killed
and four injured.

From August 7, 1990, to April 2, 1991,
C5s flew more than 3,800 missions
carrying 87,850 passengers and 230,600
tons of cargo to the theater of opera-
tions. Each C5 carried on the average
three times as much cargo per mission
as the C-141. Their pilots were flying be-
tween 80 and 100 hours a month, more
than twice the peacetime rate for active-
duty airlift pilots and more than six
times areservist's average monthly total.

SPECIFICATIONS -

MANUFACTURER L ockheed

CREW 5 (pilot, copilot, flight engineer,
2 loadmasters) + 75 troops on upper
flight deck + 275 in main cargo bay

WEIGHTS
empty 374,000 1b (169,643 kg)
maxpayload 291,000 1b (131,995 kg)
maxfuel 332,500 Ib (150,815 kg)
max takeoff 837,000 Ib (379,657 kg)

DIMENSIONS

wingspan 222 ft 8 in (67.88 m)
length 247 ft 10 in (75.54 m)
height 65 ft 2 in (19.85 m)
wingarea 6,200 ft* (576 m%)
cargo hold  length, lower deck

without ramp: 121 ft 1
in (36.91 m)
width: 19 ft (5.79 m)
height: 13ft6in
(411 m)
upper deck, forward:
2,010ft3 (56.91 m®)

volume

upper deck, aft: 6,020 ft*
(170.46 m®)
lower deck: 34,795 ft*
(985.29 m°)
ENGINES 4 General Electric TF39-
GE-1C turbofan
maxpower 43,000 Ib (19,505 kg)
static thrust
FUEL
internal capacity
51,150 US gd (193,624

liters)
SPEED
max Sspeed 4% kts (571 mph; 919
fcm/h)
cruise speed
max: 480-490 kts (552-564
mph; 888-908 km/h)
econ: 450 kts (518 mph;
833 km/h)
flap: 104 kts (120 mph;
193 km/h)
cimbrate 1,725 ft/min (525
m/min)
RANGE
max payload 2,982 nm (3,434 mi;
5,526 km)

CEILING 35750 ft (10,895 m)

Nightingale(C-9)

The C-9A/C and C-9B are militarized
versions of the DC-9 civil air transport. In
the US Air Force, the C-9 is employed as
amedical (C-9A/C) and asaVIP (C-9B)
transport. The aircraft is also used by the
USNavy and Marine Corpsasamedium-
range transport. Other than markings
and alarge cargo door, there are no ob-
servable external differences between
the commercial and military versions.
They differ mainly in avionics and
in accommodations for cargo and pas
sengers.

The C-9 design features a swept, low
wing located well aft on thefuselage. The
planform is a simple triangle with the
leading edge swept at a greater angle
than the trailing edge. The two turbofan
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engines are mounted on short stubs near
the rear of the fuselage.

During the aircraft's long production
history, fuselage ‘"stretches' be
came commonplace. Consequently, what
began as a stubby, 90-passenger aircraft
has been expanded to 139 seets. All of the
aircraft have a distinctive sloping nose
and small "eyebrow" windows above the
windshield.

The cabin is fitted with 22 standard
electrical outlets, 11 vacuum and thera-
peutic oxygen outlets, ceiling recep-
tacles for intravenous bottles, separate
specid-care area, hydraulically oper-
ated folding ramp, medical refrigerator,
medical supply work area, medical crew
director's station, galeys, and lava
tories.

DEVELOPMENT ¢ The military C-9
achieved initial operational capability in
1973. Its firg flight was in 1968. It is no
longer in production. Italy, Kuwait, and
Venezuela have used the civil version of
the aircraft in their military as VIP trans-
ports.

(medical evacua

VARIANTS « C9A
tion), C-9B (Skytrain IlI; USN/USMC
passenger/cargo), C-9C (USAFVIP).

COMBAT EXPERIENCE ¢ The C9 has
supported aeromedical airlift require-
ments during severd US and dlied con-
flicts.

SPECIFICATIONS -

MANUFACTURER McDonnell Douglas

CREW 5 (2 pilots, crew chief, 2 attend-
ants/crew) + 5 medical attendants +

40 patients (C-9A)
WEIGHTS
empty 59,706 1b (27,082 kg)

maxpayload 32,444 |b (14,716 kQ)
max takeoff 110,000 Ib (49,895 kg)
DIMENSIONS

wingspan 93 ft5in (28.47 m)
length 119 ft 4 in (36.37 M)
height 27 ft 6in (8.38 m)
wingarea 1,000 ft* (92.97 m?)

ENGINES 2 Pratt & Whitney JT8D-9 tur-
bofan
maxpower 14,500 Ib (6,577 kg) static
thrust each
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SPEED
max 500 kts (576 mph; 927
km/h)
cruise 437 kts (504 mph; 811
km/h)
RANGE
maxpayload 1,670 nm (1,923 mi;
3,095 km)

CEILING 37,000 ft (11,278 m)

Huron (C-12)

The C-12 Huron is a military version of
the popular Beechcraft Super King Air
B200C. Itisusedintheliaison, VIPtrans-
port, specia-operations, and support
rolesin its military service.

The C-12 wing is mounted low on the
fuselage. The center section is rectangu-
lar. The outer sections have a small
leading-edge extension aongside the
nacelles.

The dlighdy swept vertical tail isbroad
and has a constant chord and a dorsal
fillet. The full-height rudder has a deep
chord and a trim tab. The dightly swept
horizontal surfaces are carried at the top
of the fin and have full-span, balanced
elevatorswith trim tabs.

The fuselage has a sloping nose lead-
ing to arakedwindshield. The cabin hasa
series of portholes along each side and a
door in the rear on the left side.

The twin-wheel main-landing-gear legs
retract forward into bays in the nacelles.
The nose gear retracts to the reer.

DEVELOPMENT e« The initia opera
tional capability of the basic aircraft was
in 1975. Delivery of the C-12F to the Mili-
tary Airlift Command was accomplished
between May and December 1984. More
than 250 C-12s have been delivered to the
US military, with production continuing
into the 1990s. About 20 other countries
operate approximately 60 of the aircraft
in liaison or VIP transport roles.

VARIANTS « C12A (US Army and
USAF), UC-12B (USN and USMC),

C-12C, C-12D (electronic warfare),
C-12E, C-12F, UC-12F, UC-12M, C-12],
C-12L, B200T (maritime patrol; more
than 20 of this variant are in service in
Algeria, Chile, Japan, Peru, and Uru-
guay), King Air 90 (C-6B, U-21A).

SPECIFICATIONS -
MANUFACTURER Beechcraft
CREW 2 (pilot, copilot) + 8 passengers
or 2 litters and attendants
WEIGHTS
empty 7,538 b (3,419 kg)
max cargo 2,300 Ib (1,043 kg)
max takeoff 12,500 Ib (5,670 kg)
DIMENSIONS

wingspan 54 ft6in (16.61 m)

length 43ft9in (13.34 m)

height 15 ft (4.57 m)

cabin length: 22 ft (6.71 m)
width: 4ft6in (1.37m)
height: 4ft9in (1.45m)

volume 392ft® (I1.1m3)

cargo volume

253 ft3 (7.16 m?)
wingarea 303 ft* (28.15 m?%)
ENGINES 2 Pratt & Whitney PW-
PT6A-42 turboprop
max power 850 hp each
FUEL
internal capacity
544 US gd (2,059 liters)
SPEED
max 294 kts (339 mph; 545
km/h)
cruise at 25,000ft (7,620 m)
max: 289 kts (333 mph;
536 km/h)
econ: 282 kts (325 mph;
523 km/h)
RANGE
at 25,000ft (7,620m)
max cruise: 1,461 nm
(1,682 mi; 2,707 km)
econ cruise: 1,802 nm
(2,075 mi; 3,339 km)
at 35,000ft (10,670m)
2,027 nm (2,334 mi;
3,756km)
CEILING 35,000 ft (10,670 m)



C17
MCDONNF.LL DOUGLAS

Globemaster 111 (C-17)

The C-17 isalong-range, heavy-lift cargo/
transport aircraft under construction
and intended to combine great interthea-
ter cargo lift capacity with ease of opera
tion from semi-improved airfields.
Although similar in size to the C-141 Star-
lifter, the C-17 has the ability to land
equipment usually volume-limited to the
mammoth C-5 Galaxy at airfields usualy
open only to much smaler C-130 Her-
cules transports.

The C-17swing offers part of the solu-
tion to the severe design constraints. The
wing is swept at 25°, to fulfill the require-
ment for short-field operation, and has
full-span leading-edge dats and exter-
nally blown, double-slotted flaps that
soan two-thirds of the trailing edge.
Smdl, swept vertical surfaces ("wing-
lets') are mounted on the wingtips,
McDonnell Douglas estimates that the
use of winglets permits awingspan reduc-
tion of 20 ft (6.10m).
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The T-tail is tapered so that the top is
dightly wider than the bottom; an inset
rudder is divided into upper and lower
sections. Above the rudder, the tail hasa
thicker cross section that supports the
horizontal tailplanes.

The four turbofans are fitted in pods
that extend below and forward of the
wing; their exhaust passes through the
dotted flapstoincreaselift during takeoff
and landing. Unlike otherjet transports,
the engines' thrust reversers in the C-17
divert theexhaust upward, allowing use of
the engines for backing the plane along
the ground or up a 2° slope. The backing
ability permits sx C-17s to be parked in a
space normally holdingfour C-141s. Eight
C-17scan park in the same space asthree
C-5s, theoreticaly increasing the cargo
delivery per day by amost three times.
The landing-field length of a C-17 with
max payload is estimated at 2,700 ft (823
m), far less than the C-141 or the C-5.
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The fuselage has a stubby nose, high
flight deck, and a height and width that is
only dightly smaller than the C-5's lower
deck. It has an 83% increase in volume
over the C-141B. The floor can handle
tied-down cargo or palets and is de-
signed to be reconfigured quickly in
flight.

Possible vehicle loads include one Ml
Abrams tank or three M2/M 3 Bradley ar-
mored fighting vehicles; smaller vehicles
can be loaded side by side. Also, up to
three AH-64 A pache attack or four UH-60
Blackhawk utility helicopters can be car-
ried. 54 fiberglass seats are permanently
fixed to the sides of the cabin. A typical
transatlantic configuration could include
an M2, an M3, two five-ton trucks, and
twojeeps with trailers.

The lower fourth of the cargo hold has
bulletproof composite armor to protect
seated troops. Most of the airframe and
wings are aluminum aloy, and compo-
sites will be used in the winglets, control
surfaces, landing-gear sponsons, and
landing-gear doors. The aircraft can be
refueled in flight and can dso refuel
other aircraft on the ground.

The retractable landing gear reduces
the aircraft's turning radius. Main
gear sponsons extend from the fuselage
sides at the bottom and under the wing;
each sponson contains two three-wheel
units arranged in tandem, with the in-
sde wheel offset. The two-wheel nose
gear retracts forward. In the cockpit, the
pilots use stick controls rather than
whedls.

DEVELOPMENT e TheC-17'sfirst flight
was scheduled for February 1990, but de-
lays dipped the date at least three times.
Thefirst flight findly took place on Sep-
tember 16, 1991. During its first 100
hours of flight testing, pilots described
the plane's handling as "like a fighter"
aircraft. Its initial operational capability
was origindly planned for September
1992 but dso has been dlipped.

The FulUScae Development (FSD) of

the aircraft was approved in February
1985, and in December 1985, a $34-
billion contract was awarded.

In April 1990, the Secretary of Defense
cut the total procurement from 210 air-
craft to 120. Only two C-17s were sought
in FY1991 funding, and afull production
rate of 24 (down from aplanned 29) was
planned for funding in FY1994, a year
later than originally scheduled. An Au-
gust 1993 study sponsored by DoD con-
cluded that the USAF may exercise an
option to buy half the 120 aircraft.

The C-17 is the third aircraft to be
cdled the Globemaster. The inaugural
flight of the first Globemaster was in
1945; it was followed by the C-124 Globe-
master |1, which first flew in 1949.

Thefirst C-17, #91192, entered opera-
tional service with the Air Mobility Com-
mand's first operational C-17 wing, the
437th Airlift Wing, a Charleston AFB,
South Carolina, on June 14, 1993. The
lead aircraft was christened the Spirit of
Charleston.

SPECIFICATIONS -
MANUFACTURER McDonnell Douglas
CREW 3 (pilot, copilot, loadmaster) +
102 paratroops
WEIGHTS
empty 269,363 Ib (122,181 kg)
maxpayload 167,000 1b (75,750 kg)
gross takeoff
580,000 Ib (263,084 kg)

DIMENSIONS
wingspan 165 ft (50.29 m)
length 175 ft 2in (53.39m)
height 55ft 1 in (16.79 m)
wingarea 3,800 ft? (353 m?)
cargo hold length: 88 ft (26.82 m)

width: 18 ft (5.49 m)
height: 13ft6in
(411 m)
volume: 20,900 ft* (592
m3)
ENGINES 4 Pratt & Whitney Fl 17-PW-
100 turbofan
maxpower 37,000 Ib (16,783 kg)
static thrust



SPEED
normal cruise

high leved: 450 kts (518
mph; 834 km/h)

low level: 350 kts (403
mph; 648 km/h)

short-field takeoff/
landing, 86,100-1b
payload: 500 nm (575
mi; 925 km)

short-field takeoff/
landing, zero payload:
1,900 nm (2,190 mi;
3,520 km)

landing-field length 3,000
ft, 140,800-Ib payload:
1,900 nm (2,190 mi;
3,520 km)

radius

RANGE
2,900-ft landing field, 158,500-1b pay-
load: 2,700 nm (2,765 mi; 4,445
km)
3,000-ft landing field, max payload:
2,400 nm (2,765 mi; 4,445 km)
ferry: 4,700 nm (5,412 mi; 8,709 km)

Gulfstream (C-20)

The C-20 is the military version of the
Gulfstream |1l commercial executive
transport. In its military configuration, it
is used as a VIP transport, reconnais-
sance aircraft, and specia-missions air-
craft. The C-20 differs from the
commercial versions only with its com-
munications equipment, interior layout,
and markings. The Gulfstream IV is a
larger variant with very similar commer-
cial missions.

The C-20 has a broad, tall vertical tail
with afull-height rudder. Swept horizon-
tal stabilizers top the vertical "T" and
haveinset elevators. Flight controls, flaps,
spoilers, landing gear, and brakes are
powered by two independent hydraulic
systems.

The Gulfstream is powered by Rolls-
Royce Spey engines. Fud is carried in two
integral wing tanks.
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The pointed nose is nearly stepless asiit
leads back to the windshield subdivided
by three thin mullions. Thefuselage cross
section is circular.

DEVELOPMENT e TheC-20'sinitial op-
erational capability was 1983; its first
flight as the Gulfstream |1l was on De-
cember 24,1979. TheUSArmy, Navy, and
Air Force operate the Gulfstream, along
with the ar forces of about eight other
nations.

The Air Force originally employed the
C-20 to replace the C-140 Jetstar as a pri-
mary VIP transport.

VARIANTS « C-20A, C-20B,
C-20D (Navy), C-20E (Army).

C-20C,

SPECIFICATIONS -
MANUFACTURER Gulfstream Aerospace
CREW 5 + 14 passengers
WEIGHTS
empty 38,000 Ib (17,236 kg)
max payload 4,000 Ib (1,814 kg)
max takeoff 69,700 Ib (31,615 kg)
max landing58,500 Ib (26,535 kg)
DIMENSIONS
length 83 ft 1in (25.32 m)
height 24 ft 4/ in (7.43 m)
wingarea 935 ft2 (86.86 m2)
cabin length: 41 ft4in (12.60 m)
width: 7ft4in (2.24 m)
height: 6 ft 1 in (1.85m)
volume: 1,502fts (42.53
cu ma)
ENGINES 2 Rolls-Royce Spey Mk 511-8
turbofan
maxpower 11,400 Ib (5,171 kg) static

thrust
SPEED
max 488 kts (561 mph; 903
km/h) ;Mach 0.85
long-range 442 kts (508 mph; 818

km/h) ;Mach 0.77
climb rate, both engines
4,270 ft/min (1,300
m/min)
RANGE 3,650 nm (4,200 mi; 6,760 km)
CEILING 46,000 ft (13,940 m)
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C-20 Gulfstream
U.S. GOVERNMENT DEPARTMENT OF DEFENSE

C-21A

The C-21Ais an adaptation of the Learjet
businessjet. Severa modelsof the L earjet
have been adapted by various nations as
VIP transports, or as utility, reconnais-
sance, and specid-purpose aircraft.

The classic Learjet shape is preserved
in dl of the Learjet variants, athough
some are adorned with winglets and delta
ventral fins and the fuselage is stretched
tovaryinglengths. Most L earjets, includ-
ing the Military Airlift Command's
C-21As, arefitted with long wingtip tanks
carried on short stubs extending out
from the wings.

Contributing to the aircraft's low pro-
fileisthedightly sweptvertical tail,which
is relatively short and has a broad chord
and a full-height rudder. Swept, vari-
able-incidence horizontal tailplanes are
mounted at the top of the fin. A small
ventral finisfitted below the tail.

A large engine nacelle is mounted on a
short stub on either side of the aft fu-
sdage in line with the wing's trailing
edge.

Mogt of the passenger cabin is ahead of
the wing, which accounts for the trade-
mark fuselage taper that begins a the
wing leading edge. The long, pointed
nose dopes up to a two-piece windshield
that has a central mullion and curved
transparencies. The flight deck holds two
pilots, and the cabin seats six passengers.
A boarding door islocated on theforward
left side. The main gear legs retract in-
ward, thewheel snestlinginfusel agebays,
the nose gear retractsforward.

DEVELOPMENT ¢ The C-21A's initia
operational capability was in 1984. The
Air Forceinitially leased 80 C-21Asfrom
Gates Learjet on September 19, 1983,
for $1754 million to replace CT-39
Sabreliners in the Operational Support
Aircraft (OSA) program that transports
cargo and personnel on time-sensitive
missions. The lease was converted to a
purchase in September 1986. Déeliveries
were made from March 1984 to October
1985.



Thefirstflight of theinitial Learjetwas
on October 7, 1963. Over 20 nations op-
erate the Learjet in a military/VIP role.

VARIANTS « C-21A, Learjet 24D (VIP),
Learjet 25/25B (stretched), U-36A,
EC-35A (EW training), PC-356A (mar-
itime patrol), RC-35 (reconnaissance),
UC-35A.

SPECIFICATIONS -
MANUFACTURER Learjet
CREW 2 + 6 passengers
WEIGHTS
empty 9571 Ib (4,342 kg)
maxpayload 3153 Ib (1,430 kg)
max takeoff 18,300 Ib (8,301 kg)
DIMENSIONS

length 48 ft 8in (14.83 m)
height 12 ft 3in (3.73 m)
cabin length: 21 ft9in
(6.63m)
width: 4ft 11 in (1.50 m)
height: 4ft4in (1.32m)
volume: 322 ft* (9.12 m®)
wing area 253 ft* (235 m?)
wingspan 39 ft 6in (12.04 m)

ENGINES 2 Garrett TFE731-2-2B turbo-
fan
max power 3,500 Ib (1,588kg) static

thrust
SPEED
max speed 471 kts (542 mph; 872
km/h)
cruise speed

max: 460 kts (530 mph;
852 km/h)
long-range: 420 kts (484
mph; 778 km/h)
stall speed: 96 kts (111
mph; 178 km/h)
RANGE 2,289 nm (2,634 mi; 4,239 km),
with 4 pax
CEILING 45,000 ft (13,715 m)

C-22
The C-22 is an adaptation of commercial

Boeing 727 aircraft for staff transport
and operational support airlift missions.
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The C-22 has swept wings set low at the
fuselage midpoint, a long, tubular fu-
selage ending in an exhaust nozzle for its
topmost engine, three turbofan engines,
with two set in nacelleson each side of the
rear fuselage and one set on top of the
fuselage at the base of the single tailfin,
swept tailfin and tailplane, with the tail-
plane set atop the tailfin, and retractable
tricycle landing gesr.

Modifications for military service are
primarily intheavionicssuiteand interior
layout.

DEVELOPMENT < The initial opera-
tional capability of the Boeing 727 wasin
1963, itsfirst flight wasin February 1963.
C-22A aircraft are currently in service.

VARIANTS « C-22A (staff transport),
C-22B (operational support).

SPECIFICATIONS -
MANUFACTURER Boeing
CREW 3
WEIGHTS
empty 89,537 Ib (40,613 kg)
maxpayload 38,000 Ib (17,236 kg)
max takeoff 169,000 Ib (76,655 kg)
DIMENSIONS

wingspan 108 ft (32.92 m)
length 133 ft 2 in (40.59 m)
height 34 ft (10.36m)

wing area 1,700 ft* (158 m?)

ENGINES 3Pratt & Whitney JT8D-7 tur-
bofan
max power 14,000 Ib static thrust

each

SPEED
max 548 kts (630 mph; 1,014
km/h)

RANGE 2,303 nm (2,650 mi; 4,265 km)

CEILING 37,400 ft (11,400 m)

Sherpa (C-23)

The C-23 Sherpais an adaptation of the
Shorts 330 civil Short Takeoff and Land-
ing (STOL) utility transport, used by the
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Air Force for the US Air Force European
Distribution Aircraft System. In its more
powerful C-23B variant, the Sherpa has
dso been adopted by the US Army Na
tional Guard to replace aging G-7 Car-
ibou STOL transports.

The C-23 has a straight, high-aspect-
ratio wing set high on the boxy fuselage.
Three sections of single-dotted flaps are
inboard of the single-dotted aileron on
each wing. Wing struts extend from the
landing-gear main wheel pods to the
middle of the outer sections. The later
C-23B wing is strengthened to permit
flight a 25,000 Ib (11,340 kg), which
permits dightly higher payload weights
and a higher zero-fuel weight for greater
range.

The tail unit consists of two rectangu-
lar vertica surfaces mounted as end-
plates to the stubby horizontal tailplanes.
The horn-balanced rudders are fitted
into the upper two-thirds of the fin trail-
ing edges. The elevator extends the full
span between the rudder. The flight con-
trols are moved by rods; a hydraulic sys
tem powers the flaps, landing gear, wheel
brakes, and nosewheel steering.

The cabin is nearly square in cross sec-
tion. The nose ispointed and dlopes up to
a stepped windshield. The top line of the
fuselage continues up and back in agen-
tle curve to the wing, where it begins a
gentle dope to the tail. The lower fu-
selage line is mostly straight, eventually
doping up to the tail. The doped floor
has a hydraulically operated, full-width
rear ramp.

The two turboprop engines are fitted
in wing nacelles. The main-landing-gear
pods are mounted on short stubs that ex-
tend from the lower fuselage under the
wing. The singlewhed main wheels re-
tract into the pods, leaving some of the
tire showing. The nose gear retracts to
the rear.

DEVELOPMENT ¢ TheC-23'sinitial op-
erational capahility was in 1984, and
its firgt flight was in December 1982.

The Military Airlift Command had 18
Sherpas, obtained between November
1984 and December 1985. With the antic-
ipated closng of Zweibriicken AB, Ger-
many, inthe early 1990s, the aircraft were
redistributed among the Air Force Sys
tem Command (AFSC), the US Army,
and the US Forest Service. Militarized
variants (Shorts 330/UTT) have been
sold to Thailand's army and police and
the United Arab Emirates.

VARIANTS ¢« C-23A, C-23B  (Super
Sherpa), Shorts 330/UTT, Shorts 330.

SPECIFICATIONS -

MANUFACTURER  Shorts Brothers (North-
ern Ireland)

CREW 2 + 30 passengers, or 30 para-
troopers + 1jumpmaster, or 15 litters
+ 1 attendant

WEIGHTS
empty 14,000 Ib (6,350 kg)
maxpayload 7,0001b (3,175kg)
max takeoff 22,900 Ib (10,387 kg)

DIMENS ONS

wingspan 74 ft 8in (22.76 m)
length 58 ft O/zin (17.69 m)
height 16 ft 3in (4.95 m)
cabin length: 29 ft 10 in (9.09

m)
width: 6ft5%?in (1.97 m)
height: 6 ft 2% in (1.89
m)
volume: 1,246 ft* (35.28
m3)
wingarea 453 ft* (42.10 m?)
ENGINES 2 Pratt & Whitney PT6A-45R
turboprop
max power 1,198 hp each

FUEL
internal 673 USgd (2,546 liters)
SPEED
max cruise 190 kts (218 mph; 352
km/h)
econ cruise 157 kts (181 mph; 291
km/h)
cimbrate 1,180 ft/min (360

m/min)



RANGE
maxpayload 195 nm (225 mi; 362
km)
5,0001b 669 nm (770 mi; 1,239
km)

CEILING 20,013 ft (6,200 m)

Air Force One (VC-25A)

The VC-25A is the newest in the series of
Air Force One aircraft, the official trans-
port for the President of the United
States. It is adapted from the Boeing 747
civil airliner. The only observable differ-
ences between the VC-25A and the stan-
dard Boeing 747 are the insignia, mark-
ings, and antennas. The airframe and en-
gines are identical.

The low wing has BTW!' sweep at the
quarter-chord and 7° dihedral from the
root. Each wing has a profusion of high-
lift devices on the leading and trailing
edges. The tall, swept fin has an inset,
two-section rudder. The horizontal stabi-
lizers are mounted on the fuselage below
the fin and have two-section elevators.
Flight contrals, flaps, brakes, and landing
gear are driven by four independent hy-
draulic systems.

The fuselage has a sharply sloped nose
leading up to a raised flight deck with a
nearly stepless windshield. The flight-
deck level extends aft, the top line dop-
ing down to the main fuselage at a point
in line with thewing'sleading edge. The
fuselage has a constant cross section to
well aft of thewing trailing edge, at which
point the lower fuselage line tapers up to
meet the tail. The VC-25 is equipped for
air refueling.

The interior layout and communica-
tions suite of the VC-25 have been mod-
ified considerably from that of the basic
747 to permit the aircraft to operate asan
airborne presidential office and resi-
dence. The 4,000 ft2 (371.6 m2) of floor
space are subdivided into the President's
suite, work, and rest areas for 70 pas
sengers (including up to 14 news re-
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porters) and 23 crew (including ac-
commodations for a complete traveling
ground crew). Each of the two galleys
is capable of preparing meals for 50 peo-
ple and has a 10-ft% (0.28-m°) oven, two
5qt (4.73-iter) coffeemakers, a micro-
wave oven, and afour-burner stove. Each
refrigerator holds 1,000 entrees, and
each freezer stores 1,000 Ib (454 kg) of
frozen provisions. The aircraft has seven
lavatories and a medical ad station.

The two engines are carried on pylons
under each wing. The inboard, four-
wheel main-landing-gear bogies retract
forwardintofuselagebaysthat areinline
with the wing. When extended, the two
outboard bogies are farther forward than
the inboard pair; they retract inward, be-
ing stowed in wing root bays. The two-
wheel nose gear retracts forward under
the flight deck.

The communications gear includes 85
telephones, some secured, a facsimile
machine that can transmit secret docu-
ments securely, ajamming system offer-
ing protection from antiaircraft missiles,
and 55 different antennas.

The aircraft is hardened against Elec-
tromagnetic Pulses (EMP) resulting
from anuclear blast. Itis dso fitted with
an automatic collision-avoidance system.
A Canadian Marconi landing system per-
mits automatic landingsin zero-visibility
conditions. Additionally, two Auxiliary
Power Units (APU) are installed in the
tail.

DEVELOPMENT e The VC-25A's initid
operational capability was in September
1990 following its delivery to the 89th
Military Airlift Wing (MAW) at Andrews
AFB, Maryland, on August 23. The
VC-25's firgt flight was on January 26,
1990. Its first flight with then Presi-
dent Bush onboard was September 6,
1990.

The VC-25A is replacing the two
VC-137 holdoversfrom the Kennedy and
Nixon administrations as Air Force One.
Only two aircraft were built, with the air-
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VC-25A
U.S. GOVERNMENT DEPARTMENT OF DEFENSE

craft rotated as primary and backup. The
second VC-25A was scheduled to enter
service on June 30, 1991, but was deliv-
ered to the 89%th MAW on December
20, 1990. The aircraft have the tail num-
bers 28,000 and 29,000.

The plane was built at a fixed-price cost
to the government of $266 million; Boe-
ing absorbed $360 million in costs, mak-
ing the planes the most expensive
transport aircraft ever produced.

The basic Boeing 747 commercia air-
liner isin limited military service in four
other nations. Two are used as VIP trans-
ports for the Japanese Air Self-Defense
Force (JASDF), and eight are serving as
cargo aircraft in lran, Oman, and Saudi
Arabia.

VARIANTS ¢« Boeing 747, VC-25A Air
Force One, E-4 (the National Emergency
Airborne Command Post/NEACP).

SPECIFICATIONS -
MANUFACTURER Boeing

CREW 23 crew (3 flight, 20 ground) +

70 passengers
WEIGHTS
empty 526,500 Ib (238,816 kQ)
mission 803,700 Ib (364,552 k)
long-range
DIMENSIONS
wingspan 195 ft 8 in (59.64 m)
length 231 ft 10 in (70.66 m)
height 63ft5in (19.33 m)

wingarea 5,500 ft? (511 m?)
ENGINES 4 Generd Electric CF6-802B1

turbofan

maxpower 56,750 Ib (25,741 kg)
FUEL

internal capacity
53,611 US ga (202,940
liters)
SPEED
max speed 530 kts (610 mph; 981
km/h)
cruise 482 kts (555 mph; 893
km/h)

RANGE 6,200 nm (7,410 mi; 11,491
km)
CEILING 45,000 ft (13,715 m)



C-20A

The C-29A isavariant of the British Aero-
space BAe125-800, itself a development
of the earlier HS125 light executive trans-
port. The basic design has been progres-
svely improved; severd of the 800 series
are in use asVIP transports. Six were or-
dered by the United States as the C-29A
flight inspection aircraft after undergo-
ing modification by Sierra Research of
Buffalo, New Y ork.

The low, two-spar wing ismounted in a
prominent fairing below the fusdage.
The trailing edge has four-position,
double-dotted flaps inboard of cable-
operated, mass-balanced ailerons. Lift-
dumping air brake/spoilers are located
ahead of the flaps.

Therelatively tall finand rudder havea
moderately swept tailplane mounted well
up on thefin and above the rudder. A low
dorsal fin extends forward. The full-span
elevators are cable-operated and mass-
balanced.

Two turbofan engines are carried in
nacelles on either side of the rear fu-
sdlage. The fuel tanks are located in the
wings, and a ventral tank is behind the
passenger cabin. The main gear legs have
twin wheels and retract into the wings;
the nose gear retracts forward. A single
hydraulic sysem operates the flaps,
spoilers, landing gear, main-wheel doors
and brakes, nosewhed seering, and the
antiskid braking system.

A passenger door is located on the left
side of the fuselage, forward of the wing.
The bulged cockpit roof of the earlier
series has been replaced by astraight top
line, and the nose has been lengthened.
There are six windows along each side of
the roomy cabin.

DEVELOPMENT e« The initial opera-
tional capability of the C-29A was in
1984, and its first flight was on May 26,
1983.

Sx C-29As were built for the US Air
Force under a $70-million contract
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awarded in March 1988. The fina unit
was delivered to the Military Airlift Com-
mand on January 11, 1991

Three other nations have used the air-
craft, the most recent being the Japanese
Air Self-Defense Force (JASDF), which
ordered three BAl25-800 aircraft in Au-
gust 1989.

The mission of the C-29A Combat
Flight Inspection (C-FIN) is to verify the
accuracy of airport navigational and land-
ing ads.

VARIANTS ¢ Dominie TMKkI
trainer), BAe25, C-29A.

(British

SPECIFICATIONS -
MANUFACTURER  British Aerospace
CREW 2 + 6 passengers
WEIGHTS
empty 14,720 Ib (6,676 kg)
maxpayload 2,400 Ib (1,088 kg)
max takeoff 27,400 Ib (12,430 kg)
DIMENSIONS
wingspan 51 ft4in (15.66 m)

length 51 ft 2 in (15.60m)

height 17t 7in (536 m)

cabin length: 21 ft4in (6.5 m)
width: 6 ft (1.83m)
height: 5ft9in (1.75m)
volume: 604ft3 (17.1 m®)

wingarea 374 ft* (34.75 m?)

ENGINES 2 Garrett TFE731-5R-1H tur-
bofan
maxpower 4,300 Ib (1,950 kg) static

thrust
FUEL
internal 1,49 US gd (5,674 liters)
SPEED
max cruise 456 kts (525 mph; 845
fcm/h)
econ cruise 400 kts (461 mph; 741
km/h)
RANGE
maxpayl oad 2,870 nm (3,305 mi;
5318 km)
maxfuel 3,000 nm (3,454 mi;
5,560km)

CEILING 43,000 ft (13,100 m)
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Commando (C-46)

The C-46 Commando first became fa-
mouswhen itflew over the "hump" of the
Himalayan M ountai ns between Indiaand
Chinaduring World War I1. The aircraft,
aso known as the Dumbo, had almost
double the payload and cabin volume of
the C-47 Dakota (but not the reliability)
and represented the first military trans-
port to be built in significant numbers.

The Commando's low wing had a rect-
angular center section and tapered outer
panels. It had a broad vertical tail and a
curved, full-height rudder.

The Commando's "double-bubble” fu-
selage was originally designed to have a
pressurized upper half for the comfort of
commercial passengers. As a military
transport, the C-46 was unpressurized.
The main cabin had alarge cargo double
door on the port side with an inset per-
sonnel door.

The two radial piston engines were in
nacelles faired into the leading edges of
the wings. The landing gear consisted of
one-wheel main gear legs that retracted
forward into each engine nacelle and a
fixed, castoring tailwheel under the fu-
selage ahead of the tail group.

DEVELOPMENT ¢ TheC-46'sfirst flight
wason March 26,1940, anditsinitial oper-
ational capability was in 1941. A total of
3,180 aircraft were built between 1941
and 1945. Of the original military produc-
tion version, 1,039 C-46A-CUs were built
in Buffalo, 438 C-46A-CKsin Louisville, 12
C-46A-CSsin St Louis, and two C-46A-HIs
by Higginsin New Orleans. Thelast C-46E
retired from active US service in 1953,
Reserve units continued to fly C-46A/
D/F aircraft until 1960. Remarkably, some
foreignairlinesand air forceshave contin-
ued tofly the C-46 into the 1990s.

VARIANTS « CW-20/C-55, C-46A, XC-
46B, C-46D, C-46E, C-46F, C-46G, X C-46L
(test bed), R5C-1/2/3/4/5 (US Marine
Corps).

SPECIFICATIONS (C-46D) -

MANUFACTURER Curtis-Wright

CREW 4 + 50 passengers, or 33 litters
and 4 attendants

WEIGHTS

empty 32,400 Ib (14,696 kg)

max payload 16,000-17,600 Ib (7,257-
7,983 kg)

max takeoff normal: 45,000 Ib (20,410
kg)

overload: 48,000 Ib

(21,772kg)

DIMENSIONS
wingspan 108ft 1in (32.92 m)

length 76 ft 4in (23.27 m)

height 21 ft 9in (6.63 m)

cabin length: 48 ft (14.63 m)
width: 9 ft 10in (3.0 m)
height: 6ft8in (2.03 m)
volume: 2,3001t?(12.88

m3)
wingarea 1,360 ft* (126.8 m*)

ENGINES 2 2,000-hp Pratt & Whitney
R-2800-51 2-row, 18-cylinder radia pis-
ton

SPEED

max 233 kts (269 mph; 433
km/h)

max cruise 197 kts (227 mph; 365
km/h)

econ cruise 162 kts (187 mph; 301
km/h)

landing 62 kts (71 mph; 114 km/
h)

climbrate 1,300 ft/min (396
m/min)

RANGE 27,600 ft (8,410 m)

CEILING 955 nm (1,200 mi; 1,770 km)
(with 11,500 1b); 2,562 nm (2,950 mi;
4,748 km) (with 2,000 Ib)

Dakota (C-47)

The C-47 is the military version of the
Douglas DC-3 commercial airliner.
Throughout aviation history, it has been
one of the most widely used aircraft. The
official names of the C-47 have been the



Dakota and the Skytrain, but the most
widely used nickname of the airplane was
the affectionate Gooney Bird.

The popularity of the C-47 stems from
its low cost of operation and mainte-
nance, ruggedness, ease of pilot training,
and versatility. It has served primarily in
the cargo and transport roles but has
been adapted to awide variety of other
missions, including reconnaissance, ex-
treme weather conditions, gunship, soe
cid operations, trainer, and electronic
countermeasures.

The plane's basc configuration in-
cludes alow-set wing with a rectangular
center section and long, tapered outer
panels. The trailing edge has plain split
flaps inboard and a narrow, long aileron
outboard.

The two radia engines are mounted in
nacelles that extend forward from the
leading edge of the center section. The
main wheels are carried on struts that
retract into the rear of the nacelle; the
main wheel remains partialy exposed
and reduces the damage from belly land-
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ings. The nonretractable, castoring tail-
whedl is fitted below the fin.

The fuselage has a pointed nose,
stepped windshield, large cockpit side
windows, and atwo-section cargo door aft
of the trailing edge on the left side.

The aircraft has been extensively mod-
ified during its life and has flown with a
number of different engines and minor
airframemodifications.

DEVELOPMENT ¢ The C-47'sinitia op-
erational capability was in 141 The first
flight of the DC-3 was on December 17,
1935. 10368 were built in the United
States, and approximately 2,000 were
built under license by the Soviet Union as
the Lisunov Li-2 (still in servicein China
andVietnam). It remained active with the
USAF's Military Airlift Command until
the late 1960s

The C-47 is no longer in US service.
Morethan 400 C-47sremainin servicein
more than 40 countries into the
mid-1990s. The C-47 has served in dmost

C47
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every Western and Third World air force
and sever al communist air for ces.

In the 1990s, a few Latin American
countries have had some of their C-47s
converted by Easier Turbo Conversions
Inc. into a turboprop version of the
Gooney Bird (Turbo-67), but faster and
with a higher payload.

VARIANTS « C47, AC47 (USAF
Spooky gunship), EC-47 (USN Electronic
Warfare/EW; formerly R4D-5Q/6Q),
HC-47 (USAF rescue; formerly SC-47),
LC-47 (USN ski-equipped; formerly
R4D-5L/6L), RC-47A (USAF reconnais-
sance), TC-47 (trainer), VC-47 (VIP),
C-53, C-117 (USN TC-117 trainer; for-
merly R4D-8T), VC-117 (VIP), C-117D,
Li-2 (Soviet-built), Turbo-67.

COMBAT EXPERIENCE ¢ The Gooney
Bird distinguished itself as a US cargo
aircraftinWorldWar 11, the Berlin Airlift,
and in Korea. The gunship variant was
flown in the Vietham War by US and
South Vietnamese air forces. The Roya
Laotian Air Force dso flew C-47 gun-
ships. El Savador has used its AC-47s to
attack guerrilla positions.

SPECIFICATIONS -
MANUFACTURER Douglas
CREW 4 + 26 troops or 24 litters
WEIGHTS
empty 16,970 Ib (7,697 kg)
normal payload
6,000 b (2,721 kg)
maxpayload 7,500 1b (3,402 kg)
max takeoff 26,000 Ib (11,793 kg)
max overload
30,600 Ib (13,880 kg)

DIMENSIONS
length 64 ft 6in (19.65 m)
height 16 ft9in (5.16m)
wingarea 987 ft* (91.69 m?)
cargo volume

1,245ft3 (35.25m°)
ENGINES 2 Pratt & Whitney R-1830-92
radial piston
max power 1,200 shp each

SPEED
cruise speed
160 kts (185 mph; 296
km/h)
max speed 19 kts (229 mph; 368
km/h)

stall, wheels and flaps down
58 kts (67 mph; 108 km/

h)
RANGE
normal 1,296 nm (1,500 mi;
2,400km)
max range 2,346 nm (2,700 mi;
4,345 km)

CEILING 24,100 ft (7,345 m)

Hercules (C-130)

The C-130 Hercules airlifter has had a
long and distinguished career in several
wars throughout the world. It is the most
versatile and widely flown military trans-
port in the post-World War |l era. The
four-engine, medium turboprop trans-
port has been used for passenger and
cargo, paratroop, aeria refueling, pas
senger, Search and Rescue (SAR), Elec-
tronic Warfare (EW), combat command
and control, communications relay, and
as a gunship. The US Navy has flown
C-130 aircraft from an aircraft carrier
without the use of arresting wires or cata-
pult. The Herculesis a utilitarian combi-
nation of a graceful, high-aspect-ratio
wing on a hulking fuselage followed by a
large, triangular tail. The highwing hasa
rectangular center section and outer
panels with tapered trailing edges.

The tail iscarried high as aresult of the
sloped, rear cargo ramp that formsthe aft
end of the fuselage. The fin has a small
dorsal fillet and full-height rudder. The
large, double-taper tailplanes are
mounted just below the fin, in line with
thewings.

The four Allison turboprops are car-
ried in thin nacelles along the leading
edge of the wing. The plane has sx inte-
gra wing tanks. Additionally, external
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fuel tanks are semipermanently fixed to
pylons between the engines under each
wing.

The sguat, constant-section fuselage
has a short nose; the nearly flat, "Ro-
man" nose of the early versions received
a bulbous "thimble" radome that is now
characteristic of virtually al C-130still in
service. The flight deck has two levels of
glazing and "eyebrow" windows on each
side.

The pressurized main cabin has a
nearly square cross section and has an
unobstructed run from aft of the flight
deck to the rear ramp. Cargo caninclude
five pallets, a 155-mm howitzer and tow-
ing vehicle, plus troops or litters. The
ramp gan be lowered in flight for para
chute drops or Low-Altitude Parachute
Extraction System (LAPES) operations.
The aircraft has cargo doors at the front
and rear of the cabin on both sides. Large
sponsons run dong the lower sides of the
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fuselage; each carries two one-whed
main gear legs in tandem.

DEVELOPMENT  The initiad opera
tional capability of the C-130 was in 1956,
and itsfirst flight was on August 23,1954.
C-130H variants are till in production;
about 2,000 had been built by the early
1990s. The US Air Force, Navy, Marines,
and Coast Guard operate the C-130 along
with about 24 other nations. There are
numerousvariants of the basic C-130 that
have been designed to meet the various
requirements of the many operators. Lat-
est in the line is the C-130J, ordered by
Britain in 1994. It has new engines, dec-
tronic flight instrumentation, and severd
other upgrades.

VARIANTS « YC-130, C-130B, C-130D
(Arctic/Antarctic operations), C-130E,
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C-130H (man production version),
C-130J (High-Technology Test Bed/
HTTB), C-130K (RAF), C-130 AEW (pro-
posed Airborne Early Warning/AEW),
AC-130 (gunship), HC-130H (search and
rescue/aerial recovery), HC-130N,
HC-130P (rescue), LC-130H, MC-130H
Combat Taon Il (Special Operations
Command/SOC), WC-130E/H (weather
reconnaissance).

SPECIFICATIONS (C-130H) -«

MANUFACTURER  Lockheed

CREW 5 (2 pilots, navigator, flight engi-
neer, radio operator/loadmaster) and
92 troops or 64 paratroops or 74 lit-
ters and 2 attendants

WEIGHTS
empty 76,469 1b (34,686 kg)
maxpayload 42,673 |b (19,356 kQ)

takeoff normal: 155,000 |b
(70,310 kg)
max: 175,000 Ib (79,380
kg)
DIMENSIONS

wingspan 132 ft 7in (40.41 m)

length 97 ft9in (29.79 m)
height 38 ft 3in (11.66m)
wingarea 1,745 ft* (162.12 m*)
ramp opening
length: 9ft 1 in (2.77 m)
width: 10 ft (3.05 m)
cargo hold length: 40 ft 1 in (12.22

m)
width: 10ft 3in (3.30 m)
height: 9ft 3in 22.81 m)
volume: 4,500 ft° (127.4
m®)
ENGINES 4 Allison T56-A-15 turboprop
max power 4,591 effective hp each
FUEL

internal capacity
9,679 US gdl (36,636
liters)
SPEED
cruise speed
max: 325 kts (374 mph;
602 km/h)
econ: 300 kts (345 mph;
556 km/h)
stall speed 100 kts (115 mph; 185
km/h)

EC130M
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climb rate
RANGE
max payload 2,046 nm (2,356 mi;
3,791 km)
4,250 nm (4,894 mi;
7,876 km)
CEILING at 130,000 Ib (58,970 kg)
4 engines: 33,000 ft (10,060 m)
3 engines: 26,500 ft (8,075 m)

1,900 ft/min (579 m/min)

maxfuel

Starlifter (C-141)

The C-141 Starlifter is a strategic airlift
aircraft used primarily for cargo, but dso
used for medical evacuation, paratroop
drops, and troop transport.

The C-141's high wing has a low
guarter-chord sweep that reduces the
maximum cruising speed when com-
pared to other jet transports, but im-
proves handling near sdl speed and
reduces the required takeoff and
landing-field lengths. Four sections of
spoilers, two ahead of each flap section,
act as airbrakes and ground lift dumpers.

The tail group forms a"T." The verti-

C-141 Starlifter
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cal tail consistsof adlightly swept finwith
low dorsal fillet and afull-height rudder.
Flight controls, flaps, landing gear, and
brakes are operated by two redundant hy-
draulic systems.

The current operationa verson, the
C-141B, was "stretched" to increase its
capabilities. Mogt of the modifications to
the basic design involved the fuselage.
The original design adopted the cross
section of the earlier C-130 Hercules; this
was not changed in the C-141B. Neither
was the nose section, which consists of a
stubby radome and low-stepped flight
deck. An air-refueling capability was
added.

Side and cargo doors are used as para-
troop drop exits. A C-141A set a world
record for airdropping a 70,195Ib
(31,840-kg) mass. Large clamshell doors
swing out to expose a ramp that drops
down to create an 11° dope for loading.
The modifications improved the cargo
capacity of the aircraft, increasing the
load from 10 to 13 standard cargo pallets.
Total volumeincreased by 55%, and max
payload capacity grew to 94508 Ib
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(42,869 kg). Passenger and medical evac-
uee capacity was not changed.

The four turbofan engines are
mounted on pylons that extend below
and ahead of the wing's leading edges.
The main, four-wheel landing gear re-
tracts into streamlined pods mounted on
thelower fusel age below thewings. These
pods aso contain the single-point refuel-
ing point hookups. The two-wheel nose
gear retracts forward.

The C-141B program was a Success on
several grounds, including meeting all
milestones ahead of schedule.

DEVELOPMENT ¢ The Starlifter's ini-
tial operational capability was on April
23, 1965; itsfirgt flight was on December
17, 1963. 285 were built before produc-
tion ceased in 1968.

The stretch program began in 1979
with the 270 operational C-141As. The
initial operating capability of the C-141B
was April 1980. The fina converted unit
was ddivered on June 29, 1982. The
USAF is the only operator of the C-141.

VARIANTS « C-141A, ARTB (Advanced
Radar Test Bed), Y C-141B (stretched pro-
totype) , C-141B, SOF C-141 (special ops).

COMBAT EXPERIENCE e« The Starlif-
ter distinguished itself in al conflicts
sinceit started operations. Itflewvirtually
daily missionsduring theVietnamWar. It
was a primary resource for the resupply
effort to Isragl during the Yom Kippur
War of October 1973. On December 20,
1989, C-141s made 77 flights to Panama
in support of the US ouster of Panama-
nian Genera Noriega, dropping para-
troopers airlifting cargo and troops.

The aircraft again distinguished itself
during the 199091 deployment of
troops and cargo in support of the Desert
Shield/Desert Storm operations in the
MiddleEast.

SPECIFICATIONS -
MANUFACTURER L ockheed
CREW 5 + 155 paratroops or 200

troops or 103 patient litters with
attendants
WEIGHTS
empty 144,492 b (65,542 kg)
maxpayload 94,508 Ib (42,869 kg)
max takeoff 343,000 Ib (155,585 kg)
DIMENSIONS

wingspan 159 ft 11 in (48.74 m)
length 168 ft 3 in (51.29m)
height 39 ft 3in (11.96m)
wingarea 3,228 ft* (299.9 m*)
cargo hold length without ramp

(C-141B):93ft4in
(28.45m)
width: 10ft3in (3.12 m)
height: 9ft 1in (2.77 m)
volume with ramp: 11,399
ft* (322.7 m°)
ENGINES 4 Pratt & Whitney TF33-P-7
turbofan
max power 21,000 Ib (9,525 kg)
FUEL
internal capacity
23,592 USgd (89,296

liters)
SPEED
max cruise 492 kts (566 mph; 911
km/h)
long-range 430 kts (495 mph; 797
km/h)
climbrate 2,600 ft/min (792
m/min)
RANGE

with payload of 90,880 Ib (41,223 kg)

2,549 nm (2,935 mi;
4,723km)

5,330 nm (6,140 mi;
9,880 km)

CEILING 41,600 ft (12,680 m)

maxfuel

Trader (C-1A)
The C-1A Trader is aderivative of the S22
Tracker aircraft, using the same airframe
and engines minus the Tracker's mission
avionics. The Trader isused asaUSNavy
Carrier Onboard Delivery (COD) cargo/
passenger aircraft.

The Trader has afairly distinctive ap-



pearance, featuring a short, stubby fu-
sdlage, long, dightly tapered wings set
highjust forward of the midfusel age, two
very large engine nacelles for its radia
piston engines, and a large tailfin and
rudder with dlightly dihedral tailplanes
set at the base. Landing gear is retract-
abletricycle, withthemainwheel sretract-
ing into the engine nacelles.

The cargo capacity of the Trader isre-
dricted by its limited payload and side
door loading system.

DEVELOPMENT e The Trader's initial
operational capability (C-1A) was in
1955; the first flight (as the S2) was in
December 1952. Few Trader aircraft re-
mained operational by the US Navy by
the early 1990s, being gradually phased
into retirement, replaced by the C-2 Grey-
hound.

VARIANTS ¢ TF1, C1A, EC-1A (Elec-
tronic Countermeasures/ECM).

SPECIFICATIONS -
MANUFACTURER Grumman
CREW 2 (pilot, copilot) + 7 passengers
ENGINES 2 Wright R-1 820-82WA 9-cylin-
der radial piston
maxpower 1,525 hp each
WEIGHTS
empty 19,033 Ib (8,561 kg)
maxpayload 3,500 1b (1,587 kg)
max takeoff 27,000 Ib (12,272 kg)
DIMENSIONS

wingspan 69 ft 8 in (21.23 m)
length 42 ft (12.8m)
height 16 ft 4in (4.98 m)

wingarea 485 ft? (4507 m?
PERFORMANCE

max speed 290 kts (334 mph; 53
km/h)

ceiling 22,000 ft (6,706 m)

range 1,200 nm (1,381 mi;

2,222 km)
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Greyhound (C-2A)

The C-2A Greyhound isderived from the
E-2C Hawkeye Airborne Early Warning
(AEW) aircraft and is the primary US
Navy Carrier Onboard Delivery (COD)
aircraft, providing transport for high-
priority cargo and passengers between
shore bases and aircraft carriers. The
Greyhound shares the E-2 wings, power-
plant, and four-fin tail configuration
but has a larger fuselage and a rear-
fuselage loading ramp.

The high-aspect-ratio wing is mounted
on top of the fuselage. The tapered lead-
ing edge is detachable for access to hy-
draulic systems. The trailing edge has
inboard Fowler-type flaps and long
ailerons; the ailerons are drooped by a
flap-aileron interconnection for low-
speed handling. Thewingsfold outboard
of the engines, ending up perpendicular
to the center section and parallel to the
aft fuselage; thefolded wings are secured
by jury strut locks fitted on the leading
edge of the outer fins.

The tail-group design reflects the need
for a low profile on US carrier hangar
decks. Unlike the E-2, which has consider-
abledihedral onthehorizontal tailplanes,
the C-2'stail has none; an eevator isinset
in the trailing edge. Large endplate fins
arejoined at right angles to the stabilizer;
each has a double-section rudder above
and below the stabilizer plane.

Theaircraftisfitted with aSperry AN/
AWS-15A utomaticFlight Control System
(AFCS) and two independent hydraulic
systems. Thewing and tail-group leading
edges are fitted with deicing boots.

The two Allison turboprop engines are
housed in deep nacelles on the wing lead-
ing edges and drive four-blade Hamilton
Standard propellers. The two large fuel
tanks are in the wing center section.

The main gear struts retract forward
into the nacelles, pivoting 90° to lie flat.
The two-wheel nose gear (derived from
the Grumman A-6 Intruder) retracts to
the rear under theflight deck.
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DEVELOPMENT e« The initia opera-
tional capability was in December 1966;
its first flight was on November 18, 1964.
19 were originally procured. A $687-
million, multiyear contract signed in 1983
provided for 39 uprated aircraft, the last
being delivered in 1989. The origina
C-2A aircraftretired from USN service by
1987. The second series of 39 aircraftwere
aso called C-2A by the Navy to preclude
the necessary government documenta-
tion required for a "new" aircraft.

VARIANTS « C-2A.

COMBAT EXPERIENCE « During the
Operations Desert Shield/Desert Storm
deployments, C-2s were embarked on
nearly every carrier and proved invalu-
able for shuttling personnel, high-value
cargo, and mail from the carriers to bases
in Saudi Arabia.

SPECIFICATIONS -
MANUFACTURER Grumman
CREW 3 (2 pilots, flight engineer) + 39
troops or 28 passengers or 12 litters
ENGINES 2 Allison T56-A-425 turbo-
prop
max power 4,910 equivalent shp each
internal fuel capacity
1,824 US gd (6,904 liters)

WEIGHTS
empty 36,346 |b (16,486 kqg)
max payload land-based: 15,000 Ib
(6,804 kg)
carrier ops. 10,000 Ib
(4,536 kg)
max takeoff 54,354 Ib (24,655 kg)
DIMENSIONS
wingspan  80ft 7in (24.57 m)
length 56 ft 10in (17.32m)
height 15ft 11 in (4.85m)
wingarea 700 ft2 (65.03 m2)
cargo hold length: 27 ft6in (8.38
m)

width: 7ft4in (2.24 m)
height: 5ft 5in (1.65m)
volume: 1,920 ft° (54.37

PERFORMANCE

max speed 310 kts (357 mph; 574
km/h)

cruise speed 260 kts (299 mph; 482
km/h)

climbrate 2,610 ft/min (796
m/min)

ceiling 33,500 ft (10,211 m)

range with 10,000-1b (4,536-kg) payload
more than 1,042 nm
(1,200 mi; 1,931 km)
max ferry range
1,560nm (1,796 mi;
2,889 km)

Academe(C-4)
The C-4 Academe is a "flying classroom"
used for training A-6E Intruder naviga-
tors and bombardiers. It is based on the
Grumman Gulfstream | twin-turboprop
executive transport.

The basic Gulfstream | has a double-
taper, high-aspect-ratio wing mounted
low on the fuselage. Large nacelles are
mounted on each wing, with the thin
turboprops extending well forward, driv-
ing four-blade propellers. The rest of
the nacelle houses the jet pipe, which
extends to the trailing edge over the
wing, and the main landing gear, which
is housed in a bulged section below
the wing. The fin and balanced rudder
are swept; a small dorsal fillet extends
forward. The tailplane is double-
tapered.

The fuselage has five ovd windows.
There is little step in the windshield,
which tapers to a pointed nose in the US
Coast Guard's single VC4A executive
transport. The TC-4C Academe has a
large, bulbous nose grafted onto the orig-
inal nose; a Forward-Looking Infrared
(FLIR) turret was fitted under the false
nose sometime after the original deliv-
eries. The aircraft is fitted with an A-6
Intruder cockpit and four navigator/
bombardier training consoles ahead of
the A-6 cockpit installation.



DEVELOPMENT ¢ The initial opera
tional capability (VC-4A) wasin March
1963. The Academe's first flight was on
June 14, 1967. Only 11 military
Gulfstream Is were built (nine USN
TC-4C and two USCG VC-4A) and used
by the Navy and Coast Guard.

VARIANTS « VCA4A, TCA4C.

SPECIFICATIONS -
MANUFACTURER  Grumman Aerospace
CREW 2 (pilot, copilot) + 2 instructors
and 5 students
ENGINES 2 RollsRoyce Dart Mk 529-8X
turboprop
maxpower 2,210 shp each
WEIGHTS
empty 24,575 |b (11,147 kg)
max takeoff 36,000 Ib (16,329 kg)
DIMENSIONS

wingspan 78 ft4in (23.87 m)
length 67 ft 10% in (20.69 m)
height 23ft4in (7.1 m)
wing area 610 ft® (186 m?)
PERFORMANCE
max speed 317 kts (365 mph; 587
km/h)
cruise speed
217 kts (250 mph; 402
km/h)
ceiling 30,000 ft (9,144 m)
range at5,000ft (1,524m):996

nm (1,147 mi; 1,846 km)

at 30,000 ft (9,144m):
[,741nm (2,005 mi;
3,226km)

King Air 90 (U-21A, C-6B)
The King Air was originaly designed as a
general aviation aircraft but has been
adapted for usein many nations asalight
utility/liaison/VIP transport aircraft.
Its configuration is fairly conventional
for an aircraft of itstype, featuring alow-
set, slightly dihedral wing, two turboprop
engines in wing nacelles, a single, swept
tailfin, slightly dihedral tail planes set on
the tailboom, retractable tricyclelanding
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gear, and a passenger/cargo door on the
left side of the fusel age, behind the wing.

DEVELOPMENT e TheKingAir'sinitial
operational capabilitywasin 1965; its first
flight was in January 1964. Over 250 are
in military service worldwide. It is oper-
ated by almost 20 nations, including the
US, mostly asVIP transport or liaison air-
craft.

VARIANTS « C-6B (USAF), U-21A (US
Army), King Air 90, King Air 100
(stretched), King Air 200 (USAF C-12).

COMBAT EXPERIENCE ¢ None di-
rectly; used to support local flightsof key
personnel during conflicts in developing
areas.

SPECIFICATIONS -
MANUFACTURER Beechcraft
CREW 2 (pilot, copilot) + 8 passengers
ENGINES 2 Pratt & Whitney PT6A-20
turboprop
maxpower 550 shp eech
WEIGHTS
empty 5,680 Ib (2,576 kg)
max takeoff 9,300 Ib (4,218 kg)
DIMENSIONS
wingspan 45 ft 10/2in (13.98 m)

length 35ft6in (10.82m)

height 141t 8in (447 m)

wing area 280 ft? (26 m?)
PERFORMANCE

max speed 241 kts (278 mph; 447

km/h)
ceiling 31,600 ft (9,632 m)
range 1,372 nm (1,580 mi;

2,543 km)

Gulfstream|l (VC-11)

The Gulfstream |1 is a large executivejet
that isused asaVIPaircraft by severa air
forces. A sngle US Coast Guard
Gulfstream 1l is designated VC-11.

The low wing has 25° of leading-edge
sweep, 3° of dihedral from the roots, and
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low wing fences at midspan. The trailing
edgehasone-piece, single-dotted, Fowler-
typeflapsinboard of inset ailerons. Ahead
of the aileronsis aspan-wise line of vortex
generators. Farther inboard, two sections
of spoilers are located ahead of the flaps.
These can be used for roll-control assi,
air brakes, and lift dumpers.

The T-tail has a broad, dlightly swept
vertical fin with a small dorsal fillet and
full-height rudder. At the top of the tail
are swept, horizontal stabilizerswithfull-
span elevators. All controls are powered
by dual independent, 1,500-ps hydraulic
systemswith mechanical reversion.

The two Rolls-Royce turbofan engines
with Rohr thrust reversers are mounted
on short stubs that are located high on
the rear fuselage; the inlets overlap the
trailing edges of thewings. Fuel iscarried
inwing tanks. The long, semimonocoque
fusel age extendswell ahead of thewings.
An entry door is located on the forward
left side between the flight deck and the
passenger cabin. The cabin hasfiveovd,
"porthole" windows on each side.

The main gear legs retract inward, the
two-whed assembliesbeing stowed in fu-
selage bays. The two-whedl nose gear re-
tractsforward.

DEVELOPMENT e The aircraft'sinitial
operational capabilitywasin 1969; its first
flight was on October 2, 1966. Produc-
tion ended in the 1980s after 258 were
completed. TheUS Coast GuardVG-11 is
normally stationed at National Airportin
Woashington, DC. The plane is operated
by sx other countries.

VARIANTS « Gulfstream
stream [1I/1V.

SPECIFICATIONS -

MANUFACTURER GrummanAircraft (later
Gulfstream Aerospace)

CREW 2-3 + 19 passengers

ENGINES 2 Rolls-Royce RBI63-25 Spey
Mk 511-8 turbofan
maxpower 11,400 Ib (5,171 kg) static

thrust

1-B, Gulf-

internal fuel capacity
23,300 1b (10,569kg) or
3452 USgd (13,065
liters)
WEIGHTS
operating weight empty
36,900 Ib (16,737 kg)
cargo 2,000 1b (907 kg)
max takeoff 65,500 Ib (29,711 kg)
DIMENSIONS

wingspan 68 ft 10 in (20.98 m)
length 79 ft 11 in (25.36m)
height 24 ft 6in (7.47 m)
cabin length 34 ft (10.36 m)

width 7ft4in (2.24 m)
height 6ft 1 in (1.85m)
volume 1,270 ft* (36.0
m>)
wingarea 8096 ft* (75.21 m?)
PERFORMANCE
max cruise speed at 25,000ft (7,620 m)
505 kts (581 mph; 936
km/h)
econ cruise at 40,000ft (12,192 m)
431 kts (496 mph; 798
km/h)
flaps and gear up: 130 kts
(150 mph; 241 km/h)
flaps and gear down: 108
kts (124 mph; 200 km/
h
minimum control )speed (Vme)
102 kts (117 mph; 189
km/h)
2 engines. 4,350 ft/min
(1,325 m/min)
1 engine: 1,525 ft/min
(465 m/min)
ceiling, 2 engines
43,000 ft (13,206 m)
maxfuel range
3,712 nm (4,275 mi;
6,880 km)

stall speed

climb rate

Spartan(C-27A)
The C-27A Spartan isthe Italian G222 in

service with the United States. The air-
craftisalow-cost, short-haul cargoaircraft



developed for Itdian service but subse-
quently exported to a number of other
nationsincludingtheUnited States. Itisa
versatile two-engine turboprop used for
transport and specid-purpose missons
such as fire fighting, communications
calibration, and Electronic Warfare
(EW). TheG222issimilar to, but smaller
than, the US C-130 Hercules and the
French-German C160 Transall.

The G222's high wing is mounted for-
ward of midfuselage. The high-aspect-
ratio airfoil has arectangular center sec-
tion and double-taper outer panels with
2% dihedral. Two sections of double-
dotted flaps line the trailing edge in-
board of the ailerons, two sections of
spoilersfitted ahead of the outer flap sec-
tionsassistin roll control and are used as
lift dumpers.

The large tail has a tal fin and full-
height, powered rudder. The stubby,
variable-incidence horizontal tailplanes
have a dightly swept leading edge and
full-span elevators and are "shoulder-
mounted"” at the base of thefin. The two
independent hydraulic systemspower the
rudder, flaps, spoilers, landing gear, and
brakes.

The two General Electric turboprops
are mounted in thin nacelles set in the
wing's leading edge and drive three-
blade Hamilton Standard propellers. In-
ternal fuel storage is two center-section
tanks and an additional tank in each
outer section.

The fuselage has anearly steplessnose
with extensive glazing. The pressurized
main cabin has anearly constant section
aft to the trailing edge of the wing, where
it tapers up to the high-flown tail. The
rear loading ramp forms the floor of the
aft fuselage when stowed. Typical loads
include53fully equipped troops, 40 para-
troopers, 36 litters and four attendants,
two light trucks or small armored vehi-
cles, small artillery pieces, or five A-22-
size standard freight containers; up to
19,840 1b (9,000 kg) can becarried. Long
narrow sponsons aong the lower fu-
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sdlage hold the main landing gear, which
consists of tandem, single-wheel units;
die nose gear folds forward.

DEVELOPMENT e« The aircraft's initid
operational capability wasin 1976; its first
flight wasJuly 18, 1970.

In August 1990, the Air Force ordered
five G222s as the C-27A under an 1SO-
million contract, with options for 15
more. An option for five more C-27s was
exercised in February 1991. Aeritalia
teamed with Chrysler Airborne Technol-
ogy Systems to build the aircraft, the lat-
ter providing navigation and other
avionics equipment.

The Air Force accepted the first C-27
on September 27, 1991, when the
nickname Spartan was adopted.

VARIANTS » G-222.

SPECIFICATIONS -
MANUFACTURER Agritdia(Naples, Itay)
CREW 3 (2 pilots, flight engineer/radio
operator)
ENGINES General Electric T64-GE-PAD
turboprop
max power 3,400 shp each
internal fuel capacity
3170 US gd (12,000
liters)
WEIGHTS
empty 32,165 Ib (14,590 kg)
maxpayl oad 19,840 Ib (9,000 kg)
max takeoff 61,730 Ib (28,000 kg)
DIMENSIONS

wingspan 94 ft 2 in (28.7 m)
length 74ft5Vzin (22.7 m)
height 32 ft 1% in (98 m)
cabin length: 28 ft P/4in (8.58

m)
width: 8ftVzin (2.45m)
height: 7ft4%ain (2.25m)
volume: 2,048 ft° (58 m°)
wingarea 833 ft? (82.00 m?)
PERFORMANCE
max speed at 15,000ft (4,575 m)
291 kts (336 mph; 540
km/h)
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cruise speed at 19,680ft (6,000 m)
237 kts (273 mph; 439
km/h)
stall speed, flaps and gear down
84 kts (97 mph; 155 km/
h
1,7)05 ft/min (520
m/min)

climb rate

single-engine climb rate
410 ft/min (125
m/min)
time to height (to 14,760 ft/4,500 m)
8 min 35 sec
ceiling 25,000 ft (7,620 m)
range with 19,840-Ib (9,000-kg) payload
740 nm (852 mi; 1,371 km)

ELECTRONIC/RECONNAISSANCE/OBSERVATION

Hawkeye (E-2C)

The E-2C Hawkeye is a US Navy carrier-
based, all-weather Airborne Early Warn-
ing (AEW) aircraftdevel oped specifically
for carrier operation. It is used for long-
range early warning and threat assess-
ment aswell asfighter direction. A four-
or five-plane E-2C squadron is provided
to each US aircraft carrier.

The Hawkeye'smost distinctivefeature
is the 24-foot-diameter, saucerlike ro-
todome for the AN/APS-120, -125, -138,
-139, or -145 UHF radar. The Randtron
AN/APA-171 antenna system includes
UHF and Identification Friend or Foe
(IFF) endfire Yagi arrays. The rotodome
revolvesfreely in the airstream at therate
of 6 rpm. It provides sufficient lift to off-
set its own weight in flight and can be
lowered to facilitate handling the aircraft
aboard ship.

The AN/APS-138 in the E-2C has an
effective aircraft-detection range of ap-
proximately 260 nm (300 mi; 482 km)
with an improved over-land/water capa-
bility through aTotal Radiation Aperture
Control Antenna (TRAC-A) that features
low sidel obes.

Using a Lora array track processor,
the aircraft can simultaneously track
more than 600 air targets and control up
to 40 interceptions. The APS-139, which
was fitted to E-2Cs delivered after 1987,
has an upgraded processor that alows
tracking of more than 2,000 targets. The

follow-on APS-145 features "environ-
mental processing” to screen out
ground clutter as well as a lower pulse
repetition frequency and rotodome ro-
tation rate. To make the most effective
use of the radar, the E-2 cruises with a
10° flap setting, which gives the ro-
todome the desired 3° of'incidence for
scanning.

The E-2 has a high-aspect-ratio wing
mounted on top of the fuselage. The ta-
pered leading edge is detachable for ac-
cess to hydraulic systems. The trailing
edge has inboard Fowler-type flaps and
long ailerons; theailerons are drooped by
a flap-aileron interconnection for low-
speed handling. Thewingsfold outboard
of the engines, ending up perpendicular
to the center section and parale to the
aft fusel age; thefolded wingsare secured
by jury strut locks fitted on the leading
edge of the outer fins.

The tail group design reflects the
need for a low profile on US carrier
hangar decks and the control-blanketing
effects of the larger rotodome. The hori-
zontal tailplanes arejoined on the cen-
terline, each having 11° of dihedral
relative to the fuselage and an elevator
inset in the trailing edge. Large endplate
fins arejoined at right angles to the sta-
bilizer; each has a double-section rudder
above and below the stabilizer plane. In-
board of the endplates are fins with
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single-section rudders. The aircraft isfit-
tedwith a Sperry ANJ/AWS-15 Automatic
Hight Control System (AFCS). The wing
and tail-group leading edges and the rim
of the rotodome are fitted with deicing
boots. The two Allison turboprop en-
gines are housed in deep nacelles on the
wing leading edges and drive four-blade
propellers origindly manufactured by
Aero Products (with sguare tips) and
later by Hamilton Standard (foam-filled
with rounded tips). Beginning in 1983,
E-2Cs were fitted with the uprated T56-
A-427 engine of greater power and 13%
lower fuel consumption. The main gear
struts retract forward into the nacelles;
the two-whedl nose gear retracts to the
rear under the flight deck. Fuel tankage
is confined to integra tanks in each in-
board wing section; an extended-range
version with outer-panel tanks has not
entered production.

The fuselage is conventional semi-
monocogue construction. The E-2C nose
is longer than earlier variants to accom-

modate forward-looking Litton AN/
ALR-73 Passive Detection System (PDS)
antennas. The other three antenna sets
are located in the aft fuselage belly and
on the outer face of the endplate fins.
The flight deck is raised above the fu-
sdage top line and has bulged side win-
dows.

Behind the flight deck are racks of dec-
tronic equipment flanking a passageway
leading to the Air Tactica Data System
(ATDS) compartment. Threestationsare
lined up aong the port wall for the radar
operator, combat information officer,
and air controller; each operator has a
display. The extensive electronics fit re-
quiresits own vapor cycle cooling system,
which has a large radiator housed in a
pod mounted on the fuselage behind the
flight deck.

The ALR-73 PDS is claimed to have
twice the detection range of the
APS-125/138 radar. The Litton AN/
ASN-92 Carrier Airborne Inertial Naviga:
tion System (CAINS) is used with the
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AN/APN-153 Doppler navigation radar;
other navigation information is supplied
by the Lear-Siegler AN/ASN-50 Heading
and Attitude Reference System (HARS).

The E-2 transmits its data to a carrier
combat information center through two-
way CollinsAN/ARC-34 HF and ARC-158
UHF datalinks. Thefirst E-2C fitted with
the Joint Tactica Information Distribu-
tion System (JTIDS) flew in February
1990, with the first delivery scheduled in
December 1990. Existing E-2Csare sched-
uled for JTIDS installations beginning in
1993.

DEVELOPMENT ¢ The E-2C serieswas
designated W2F until 1962. The aircraft's
initial operational capability (US Navy)
was in 1965; its firgt flight (W2F1) on Oc-
tober 21,1960; the later E-2C first flew on
January 20, 1971. More than 100 E-2 air-
craft have been built for the Navy.

In February 1987, the Navy announced
the grounding of seven of its 91 aircraft
and ordered flight restrictions for 10
more because of potential wing cracks.
The problem was later determined to be
confined to thefirst 80 aircraft built, and
in December 1987, a $200-million con-
tract was awarded to Grumman to
strengthen the wings at the rate of 16
aircraft per year.

Four E-2Cswereloaned to the US Coast
Guard from the US Navy for anti-drug-
smuggling patrols from 1986 to October
1991. In FY'1991, the four E-2Cswere de-
ployed for atotal of 293 days.

After an original plan for a $300-
million contract to supply four E-2Cs to
the Royd Thai Air Force, the plan was
temporarily abandoned because of the
high cost, but was revived inJanuary 1992
with a $382-million letter of offer for
three E-2Cs. Also operated by Egypt, Is
rael, Japan, Singapore, and Taiwan.

On December 17, 1991, an E-2C Plus
set new class records in closed-course
speed and time to atitudes. Over a54-nrn
(62-mi; 100-km) closed course, the E-2
averaged 324 kts (373 mph; 600 km/h),

which was 51 kts (59 mph; 95 km/h) fas-
ter than the old record. The aircraft
reached 9,842 ft (3,000 m) in 2 min 48
sec, 19685 ft (6,000 m) in 5 min 37 sec,
and 29,527 ft (9,000 m) in 10 min 1 sec.

VARIANTS « E-2A, E-2B, TE-2C, E-2C,
E-2C Plus, E-2T (Taiwan).

COMBAT EXPERIENCE ¢ Early E-2air-
craft were used extensively in Vietnam.

The E-2C was first used in combat by
Israel when it controlled Isragli fighters
during adogfight with Syrian MiG-21sin
June 1979, in which sx MiGs were
downed.

A Hawkeye from the US carrier Sar-
atoga (CV 60) in November 1985 helped
track the terroristsfrom the AchilleLauro
who were attempting to escape on an
Egyptian civilian airliner; the E-2C vec-
tored Navy F14s that forced the airliner
down.

InJanuary 1989, an E-2C from theJohn
F. Kennedy (CV 67) detected two Libyan
MiG-23 Hogger fighter aircraft taking
off from Al-Bunbah airfield near To-
bruk. The E-2 directed two F14 Tomcat
fighters toward the MiG-23s, the F14s
downed the MiGs after a series of evasive
maneuvers.

A total of 27 E-2Cs were deployed on
the aircraft carriers that launched strikes
against lragi targets during Operation
Desert Storm. The Hawkeyes flew 1,196
sorties, during which they vectored strike
aircraft onto Iragi nava units as well as
forming part of the integrated airborne
warning and control network over Irag,
Kuwait, Saudi Arabia, and the Persian
Gulf. None was lost during the seven-
week war.

SPECIFICATIONS -

MANUFACTURER Grumman Aerospace

CREW 5 (2 pilots, combat information
center officer, air controller, and ra-
dar operator or technician)

ENGINES 2 Allison T56-A-425 or -427
turboprop



power

-425; 4,910 equivalent shp
each (flat-rated to
4,508 eshp each)

-427: 5,250 eshp each

internal fuel capacity

1,824 USgd (6,904
liters)

WEIGHTS
empty 37,678 lbs (17,090 kg)
max takeoff 51,569 Ibs (23,391 kg)
DIMENSIONS
wingspan extended: 80ft7in
(24.58m)
folded: 29ft4in (8.94
m)
length 57 ft 7 in (17.56m)
height rotodome raised: 18 ft 3
%4in (558 m)
rotodome lowered: 16 ft
S/ in (5.02 m)
wingarea 700 ft? (65.05 m?)
PERFORMANCE
max speed 326 kts (375 mph; 604
km/h)
cruise speed  max: 311 kts (358 mph;
576 km/h)
econ: 269 kts (310 mph;
499 km/h)
stall, power off
at takeoff weight: 97
kts (112 mph; 180
km/h)
at landing weight and
approach power: 71
kts (82 mph; 132
km/h)
climbrate 2515 ft/rain (767
m/min)
time to 20,000ft (6,096 m)
13 min
time to ceiling

ceiling
radius

ferry range

radar

33 min 30 seconds
30,800 ft (9,388 m)
175 nm (200 mi; 320 km)
with 3-4 hr on station
13% nm (1,605 mi;
2,583km)
AN/APS-139
(APS-120/125/138in
early E-2C aircraft)
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Sentry/ AWACS(E-3)

The E-3 Sentry is the primary Airborne
Early Warning (AEW) aircraft of the
NATO alianceandispopularly known by
theacronymAWACS(forAirborneWarn-
ing and Control System). It is a Boeing
707 aircraft modified to carry an exten-
sve mission avionics package to provide
long-range target acquisition and identi-
fication, and control/communications
for directing other combat aircraft to the
targets.

The E-3 has a conventional planform
with low wings swept 35° at the quarter-
chord; they are mounted at a +7° dihe-
dral. Along the crescent-shaped trailing
edge are two sections of double-dlotted
flaps that flank the midspan flight
aileron. The larger, low-speed aileron is
outboard of the outer set of flaps. The
tall, slightly swept fin has an antenna ex-
tending forward from the tip, and a
large, powered rudder. The low, swept
tailplanes have full-span elevators.

The four TF33 turbofan engines are
mounted on pylons that extend ahead of
thewing leading edge. The E-3 hasanin-
flight refueling receptacle over the flight
deck. The aircraft's profile is dominated
by the 30-ft (9.14-m) diameter rotodome
mounted on two struts that rest on arein-
forcement ring buried in the rear fu-
selage. The ova rotodome weighs 11,800
Ib (5,352kg), is6ft (1.83m) thick, andis
mounted on a7-ft 2-in (2.34-m) turntable
at the top of the struts.

The rotodome's central rectangular
structure holds ancillary equipment; this
structure is flanked by a Westinghouse
AN/APY -2 slotted, phased-array antenna
on one dde and combined Eaton AN/
APX-103 Identification Friend or Foe
(IFF) interrogator and Tactica Digital
Information Link (TADIL-C) data link
array for the Joint Tactica Information
Distribution System (JTIDS) on the
other. While in flight, but not in op-
eration, the rotodomeis hydraulically ro-
tated at /4 rpm to lubricate the bearings.
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E-3 Sentry
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When the radar is operating, the rotation
oeed is6 rpm.

All aircraft in the series are similar
in appearance, varying only in the avi-
onics package and engines. AWACS sold
to Saudi Arabia and France have CFM56
engines. Some have been fitted with up-
graded Electronic  Counter-Counter-
measures (ECCM) equipment.

DEVELOPMENT e The aircraft's initial
operational capabilitywasin 1976; its first
flight with full mission capability was in
October 1975.35 were built for the USAir
Force, 18 for NATO, and five for Saudi
Arabia. The Reagan administration's
1985 sde of E-3 and KE-3 aircraft to Saudi
Arabia was strongly opposed by many
pro-lsragli  congressmen, who believed
the aircraft could be used against Israel in
afuture Arab-Isragli conflict. In Decem-
ber 1986, Great Britain ordered six E-3D
AWACSaircraft with CFM-56 engines; an
option for one additiona aircraft was ex-
ercised later. Britain passed over its
domestically produced Nimrod AEW in
favor of the E-3D AWACS, leading to criti-
cism that the Thatcher government was

undercutting Britain's own aircraft in-
dustry.

Negotiations with Pakistan over a po-
tential transfer of the aircraft through
sdle or lease in 1987 did not occur be-
cause of congressional displeasure with
Pakistan'salleged nucl ear weaponsdevel -
opment program.

France ordered three E-3F AWACS in
February 1987, later exercising an option
for one more.

AWACSassigned to NATO serviceare
registered in Luxembourg; these are the
only aircraft operated directly by NATO.

VARIANTS « E-3A, E-3A NATO Stan-
dard, Peace Sentinel (Saudi), E-3B, E-3C,
E-3D Sentry AEW Mk 1 (British), E-3F
(French).

COMBAT EXPERIENCE ¢ On May 17,
1987, a Saudi AWACS detected the Iraqgi
Miragejet that subsequendy attacked the
USS Sark (FFG 31). A US liaison officer
on board the AWACS reguested the
Saudis to vector interceptors against the
Mirage, but the interception was not ac-



complished because command clearance
was not obtained in time. Although the
Reagan administration did not accuse
the Saudis of foot-dragging in the inci-
dent, the noninterception was cited by
some congressmen as grounds for oppo-
sition to sales of AGM-65 Maverick mis-
siles to the Saudis. The proposal for the
sde of Mavericks was withdrawn because
of the likelihood that Congress would not
approve it.

Four USAir ForceAWACSaircraftwere
based in Saudi Arabia from 1987 to 1939
in support of US Navy convoys of re-
flagged Kuwaiti il tankers. They were
withdrawn in April 1989.

In February 1990, at leastfiveE-3swere
deployed from Tinker AFB, Oklahoma,
to Roosevelt Roads, Puerto Rico, to pro-
vide improved surveillance of drug-
smuggling aircraft ships. The Air Force
a0 stated that 40% of worldwide AWACS
flying hours were being devoted to anti-
drug-smuggling surveillance.

US E-3sreturned to the Persian Gulfin
August 1990 as part of Operations Desert
Shield/Desert Storm. Before Desert
Storm began on January 17, 1991, Saudi
and US E-3s coordinated air patrols flown
by Saudi, US, and British fighter aircraft.
By the end of hodtilities, 15 of the 33 US
Air Force E-3s were supporting Desert
Storm.

SPECIFICATIONS -
MANUFACTURER  Boeing Aerospace
CREW 17 (4 in flight crew, 13 in mis-
sion crew)
ENGINES 4Pratt& Whitney TF33-PW-
100A turbofan
maxpower 21,000 Ib (9,525 kg) static
thrust each
internal fuel capacity
23,855 US ga (90,292
liters)
WEIGHTS
empty 170,277 Ib (77,236 kg)
max takeoff 325,000 Ib (147,417 kg)
DIMENSIONS

wingspan 145 ft 9in (44.42 m)

AIRCRAFT 59

length 152 ft 11 in (46.61m)

height 42t 2in (1273 m)

wingarea 2,892 ft? (269.02 m*)
PERFORMANCE

max speed 473 kts (545 mph; 876
km/h)
cruise speed
416 kts (479 mph; 771
km/h)
on-station speed
327 kts (377 mph; 606
km/h)

stall speed, power off
129 kts (149 mph; 239
km/h)
2,640 ft/min (805
m/min)
on-station altitude
29,000 ft (8,839 m)
ceiling 41,900 ft (12,771 m)
time on station at radius of 1,000 nm
(1,151 mi; 1,852km)
unrefueled: 6 hr
1 refueling: 14.4 hr

climb rate

NEACP(E-4)

The NEACP (pronounced "kneecap"),
the National Emergency Airborne Com-
mand Pog, is a Boeing 747 fitted with
communications equipment and an-
tennas to act as the National Command
Authority (NCA) operationscenterin the
event of nuclear war. At the height of its
operations, the alert staff consists of a
Joint Chiefs of Staff (JCS) joint service
operations team, a Defense Intelligence
Agency (DIA) element, aflight crewfrom
the former Strategic Air Command
(SAC), acommunications team from the
former Air Force Communications Com-
mand, a maintenance crew, and security
forces.

Aside from the markings, the only ob-
servable difference between the NEACP
and a commercial 747 aircraft is the
NEACP's array of antennas and a small
radome bulge on the rear of the upper
flight deck. Like the 747, the NEACPfea-
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tures a fuselage with a distinctive upper-
deck bulge, wings mounted low at mid-
fuselage, a high single tailfin, and four
engines mounted on wing pylons.

Internal modifications, however, are
much more extensive. The interior of the
NEACP has 4,350 ft* (404.3 m?) of floor
space and has been divided into six work-
ing compartmentsfore to aft that carry a
total of 149,000 Ib (67,585 kg) of
command-and-control and communica-
tions equipment. The NCA working area
is located under the flight deck. Farther
aft is a secure conference room and a
briefing room. The operations team area
has 31 consolework areas. The communi-
cations control area is subdivided into a
voice area and a data area. The rearmost
compartment contains a technical con-
trol area on the left side forward and a
mission crew rest area in the rear. The
upper deck houses the flight deck and
flight crew rest area

The communications capability spans
the frequency spectrum from Very Low
Frequency (VLF) to Super High Fre-
quency (SHF) systems, permitting the
NEACP staff to contact almost al nuclear
delivery systems directly. The systems
have been hardened against Electromag-
netic Pulse (EMP) effects. In February
1990, Rockwell Callins was awarded a
contract to install an automatic data pro-
cessing sysem in dl four E-4Bs that is
controlled by a Rolm Mil-Spec Hawk 32
computer system possessing a 1.2-gigabit
memory and 32-hit processor. All NEACP
aircraft are fitted with in-flight refueling
capability to permit an endurance aloft
of over 72 hours.

DEVELOPMENT « TheNEACP'sinitial
operational capabilitywasin 1975; itsfirst
flight was on October 10, 1974. Three
were completed as E-4A and later con-
verted to E-4B, and a fourth E-4B was
built subsequently, entering service in
January 1980.

VARIANTS « E-4A, E-4B.

SPECIFICATIONS -
MANUFACTURER Boeing
CREW 4 (pilot, copilot, navigator, flight
engineer) +31 battle staff + com-
mand and technical support person-
nel (numbersvary)
ENGINES 4 Genera Electric F103-GE-
100 turbofan
maxpower 52,500 Ib (23,814 kg)
static thrust each
internal fuel capacity
332,976 |Ib (151,036kg)
WEIGHTS
max takeoff 803,000 Ib (364,232 kg)
DIMENSIONS
wingspan 195 ft 8in (59.64 m)
length 225 ft 2in (68.63 m)
height 63 ft 5in (19.33 m)
wingarea 5,500 ft* (511.0 m?)
PERFORMANCE

max speed 527 kts (607 mph; 977
km/h)
ceiling 45,000 ft (13,715 m)
range 7,100 nm (8,176 mi;
13158 km) unrefueled
Hermes (E-6A)

The Hermes replaces the EC-130 in the
TACAMO (Take Charge and Move Out)
role of providing Very Low Frequency
(VLF) radio relay to drategic missle sub-
marines at sea.

The E-6A is a military version of the
Boeing 707-320B aircraft, which aso
sarves as the airframe for the E-3A
AWACS (Airborne Warning and Control
System); the two aircraft share approx-
imately 75% of their airframe compo-
nents. The aircraft will provide an on-
station/all-ocean link between the US
National Command Authority and the
US Navy Trident submarine fleet.

The E-6 has a conventional planform
with low wings swept 35° at the leading
edge. Along the crescent-shaped trailing
edge are two sections of double-slotted
flaps that flank the midspan flight



aileron. The larger, low-gpeed aileron is
outboard of the outer set of flaps.

The tall, dlightly swept fin has an
antenna extending forward from the
tip, and a large, powered rudder. The
low, swept tailplanes have full-span ele-
vators.

The four CFM turbofan engines are
mounted on pylons that extend ahead of
the wing leading edge. The E-6 can be
refueled in flight; the large oil tanks on
each engine permit a maximum refueled
endurance of 72 hours.

In the TACAMO role, the E-6A has es-
sentially the same VLF communications
equipment as the EC-130Q, with two
Traling-Wire Antennas (TWA). The
shorter wire is 4,000 ft (1,220 m) long
and streams horizontally from a red in
the aft fuselage. The other wire is 26,000
ft (7,925 m) long and extends below the
E-6; it is stabilized by a 951b (43.6-kg)
drogue. Only the shorter wire is eec-
trically charged, with energy reradiating
from the longer wire.

To communicate with submarines, the
wires are let out and the E-6 flies a low-
speed, high-angle (30°-50°) bank; the ob-
jectisto achieve 70% "verticality" for the
main lower wire by having it stall into a
near-vertica line. Wingtip pods on the
E-6A contain satdllite receiving antennas;
the starboard pod dso holds a General
Instruments ALR-66 threat-warning re-
celver.

The Hermes is said to be more re-
sstant to the electromagnetic pulses,
gamma and neutron radiation, and blast
and thermal effects of nuclear war than
any other aircraft in service.

DEVELOPMENT e+« The E-6A'sinitia op-
erational capability was in October 1990.
16 E-6A aircraftwerefunded, includinga
research-and-development aircraft. The
prototype was rolled out on December
18, 1986, and its first flight was February
19, 1987.

In September 1990, Boeing an-
nounced a Navy order for 10 more E-6s,
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bringing thetotal to 16. An $85.5-million
modification to acontract for seven E-6A
"TACAMO aircraft weapons systems'
was awarded to Boeing inJuly 1991

In May 1991, the Navy announced the
end of a 30-year policy of having a TAC-
AMO aircraft continuously airborne,
moving instead to a ground-based "strip
aert" posture.

SPECIFICATIONS -
MANUFACTURER Boeing
CREW 4 flight, 6 mission, 8 relief crew
Seats
ENGINES 4 General Electric/SNECMA
CFM-56-2A2 (F108-CF-100) turbofan
maxpower 22,000 1b (9,979 kg) static
thrust each
internal fuel capacity
23,855 USga (90,299
liters)
WEIGHTS
empty 172,795 Ib (78,379 kq)
max takeoff 342,000 Ib (155,129 kg)
DIMENSIONS

tuingspan 148 ft 2 in (45.17 m)
length 152 ft 11 in (46.62m)
height 42 ft5in (1293 m)
wingarea 3,050 ft* (2834 m?)
PERFORMANCE
Speed cruise: 454 kts (523 mph;
842 km/h)
max: 530 kts (610 mph;
982 km/h)

orbit: 127-183 kts (146-
211 mph; 235-339
km/h)

40,000+ ft (12,192 m)

6,350 nm (7,312 mi;
11,767km)

1,000 nm (1,152 mi;
1,853 km) radiuswith
105 hr of loiter

normal mission duration
will be about 15 hr
with in-flight refueling
extending it to 29 hr

AQS-133 Bendix weather
radar

ceiling.
range

endurance

radar
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Joint-Stars(E-8A)

The E-8A aircraft carries the airborne de-
ments of the Air Force and Army Joint
Surveillance Target Attack Radar System
(Joint-STARS). Joint-STARS (sometimes
referred to as JISTARS) combines tech-
nologies developed in the Air Force's
Pave Mover and Army's Standoff Target
Acquisition System (SOTAS) programs.

The E-8A's principal mission compo-
nents are a Norden AN/APY-3 multi-
mode Side-Looking Airborne Radar
(SLAR); extensive on-board computer
processing capability; and Command,
Control, Communications, and Intel-
ligence (C3l) links with ground-based
commanders. The only noticeable indica-
tion of the aircraft's particular role is the
30-ft (9.14-m) "canoe" ventral fairing for
the APY -3 SLAR antenna, locatedjust aft
of the nose gear.

The APY-3 has four Traveling Wave
Tube (TWT) transmitters and 456 phase
shifters; beams are scanned mechanically
in elevation and electronically in azi-
muth. It can be operated as a Synthetic
ApertureRadar (SAR), which hasawide,
high-resolution field of view of +/-60°.
Smearing of the SAR image is countered
through precision interferometry cd-
ibration and a Litton LR-85A Inertial
Measurement System (IMS). Doppler
Moving- or Fixed-Target Indicator (MTI/
FTI) processing is used to detect dow-
moving targets amid the ground clutter.

At least 10 operator consoles are fitted
in the aircraft; space and power are re-
served for a total of 17 consoles. 23
different radio sets are provided, 16
of which are Magnavox Have Quick
Electronic Countermeasures (ECM)-
resistant, UHF radios;, two of the five
VHF radios are SINCGARS and two
more radios operate in HFband. Target-
ing information for Air Force usewill be
processed on board the aircraft and
transmitted to other aircraft or missiles
through aJoint Tactical Information Dis-
tribution System (JTIDS) data link.

DEVELOPMENT ¢ JSTARS develop-
ment contract was awarded to Grumman
Corp. in September 1985. Origina plan-
ning called for 10 conversions, later re-
vised to 22 newly built aircraft. First flight
of E-BA (modified ex-commercia 707)
wason April 1, 1988; first radar test flight
was on December 22,1988. First flight of
second test aircraft was on August 31,
1989. The first two prototypes were de-
ployed to Saudi ArabiainJanuary 1991 as
part of Operations Desert Shield/Desert
Storm.

Production E-8s were to be based on
theNavy'sE-6 HermesTACAMO aircraft
(a 707-320 airframe with more powerful
CFM turbofans). This plan was derailed
in October 1989 when Boeing an-
nounced that it would end production of
that airframe upon completion of British
and French Airborne Warning and Con-
trol System (AWACS) aircraft in 1991
Therefore, refitted used 707s are used;
they are designated E-8Cs

Other customers could include NATO,
whichoperatesE-3AWACSaircraft.

VARIANTS « Pave Mover, SOTAS
(Standoff Target Acquisition System),
E-8B.

COMBAT EXPERIENCE* Joint-STARS
aircraft were deployed to Saudi Arabia
but were limited to 20-hour flights be-
cause of cavitation problems in their en-
gines. Despite this limitation and their
untested systems, the Joint-STARS air-
craft flew 12-hour missions beginning on
January 14,1991. The two aircraft flew 54
missions totaling more than 600 flight
hours; no mission was canceled because
of system problems.

SPECIFICATIONS -
MANUFACTURER Grumman
airframe Boeing Military Airplane
CREW 3 (pilot, copilot, navigator) +
10-15 surveillance technicians and



airborne operators (24 total during
Operation Desert Storm)
ENGINES 4 Pratt & Whitney JT3D tur-
bofan
maxpower 18,000 Ib (8,165 kg) static
thrust each
WEIGHTS
empty 172,795 |Ib (78,378 kg)
mission payload
57,000 Ib (25,855 kg)
max takeoff 342,000 Ib (155,129 kg)
DIMENSIONS

wingspan 148ft2in (45.16 m)
length 152 ft 11 in (46.61m)
height 42 ft 5in (1293 m)
wingarea 3050 ft* (283.4 m?)
PERFORMANCE
max speed 530 kts (610 mph; 981
km/h)
cruise speed
455 kts (523 mph; 842
km/h)
ceiling 42,000 ft (12,800 m)

unrefueled range

6,700 nm (7,715 mi;
12,415km)

unrefueled: 11 hr

refueled: 21 hr

Norden Systems APY "3

endurance

radar

Prowler (EA-6B)

The EA-6B isamodified Intruder design
with significantly more Electronic War-
fare (EW) /Electronic Countermeasures
(ECM) capability than the earlier EA-6A
variant of the A-6 Intruder.

The EA-6B layout resembles that of the
A-6 but has a 4-ft 6-in (1.37-m) longer
fuselage to accommodate two more crew
members. The wing is mounted at mid-
fuselage height and has a modest 25°
sweep at the quarter-chord. Nearly the
entire leading edge is occupied by dats;
virtualy dl of the trailing edge has single-
slotted, semi-Fowler-type flaps. Spoilers
that run parallé to the flaps provide roll
control when operated differentialy, lift
dumpingwhen operated collectively. The
rear half of each wingtip can be opened
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into upper and lower halves, thus acting
as air brakes.

The fin leading edge has a dight sweep
aft; the trailing edge, with its inset rud-
der, sweeps dightly forward. The dl-
moving tailplanes are slightly swept and
are mounted on the fuselage ahead of the
rudder hinge line.

The two J52 turbojet engines are con-
tained in pods under the wing, flanking
the fuselage; the airflow isastraight line
from intake to exhaust. Each intake,
headed by aboundary-layer splitter plate,
is mounted in a cheek position below the
rear cockpit; the exhausts appear beyond
the wing trailing edge on either side of
the fuselage. Each of the twoJ52s used in
the EA-6B develops 1,900 Ib (822 kg)
more thrust than those installed in the
A-6.

Both wings have integral fuel tanks,
and there is additional tankage in the
fuselage behind the cockpit and near the
center of gravity. Prowlers are fitted with
an in-flight refueling probe mounted im-
mediately forward of the cockpit.

The fuselage has abulged cockpit with
a short radome well forward. The pilot
and an Electronic Countermeasures Offi-
cer (ECMO) fly sde by sde in the front
cockpit while two more ECMOs are
seated in the rear, sde-by-sde cockpit.
The canopy enclosing the forward cock-
pit is essentially unchanged from die In-
truder, while the rear canopy provides
side and top visihility only; both canopies
are hinged at the rear.

The retractable main gear units fold
forward and inward into the intake pod;
the nose gear retracts to the rear. The
arrester hook swings down from a fu-
selage point midway between the wing
trailing edge and the tail.

The Prowler's extensve ECM capa
bility derives from successive generations
of the Raytheon AN/ALQ:99 Tactical
Jamming System (TJS) known as the Ba
sic, EXCAP, and ICAP-1 phases. Some
earlier EA-6Bs have been upgraded to
ICAP-2.
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All EA-6B variants have the distinctive
pod mounted atop the tailfin that holds
the receivers and antennas for Bands 4-9
(known as the System Integrated
Receiver/SIR group); antennas for
Bands 1 and 2 are mounted on the fin
below the pod. Overall coverage ranges
from A through | bands.

Information on specific enemy emit-
ters likely to be encountered is fed into
the ALQ-99 system by the Tactical EA-6B
Mission Planning System (TEAMYS) be-
fore launch.

Up tofivejamming pods can be carried
on four wing pylons and a centerline fu-
selage hardpoint; each external-stores
station has a capacity of 3,600 Ib (1,633
kg). In ICAP-2 aircraft, each pod has a
universal exciter capable of generating
sgnasin any of seven frequency bands; a
colocated transmitter can jam in two
bands simultaneously.

The weight of internal avionics/EW
equipment totals 8,000 Ib (3,629 kg) in
addition to 950 Ib (431 kg) for each pod.
Wing pylons can dso be used for fuel
tanks or AGM-88 HARM antiradar mis-
sles, the latter were introduced in
1986.

Thefront seat ECMO isresponsible for
navigation using information supplied by
the Norden AN/APS-130 radar mounted
in the nose, and self-defense counter-
measures dispensing with the Lundy AN/
ALE-29 chaff/infrared decoy dispenser.
The Prowler is dso fitted with the Litton
AN/ASN-130 Carrier Aircraft Inertial
NavigationSystem (CAINS).

DEVELOPMENT ¢ The EA-6B has un-
dergone a number of EW system up-
grades since the original configuration,
with these modifications being given the
designations EXCAP (Expanded Capa-
bility), first delivered in 1973, ICAP-1
(Improved Capability), first delivered in
1976, and ICAP-2, first delivered in
1934.

These upgrades respond to changing
foreign radar/SAM threats. By 1979 dl

earlier aircraft were updated to ICAP-1
configuration; the |CAP-2 became opera-
tional in 1984.

ADVCAP (Advanced Capability) was
planned for an initial operational capa-
bility of 1993-94. Funding plans for re-
manufactured EA-6Bs consist of one in
FY 1991, threein FY 1993, eightin FY 1994,
and 12 in FY1995-2002.

The aircraft's first flight was on May 25,
1968, and itsinitial operational capability
wasinJuly 1971. The EA-6B continuesin
production. The EA-6B name was
changed from Intruder to Prowler in Feb-
ruary 1972.

VARIANTS « EA-6B, Extended Capa
bility EA-6B (EXCAP), Improved Capa-
bility EA-6B (ICAP-1),ICAP-2, Advanced
Capability EA-6B (ADVCAP).

COMBAT  EXPERIENCE * Prowlers
from two squadrons saw service in the
Vietnam War beginning in June 1972.
They flew 720 sorties, conducting EW
missions for USAF B-52 Stratofortress
bombers as well as for US Navy attack
aircraft.

In October 1983, four Prowlers from
the USS Independence (CV 62) operated in
support of the US landings in Grenada.

On October 10,1985, EA-6Bs provided
Electronic Support Measures (ESM) pro-
tection for four F14s from the aircraft
carrier USS Saratoga (CV 60) that forced
an EgyptAir Boeing 737 to land at
Sigonella AB in Sicily. The airliner was
carrying the four terrorists who hijacked
the cruise ship Achille Lauro and killed
American Leon Klinghoffer.

In April 1986, Prowlersammed Libyan
radars while aircraft from the Coral Sea
and the USS America (CV 66) struck at
five targetsin Libyain retaliation for a-
leged Libyan involvement in a terrorist
bombing in West Berlin.

On April 18, 1988, EA-6Bs from the
USSEnter prise(CV N 65) wereusedtojam
Iranian Ground Control Intercept (GCI)
radars, surface-to-air missile guidance



radars, and communications systemsdur-
ing daylong action against Iranian frig-
ates and missile boats.

The combination of the ALQ-99 now
fitted in the Prowlers and the ability to
fire HARMsmade these aircraft the most
effective EW aircraft used during the
Operation Desert Storm  conflict. 39
Prowlers—27 operating from six aircraft
carriersand 12 flying from Marine Corps
shore bases—jammed Iragi air defenses
during the air campaign that began on
January 17, 1991. EA-6Bs dso fired more
than 150 HARM missles. In more than
4,600 flying hours, Navy Prowlers flew
1,132 sorties, and Marine Corps aircraft
amassed 516. None was lost during the
saven-week war.

SPECIFICATIONS -

MANUFACTURER ~ Grumman Aircraft

CREW 4 (pilot, navigator, 2 electronic
systemsoperators)

ENGINES 2 Pratt & Whitney J52-P-408
turbojet
maxpower 11,200 Ib (5,080 kg) static

thrust each
WEIGHTS
empty 32,162 Ib (14,588 kg)
takeoff with 5 pods. 54,461 Ib
(24,703 kQ)
max: 65,000 Ib (29,484
kg)
DIMENSIONS

wingspan 53 ft (16.15 m)

length 59 ft 10 in (18.24m)
height 16 ft 3in (4.95 m)
wingarea 5289 ft? (49.1 m?)
PERFORMANCE
max speed  clean: 566 kts (651 mph;
1,048 km/h)
with 5 pods; 532 kts (613
mph; 987 km/h) at sea
level
cruise speed

419 kts (483 mph; 777
km/h)
stall speed, clean, power on
flaps up: 124 kts (143
mph; 230 km/h)
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flaps down: 84 kts (97
mph; 156 km/h)

clean: 12,900 ft/min
(3932 m/min)

with 5 pods: 10,030 ft/
min (3,057 m/min)

clean: 41,200 ft (12,550
m)

with 5 pods. 38,000 ft
(12,580m)

with max external load,
20 min at sealevel: 955
nm(l,099mi; 1,769 km)

ferry, max fuel: 1,756 nm
(2,022 mi; 3,254 km)
(tanks retained); 2,085
nm (2,400 mi; 3861
km) (tanks dropped)

2 HARM AGM-88A
antiradar missiles

AN/APS-130

climb rate

ceiling

range

armament

radar

L ooking Glass
(EC-135/RC-135)

The EC-135/RC-135 series of research
and special-purpose electronics aircraft
are conversons of the basc C-13Y
KC-135 family of aircraft. The C-135 de-
sgn isrelated to the Boeing 707 commer-
cid airliner series, which evolved from
the same design program.

The EC-135 has a conventional plan-
form with low, swept wings, swept 35° at
the leading edge. Along the straight trail-
ing edge are two sections of double-
slotted flapsthat flank the midspan flight
aileron. The larger, low-gpeed aleron is
outboard of the outer set of flaps. The
tall, dightly swept fin has an antenna ex-
tending forward from the tip, and a
large, powered rudder. The swept tail-
planes have inset elevators.

The four turbojet or turbofan engines
are mounted on wing pylons. Many of
the EC-135 variants retain tanker equip-
ment, which includes the long refueling
boom mounted under the rear fuselage.
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The EC-135/RC-135 aircraft are used for
Electronic Warfare (EW), Electronic In-
telligence (ELINT), and Airborne Com-
mand Post (ACP) missions and have a
number of blisters, antennas, and ra
domes, depending on the specific mis
sion.

DEVELOPMENT ¢ The aircraft's initia
operational capability wasin 1957, and its
first flight was on August 31, 1956. Pro-
duction ended in 1965.

From February 3, 1961, to July 24,
1990, at least one Looking Glass aircraft
(EC-135C) was airborne at al times. The
procedure was changed to maintaining a
Looking Glass air ground aert and flying
random sorties.

Operated by the US Air Force and
Navy.

VARIANTS ¢ KC-135A, C-135A, EC-135,
EC-135A/G/H/P  (command  posts),
EC-135C/J, EC-135E, EC-135K, EC-135L,
EC-135Y, NC-135A (nuclear research),
NKC-135, NKC-135A, RC-135 (EW/
ELINT), RC-135B/C/D, RC-135E, RC-
135M, RC-135S (Cobra Ball), RC-135T,
RC-135U (Combat Scent), RC-135V, RC-
135W (RivetJoint), RC-135X (CobraEye,
Advanced Range Instrumented Aircraft
[ARIA]), EC-135B/N, EC-18, EC-18B,
EC-18C, EC-18D (Pacer Link/Pacer
Power), Big Crow.

COMBAT EXPERIENCE ¢ In August
1990, RC-135s were sent to the Persian
Gulf as part of Operation Desert Shield.
ELINT/COMINT RC-135U Combat
Scent, RC-135V, and RC-135W RivetJoint
aircraft conducted surveillance along the
Iragi border in the months before Desert
Storm. They were aso part of the inte-
grated airborne surveillance, warning,
and control network that dislocated the
Iragi air defense network during the
seven-week war.

SPECIFICATIONS -
MANUFACTURER Boeing Military Air-
plane
CREW 3 (pilot, copilot, navigator) + 15
crew
ENGINES
4 Pratt & Whitney JB67-59W or -43W
turbojet
or 4 Pratt & Whitney TF33 or JT3D
turbofan
maxpower J57: 13,750 Ib (6,237 kQg)
static thrust each
TF-33/JT3D: 18,000 Ib
(8,165 kg) static thrust
each
WEIGHTS
empty 98,466 |b (44,664 kg)
maxpayload 89,000 Ib (40,370 kg)
max takeoff 322,500 Ib (146,285 kg)
DIMENSIONS

wingspan 130 ft 10 in (39.88 m)
length 134 ft 6 in (40.99 m)
height 38 ft4in (11.68m)

wingarea 2433 ft2 (226.0 m?)
PERFORMANCE

cruise speed
461 kts (530 mph; 853
km/h)
max speed 508 kts (585 mph; 941
km/h)

climb rate at sea level
max: 1,290 ft/min (393
m/min)
1 engine out: 580 ft/min
(177 m/min)
time to 30,500ft (9,300 m)
27min
36,000 ft (10,900 m)
2,998 nm (3,450 mi;
5,552 km)

ceiling
radius

Raven(EF-111A)

The Genera  Dynamics/Grumman
EF111A Tactica Jamming System (TJS)
isbased on the FI 11A variable-geometry
strikeaircraft. 42 aircraftwereextensively
modified to carry a comprehensive Elec-
tronic Warfare (EW) suite that detects,



locates, classifies, and counteracts hostile
radars. The Raven is designed to per-
form three missions. barrier standoff, in
which the aircraft remains on the
"friendly" side of the battle line while it
jams enemy emitters, deep penetration,
in which the Raven flies with the strike
aircraft well into hogile arspace; and
close support, in which the aircraft loi-
tersin atarget area, detecting andjam-
ming emitters.

The EF-111 retains many of the advan-
tages of the basic F-Ill design. Its high
wing loading and low-aspect ratio at full
aft sweep makes the aircraft relatively in-
sengtive to low-leved turbulence, which
extendsitslow-altitude, terrain-following
flight endurance. Mach 2 speed permits
it to accompany strike aircraft flying their
optimum penetration profiles. Findly,
the EF-I1I's large fuel capacity and vari-
able sweep dlow it to remain on station
for hours.

Inlow-leve flight, the primary avionics
unit is the Texas Instruments radar suite
fitted in the nose radome; thisfit consists
of an AN/APQ-160 attack radar and two
AN/APQ-110 Terrain-Following Radar
(TFR) scanners. Other avionics include
an AN/AJQ-20A Inertial Navigation Sys
tem (INS), Honeywell AN/APN-167 ra
dar atimeter, AN/APX-64 Identification
Friend or Foe (IFF) transponder, and
Collins AN/ARN-118 TACAN. Coordina-
tion of avionics and EW equipment is
managed by three IBM 4 Pi genera-
purpose digital computers.

The TFR has been upgraded and desig-
nated the AN/APQ-171; the GE attack ra-
dar was modified as the AN/APQ-169
with pulse compression and narrow pulse
widths. In addition, the aircraft has been
refittedwith the Honeywell H-423 ring la-
ser gyro INS, Globa Positioning System
(GPS) receiver, andtwo digital computers
with dual-redundant multiplex buses.

The pilot and the Electronic Warfare
Officer (EWO) gt side by side in a pres-
surized escape pod under agull-wing can-
opy. The EWO commands the 6,500 Ib
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(2,950 kg) of full-spectrum jamming
equipment. A 16t (4.88-m) long pallet
fitted into the weapons bay holds the 10
transmitters and five multiband exciters
of the Raytheon ALQ-99E tactical jam-
ming system; the pallet can be lowered for
servicing. The bottom of the pallet is cov-
ered by a"canoe" radome that createsa
shallow bulge in the aircraft'sprofile.

A 600b (273-kg) Sydem Integrated
Receiver (SIR) pod constructed by Cana-
dairismounted on top of thefin. The IR
pod (known as the football) holds the
ALQ99 recavers and forward, laterd,
and aft-facing ALQ-99 antennas. ALQ99
Band 1 and Band 2 antennas are fitted in
fairings on the sides of the fin. The foot-
bal dso contains lateral antennasfor the
Damo Victor AN/ALR-62(V) series Ter-
minal Threat Warning System (TTWS),
and the aft-facing Cincinnati Electronics
AN/ALR-23 infrared tail-warning re-
celver.

Other ALR-62 antennas are mounted
in "bullets’ on the trailing edges of the
tailplanesandin small sde-by-side bullets
fitted on the fuselage behind the cockpit.
The fuselage bullets dso house antennas
for the Sanders AN/ALQ-137 interna
noise/deception jammer; other ALQ-
137 antennas are fitted in the forward
fuselage sides and at the aft ends of the
tailplane root fairings, outboard of the
engines. General Dynamics AN/ALE-28
chaff dispensers are fitted in die tailplane
root fairings, ahead of the ALQ137 an-
tenna.

Unlike the F-Ill series, the EF-111A
has no attack or self-defense armament.
The two stores pylons under each wing
swive with the wing sweep. The inboard
pylons usualy carry 600-US gd (2,271-
liter) external fuel tanks; the outboard
pylons carry data link pods.

DEVELOPMENT + The EF-llI's initid
operational capabilitywasin 1982, and its
first flightwason March 10,1977. 42 were
converted from the F| 11A.

In February 1991, the USAir Force an-
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nounced that al EF-llls would be as
signed to the Nebraska Air National
Guard as part of ageneral paring down of
F-111 numbers.

VARIANTS « F-lll, FB-111, EF111
ECM upgrade, EF-111 ECM Upgrade 1.

COMBAT EXPERIENCE ¢ Three EF
I11As of the 42nd and 66th Electronic
Combat Squadrons took part in the April
15, 1986, raid against Libya, jamming
al surveillance radars in and around
Tripoli.

EF-llls from the 390th Electronic
Combat Squadron jammed Panamanian
radars during the first hours of Opera
tionJust Cause, the December 1989 mili-
tary ouster of General Noriega

EF-1lls from the same squadron were
based in Saudi Arabia as part of Opera-
tions Desert Shield/Desert Storm. On
January 17, 1991, these aircraft (and
EA-6B Prowlers) led Operation Desert
Storm air assault formationsagainst Iraqi
targets, effectivelyjamming Iraq'sair de-
fense system. Iraqi interceptors that took
off to look for the Ravens were detected
by E-3AWACSairbornewarningaircraft
radar operators, who warned alied air-
craft. EF-111 susedtheir terrain-following
ability to elude lragi aircraft, ar-to-ar,
and surface-to-air missiles. One EF111
was lost to noncombat causes during the
saven-week war.

SPECIFICATIONS -
MANUFACTURER Grumman
CREW 2 (pilot, navigator)
ENGINES 2 Pratt & Whitney TF30-P-3
turbofan
max power dry: 10,750 Ib (4,876 kg)
static thrust each
with afterburner: 18,500
Ib (8,391 kg) static
thrust each
max fuel capacity
4,998 USgd (18919
liters)

WEIGHTS
empty
combat weight

70,000 Ib (31,751kQg)
max takeoff 88,948 b (40,346 kg)

DIMENSIONS

55,275 b (25,072 kq)

wingspan 63 ft (19.2 m)
(extended); 31 ft 11 in
(9.74m) (swept)

length 76 ft (23.16m)

height 20 ft (61 m)

ewingarea 525 ft* (48.77 m*)

PERFORMANCE
max speed at 35,000ft (10,668 m)
1,227 kts (1,412 mph;

2,274 km/h) or Mach
215

basic speed at 35,000ft (10,668 m)
1,196 kts (1,377 mph; 2,216
km/h) or Mach 2.1
max combat speed at sea level
794 kts (914 mph; 1,471
km/h) or Mach 1.2
average speed over combat area
barrier standoff: 321 kts
(370mph; 595k m/h)
deep penetration: 507 kts
(584 mph; 940 km/h)
close support: 462 kts
(532 mph; 856 km/h)
stall speed, power off
143 kts (164 mph; 264
km/h)
max rate of climb at combat weight
[1,000ft/min (3,353
m/min)
ceiling at combat weight
45,000 ft (13,715 m)
barrier standoff, 4-hr
loiter: 200 nm (230 mi;
371km)
close support, 1-hr loiter:
623 nm (717 mi; 1,155
km)
deep penetration: 807
nm (929 mi; 1,495 km)
AN/APQ-169 attack
AN/APQ-171 terrain-
following

radius

radar



Viking (ES-3A)

The ES-3A Viking is an adaptation of the
carrier-based S-3 Viking maritime patrol
arcraft to the Electronic Intelligence
(ELINT) intercept mission. They re-
placed the aging EA-3 Skywarriors that
entered service in 1960. The ES-3A is the
platform for the airborne part of the Bat-
tle Group Passive Horizon Extension Sys:
tem (BGPHES).

The basic S-3 design reflects the need
to cruise at patrol speedsfor long periods
of time, to carry a comprehensive set of
sensors, to take off and land on a carrier
deck, and to occupy as little deck and
hangar space as possible. The aircraft has
a shoulder wing with a modest 15° sweep
and 3° 50-min incidence at the root wash-
ing out to -3° 50 min at the tip. The
wings have asymmetrical wingfold points
outboard of the engines such that the left
wing is behind the right wing when both
outer wings are folded over the center
section. The folding section has leading-
edge flaps extending to the tip; the trail-
ing edge has two sections of single-
dotted, Fowler-type flaps inboard of the
ailerons. Spoilers fitted above and below
the middle third of the wing help rall
control and are used for lift dumping; the
Direct Lift Control (DLC) uses the upper
surface spoilers for flight path refine-
ment without pitch change during carrier
approaches. Each wingtip has a pod con-
taining antennas relating to the aircraft's
AN/ALR-76 Electronic Support Mea
sures (ESM) suite.

All tail surfaces are mildly swept. The
aerodynamic surfaces are close-coupled,
which necessitates a tall, broad-chord fin
and rudder that have afoldjoint that an-
gles down from a point one-third of the
way up theleading edge of thefin; thefol d-
ing section includes the balanced rudder.
The large tailplanes have horn-balanced
elevators. All control surfaces are hydrau-
licaly powered and are harmonized by the
dual-channel  Automatic Flight Control
System (AFCS) autopil otandyaw damper.
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The two high-bypass turbofan engines
are mounted on pylons below the wing
center section. The turbofans are based
on the T64 turboshaft fitted in severa
US helicopter designs and have low fuel
consumption and high reliability. An in-
ternal fuel tank is in each wing; drop
tanks can be mounted on each wing
stores pylon. A retractable, midair re-
fueling probe is housed over the cockpit
windshield.

The boxy, semimonocoque fuselage
has a sturdy keel on the centerline that
divides the weapons bay in half. The four
crew members fly in individual McDon-
nell Douglas Escapac gjection seats for-
ward of thewing. An arrester hook swings
down from a two-point anchorage under
thetail. The modified 8 Crusader main
gear legs fold in and back into fuselage
wells, the two-wheedl nose gear retracts to
the rear behind the radome.

Approximately 6,000 Ib (2,722 kg) of
EW equipment isinstalled, replacing ap-
proximately 3,000 Ib (1,361 kg) of ASW
equipment. The avionics and €ectronics
comefrom several sources. The TexasIn-
struments AN/JAPS-137 Inverse Synthetic
Aperture Radar (SAR), the IBM AN/
ALR-76 Radar-Warning Receiver (RWR)
with eight wingtip antennas, and the
TI OR-263 Forward-Looking Infrared
(FLIR) ball were developed for the S-3B
upgrade.

For ELINT operations, the ES-3A is fit-
ted with 63 antennas. The weapons bay
doors are being removed and replaced by
bulged fairings, and a dorsal hump will
hold an omnidirectional receiver aerial.
Other ELINT conical antennas protrude
from the sides of the aircraft ahead of die
tail. Many of the avionics systems are be-
ing carried over from the Lockheed
EP-3E Aries upgrade program, including
the entire mission avionics suite, the AN/
AYK-14 digital computers, displays, and
recording equipment. The BGPHES
wideband common data link will be sup-
plemented with UHF voice and UHF and
HF datalinks using Link 1L
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DEVELOPMENT e The aircraft's initial
operational capability wasin 1992, ayear
later than originally scheduled; its first
flight of the aerodynamic prototype was
in May 1989; first flight with full avionics
in March 1990. Conversion of 16 aircraft
began in March 1988, scheduled to com-
plete mid-1992.

Flight test of the first conversion began
inJanuary 1992 after delivery six months
behind schedule. The gap would close
over the next four aircraft, with the sixth
being delivered according to the original
schedule.

VARIANTS « S3A, ES3A.

SPECIFICATIONS -

MANUFACTURER L ockheed Aeronauti-
ca Sysems

CREW 4 (2 pilots, tactical coordinator,
systemsoperator)

ENGINES 2 General Electric TF34-
GE-400 turbofan
maxpower 9,275 Ib (4,207 kg) stetic

thrust each
WEIGHTS
empty approx 29,000 Ib (13,154
kg)
max takeoff 52,539 Ib (23,831 kQ)

DIMENSIONS

wingspan 68 ft8in (20.93 m)
length 53ft4in (16.26m)
height 22ft9in (6.94 m)

wing area 598 ft? (55.96 m2)
PERFORMANCE

cruise speed
348 kts (400 mph; 644

km/h)

max speed 440 kts (506 mph; 814
km/h)

ceiling 40,000 ft (12,192 m)

range 3,000 nm (3,452 mi;
5,556 km)

armament not armed

avionics ELINT equipment

Guardrail (RC-12/RU-21)

The Guardrail and Improved Guardrail
aircraft are based on the Beechcraft King
Air and Super King Air series of turbo-
prop executive transports. The basic de-
sign has been modified to carry several
variants of the Electromagnetic Systems
Laboratories (ESL) AN/USD-9 Guard-
rail Electronic Intelligence (ELINT) and
Signals Intelligence (SIGINT) system.
The RU-21H flies the Guardrail V while
the RC-12D carries the Improved Guard-
rail V (IGRV). The Army introduced the
Guardrail Common Sensor (GRCS) in
theRC-12KinFY 1991.

The RU-21 isderivedfrom theKingAir
90 and 100 series, while the later RC-12
was developed from the Super King Air
200. (Three Super King Airs were pro-
cured as RU-21J but were later redesig-
nated.) Both series have alow wing, but
the RC-12 series has ahigher aspect ratio
(9.8 versus 7.6). Most of the differenceis
realizedin achangein the planform of the
center section from a swept leading edge
to arectangular layout and slimmer outer
panels. Both series have two sections of
trailing-edge flaps inboard of ailerons.

The tail group on the RU-21s consists
of a swept vertical tail with full-height,
balanced rudder. The large, dightly
swept horizontal tail planes are mounted
low on the fuselage and have full-span,
balanced devators. On the RC-12s, the
vertical tail is broader with a broad, full-
height rudder and a larger dorsal fillet.
The horizontal surfaces are carried at the
top of the fin and have similar planform
to those of the RU-21s.

RU-21s have a relatively stubby fu-
selage, while the RC-12s are longer. All
Beech King Airs and Super King Airs
have the characteristic doping nose lead-
ing to a raked windshield. All have two
Pratt & Whitney Canada PT6 series free-
turbine turboprop engines in long
nacelles that aso contain the main-
landing-gear bays. The nose gear retracts
to the rear.



The SIGINT equipment varies greatly
among models, as does the avionics fit.
The RC-12D has the Improved Guardrail
V sysem—USD-9(V) 2—that operates in
the 20-75, 100-150, and 350-450 M Hz
frequency bands. Ground support equip-
ment includes the AN/TSQ-105(V)4
threat processing facility, AN/TSC-87 tac-
tical commander's terminal, and the
AN/ARM-63(V)4flightlinevan.

An Aircraft Survivability Equipment
(ASE) suite includes the ITT AN/
ALQ-136 Electronic Countermeasures
(ECM), aSanders AN/ALQ-156 Missile-
Warning Set (MWS), and the Northrop
AN/ALQ-162 ECM set. Thelnertial Navi-
gation System (INS) is the Delco AN/
ASN-119 Carousel IV-E. Wingtip pods
carry part of die ASE antenna system as
well asthe AN/ARW-83 airborne datare-
lay antennas. Vertical dipole Guardrail
antennas are on each wing and behind
the tail.

None of the Guardrail
armed.

variants is

DEVELOPMENT e« TheRU-21 initid op-
erational capability was in the late 1960s
and the RC-12D's was in 1983 the first
flight of the RU-21A was in March 1967.
Production of the RC-12K continues, as
do update programsfor the RU-21H and
the RC-12D.

King Airsare in US Army, Navy, and Air
Force service as C-12 Hurons and U-21
Utes, operating as light utility/liaison air-
craft.

VARIANTS« RU-21A, RU-21B, RU-21C,
RU-21D, RU-21E, RU-21H, RU-21J,
RC-12D (Improved Guardrail V), RC-12F
(Navy), RC-12G (Army), RC-12H,
RC-12K (GuardRall Common Sensor/
GRCS or Guardlock, for ELINT and
COMINT),RC-12M.

COMBAT EXPERIENCE « Guardrail
aircraft were deployed to Saudi Arabia
during Operation Desert Storm in 1991,
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but the number of aircraft and missions
conducted was not made public.

SPECIFHICATIONS -
MANUFACTURER BeechAircraft
CREW 2
ENGINES
RC-12D: 2 Pratt & Whitney PT6A-42
turboprop
RC-12K: 2 Pratt & Whitney PT6A-67
turboprop
maxpower RC-12D: 850 shp each
RC-12K: 1,100 shp each
WEIGHTS
mission payload
RC-12D: 2,027 Ib (919 kg)
RC-12K: 1,413 1b (640 kg)
max takeoff RC-12D: 14,200 Ib (6,441
kg)
RC-12K: 16,000 Ib (7,257

kg)
DIMENSIONS
wingspan 54ft6in (16.61 m); with
pods, 57ft 10in (17.31
m)

length 43ft9in (13.34 m)
height 15 ft $4'57 m)
wingarea 303 ft* (28.15 m?)
PERFORMANCE
cruise speed
RC-12D: 200 kts (230
mph; 371 km/h)
RC-12K: 250 kts (288
mph; 463 km/h)
ceiling more than 27,000 ft
(8,230 m)
range 1,200 nm (1,382 mi;
2,224 km)
endurance 58 hr

Blackbird (SR-71)

The SR-71, a high-speed, high-dtitude
strategic reconnaissance aircraft, wasone
of the world's fastest airplanes, holding
severa speed and altitude records before
its retirement.

The SR-71 was popularly known as the
Blackbird because of its black heat-
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Lockheed SR-71 Blackbird

LOCKHEED CORPORATION

emissive surface, but this nickname was
unofficial. The SR-71 wasthe successor to
the Lockheed U-2, which was dso aprod-
uct of the famed Lockheed "Skunk
Works."

The SR-71 was an unconventional de-
signwith along, tapering fuselage of very
smal cross section blending into a delta
wing with rounded wingtips. The forward
part of the fuselage is flattened and has
sharp chines along each side. An engine
nacelle is blended into the middle of
each wing, and each supports a low tail-
fin, canted dightly inward. Skin tempera:
tures on the fuselage rise considerably
during high-altitude, high-speed flight,
and the fuselage stretches 11 in (280
mm) as aresult.

The engines are continuous-bleed &f-
terburning turbojets with large center-
body cones; they require specia JP-7 fuel.

Theimmense amount of fuel needed fills
most of the fuselage and acts as a heat
sink. The aircraft can be refueled in
flight.

The Blackbird has no horizontal stabi-
lizers but has a relatively deep under-
fuselage, retracting ventral fin and two
shallow underengine fins. Construction
is mainly of titanium, to resist the stresses
of upper atmospheric flight, and compo-
Sites are used in the remainder of die
surface components.

Reconnaissance instrumentation is
normaly contained internally, with a
minimum of bulges or blisters that add
drag in flight. It is believed to include
Side-Looking Airborne Radars (SLAR)
and infrared linescanning equipment
that can be interchanged. The two-seat
tandem cockpit dso presents a minimal
profile, with the systems officer position



having side windows only. Sensors pro-
vide coverage of up to 100,000 mi®
(259,000 km?) in one hour.

DEVELOPMENT e« The SR-71's initial
operational capability was in 1966; first
flight as the YFR12A was on April 26,
1962. Although actual numbers are not
available, best estimates suggest about 32
SR-71s were produced, including vari-
ants. Approximately 20 were in the in-
ventory when the type was retired, of
which eight or nine were operational at
any one time.

Because of its flight profile and exotic
design, the SR-71 was a maintenance-
intensive aircraft, with a relatively long
turnaround time between missions. Early
efforts to develop the Blackbird into a
high-performance interceptor foun-
dered because of this, aswell as its long-
runway requirement and relatively low
weapons payload.

In January 1989, the Air Force an-
nounced that it would retire dl SR-7Is
effective October 1989. The fina opera-
tional flight was on January 18, 1990, at
Kadena AB, Okinawa. One aircraft was
offered to aBritish museum, another to a
museum in Japan. The rest returned to
California. Later congressional action
led to 3 SR-7Isbeing restored to U.S. Air
Force service in 1995.

VARIANTS * YFR12A, YF12C, SR-71A,
SR-71B (two-sedt trainer), SR-71C (two-
seat trainer).

SPECIFICATIONS -
MANUFACTURER  Lockheed-California
CREW 2 (pilot, reconnaissance systems
officer)
ENGINES 2 Pratt & Whitney JT11D-20B
continuous-bleed turbojet
max power 23,000 Ib (10,440 kg)
each dry
32,500 Ib (14,755 kg)
each with afterburner
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WEIGHTS
empty 60,000 Ib (27,240 kg)
max takeoff 170,000 Ib (77,180 kg)
DIMENSIONS

wingspan 55ft 7in (16.95 m)
length 107 ft 5in (32.74 m)
height 18 ft 6 in (5.64 m)
wingarea 1,800 ft? (167.4 m?)
PERFORMANCE
speed max: Mach 3+
approach: 180 kts (207
mph; 384 km/h)
touchdown: 150 kts (173
mph; 278 km/h)
ceiling 80,000 ft (24,400 m)

turn radius at Mach 3
78-104 nm (90-120 mi;
145-193km)
typical operating radius
1,043nm (1,200 mi;
1,931 km)
2,607 nm (3,000 mi;
4,828km)
maxfuel consumption per hr
8,000 US gd (30,280
liters)

range

TR-I/U-2

The U-2R is a long-range, high-altitude
strategic reconnaissance aircraft that isa
primary component of the US national
technical means of strategic intelligence
collection, including Communications
Intelligence (COMINT) and Electronic
Intelligence (ELINT). US Air Force
TR-Is were originally designed for high-
atitude standoff ELINT, COMINT, and
surveillance missions in Europe, provid-
ing the capability for day/night, al-
weather surveillance without having to
overfly the target. The two aircraft mis-
sons and designators were merged as
U-2Rin late 1991.

The design features midmounted,
double-tapered, high-aspect-ratio wings
designed to function like sailplanewings;
the aircraft can soar without power to ex-
tend its range. 70% of the wing trailing
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TR-1

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

edges are fitted with slotted flapsinboard
of long alerons; the U-2R has spoilers
fitted ahead of the flaps that assist roll
and aso act aslift dumpers. The lift/drag
ratio of the later U-2R is reportedly as
high as 27:1. The U-2R has asignificantly
larger wing than the earlier U-2 with inte-
grd fuel tanks and slender, permanently
fitted "superpods’ spliced into the wing
structure at midspan. The pods carry sen-
sor equipment and up to 105 US gal (398
liters) of fuel.

The tall fin has adightly swept leading
edge and inset rudder. The double-
tapered horizontal tailplanes are
mounted at the base of the fin and have
balanced, full-span elevators. The U-2R
has ataller fin than the earlier U-2 and a
revised tailplane attachment structure.
Air brakes arefitted on the lower fuselage
sides ahead of the tailplanes. At the U-2's
service ceiling, the difference between
the never-exceed (Vne) and the sal
speedsis5 kts (6 mph; 8km/h); the U-2R
reportedly has a greater margin.

Thefuselage hasasloping noseup to a
small cockpit. The rest of the fuselage has
acircular section and is flanked by D-sec-
tion engine air intakes. These feed the
single turbojet engine that isinstalled in
the aft fuselage. In May 1990, the Air
Force decided to retrofit approximately
40 U-2R/TR-Iswith the 19,000-b (8,618
kg) F101-GE-F29 engine under a $160-
million program that had deliveries be-
ginning in 1992. The retrofit improved
the aircraft's thrust-to-weight ratio, re-
duced specific fuel consumption, raised
the operating celling to more than
100,000 ft (30,480 m), and increased
maximum range to more than 3,474 nm
(4,000 mi; 6,437 km).

Most surveillance U-2swere fitted with
a "sugar scoop” lip to the exhaust nozzle
to reduce the aircraft'sinfrared signature
from below. The U-2R enjoyed a 100%
increase in fuselage volume over its pre-
decessors.

The U-2 gained notoriety as one of the
most difficult aircraft to land because of



the narrow speed range between recom-
mended approach speed and its stall
speed. Its main landing gear is tandem-
bicycle type with the larger, forward unit
and a much smaller assembly near the
tail; the landing gear in the U-2R is more
closely spaced. Downturned winglets at
each wingtip aso serve as skids during
the U-2'slanding roll-out. Because of the
great span of the wings, the U-2 landing
gear aso includes two balancing wheels
(one under each wing) that are jet-
tisoned on takeoff. The U-2 wasdesigned
from the outset to take off from aircraft
carriers, although it was not so used oper-
aionally.

The sensorsfit on the U-2 seriesvaried
with the variant and the operational con-
text. The original aircraft used large,
long-focus cameras and ELINT equip-
ment. The U-2R has wingtip Radar Hom-
ing and Warning System (RHAWS) pods
and ELINT antennas. The 1,200-b (544~
kg) superpods may carry the Senior
Spear  COMINT/ELINT system that is
thought to have a 350-nm (403-mi; 649-
km) line-of-sight range at 70,000 ft
(21,336 m). U-2Rs may dso carry the Se-
nior Stretch near-real-time COMINT sys-
tem.

The nose section is detachable, permit-
ting rapid reconfiguration.

DEVELOPMENT -« Initial operationa
capability wasin 1957, and first flight was
on August 1, 1955. Taiwan received sSx
U-2 aircraft in the early 1960s, but al were
subsequently lost (at least three in opera-
tions over mainland China). Approx-
imately 60 of the U-2 series were built in
the late 1960s and early 1960s more than
40 of which were lost on missions or in
operational accidents. A later batch of 12
larger U-2Rs were manufactured in the
late 1960s.

Firg flight of TR-1 was in August 198L
Production of the TR-1 variant ended in
October 1989 with a total of 25 TR-IAs,
two TR-IBs, and two ER-Is built. Redesig-
natedU-2R in late 199L
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All pre-U-2R U-2swere retired by April
1989, the last being flown as NASA re-
search aircraft.

VARIANTS ¢ U-2A, WU-2A (weather re-
connaissance), U-2B, U-2C (ELINT),
U-2CT (two-seat trainer), U-2D (two-sedt,
specia mission), WU-2D (weather recon-
naissance) , U-2EPX (Navy ocean surveil-
lance), U-2R, U-2R (COMINT), U-2R/
TR-1, TR-1B (two-seat trainer), ER-2
(NASA).

COMBAT EXPERIENCE « U-2 aircraft
regularly overflew the Soviet Union on
reconnaissance missions until 1960. A
mission flown by Francis Gary Powersled
to the shooting down of a U-2 over
Sverdlovsk on May 1, 1960, by an SA-2
surface-to-air missile. The U-2 had a ma
jor role in intelligence during the Cuban
missile crisis of 1962.

The U-2 was succeeded in service in
the late 1960s by the SR-71 Blackbird.

U-2Rs from the 9th Strategic Recon-
naissance Wing based at Beale AFB, Cali-
fornia, flew surveillance missions during
Operations Desert Shield/Desert Storm.
Asmany as 12 U-2R/TR-1 aircraft and 28
pilots are said to have been used. After
the cease-fire, concern that Iraq was con-
tinuing to hide installations producing
nuclear or biologica weapons led to the
flightsin August 1991 of aU-2R over Irag
under United Nations auspices.

SPECIFICATIONS -

MANUFACTURER Lockheed Aeronaulti-
cal Systems

CREW 1

ENGINES 1 Pratt & Whitney J75-P-13
turbojet
maxpower 17,000 Ib (7,718 kg) static

thrust

WEIGHTS
empty U-2C: 11,700 Ib (5,350
kg)

U-2R: 14,990 Ib (6,800

ko)
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takeoff U-2C, clean: 16,000 1b
(7,285kqg)

U-2C, with289-USgd
(337-liter) wing tanks:
17,270 1b (7,833 kg)

U-2R: 41,000 Ib (18,598

kg)

U-2C: 80ft (24.4 m)
U-2R: 103 ft (31.89 m)
U-2C:49ft7in (15.13m)
U-2R:62ft9in (19.13m)
U-2C: 131t (3.97 m)
U-2R: 16ftlin (4.9m)
U-2C: 565 ft2 (52.5 m*)
U-2R: 1,000 ft2 {92.9 m*)
PERFORMANCE
max speed  U-2C: 459 kts (528 mph;
850 km/h)
U-2R: 443 kts (510 mph;
821 km/h)

DIMENSIONS
uiingspan

length
height

wing area

cruise speed

400 kts (460 mph; 740
km/h)

U-2C: 85,000 ft (25,908
m)

U-2R: 90,000ft (27,432
m)

U-2C: 2,605 nm (3,000
mi; 4,827 km)

U-2R: 3,039 nm (3,500
mi; 5,633km)

ceiling

range

Orion (P-3)

The P-3 Orion is the US Navy's long-
range maritime patrol and Antisub-
marine Warfare (ASW) aircraft, and dso
servesin the navies and air forces of sev-
eral other countries. Some have been
adapted to Electronic Intelligence
(ELINT) collection and specia recon-
naissance roles.

Thebasic airframe is adapted from the
L-188 Electra commercia airliner. The
Orion has wings with straight leading
edges, 6° dihedral from the roots, ta-
pered tailing edges, and squared wing-

tips. The trailing edge has two sections of
Fowler-type flapsinboard of ailerons.

The single, rounded fin has a dorsal
fillet and full-height rudder. The rda
tively long horizontal stabilizers are
mounted at the base of the fin at a dihe-
dral angle, well up on the fuselage. A tail
"stinger" houses the Magnetic Anomaly
Detector (MAD).

The semimonocoque fuselage has a
circular cross section. Compared to the
Electra, the Orion has a more pointed
nose. The cockpit glazing includes small
"eyebrow" windows over the sde win-
dows. The constant cross section con-
tinueswell aft, at which point the bottom
line tapers up to the tail.

The four turboprop engines are fitted
in nacelleson thewing, each drivingfour-
blade Hamilton Standard propellers. Be-
cause the propeller slipstreams cover a
large percentage of the wing, Electra
transports and lightly loaded Orions are
known for their impressive takeoff per-
formance and maneuverability.

The ASW variants have a comprehen-
sive suite of communications, navigation,
acoustic and nonacoustic sensors, and
data processing equipment. Capability
has greatly increased during the Orion's
operational life, with most P-3s now hav-
ing HF/VHF/UHF radios, a data link,
Identification Friend or Foe (IFF) inter-
rogator, Litton LTN-72 Inertial Naviga-
tion System (INS), Doppler navigation
radar, 360° search radar, MAD and mag-
netic compensator, Magnavox AN/
AQA-7 Direction Low-Frequency Ana
lyzer and Ranging (DIFAR) system, chin-
mounted Texas Instruments Forward-
Looking Infrared (FLIR) system,
bathythermograph, and general-purpose
digital computer.

The Orion has an internal weapons bay
and 10 external stations for carrying a
mix of ASW torpedoes, depth bombs,
and AGM-84 Harpoon antiship missiles.
Six of the 10 wing pylons are grouped in
threes outboard of the engines; the outer-
most one on each wing has a500-1b (227-



kg) capacity while the middle pylons can
carry 1,000 Ib (454 kg) of stores. Each of
the other Sx pylons—the inner pylon of
each outboard group and the four pylons
grouped under the wing's center
section—hasa2,000-Ib (907-kg) capecity.

The internal weapons bay can accom-
modate a variety of depth bombs and
mines or up to eight lightweight ASW tor-
pedoes. Sonobuoys can belaunchedfrom
external pods or from a set of tubes lo-
cated internally aft of the weapons bay.
AIM-9Sidewinder air-to-airand AGM-65F
Maverick antiship missles have been test-
launched from the P-3.

DEVELOPMENT e The P-3'sinitid op-
erational capability was in 1962; its first
flight asthe Y P3V-1 was on November 25,
1959. 641 had been ddivered by
mid-1991; the November 1990 order of
eight P-3D Update llIs for South Korea
brought a last-minute reprieve from the
shutdown of production. All P-3 produc-
tion before 1991 rolled out of Burbank,
California; after 1990, all Lockheed pro-
duction and modification was moved to
Marietta, Georgia, actual metal-cutting
beginning in August 1991

The latest ASW variant in service is the
P-3C Update 1l1; originally planned for
138 P-3Cs, later plans suggested 109
Update |V candidateswould aso get Up-
date I11.

Boeing Aerospace was the prime con-
tractor onthe Update |V mission avionics
package that had been scheduled to en-
ter production in 1991; it was canceled by
the US Navy in October 1992.

More than 50 P-3s have been produced
under license by Kawasaki Heavy Indus-
tries in Japan with more planned. The
original Memorandum of Understanding
(MU) covering production of 75 aircraft
was revised in April 1989 to manufacture
100; production of an additional 30 (20
P-3 and 10 EP-3JElectronic Intelligence/
ELINT aircraft) began in 1991

The transfer of five ex-US Nava Re-
serve P-3As to Thailand over a two-year
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period was announced in April 1990; the
total cost of the program is $100 million.

InJuly 1990, the US agreed to seek the
free transfer of six P-3As to Greece in a
letter accompanying the newly signed
eight-year renewd of US basing rights.

In December 1990, South Korea an-
nounced that it would buy eight P-3Dsfor
a unit cost of $8249 million. The firg
delivery is planned for 1995.

In addition to the US Navy and Navy
Reserve, and the above countries, the P-3
has dso operated in Australia, Iran, Nor-
way, Pakistan, Portugal, Netherlands,
New Zealand, and Spain.

VARIANTS ¢ Electra test bed, P3V-1/
P-3A, P-3B, P-3C, P-3C Update, P-3C Up-
date Il, P-3C Update 11.5, P-3C Update
11, P-3C Update IV (Long-Range Air
ASW Capable Aircraft/LRAACA begun
in July 1987 and canceled in October
1992), ASUTAA (ASW), IPADS, P-3D,
P-3F, P-3G, P-3H, EP-3E Aries/EP-3B
Batrack, EP-3E Aries II, EP-3C (ELINT,
Kawasaki-built), EP-3], NP-3 (Japanese),
RP-3A (oceanographic reconnaissance),
RP-3D, TP-3A (training), VP-3A (Navy
VIP transport), UP-3A/UP-3B (utility),
UP-3C, WP-3D (weather research), Out-
law Hunter (Tomahawk Antiship Missile/
TASM), P3W (Australia), P-3K/Rigel
I/11/111 (New Zealand), P-3N (Norway),
Spanish P-3 modernization, Trap Shot,
P-3 Sentinel (Airborne Early Warning
and Control/AEW&C; US Customs Ser-
vice), CP-140 Aurora (Canadian mar-
itime patrol).

COMBAT EXPERIENCE « During Op-
eration Desert Storm, P-3s searched for
Iragi naval units and directed strike air-
craft to them. According to the Navy, of
the 105 Iragi Navy units destroyed, more
than half were initially detected by P-3s
The P-3s APS-137 in the ISAR mode and
the aircraft's AAS36 IRDS were both
described as "idedly suited for antisur-
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facewarfare operations and made the dif-
ference in coalition efforts to destroy the
Iragi Navy." P-3sflew 369 combat sorties
totaling 3,787 flight hours during Desert
Storm.

SPECIFICATIONS (P-3C) -

MANUFACTURER Lockheed Aeronauti-
ca Systems

CREW 10 (command pilot, 2 pilots,
flight engineer, navigator, radio oper-
ator, tactical coordinator, 3 systems
operators)

ENGINES 4 Allison T56-A-14 turboprop
max power 4,910 equivalent hp each
internal fuel capacity

9,200 US ga (34,826
liters)

WEIGHTS
empty 61,491 Ib (27,892 kg)
max weapons load

19,252 Ib (8,733 kg)
max takeoff 142,000 Ib (64,410 kg)

DIMENSIONS
wingspan 99ft 8in (30.37 m)

length 116 ft 10 in (35.61m)

height 33ft 8in (10.29 m)

wingarea 1,300 ft? (120.77 m*)
PERFORMANCE

max speed  a 105,000 Ib (47,625 kg)
at 15,000 ft (4,575m):
411kts(473mph;761
km/h)
at max takeoff, same
atitude: 380 kts (438
mph; 704 km/h)
cruise speed
max speed at same
atitude: 350 kts (403
mph; 649 km/h)
econ a 110,000 Ib
(48,895 kg) at 25,000 ft
(7,620m): 328 kts (378
mph; 608 km/h)
patrol speed at 1,500ft (457 m) altitude
203 kts (234 mph; 376
km/h)
flaps  up: 133 kis (154
mph; 248 km/h)

stall speed

climb rate

ceiling

radius

ferry range

armament

radar

flaps down: 112 kts (129
mph; 208 km/h)

at 135,000 Ib (61,235 kg):
1,950 ft/min (594
m/min)

at 101,440 Ib (46,012kQ):
3,140 ft/min (957
m/min)

4 engines: 28,300 ft
(8,626 m)

3 engines: 19,000 ft
(5,790 m)

3 hours on station at
1,500 ft/min (457
m/min): 1,346 nm
(1,550 mi; 2,494 km)

no time on station at
135,000 Ib (61,235kQ):
2,070 nm (2,383 mi;
3,835 km)

4,830 nm (5,562 mi;
8,950 km)

internal weapons bay and
10 external weapons
stations for such
Weapons mixes as.

12 Mk 46 torpedoes

or22,000-1b (907-kg)
mines + 4 Mk 46
torpedoes

0r41,000-1b (454-kg)
mines + 4 Mk 46
torpedoes

or 8 Mk 46 torpedoes +
16 5-in rockets

orB57 nuclear depth
charges

0rMk82500-1b (227-kg)
bombs

or Mk 20 Rockeye cluster
bombs

or AGM-84 Harpoon
antiship missiles

AN/APS-115 I-band
search

AN/APN-187 Doppler
navigation
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Stealth Fighter (F-117)

The F-117 is a production fighter aircraft
designed under the "Stedth" low-
observability technology program. Itisin-
tended to provide the lowest possible Ra:
dar Cross Section (RCS) as wel as
Infrared (IR), noise, and visua signa-
tures, thus enhancing its survivability and
ability to penetrate enemy air defenses.
The aircraft is subsonic and has a rela-
tively high radius of action. Its misson is
to attack high-value targets in raids that
depend on low-altitude flight and stealth
characterigtics for its defense.

The F117 is an angular aircraft that
resembles aflat arrowhead with anarrow
V-tal (or "butterfly" tail). Its shape is
intended to focus incoming radar beams
into a few narrow beams, greatly reduc-
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ing a radar's ability to detect the reflec-
tions. As a result, the F117's shape is
subdivided into triangular and trapezoi-
dal facets. The low-aspect-ratio wing is
swept a approximately 67°-68° and has
asawtooth trailing edge. A low beak con-
tinues the wing's continuous and severe
leading-edge sweep from wingtip to
nose.

The five-piece cockpit glazing is
fronted by anarrow glazed triangle below
which is the opening for the electro-
optical navigation/targeting system. A
downward-looking IR head is located on
the right-hand side of the nosewheel bay.
The nose window is trimmed with ser-
rated appliques to dign its edges with
other major components, as are other ex-

117 Stealth Fighter

U.S. GOVERNMENT DEPARTMENT OF DEFENSE
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crescences, including the landing-gear
doors. Behind the cockpit's peak, the top
line dopes continuously to the tail.
Viewed from above, the flat top of the
fuselage and the intake openings parallel
the wing's leading-edge angle; the ex-
hausts parallel the opposite outer trailing
edge.

Thewing's trailing edge returns to the
fuselage at alesser angle, creating high-
aspect-ratio outer sections; each wing has
inboard and outboard elevens. The tail
surfaces have short fixed stubs with dl-
moving "ruddervators' pivoting for
pitch and yaw control. All tail airfoilsare
prismatic in cross section, again to focus
radar returns into a few narrow beams.
The original metal-aloy tails are being
replaced by graphite thermoplastic sur-
faces developed after an 117 lost a tall
during flight tests.

The overdl configuration requires
continuous, active control by a Lear-
Siegler digital on-board computer in a
flight control system derived from that
used in the 16 Fighting Facon.

Much of the fuselage structure (95%)
is reported to be aluminum, athough
some elements may be made of a Dow
Chemical pre-preg (fibersand resin com-
bined) boron fiber/polymer materia
caled Fibaloy. The surface is said to be
sheathed with tiles made of a Radar-
Absorbing Material (RAM), and thelead-
ing edges and nose section are heat-
absorbing and nonreflective. Compo-
nent door mountings were designed to
reduce the change in RCS due to lateral
motion. Cockpit transparencies have a
special coating to distort and diffuse in-
coming radar pulses and outgoing avi-
onics emissions, and the sensor turret
window has a copper-wire screen that re-
duces its signature.

Engine intake placement is on the up-
per wing surface aft of the cockpit. The
bulky, faceted intakes have a radar-
blanking composite mesh covering the
openings, the mesh size makes the inlet
appear solid to most search radars. The

engines are nonafterburning derivatives
of the General Electric FA04 series en-
gines that are modified to raise the by-
pass ratio, which contributes to reducing
the IR signature and stretching the range.
A dorsal refueling receptacle extends the
F-117's range.

The exhausts are narrow dlots along
the inboard trailing edge and use small
vanes to diffuse the exhaust and cool-air
blending to reduce exhaust tempera-
ture. The bottom lip of the exhaust is
extended aft so that no part of the ex-
haust can be seen from below; the lip is
covered with thermal tiles. The tailpipes
are nickel-alloy 718 honeycomb sand-
wich to withstand acoustic, heat, and
pressure stress. The engine exhaust ends
are circular.

Modificationsto the exhaust system are
amed at reducing maintenance costs
due to heat stress and include new air-
flow paths, improved thermal "bricks,"
better seds, and better heat shields. Al-
though this area glows in certain condi-
tions, neither Lockheed nor the Air Force
believes this compromises the aircraft's
stealth characteristics.

The tricycle landing gear retracts for-
ward. Modifications in this area include
the fitting of carbon/carbon brakes in
place of the origina steel brakes. An ar-
resting hook is located between the en-
gines, and the aircraft streams a brake
parachute from the tail upon landing.

The single-seat cockpit is heavily
framed and bordered by serrated appli-
ques along some of the edges; itis hinged
at the rear.

Avionics include the Texas Instru-
ments Infrared Acquisition and Designa
tion Sysem (IRADS), which includes
FLIR, alaser designator, and Downward-
Looking IR (DLIR) systems. Both the
FLIR and the DLIR are mounted in tur-
rets that are controlled by joystick-
mounted buttons. During a typica a-
tack, the pilot closes on the target using
the FLIR, then switchesto the DLIR view
in the final phase. The IRADS can be



used in an ar-to-ar role as well as for
ground attack.

The Kaiser Electronics Head-Up Dis
play (HUD) is adapted from the F/A-18.
The two Cathode-Ray Tube (CRT) Multi-
function Displays (MFD) are being mod-
ified to Honeywel Digital Tacticd
Displays (DTD) with color CRTsthat in-
corporate a Harris digitd moving map
display. Although space and coolingwere
reserved for aradar, none has been fitted.

The mechanicad SPN/GEANS Inertia
Navigation System (INS) usedin the B-52
Stratofortress  is  fitted. A “four-
dimensional" (4D) navigational system
was added that ensures extreme accuracy
in time as well as position; autothrottles
have been fitted to the engines to assist
4D navigation.

Armamentisusually thePaveway || and
Paveway Il laser-guided bombs fitted
with a BLU-109/B warhead. AGM-65
Maverick TV- or laser-guided air-to-
ground missiles and the AGM-88 HARM
antiradar missile can aso be delivered as
well as Sidewinder Air-to-Air Missles
(AAM). The ddeby-sde interna
wegpons bays are each 15 ft5in (1.75 m)
long; each is fitted with a trapeze to
launch weapons that are normally carried
on external pylons.

DEVELOPMENT ¢ The F117s initid
operational capability was in October
1983, Its first flight was inJune 1981 The
final F117 was transferred to the Air
Force onJuly 12, 1990; atotal of 59 were
delivered.

Prior to November 1988, the aircraft
designator for the stealth fighter was be-
lieved to be F-19.

Three F117s crashed during the air-
craft's "black years." Thefirst went down
while under L ockheed testing. Two other
fatal crashes occurred during Air Force
operations; the first went down in July
1986, the second in October 1987. The
F117 reportedly has operated in Great
Britain, being transported to forward
bases by the C-5 Galaxy.
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VARIANTS ¢ Have Blue (prototypes),
F117.

COMBAT EXPERIENCE ¢ The F117
wasfirst used in combat on December 20,
1989, during Operation Just Cause, the
USmilitary action that removed Panama-
nian leader General Noriega. In the pre-
dawn attack, two F-117s flying nonstop
from a US base dropped 2,000-Ib (907-
kg) bombsin afield near a Panamanian
Defense Force barracks to "confuse,
stun, and disrupt" the troops; the mis-
sion was judged a success. It was later
revealed that one of the two aircraft mis-
sed its target.

The US dispatched 19 or 20 1175 re-
fueled in flight, to Saudi Arabia in the
middle of August 1990 as part of its
buildup in the region. Another 20-22 air-
craft were dispatched in late November.

When Operation Desert Storm's ar as
saults on Iragi targets began onJanuary
17, 1991, F-117shit 31% of the precision
targets in Baghdad. Overal, the aircraft
flew approximately 1,300 sorties and
dropped more than 2,000 tons of bombs,
including most of the aircraft .missions
againg military targets in Baghdad as
well as attacks against hardened aircraft
shelters. Released videos suggested that
the laser-guided bombs had been very ac-
curate; the official successratewasrepor-
tedly 60%.

No F117s were lost during the seven-
week conflict; the Air Force claimed that
none was even damaged. The F117's ap-
parent invulnerability was attributed to
its low radar, IR, and noise signatures.
Reports suggested that in most instances
the first indication of an F-117 attack was
the explosion of the bomb on the target.

SPECIFICATIONS -

MANUFACTURER Lockheed Aeronauti-
cd Sysems

CREW 1

ENGINES 2 Generd Electric F404-GE-
F1D2 nonafterburning turbofan
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maxpower 11,000 Ib (4,990 kg) static
thrust each
WEIGHTS
maxpayl oad 5,000 Ib (2,268 kg)
max takeoff 52,500 Ib (23,813 kg)
DIMENSIONS

wingspan 43 ft 7 in (13.7 m)

length 65 ft 11 in (20.09m)

height 12 ft5in (3.78 m)
PERFORMANCE

max speed 560 kts (645 mph; 1038

km/h)
takeoff speed at combat weight
165 kts (190 mph; 306
km/h)
landing speed
approx 150 kts (173 mph;
278 km/h)

radius with 5,000-1b (2,268-kg) weapons
load

unrefueled: 600 nm (691
mi; 1,111 km)

2 refuelings: 1,800 nm
(2,073 mi; 3,334 km)

2 internal stationsfor
2,000-1b (907-kg)
GBU-10/B Paveway |1
or GBU-24 Paveway Il1
laser-guided bombs

AGM-65B TV or -65E
laser-guided Maverick
air-to-surface missiles

AGM-88 HARM antiradar
missiles

armament

Tomcat (F-14)

The 14 Tomcat is the US Navy's stan-
dard carrier-based fighter. Itsmissionsin-
clude Combat Air Patrol (CAP), Deck-
Launched Intercept (DLI), and air supe-
riority. It is a large, fast, heavy aircraft
designed around the long-range AIM-54
PhoenixAir-to-Air Missile (AAM) andthe
powerful Hughes AWG-9 weapons con-
trol system, which weighs 1,300 I1b (590
kg) and occupies a volume of 25 ft®
(0.71 md).

The Tomcat is a two-seat, twin-engine
fighter with twin tails and variable-
geometry wings. Its general arrangement
consists of a long nacelle containing the
large nose radar and crew positions ex-
tending well forward and above the
widely spaced engines. The engines are
parallel to acentral structure that flattens
toward the tail; butterfly-shaped air
brakes are located between the fins on
the upper and lower surfaces. Altogether,
the fuselage forms more than half of the
total aerodynamic lifting surface. The
original-design airframe life for the 14
was 6,000 hours but was | ater extended to
7,200 hours.

The wings are shoulder-mounted and
programmed for automatic sweep during
flight, with a manual override provided.
The twin, swept fin-and-rudder vertical
surfaces are mounted on the engine
housings and canted outward. The wing
pivot carry-through structure crosses the
central structure; the carry-through is 22
ft (6.7 m) long and constructed from 33
electron-welded parts machined from ti-
tanium; the pivots are located outboard
of the engines. Normal sweep rangeis 20°
to 68° with a 75° "oversweep" position
provided for shipboard hangar stowage;
sweep speed is 7.5°/sec.

For roll control below 57°, the ~14 uses
spoilers located along the upper wing
near the trailing edge in conjunction
with its all-moving, swept tailplanes,
which are operated differentially; above
57° sweep, the tailplanes operate alone.
For unswept, low-speed combat maneu-
vering, the outer two sections of trailing-
edge flaps can be deployed at 10°, and the
nearly full-span leading-edge dats are
drooped to 85°. At speeds above Mach
1.0, glovevanesin the leading edge of the
fixed portion of thewing extend to move
the aerodynamic center forward and re-
duce loads on the tailplane.

The sharply raked, two-dimensional
four-shock engine intakes have two
variable-angle ramps, abypass door in the
intake roof, and a fixed ramp forward,;
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exhaust nozzles are mechanically vari-
able. Viewed from ahead, the top of
the intakes are tilted toward the air-
craft centerline; from above, the en-
gines are canted outward dightly to re-
duce interference between intake
airflow and the fuselage boundary layer.
The engines exhaust through mechan-
icaly variable, convergent-divergent
nozzles.

The F-14's AWG-9 pulse-Doppler, mul-
timode radar has a designed capability
to track 24 targets at the same time while
simultaneously devising and executing
fire control solutionsfor sx targets. The
cockpit is fitted with a Kaiser AN/
AVG-12 Head-Up Display (HUD) colo-
cated with an AN/AVA-12 vertical situa
tion display and a horizontal situation
display. A chin-mounted Northrop AN/
AXX-1 Televison Camera Set (TCS) is
used for visual target identification at
long ranges.

Electronic Support Measures (ESM)
equipment include the Litton AN/
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ALR-45 radar warning and control sys
tem, the Magnavox AN/ALR-50 radar-
warning receiver, Tracer AN/ALE-29/
-39 chaff/flare dispensers (fitted in the
rear fuselage between the fins), and
Sanders AN/ALQ-100 deception jam-
ming pod.

The Tomcat has an internal 20-mm
Vulcan Gatling-type gun fitted on the left
dde, and can carry Phoenix, Sparrow,
and Sidewinder AAMSs. Up to six Phoenix
missiles can be carried on four fuselage
stations between the engines and on two
pylons fitted on the fixed portion of the
wing; two Sidewinder AAMs can be car-
ried on the wing pylons above the Phoe-
nix mount.

Since the early 1980s F14s have had
provision for the attachment of the Tacti-
ca Air Reconnaissance Pod System
(TARPS), carrying optical and infrared
cameras and permitting the aircraft to
perform the photo reconnaissance role
without degrading its performance in
other roles. The only modifications re-
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quired are wiring changes and cockpit
readouts.

DEVELOPMENT ¢ The F-14'sinitial op-
erational capability was in 1973; its first
flightwas December 21,1970. 79 Tomcats
were delivered to Iran before the 1979
revolution. They are normally grounded
for lack of parts. The US Navy had almost
700 in service or on order in the early
1990s, deliveries were continuing.

A complete 14D fleet was planned
for 1998, with 127 new-production F14Ds
and modification of 400 F14A and
F-14A+ to D configurations.

VARIANTS « F14A, F14A+ (later
F-14B) Super Tomcat, F14C, F-14D,
Quickstrike, Tomcat 21 (Grumman
private-venture long-range, air-to-ground
variant), Attack Super Tomcat 21 (pro-
posed attack variant).

COMBAT EXPERIENCE ¢ 14 Tom-
cats from the carrier USS Nimitz (CVN
68) shot down two Libyan Su-22 Fitter
aircraft in an encounter over the Gulf of
Sidra in August 1981

On October 10, 1985, four F14s from
the aircraft carrier USS Saratoga (CV 60)
forced an EgyptAir Boeing 737 to land at
Sigonella AB in Sicily. The airliner was
carrying four terrorists who hijacked the
cruise ship Achilk Lauro and killed an
American.

OnJanuary 4,1989, two F14sfrom the
carrier USSJohnF. Kennedy (CV 67) inter-
cepted and downed two Libyan MiG-23
Flogger-E aircraft, one with a radar-
guided Sparrow AAM and the other with
an |R-seeking Sidewinder. The US pilots
claimed to have seen two parachutes.

99 F14s flew 3,401 sorties as Combat
Air Patrol (CAP) aircraft from five car-
riers during the air assault on Iraqgi tar-
gets that began Operation Desert Storm;
another 781 sorties were devoted to
TARPS reconnaissance missions. The
F14 compiled the most flight hours
(14,248) of any Navy fixed-wing aircraft.

Mission-capable rate overall was 77%; of
TARPS aircraft 88%.

An F-14 downed an Iragi Mi-8 Hip heli-
copter in early February 1991. One F14
was lost during the war.

SPECIFICATIONS -
MANUFACTURER  Grumman
CREW 2 (pilot, radar intercept officer)
ENGINES 2Pratt & Whitney TF30-
P-412A turbofan
max power with afterburner
20,900 Ib (9,480 kg) static
thrust each
internal fuel capacity
2,385 US ga (9,029 liters)
WEIGHTS
empty 39,762 1b (18,036 kg)
fighter escort, 4 AIM-7 Sparrow missiles
58,904 Ib (26,718 kg)
fleet air defense with 4 AIM-54 Phoenix
and 2 267-USgal (1,010-liter) drop
tanks
68,649 |b (31,139 kg)
max takeoff 74,348 |b (33,724 kg)
DIMENSIONS
wingspan 64ft1Vain (19.54 m)

(extended)
SSftgVHN(11.65m)
(swept)
length 62 ft 8 in (19.1 m)
height 16 ft (4.88 m)

wingarea 565 ft* (52.49 m?)
PERFORMANCE
max possible speed at 49,000ft (14,395 m)
1,342kts (I,544mph;
2,485 km/h) or Mach
234
F-14A operational limit speed
I,079kts(l,242mph;
1,998 km/h) or Mach
183
793 kts (913 mph; 1,469
km/h) or Mach 1.2
F-14D max cruise without afterburner
631 kts (727 mph; 1,169
km/h) or Mach 11

sea level

range cruise
407 kts (469 mph; 754
km/h)



accelerationfrom 245 kts (282 mph; 456
knvh), military power
F-14A: 46 sec to 400 kts
(461 mph; 741 km/h)
F-14D: 30 sec to 420 kts
(484 mph; 778 km/h);
46 sec to 500 kts (576
mph; 926 km/h)
acceleration from 250 kts (288 mph; 463
km/h), with afterburner
F-14A: 21 sec to 400 kts
(461 mph; 741 km/h)
F-14D: 10 sec to 350 kts
(403 mph; 648km/h);
19 s=c to 450 kts (518
mph; 833 km/h); 21
sec to 500 kts (576
mph; 926 km/h)
stall speed, power off, at 52,357 Ib
(23,749%q)
110 kts (127 mph; 204
km/h)
time to 60,000ft (18,288 m) at 55,000 Ib
(24,948kg)
2min 6 sec
more than 56,000 ft
(17,070 m)

ceiling

combat radius
500 nm (576 mi; 927 km)
1,735 nm (2,000 mi;

3,220km)

armament M61A1 20-mmVulcan
multibarrel cannon
with 675 rounds

plusAAM:

6 AIM-54 Phoenix + 2
AIM-9Sidewinder

or 6 AIM-7 Sparrow + 2
Sidewinder

or 2 Phoenix 4- 3 Sparrow
+ 2 Sidewinder

or 4 Phoenix + 2 Sparrow
+ 2 Sidewinder

F-14A: AWG-9 long-range
search/weapons
control

F-14D: APG-71 digita
monopulse multimode

ferry range

radar
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Eagle (F-15)

The F15 is an air superiority and drike
fighter for the US Air Force and a few
foreign air forces. Along with the F16
Fighting Falcon, the F-15 will be the prin-
cipa USAF fighter aircraft into the 21st
century.

The Eagl€e's broad wings have a rela-
tively low leading-edge sweep, a 1° an-
hedral, and raked tips. The trailing edge
isfitted with plain flaps and ailerons; the
wings do not have leading-edge lift de-
vices, spoilers, or trim tabs.

Thetwo vertical surfaces have no cant;
their rudders are inset in the lower trail-
ing edges. All-moving tailplanes are
mounted on the fusel age outboard of the
engines; the outer leading edge of each
tailplane extends forward in a dogtooth.
Rall control at low speeds is by aileron;
above Mach 1, thetail planesare operated
differentially.

Thefuselage layout consists of acentral
structure flanked by engine bays; this
large volume holds more than 2,000 US
gd (7,570 liters) of fuel. Aluminunvlight
alloy/titanium material is used for the
majority of airframe components. The
sharply raked, two-dimensional, external-
compression engine air intakes feed two
afterburning turbofansfitted sde by side
between the tails. The intakes vary their
inlet angle depending on speed and air-
craft attitude; variable-area nozzles ex-
haust the afterburners. The engine thrust
lines converge as they move toward the
tail.

Beginning with F-15Csthat became op-
erational in mid-1986, F-15s are powered
by the F100-PW-220 engine with Ham-
ilton Standard Digital Electronic Engine
Control (DEEC) and 4,000-cycle core
life. DEEC reduces acceeration time
from flight idle to maximum power by
30% and eliminates restrictions on en-
gine throttling throughout flight regime.

1500 USgd (5,678 liters) of additional
fuel can be carried in Conformal Fuel
Tanks (CUT) that flank the engine
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nacelles. CFTs reduce subsonic drag and
add less supersonic drag than do conven-
tional drop tanks. The F15 adso has in-
flight refueling.

Located on the centerline and in line
with the wing root's leading edge is a
large single-piece air brake hinged on its
forward edge; it is made of composite
materials. The Eagle hasretractable tricy-
cle landing gear, the main gear wheels
retracting into fuselage bays outboard of
the intakes and the nose gear folding for-
ward under the cockpit.

The cockpit and nose extend well for-
ward from a point between the large in-
takes. The nose holds a Hughes Aircraft
multimode, pulse-Doppler radar, which
has a look-down, shoot-down capability;
the origina APG-63 was replaced in pro-
duction by the APG-70 in 1984. The
APG-70 isfaster and has a higher resolu-
tion and alarger memory.

Other avionics include a Litton AN/
ASN-109 Inertial Navigation System
(INS), AN/AWG-20 fire control system,
and acentral digital computer. The cock-
pit is fitted with a McDonnell Douglas
ElectronicsHead-Up Display (HUD) and
a Sperry vertical situation display. The
radar and HUD symbology are controlled
by HandssOn Throttle and Stick
(HOTAYS) switches.

The F15s Tactical Electronic Warning
System (TEWS) includes Electronic Sup-
port Measures/Electronic  Counter-
measures (ESM/ECM) equipment such
asthe Loral AN/ALR-56C radar-warning
receiver (with aerialsinthefintips, wing-
tips, and under the fuselage), the Magna-
vox AN/ALQ-128 threat-warning re-
ceiver, Tracer AN/ALE-45 counter-
measures dispenser, and Northrop AN/
ALQ-135jamming system.

A wide variety of armament may be
carried on externa weapons stations,
which vary in number depending on
whether the aircraft is fitted with CFT.
Two Sparrow Air-to-Air Missile (AAM)
points are located on the lower outer
edges of each intake. Two Sidewinder

AAMs can be fitted to aweapons station
under each wing. The single fuselage
hardpoint and the two wing pylons can
carry atotal of 16,000 Ib (7,258 kg); each
CFT has additional stub pylons, raising
the warload capacity to 23,600 Ib (10,705

kg).

DEVELOPMENT ¢ The aircraft's initia
operational capability wasin 1975, and its
first flight was on July 27, 1972. Over
1100 have been delivered to US Air
Force sguadrons. More than 280 addi-
tional aircraft have been delivered to or
ordered by three other air forces.

Israeli Peace Fox F15Asbegan delivery
in the late 1970s (25 aircraft). 15 Peace
Fox 2 F-15C/D aircraft arrived in 1981,
followed by 11 Peace Fox 3s Ddiveriesin
1991-92 included five new-build F-15C/
Dsand 25 surplus F15A/Bs.

The first US-built Japanese F15s were
delivered in May 1981 (Squadron initial
operational capability in 1982). License
production inJapan by Mitsubishi began
in 1982, 171 are planned, with more than
120 delivered.

Saudi Arabia took delivery of its 60
Peace Sun F-15C/Ds from January 1982
to May 1983; two morewere purchased as
attrition aircraft. October 1987 order of
12 more (nine C, three D) under Peace
Sun VI, with delivery ending February
1992. 24 more were transferred from US
Air Force units in Europe in September
1990 in a $682-million deal.

On September 15, 1992, the Bush ad-
ministration notified Congress of plans
to sell 72 F15XP aircraft to Saudi Arabia

VARIANTS « F15A, F15B, F15C,
F-15D/DJ (Japanese), F15 Multistage
Improvement Program (MSIP), F15E
Dud-Role Fighter, 153 (Japan-built),
F15F, F15XP (Saudi Arabia), NF-15
S/MTD Agile Eagle/STOL Eagle.

COMBAT EXPERIENCE ¢ On June 7,
1981, the Israeli Air Force conducted an



air raid againgt the Iragi Osirak nuclear
reactor facility with eight 15 Eagles fly-
ing cover for the ~16 Fighting Falcons
that bombed the facility. The strike de-
sroyed the target without the loss of any
aircraft.

During the protracted Isradi cam-
paign in the Middle East from the late
1970s, approximately 60 Syrian MiG-21,
MiG-23, and MiG-25 fighters were
downed. Another 45 of this type of air-
craft were claimed during the 1982 inva
sion of Lebanon; the Isradlis reported no
losses.

In August 1990, the United States dis-
patched two sgquadrons of F-15C/Ds and
a squadron of F-15Es to Saudi Arabia as
part of Operations Desert Shield/Desert
Storm. F15Es flew more than 2,200 sor-
ties against targets in Iraq and Kuwait as
part of the air assaults. The two F15E
squadrons flew 40-60 sorties per night
with amission-capable rate of 95.9% (8%
higher than peacetime).

US and Saudi F15Cs flew escort mis-
sonsthat resultedin severd Iragi fighters
being downed. Two F15Es were shot
down during the seven-week war; onewas
the first US Air Force aircraft lost in the
conflict.

SPECIFICATIONS -
MANUFACTURERS
McDonnell Douglas
Mitsubishi Heavy Industries, Tokyo,
Japan (F-15JDJ)
CREW 1 (2in F-15B/D/E/DJ)
ENGINES 2 Pratt & Whitney F100-
PW-100 or -220 afterburning turbofan
max power (each engine)
dry
-100: 14,670 1b (6,654 kg)
static thrust
-220: 14,370 1b (6,518 kg)
static thrust
with afterburning
-100: 23,830 1b (10,809
kg) static thrust
-220: 23450 Ib (10,637
kg) static thrust

fuel capacity

WEIGHTS
empty
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F15C, internal: 2,070 US
gd (7,836 liters)

F15E, internal: 2,019 US
gd (7,637 liters)

F-15C, max internal and
external capacity: 5,400
USgd (20,441 liters)

F15E, 2 CFT and 3 610-
USgd (2,304-liter)
tanks: 5,349 US gd
(20,246 liters)

F15C: 28,600 Ib (12,973

kg)
F15E 31,700 1b (14,379
kg) _
F-15C interceptor with 4
Sparrow AAMs. 44,630
Ib (20,244 kg)

max takeoff F15C with 3 610-US gd

DIMENSIONS
wingspan
length
height
wing area

PERFORMANCE

(2,309-liter) drop
tanks: 58,470 Ib
(26,521 kg)

F-15C with 4 Sparrow, 4
Sidewinder, and full
CFT: 59,500 b (26,989
kg)

F-15C with CFT and
external tanks: 68,000
Ib (30,845 kg)

F15E: 81,0001b (36,741 kg)

42 ft9 % in (13.05 m)
63ft9in (19.43 m)
18 ft 5°2 in (5.63m)
608 ft* (56.50 m?)

max speed  at altitude: 1,433 kts

(1,650 mph; 2,655 km/
h) or Mach 2.5+

sealevel: 800 kts (921
mph; 1,482 km/h) or
Mach 1.2

approach speed

125 kts (144 mph; 232
km/h)

time to 40,000ft (12,200 m)

g limits

approx 1 min
+9/-S
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ceiling 60,000 ft (18,300 m)

max combat radius

F15C: 1,062 nm (1,223
mi; 1,968km)

F-15E: approx 1,000 nm
(1,150 mi; 1,853 km)

2,500 nm (2,878 mi;
4,631 km)

M61A1 20-mm Vulcan
Galling cannon with
940 rounds

and4 AlM-9 Sidewinder,
4 AIM-7 Sparrow, or 8
AIM-120 AMRAAM air-
to-air missiles

and up to 16,000 Ib
(7,258kg) of nuclear
or conventional bombs,
rockets, or other
ground-attack stores

AN/APG-63 pulse-
Doppler (original)

or AN/APG-70 pulse-
Doppler (retrofit)

range

armament

radar

Fighting Falcon (F-16)

The 16 Fighting Falcon is a highly ma-
neuverable, lightweight fighter aircraft
flown in large numbers by the US Air
Force and severa other air forces. Origi-
nally intended primarily as aday fighter,
the 16 has proven to be an effective
multipurpose, continually improving in-
terceptor and strike aircraft.

The 16 has ablended wing/body de-
sgn in which the fuselage contributes lift,
especially at high angles of attack. A
prominent factor in the design is the ac-
ceptance of relaxed static stability, which
reduces drag, by incorporating Hy-by-
Wire (FEW) control through a Lear-
Siegler quadruple-redundant flight con-
trol computer. As a result, the F16 can
attain 9 g in sustained turns; the maxi-
mum instantaneous turn rate at 400 kts
(461 mph; 741 km/h) is19°/sec.

The 11-spar, cropped delta wing is
made primarily of aluminum dloy; its
midfusel age location separates the large

F-16 Fighting Falcon

U.S. GOVERNMENT DEPARTMENT OF DEFENSE



engine intake and mount from the cock-
pit and nose. Narrow strakes extend for-
ward from the wing root. Single-piece
maneuvering flaps along the entire lead-
ing edge automatically deploy depending
onthe aircraft'sangle of attack and Mach
number. Faperons occupy most of the
wing's trailing edge, operating differen-
tidly for roll control and together to pro-
vide more lift at low speeds.

The single, tall fin and rudder and all-
moving tailplanes dso have auminum
structures, but have graphite-epoxy skin
panels. Two trapezoidal ventra fins are
located below and ahead of the tail-
planes.

The fuselage has the cockpit well for-
ward, ahead of the nose gear. The wide,
ventral intake is not variable but is fitted
with a boundary-layer splitter plate. The
sngle engine is an afterburning turbo-
fan.

Until FY1985, dl F16s were powered
by the Pratt & Whitney two-shaft F100-
PW-200 turbofan. Since FY1985, under
the Alternate Fighter Engine, the F16
has alternated engines with the General
Electric F110-GE-100. The intakes on US
FA6C/DS and Netherlands Air Force
F16s have been fitted with Radar-
Absorbing Material (RAM) designed to
prevent radar glint on the turbine face.

The cockpit has a large bubble can-
opy, giving the pilot a 360° view in the
upper hemisphere as well as excelent
forward and downward visbility. US
F-16C/Ds and Netherlands Air Force
F16s have received a gold-colored metal
coating on the inside of the canopy to
dissipate radar energy by reflecting it in
all directions, giving the aircraft astealth
quality.

The seat back reclines 30°, the heel line
is raised, and the conventional, cen-
terline control stick isreplaced by a side-
stick controller located on the right con-
sole.

Primary avionics include a Westing-
house multimode, 1/3band pulse-
Doppler radar, GEC Avionics Head-Up
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Display (HUD), angle-of-attack indicator,
Combined Altitude Radar Altimeter
(CARA), and Litton LN-39 Inertial Navi-
gation System (IN'S).

F-16C/D aircraft have two Honeywell
4-in  (102-mm) Multifunction Displays
(MFD) located below the HUD, provid-
ing radar, navigation, and weapons sys
tem information. Pakistani aircraft carry
the Thomson-CSFATLISIaser target des-
ignation pods.

The F16s Electronic Support Mea
sures (ESM) equipment consists primar-
ily of the Litton (or Generd Instru-
ments) AN/ALRA46 or Litton AN/ALR-
69 Radar-Warning Receivers (RWR)
and Tracer ALE-40 chaff/flare dis
pensers. Air National Guard F-16s in
Saudi Arabia flew with the Westinghouse
AN/ALQ-119(V)15 jamming pod. The
Belgian aircraft's ESM sysem isthe Lord
Rapport. Turkish aircraft are being fitted
with the Loral AN/ALQ-178 Rapport I11.

Standard internal armament consists
of an M61 Vulcan Galling cannon in the
left LERX (Leading-Edge Root Exten-
sion). In addition to the centerline hard-
point and two stub pylons on the inlet,
the 16 has six wing pylons for external
stores and two tip railsfor Air-to-Air Mis-
sles (AAM). The F-16A/B aircraft can
fireonly AIM-9 Sidewinder Infrared (IR)
AAM; later models are capable of firing
Beyond Visual Range (BVR) AAM such
as the AIM-7 Sparrow, AIM-120 AM-
RAAM, and Sky Flash missiles. The F16
has aso test-fired Matra Magic 2
IRAAM.

Total weapons load on the F-16A/B is
15300 Ib (6,940 kg); F-16C/D weapons
load capacity is21,850 1b (9,911 kg) at 5.5
g, 13750 1b (6,237 kg) at 9 g. F16s fitted
with Harpoon Interface Adapter Kit
(HIAK) in weapons pylon are able to
launch AGM-84D Harpoon antiship mis-
Sles.

DEVELOPMENT e The aircraft'sinitia
operational capability wasin 1979; its first
flight was on February 2, 1974. In 1974,
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the Y16 defeated the Northrop YF-17in
aUSA.Ir Force lightweight fighter compe-
tition.

Over 3,000 F16s have been produced
or ordered. Outside of the EPG produc-
tion, each country purchasing F16sis as-
signed a "Peace’ name.

The K16 is flown by over 15 other na-
tions in Europe, Latin America, the Mid-
dle East and Asia

VARIANTS « R16A, F16A  (ADF),
F16B (trainer), F16 Midife Update
(MLU), F16C, 16D (two-seat), F16N
(USN threat-simulate aircraft), F-16/79,
RF16 (reconnaissance), F16X Agile Fd-
con, F16AT/Facon 21, A-16, 16 (F/
A-16) Close Air Support, FSX/SX-3
(Close Support fighter), F16/AFTI,
F-16XL/F-16E, NF-16D VISTA (Variable-
Stability In-Flight Simulator Test Air-
craft) .

COMBAT EXPERIENCE » The lsradi
Air Force used F16sin theJune 7, 1981,
attack against the Iraqi Osirak nuclear
reactor and the October 1, 1985, bomb-
ing raid againgt Palestine Liberation Or-
ganization forces in Tunisia During the
1982 Peace in Gdilee Offensive in
Lebanon, Isragli F16s were reported to
have shot down 44 Syrian aircraft without
lossto themselves.

Pakistani 16 aircraft engaged in fre-
quent combat with Afghan Air Force air-
craft during the Afghanistan War,
reportedly shooting down five MiG-21
Fishbeds and an unknown number of
Su-25 Frogfoot aircraft.

In August 1990, F16s from the 363rd
Tactical Fighter Wing, Shaw AFB, South
Carolina, were deployed to Saudi Arabia
as part of Operation Desert Shield;
saverd more active, Air Force Reserve,
and Air National Guard squadrons fol-
lowed.

After Operation Desert Storm began
on January 17, 1991, 251 F16As and
Cs flew more than 13500 sorties against

targets in Irag and Kuwait, 4,000 of
them a night. Most of these sorties
were flown against ground targets, as
Iraqgi Air Force resistance during thewar
was negligible; principal  weapons
were bombs and AGM-65 Maverick mis-
sles.

F16 reliability was high, even in the
older Air National Guard F16As overdl
F16 mission-capable rate was said to be
88%. Seven F-16s were lost during the
seven-week war, fivein combat and two in
noncombat accidents.

In 1993, USAF F16s conducted surveil-
lance missions over Bosniain support of
international efforts to end the conflict
intheformer Y ugodavia

SPECIFICATIONS -
MANUFACTURER Genera Dynamics
CREW 1
ENGINES 1 Pratt & Whitney F100-
PW-100 or -220 turbofan
or | General Electric F110-GE-100
turbofan
maxpower F100-PW-220: 23,800 Ib
(10,796 kg) static
thrust
F110-GE-100: 28,900 Ib
(13,109 kg) stetic
thrust
internal fuel capacity
F16C: 6,972 1b (3,162 kg)
or approx 1,073 US ga
(4,060 liters)
F16D: 5,785 Ib (2,624 kg)
or approx 890 US gal
(3,369 liters)
external fuel capacity
6,760 Ib (3,066 kg) or
approx 1,040 US gal

(3,936 liters)
WEIGHTS
empty 18238 Ib (8,273 kg)
combat weight (50 % fuel and 2 Side-
winder AAMS)
F100-PW-220: 26,250 Ib
(11,907kQ)

F110-GE-100: 27,350 Ib
(12,406 k)



max takeoff 42,300 Ib (19,187 kg)
DIMENSIONS

wingspan  to rails: 31 ft (9.45 m)
with missiles 32 ft 10 in
(10m)
length 49 ft 3in (15.03 m)
height 16 ft 8 in (4.95 m)

wingarea 300 ft? (27.87 m?)

PERFORMANCE
max speed  more than 1,146 kts
(1,320 mph; 2,124 km/
h) or Mach 2

60,000 ft (18,300 m)

F16A, with 6 500-1b (227-
kg) bombs, hi-lo-hi,
internal fuel: 295 nm
(340 mi; 547 km)

F-16C, weapons |oad
unspecified: more than
500 nm (575 mi; 925
km)

more than 2,100 nm
(2,420 mi; 3891 km)

1 M61 20-mm multibarrel
cannon with 515
rounds

and 2 450-b (204-kg)
capacity wingtip launch
railsfor AAM

and6wing, 1 belly, and 2
inlet weapons stations
for AAM, bombs, air-to-
ground missiles, fuel,
rockets, chaff/flare
dispensers, or
electronics pods; of
these:

2 700-b (318-kg) capacity
outer wing pylons for
AAM only

2 3,500-1b (1,588-kg)
middle wing pylons
AAM and other stores

2 4500-1b (2,041-kg)
inboard wing pylonsfor
other stores only

12,200-1b (998-kg)
capacity fuselage
hardpoint for bombs,
dispensers, or fuel

ceiling
radius

ferry range

armament
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2 900-1b (408-kg) inlet
stub pylons for
electronics pods

AN/APG-68 pulse-
Doppler

radar

Hornet (F/A-18)

The F/A-18 Hornet is a strike-fighter air-
craft in wide use by the US Navy and Ma
rine Corps as well as severa other air
forces. In US service, the FA-18 re-
placed the A-7 Corsair aswell assome F4
Phantoms in carrier air wings, while in
Marine squadrons, it replaced the F4 as
well as some A-4 Skyhawk aircraft. The
Night Attack variant is replacing Marine
Corps A-6E Intruder aircraft.

TheHornetisflownin both single- and
two-seat variants. It is characterized by
high maneuverability, the ability to oper-
ate in either the fighter or attack role with
only achange of weapons racks, and com-
parativdly low maintenance require-
ments. The emphasis on easy access to
aircraft sysems is considered one of the
aircraft's strongest points.

The Hornet has dightly swept wings
with a relatively low aspect ratio, 20°
sweep a the quarter-chord, 3° of an-
hedral, and Leading-Edge Root Exten-
sions (LERX). The LERX allow flight at
or beyond 60° angles of attack. Retrofit-
ted fences on the LERX measure 32 in
(813 mm) long by 8 in (203 mm) high.
These fences generate vortices that re-
duce loads on the tail group and confer a
six-times (and perhaps as high as 27-
times) increase in the tail section's fa-
tigue life. Leading-edge maneuvering
flaps can be extended to 30° and be dif-
ferentially deflected up to 3°. The
trailing-edge flaps can be lowered to 45°
and have 8° differential deflection.

The twin, swept fin-and-rudder sur-
faces are mounted forward of the swept,
all-moving stabilators; the fins are canted
20° to the outside, and the stabilators
have 2° of anhedral. A rectangular, front-
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F/A-18 Hornet

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

hinged speed brake is fitted between the
vertical fins. Much of the wing, al of the
tail surfaces, and the speed breke are
composed of carbon/epoxy composites.
All control surfaces are commanded by
the ANJASW-44 quadruplex fly-by-wire
system.

The two low-bypass turbofan engines
are fed by fixed pilot air intakes located
under the wings; the exhaust nozzles ex-
tend to the rear of the stabilators. The
intake ducts dso house the main landing
gear, each main wheel turning 90° during
retraction. Finnish, Kuwaiti, Swiss, and
US Navy aircraft delivered in 1992 and
beyond are fitted with the F404-GE-402
Enhanced Performance Engine (EPE)
variant, developing 17,600 Ib (7,983 kg)
datic thrust with afterburning.

Approximately 50% of the structura
weight of the aircraft is aluminum, 17% is
steel, 13% is titanium, 10% is carbon/
epoxy, and 10% other. The cockpit is lo-
cated between the LERX and has excel-

lent visihility; it is enclosed by a single-
piece canopy that is hinged at the rear.
The pilot dts in a Martin-Baker SIU-5/6
gjection seat.

Avionics in the F/A-18 include the
Hughes AN/APG-65 digital, multimode
air-to-air and air-to-ground radar, and
Electronic Support Measures (ESM)
equipment including the Magnavox AN/
ALR-50 and Litton ALR-67 radar-
warning recelver (some export aircraft
may be retrofitted with the Litton AN/
ALR-87threat-warningsystem). L ater air-
craft are being fitted with the AN/
APG-73 radar with three times the mem-
ory and a threefold increase in process
ing speed.

Other avionics include a centrally
mounted 4.7 X 4.7-in (120 X 120-mm)
Kaiser Cathode-Ray Tube (CRT) and
AN/AVQ-28 Head-Up Display (HUD)
with 20° field of view, and two additional
Kaser multifunction CRTs. Initial pro-
duction F/A-18s were fitted with the Lit-



ton AN/ASN-130 Carrier Aircraft Inter-
nal Navigation System (CAINS), which
uses gyros, accelerometers, a com-
puter, and a platform. The Litton AN/
ASN-139 CAINS Il is a drop-in replace-
ment for the ASN-130 and has an 11-in
(280-mm) ring laser gyro, new acceler-
ometers, and MIL-STD-1750-levedl pro-
Cessors.

In keeping with its dual role, the
F/A-18 has a comprehensive weapons
carriage capability. In addition to wingtip
Sidewinder Air-to-Air Missile (AAM) ga
tions, the aircraft can carry up to four
Sparrow semiactive radar-homing AAMs
on two outboard wing stations and two
semirecessed fuselage hardpoints.

TheM61V ulcangun systemismounted
On a dide-in pallet in the nose. The cen-
terline barrel mount in the airframe
steadiesthe gun; ventsto either side direct
gases away from engine inlets. Firing rate
iS4,000 or 6,000 shots per minute.

Three fuselage stations and four wing
stations can carry Harpoon antiship and
Maverick land-attack missiles, aswell as
the Walleye glide bomb, conventional
bombs, up to three 330-US gd (1,250
liter) drop tanks, Loral (formerly Ford)
Aeroneutronic AN/AAS-38 NITE Hawk
Laser Target Designator/Ranger (LTD/
R) pod with Forward-Looking Infrared
(FLIR) system and Litton laser designa-
tor, Hughes AN/AAR-50 Thermal Imag-
ing Navigation Set (TINS) pod with
FLIR, or other stores.

DEVELOPMENT ¢ The Hornet's initia
operational capability was on January 7,
1983 and the HA-18D in November 1989
Its first flight (F/A-18A) was on Novem-
ber 18,1978; the F/A-18C'sfirst flight was
on September 18, 1987, the firg flight of
the F/A-18D night-attack variant was on
May 6,1988.

In production, with more than 1,070
delivered by early 1992 to US and inter-
national customers. The design's 1 mil-
lionth flight hour was registered by a US
Navy pilot on April 10, 1990.
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In early 1987, developmental models
of the F/A-18 were assigned to the Blue
Angels, the Navy-Marine Corps flight
demonstration team (replacing A-4F Sky-
hawks).

At firgt, Irag's August 1990 invasion of
Kuwait seemed likely to doom Kuwaiti
plans to acquire 40 F/A-18s. However,
the US DoD authorized a $140-million
advance on the contract to McDonnell
Douglas in September 1990. The first
of the order rolled out on October 8,
1991, for ddivery in January 1992, with
the entire purchase completed in fall
1993.

In May 1992, Finland announced a
$2.5-hillion dea to purchase 57 F/A-18C
and 7 F/A-18D aircraft after an evalua-
tion that included the Dassault Mirage
2000-5, the Swedish JAS 39 Gripen, and
the MiG-29 Fulcrum.

Other countries operating the Hornet
include Australia, Canada, South Kores,
Spain, and Switzerland. Maaysia's mixed
buy of 8 FA-18s and 18 MiG-29s pro-
vided an opportunity for sde-by-sde
comparisons.

VARIANTS ¢ Northrop YF-17 (unsuc-
cessful competition prototypewith Y16
Fighting Falcon ACF), YF18, FHA-18A,
EF18 (Spanish designation), C~18 (Ca-
nadian designation), TF18 (initial desig-
nation for two-seat trainer aircraft; later
F/A-18B), F/A-18C/D (single and two
seats), F/A-18C/D  Night Attack,
F/A-18E/F (single and two seets), Hor-
net 2000, NASA HARV (NASA's High-
Angle-of-AttackResearchV ehicle), AF18
(Augtrdian), CF18 (Canadian), EF18/
C.15/CE.15 (Spanish).

COMBAT EXPERIENCE  US Navy
Hornets patrolled the Persian Gulf and
Red Seafrom US carriers as part of Oper-
ations Desert Shield/Desert Storm: 174
Navy and Marine Corps F/A-18s con-
ducted both defense suppression and
strike missions againgt Iraqgi targets and
proved to be among the most flexible and
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effective strike aircraft available. 90 Navy
Hornetsflew 4,431 sorties, and 84 Marine
Corps F/A-18s flew 5,047 sorties.

In one instance, a Hornet en route to
an air-to-ground attack shot down a
MiG-21 Fishbed with an AIM-9 before
continuing to its target. The aircraft's
full-mission-capable rate averaged better
than 90%, with each aircraft amassing an
average of more than 90 flight hours per
month.

Several F/A-18s were hit by surface-to-
air missiles, but most were able to return
to base flying on a single engine. A total
of three US-flown Hornets were lost dur-
ing the seven-week war, one to noncom-
bat causes.

Canada deployed 26 C~18sfrom Lahr,
Germany, to the gulf.

SPECIFICATIONS -

MANUFACTURER McDonnell Douglas/
Northrop

CREW 1 (2 in F/A-18B/D)

ENGINES 2 General Electric F404-
GE-400 turbofan
maxpower 16,000 Ib (7,257 kg) static

thrust each with

afterburner
internal fuel capacity
approx 1,700 US ga
(6,435 liters)
WEIGHTS
empty 23,050 Ib (10,455 kg)

max weapons load
17,000 Ib (7,711kQ)
fighter: 36,710 Ib (16,651
kg)
attack: 49,224 1b (22,328
kg)
overload: 56,000 Ib
(25,401 kg)

takeoff

DIMENSIONS
wingspan over AIM-9 missiles: 40 ft
5in (1232 m)

without missiles or tip
launchers: 37 ft6in
(11.46m)

folded for storage: 27 ft 6

in (8.38 m)

length 56ft (17.07m)
height 15 ft 3M>in (4.66 m)
wingarea 400 ft* (37.16 m?)
PERFORMANCE
max speed  Mach 1.8+
launch Wind Over Deck (WOD)
35 kts (40 mph; 65 km/
h
recovery WOD )
19 kts (22 mph; 35 km/
h)
climbrate 45,000 ft/min (13,716
m/min)
accelerationfrom Mach 0.8 to Mach 1.6
at 35,000ft (10,670m)
less than 2 minutes
ceiling 50,000 ft (15,240 m)
combat radius
F/A-18A fighter: more
than 400 nm (460 mi;
740 km)
F/A-18A attack: more
than 575 nm (662 mi;
1,065 km)
F/A-18Cwith41,000-1b
(454-kg) Mk 83 bombs,
2 Sidewinders, 2 330-
US gal (1,249-liter)
drop tanks, and
external sensors: 290
nm (334 mi; 537 km)
F/A-18C time on station
at 150 nm (173 mi;
278 km) with6 AAM, 3
330-USgal (1,249-
liter) drop tanks:
14hr
ferry range more than 2,000 nm
(2,303 mi; 3,706 km)
M61 20-mm 6-barrel gun
(570 rounds)
attack: 17,000 Ib (7,711
kg) of bombs, rockets,
AIM-7 Sparrow, AIM-9
Sidewinder, AIM-120
AMRAAM air-to-air
missiles, AGM-65
Maverickland-attack,
AGM-84 Harpoon
antiship missiles

armament



fighter: 2 Sidewinder + 4
Sparrow AAM

AN/APG-65 multimode
digita

radar

Lightning(Advanced T actical
Fighter/ATF/F-22A)

The US Air Force Advanced Tactical
Fighter (ATF) program selected afront-
line fighter to succeed the 15 Eagle
through acompetition between the L ock-
heed/Boeing/General Dynamics Y F22A
and the Northrop/McDonnell Douglas
YF23A designs, won by the YF-22A.

The Lockheed/Boeing/General Dy-
namics YF-22 desgn has near-delta
double-taper wingswithmovableleading-
edge flaps that extend from outboard of
the intakes to the tips a the inboard
edge, both the flap and the fixed leading
edge have anotch to reduce radar reflec-
tivity when theflapsare deployed in com-
bat maneuvers.

Theforward-tapered trailing edges are
lined with flaps and ailerons. In the pro-
totype, leading-edge sweep is 48°, with
the trailing edge sweeping forward at 17°
angle.

All-moving horizontal stabilators are
carried on short stubs outboard of the
rectangular, thrust-vectoring engine noz-
Zles. Their leading edges are pardle to
the wing leading edges, just as their trail-
ing edges parallel those of the mainwing.
From being roughly triangular in the pro-
totype, the tailplanes are more lozenge-
shaped in EMD design, but also measure
about 68 ft* (6.32 m?). Each edge dill
parales another horizontal or vertical
surface.

On the prototype, a single-piece tear-
drop canopy is perched high on the
blended wing/body and has a distinct
peak. Forebody shaping consists of a
deep-keeled lower half and rounded up-
per hafwith a "seam” or chine running
aong each sde of the forward fuselage
from the nose aft to the top of theintake.
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Viewed from above, the wing/body
blending shows a large fuselage area for
engines, ducting, and fuel tankage be-
hind the narrower forebody. Seen from
the side, the large vertica tails and
peaked canopy reduce the prototype's
apparent size and give it a stubby look.

The developed aircraft looks leaner for
severd reasons the nose is longer, the
canopy is reshaped and moved forward,
the intakes have been moved &ft to be-
hind the cockpit, the vertical tails are
smadller, and the landing gear isrelocated
aft to maintain its relation with the air-
craft's center of gravity.

The intakes lead aft and toward the
centerline in an S-curve to feed the en-
gines mounted side by side between the
tals. Two Pratt & Whitney F119 two-
spool, low-bypass turbofans with contra-
rotating high- and low-pressure turbines
power the ATF.

The top surfaces of the intakes are po-
sitioned as Leading-Edge Root Exten-
sions (LERX) for each wing; the forward
upper edges have the same sweep as do
the wing's leading edges.

Behind the missle bays are the main-
landing-gear bays. The singlewhed gear
extendsdown and dightly outward andis
enclosed by doorswith serrated edges to
reduce their radar signatures. The single-
wheel nose gear retractsto the rear under
the cockpit in the prototype. Moving the
nose gear aft from the prototype requires
the gear to retract forward. Each wing
skin is a single piece of thermoplastic
composites, the midbody skin is a ther-
moset piece.

Reiabilityisaso strongly stressed. Inte-
grated combat turnaround time for the
ATF should be haf that of the F15 Eagle.
Fewer maintenance personnel and cargo
aircraft will be required to support the
ATF, much more of the equipment isin-
tended to be field-repairable, and vir-
tualy dl of the systems are at ground
level. An Auxiliary Power Unit (APU) is
fitted in the rear of the fuselage between
the engines.
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Principal requirements of the Elec-
tronic Combat (EC) suitewill beto detect
hostile emitters, counter them, and defeat
hostile countermeasures; much of its op-
erationwill bepassive. Many elementswill
use emitters and receivers that are aso
used by the navigation or radar systems.

The aircraft's avionics have the Hughes
Common Integrated Processor (GIF)
with 32-bit technology, Harris databusin-
terfaces, Sanders graphic-video inter-
faces, and General Electric liquid-crysta,
flat-panel displays. Sanders and GE are
teaming up on an Integrated Electronic
Warfare System (INEWS) linked to the
Hughes CIP. General Dynamicsisleading
development of the Inertial Navigation
System (INS).

Armament will consist of BVR Air-to-
Air Missiles (AAM) such asthe AIM-120
AMRAAM aswell as shorter-range dog-
fight AAMsandaninternal gun. Thedog-
fight missilesare housed in inlet sdewall
bays. Two sde-by-sde belly bays have at
least two weapons stations each for mis-
siles the size of an AMRAAM.

DEVELOPMENT ¢ The unofficial nick-
name for the YF-22 is Lightning 2, after
the Lockheed-built P-38 twin-€ngine
fighter of WorldWar 1. Rumorswerethat
the chosen name was Superstar. The air-
craft is in Engineering and Manufactur-
ing Development (EMD). Selected over
the YR23A for EMD on April 23, 1991

Y F-22 (El 20 engines) rolled out on Au-
gust 29,1990; taxi tests began September
19, leading to first flight on September
29, 1990. The second YF-22 prototype
(F119 engines) first flew on October 30,
1990.

First flight in the second series of tests
came on October 30, 1991. This aircraft
crashedApril 25,1992, during alow-speed
pass. Lockheed claimed that 90% of the
program objectives had been met. The
crash of the prototype was not imme-
diately seen as damaging to the program,
but the aircraft ultimately may never be
built.

VARIANTS « Naval ATE

SPECIFICATIONS -
MANUFACTURER L ockheed/Boeing/
General Dynamics
WEIGHTS
operational empty
34,000 Ib (15,422 kg)
combat loaded
62,000 Ib (28,123 kg)
ENGINES 2 Pratt & Whitney YF119-
PW-100 turbofan
max power  30,000-35,000 1b
(13,608-15,876 kg)
static thrust each
internal fuel capacity
25,000 Ib (11,340kg)
DIMENSIONS
wingspan prototype: 43 ft (13.11
m)
EMD: 44 ft6in (13.56m)
prototype: 64 ft 2 in
(19.56m)
EMD: 62ftVzin (18.91
m)
prototype: 17 ft 9 in (5.41
m)
EMD: 16ft6in (5.03m)
wingarea 830 ft? (77.11 m?)
PERFORMANCE
max cruise without afterburner
approx Mach 15
Hughes AN/APG-77

length

height

radar

Phantom (F-4)

The Phantom is one of the most versatile
and widely flown fighter and attack air-
craft of the jet era. It is a two-seat twin-
engine, multirolefighter thatisaso often
used as a reconnaissance aircraft. Origi-
nally developed for the US Navy, the
Phantom was adopted by the Air Force as
well as the Marine Corps and a number of
other military forces.

The Phantom's design was governed by
the need to combine high speed and
long range, requiring a large and heavy
aircraft, with the ability to take off and



land on aircraft carriers. The resulting
design has atandem cockpit for the pilot
and radar intercept officer, extensive in-
ternal fuel tankage, a large nose radar,
and up to eight Air-to-Air Missiles
(AAM), of which sx can be medium-
rangeAlIM-7 Sparrows.

The configuration of thewings and tail
group took unusua shape in an effort to
obtain the desired low-speed handling.
The wing planform is a swept delta, the
leading edge having greater sweep than
the trailing edges. The outer panels have
12° dihedral and 10% greater chord, cre-
aing a "sawtooth" leading edge. On na
va Phantoms, the wings fold at the
dihedra break for handling aboard car-
riers. The inboard leading edge was
drooped at low speedsin the earlier vari-
ants, later versons have leading-edge
dats on both inboard and outboard sec-
tions as well as drooping inboard
"flaperons' on the trailing edge. The
wings gain further lift at low speed
through Boundary-Layer Control (BLC)
that passes engine bleed air over the lead-
ing and trailing edges.

The short, sharply swept fin and rud-
der are mounted on aboom above and to
the rear of the two variable-area nozzles.
In line with the fin are the al-moving
stabilators, which have a"cropped delta’
planform and 23° anhedral; later variants
have leading-edge dots in the tailplanes.

The two General Electric afterburning
turbojets are housed side by side in the
fuselage behind the cockpit. Air is fed
through narrow "cheek" intakes that are
headed by variable boundary-layer split-
ter panels. The aircraft can be refueled in
flight, either through extendable probe
(naval variants) or aboom receptacle lo-
cated behind the cockpit.

The F-4'sfire control radar has evolved
in a series of Westinghouse radars begin-
ning with the AN/APQ-72 and AWG-10
and passing through the APQ-100, -109,
and -120. Avionics have been continually
updated during the aircraft's lifetime.
The GEC Avionics Standard Central Air
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Data Computer (SCADC) has been fit-
ted. Many aircraft were fitted with Gen-
era  Electric AN/ASG-26A  Lead-
Computing Optical Sight (LCOS) and
with Infrared (IR) scanners, and severd
hundred Northrop AN/ASX-1 Target
Identification System Electro-Optica
(TISEO) passive, daytime automatic tar-
get acquisition and tracking systems have
been mounted on the port leading edge
of USAIr Force F-4s.

The F4 was designed specificaly for
carrier operation as a missile or bomb
carrier and was not initially fitted with an
integra gun; F-4B/C/D/J variants often
carried a Mk 4 gun pod bearing aMk 11
twin-barreled 20-mm cannon on the cen-
terline weapons station. F-4Eswere built
with a 20-mm M61 Vulcan Gading can-
non mounted in the nose below the ra-
dome. When armed asan interceptor, the
F4 carries four Sparrow AAMs in semi-
recessed fuselage dations, two more
Sparrows or four Sidewinder AAMs can
be carried on the inboard wing pylons.

A centerline hardpoint and two pylons
under each wing can carry up to 16,000
Ib (7,257 kg) of bombs, land-attack mis-
siles, rocket pods, and fuel tanks. Pylon-
borne sensors include Ford Aerospace
AN/AVQ-26 Pave Tack target designa
tion pod, Westinghouse AN/ASQ-153
Pave Spike laser tracking and designa
tor pod, Hughes AN/AXQ-14 weapons
control system pod for the GBU-15
command-guided bomb, reconnai ssance
pods, and Electronic Countermeasures
(ECM)pods.

The Phantom has been a landmark
military aircraft whose design was the
benchmark for every other fighter air-
craft design for several decades. Its size
dlows it to carry large payloads over long
distances, and its speed is still competi-
tive with most operational fighters. The
F4 is ruggedly built, which increases its
combat survivability andjustifiesrebuild
programs that will carry it into the next
century.

The Phantom's ligbilities are its large
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radar cross section, unstealthy angularity,
smoky engines (in many earlier variants),
utility hydraulicsthat failed regularly, and
unwieldinessin tight-turning combat.

DEVELOPMENT -« Initial operational
capability was in 1961; first flight was on
May 27,1958. Theorigina USNavy desig-
nation was AH-1; it was changed to F4H
during development. Theorigina USAir
Force designation was F-110. All changed
to 4 seriesin 1962.

US production reached 75 aircraft per
month in 1967 and ended in 1980 after
5,195 were produced. (Japanese produc-
tion of 138 F4EJk ended in 1981.) Almost
2,700 are till in service, and upgrade
programs are under way in severa coun-
tries.

The F4 was till in service in the
USAF, Air Force Reserve, Air National
Guard, and USMC reserve units. The F4
was phased out of US Navy service in late
1986 (its last carrier landing occur-

U.S. Air Force F4G Phantom Il Wild Weasdl

U.S.GOVERNMENT DEPARTMENT OF DEFENSE

ring on October 18). The last active Ma
rine Corps sguadron converted to
F/A-18 Hornets in February 1989. The
Roya Air Forceretired itslast F4 in Sep-
tember 1992. Other countries flying the
F4 are Greece, South Korea, Iran, Spain,
Egypt, Israel, Turkey, Germany, and
Japan.

VARIANTS ¢ XFH-1/YF4H-1  (proto-
types), F4A (development aircraft), F-4B
(first production variant for USN and
USMC), F4C (first variant for US Air
Force), 4D, F-4E, F-4EXKa (Japanese),
F-4EJ (reconnaissance), Isradli F4E Wild
Wesasel (air defense suppressor), F-4F
(Germany), F4F Improved Combat Ef-
fectiveness(I CE),F-4G (carrier modifica-
tion), F4G Wild Weasd (Electronic
Warfare/EW), F4J (USN), F4K/FG1
(Royal Navy), F-4AM/FGR2 (RAF), F-4N,
F4S, RF4 (reconnaissance), Kornas
2000/Super Phantom (Israeli-developed
upgrade), F-4VG/F-4X (proposal).




COMBAT EXPERIENCE ¢ US Navy and
Air Force Phantoms saw extensive com-
bat service in Vietnam, Navy beginning
on August 5, 1964, and Air ForceinJune
1965.

The Isragdi Air Force (IAF) has used
F4s extensively in Middle East conflicts
beginning in October 1969 during the
"War of Attrition." In the Yom Kippur
War of October 1973, F4s flew most of
the 500 deep-strike missions mounted by
the IAF. During the 1982 Peace in Gdlilee
Offensive into Lebanon, F4s were cred-
ited with destroying most of the Syrian air
defense network in the Bekaa Valley.

During the 1980-88 Gulf War with
Irag, the performance of lIranian Air
Force F-4s was impeded by difficultiesin
obtaining spare parts, particularly for the
radar and engines. One is sad to have
been shot down by an Iragi Mi-24
Hind.

USA.ir Force F-4sstationed at Clark AB
in the Philippines patrolled the airspace
on December 1, 1989, during a coup a-
tempt against the government. The F4s
were authorized to attack any rebd air-
craft that launched from rebel-held Phil-
ippine airbases. No hostile action was
necessary.

No F4s were used by any country dur-
ing Operations Desert Shield and Desert
Storm; however, some RF4C and F4G
Wild Weasd aircraft flew for the US Air
Force.

SPECIFICATIONS (F-4S)
MANUFACTURER McDonnell Douglas
CREW 2 (pilot, radar intercept officer)
ENGINES 2 General ElectricJ79-GE-10
turbojet
maxpower 17,900 Ib (8,119 kg) static
thrust each
internal fuel capacity
2,000 US gd (7,570 liters)
WEIGHTS
empty 30,776 Ib (13,990 kg)
max takeoff 56,000 Ib (25,455 kg)
DIMENSIONS
wingspan 38ft5in (1171 m)
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length 58 ft 3in (17.76m)
height 16 ft 3in (4.96 m)
wingarea 530 ft* (49.20 m?)

PERFORMANCE
max speed  clean, at 36,000 ft (10,973
m): |,260kts (1,450
mph; 2,334 km/h) or
Mach 2.2

sealevel, with Sparrows
only: 790 kts (910 mph;
1465 km/h) or Mach
12

low-level penetration speed with 4,750-Ib
(2,155-kg) weapons load

545 kts (628 mph; 1,010
km/h)

28,000 ft/min (8,534
m/min)

71,000 ft (21,641 m)

228 nm (262 mi; 422 km)
(fighterrole)

136 nm (157 mi; 252 km)
(attack role)

1,600 nm (1,841 mi;
2,963 km) external fuel

various options,
including:

1 20-mm cannon (Mk 11
in Mk 4 external gun
pod or internal M61
V ulcan Gading)

4 AIM-7 Sparrow + 4
AIM-9SidewinderAAM
+ 6 X 500-b (227-kg)
bombs

or4 Sparrow + 8 X 1,000-
Ib (454-kg) bombs

or AGM-65 Maverick

Westinghouse series of
digital radar/fire
control systems

climb rate

ceiling
radius

range

armament

radar

Tiger I1/Freedom Fighter (F-5)

The F5 is a lightweight, supersonic air-
craft developed as an inexpensive, easily
maintained fighter capable of operating
from unimproved airfields. It was origi-
nally offered as a candidate for aUS light-
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weight fighter but foundvirtually al of its
market overseas. Although itissimilarin
appearance, the F-5E Tiger represented a
significant improvement over the earlier
F-5A. The T-38 Talon supersonictrainer is
similar to the F-5 in most respects.

The F-5s smdl, thin wing is mounted
low on thefuselagewell aft of the cockpit.
It has a 24° leading-edge sweep, leading-
edge flaps, and singledotted trailing-
edge flaps inboard of the inset ailerons.
The wingtips have long missile rails. On
the F-5E Tiger, the leading- and trailing-
edge flaps have automatic combat-
maneuver settings to increase turn rate.
The F-5E ds0 has a Leading-Edge Root
Extension (LERX) with compound
sweep that improves the aircraft's han-
dling a high angles of attack. Turn
rates—both continuous and peak—
increased by more than 30% over the
F5A.

The tail-group shape and position have
remained constant throughout F5 devel-
opment. The double-taper fin has a two-
section inset rudder; the cropped-delta,
al-moving tailplanes are mounted at the
bottom of the fuselage in line with the
fin. Controls are assisted by two indepen-
dent hydraulic systems, and the aircraft is
fitted with a stability augmentation sys-
tem.

The two JB5 turbojet engines are
buried sde by side in the aft fuselage,
with the afterburning nozzles extending
well beyond the tail group. The air in-
takes are located low on either side of the
fusdlage. A boundary-layer splitter plate
is fitted on the fuselage side of each in-
take, and the lip is curved aft asit moves
away from the fusdlage. The Tiger has
uprated J85s and auxiliary inlet doors for
takeoff and low-speed flight. Internal fuel
tankage is confined to the fuselage. Ira-
nian F-5s were fitted with a "buddy” re-
fueling system in 1938 that permits one
F-5 to refuel another.

The fuselage has a long pointed nose
that dopesup to alow canopy; behind the
canopy, athick dorsal spine slopes down

to the tail. The nose shape has varied,
with some aircraft being fitted with aflat-
tened "shark nose”; the RF5E Tigereye
reconnaissance variant has a chisd-
shaped nose with an underslung pallet
for cameras.

The main-landing-gear struts retract in
from midwing pivots, the wheels being
housed in fuselage wells. The nose gear
in many F5As and al F-5E/Fs has a two-
position strut to raise the static angle of
attack by SVS’, thereby increasing the
wing's lift and shortening takeoff roll.
Sde-by-dde air brakes are mounted on
the fusel age bottom, forward of the land-
ing gear.

The single-seat cockpit of the F5A and
F5E is enclosed by a single-piece canopy
that is hinged at the rear. The two-seat
F-5B trainer and F-5F trainer-interceptor
have two canopy sections that are hinged
to the side.

The F-5E is equipped with an Emerson
Electric AN/APQri53 or -159 pulse-
Doppler radar. The F5F has the Emer-
son Electric APQ-157. In addition to a
more comprehensive communications
and navigation fit, the F5E aso has the
General Electric AN/ASG-29 or -31
Lead-Computing Optical Sight (LCOS),
acentrd ar data computer, and an atti-
tude and heading reference system. Sev-
era F-5E users have the Litton LN-33
Inertial Navigation System (INS); Saudi
arcraft have General Instruments AN/
ALR-46Radar-WarningReceiver (RWR),
Tracor AN/ALE-40 countermeasures
dispenser, and Hughes AGM-65 Maver-
ick missiles. Swiss and South Korean air-
craft are being refitted with the Dalmo
Victor AN/ALR-87 threst-warning sys
tem. Severa air forces have avionics up-
grades under way or planned (see
Variants).

Armament consistsof two Pontiac-built
M39 20-mm cannon in the upper nose.
(The F-5F has one M39 cannon, the other
having been removed to make room for
camera pallets) Each wingtip missile
launch rail carries an AIM-9 Sidewinder



Air-to-Air Missle (AAM). All variants
have one centerline hardpoint and four
wing pylonsfor external stores, including
AAM, air-to-ground missiles, bombs, gun
pods, rocket pods, and external fuel
tanks.

DEVELOPMENT e« TheF-5A achievedits
initial operational capability with the US
Air Force in 1964; the F-5E in 1973. First
flight of Northrop N-156 was on July 30,
1959. F-5A through D variants continue to
serve with many other countries. The US
Navy and Air Force have flown F-5E/F air-
craft for aggressor training. The US Ma
rine Corps adversary squadron replaced
its F21A Kfir fighters with F-5E aircraft,
completing the changeover in fall 1989.

A tota of 879 F-5A/Bs were built by
Northrop, and 320 F5A variants were
built by Canadair in Canadaand CASA in
Spain. More than 1,400 F-5E/Fs were
built, including license assembly by Ko-
rean Air in South Korea, F+W in Switzer-
land, and AIDCin Taiwan. 2,600 F-5shad
been built in the US when production
ended in February 1990; the last eight
(for Singapore) were assembled from
factory spares. More than 1,800 remain
in service.

Ethiopian F-5A, -5E, and -5F aircraft
had been unserviceable for severa years
before they were discarded in 1990. Royal
Netherlands Air Force NF-5swere in ser-
vice from 1969 to March 15, 1991. 60
Roya Netherlands AF NF5s were do-
nated to the Turkish Air Force, 12 to the
Greek Air Force, and seven were sold to
Venezuela

The F5 series is one of the most suc-
cessful exampl es of aWestern lightweight
fighter design to have entered service. It
is approximately the same size and weight
asthe MiG-21 Fishbed, but differsin hav-
ing a lower maximum speed, higher
weapons payload, and more tractable fly-
ing qualities at low fuel states.

The Freedom Fighter isflown by about
15 countries throughout the world; the
Tiger isflown by over 20 nations.
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VARIANTS « F5A (Freedom Fighter),
F5B (trainer), CF5A/D (Canadair/
CF-116), NF-5A/D (Canadair-built for
the Netherlands), Norwegian F-5A/-5B
Upgrade, Norwegian Tiger Upgrade Pro-
gram for Avionics Weapon and Systems
(PAWS), F-5E/F (Singapore Upgrade),
SF-5A/D  (CASA-built), F5E Tiger |l
(second-generation), F5F (trainer),
Chegoong-Ho (Air Master/South Ko-
rean F-5F), Chung Cheng (Taiwanese
F-5E), RF-5E Tigereye (reconnaissance),
upgrade variants. Chile, Jordan, South
Korea, Thailand, Venezuela;, F-5G, T-38
Talon (trainer).

COMBAT EXPERIENCE ¢ Saudi Ara
bian F-5Es flew training missions during
the 1991 Operation Desert Storm; one
F-5E was logt to noncombat causes.

SPECIFICATIONS -
MANUFACTURER  Northrop
CREW 1 (2inF-5B/F)
ENGINES
F5A: 2 Generd ElectricB5-GE-13 tur-
bojet
F-5E: 2 General Electric85-GE-21B
turbojet
maxpower F5A dry: 2,720 1b (1,234
kg) static thrust each
F-5A with afterburner:
4,080 Ib (1,851kg)
static thrust each
F-5E with afterburner:
5,000 Ib (2,268 kg)
static thrust each
internal fuel capacity
FbHA: 583 USgd (2,207

liters)
F5E: 677 USgd (2,555
liters)
WEIGHTS
empty F5A: 8,085 Ib (3,667 kg)

F-5E: 9,723 1b (4,410kg)
max weapons |oad

F-5A: 6,200 Ib (2,812 kg)

F-5E: 7,000 Ib (3,175 kg)
max takeoff F-5A: 20,576 Ib (9,333 kg)

F-5E: 24,7221b (11,214 kg)
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DIMENSIONS
wingspan  F5A: 25 ft 3in (7.7 m)
F5E: 26 ft 8in (8.13 m)
length F5A: 47t 2in (14.38 m)
F5E: 47ft4%in (14.45
m)
Aeigfa F5A: 13 ft 2 in (401 m)

F5E: 13ft4in (4.06 m)
wingarea  F5A: 170 ft® (15.79 m?)
F-5E: 186 ft? (17.3 m?)
PERFORMANCE (at 13,350 Ib/6,055 kg)
max speed at 36,000ft (11,000 m)
F-5A: 803 kts (925 mph;
1489 km/h) or Mach
14
F-5E:935kts (1,077 mph;
1,733 km/h) or Mach
164
typical cruise 488 kts (585 mph; 904
km/h) or Mach 0.85
F5A: 128 kts (147 mph;
237 km/h)
F-5E: 124 kts (143 mph;
230 km/h)
climbrate F5A: 28,700 ft/min
(8,748 m/min)
F-5E: 34,500 ft/min
(10,516 m/min)
51,800 ft (15,789 m)
F-5A, hi-lo-hi with max
payload and combat
reserves. 170 nm (195
mi; 314km)
F-5E, lo-lo-lowith 5,200-1b
(2,358-kg) payload and

stall speed

ceiling
radius

ROTARY WING

Apache(AH-64)

The AH-64 is the US Army's principal
gunship/antitank helicopter. It was the
winner in the 1973-76 competition for
an Advanced Attack Helicopter (AAH),
beating out the Bell YAH-63 entry. The
AH-64 is intended primarily for the anti-
tank role, with an all-weather/night oper-

combat reserves. 120
nm (138 mi; 222 km)
F-5E at 15,000 ft (4,575
m), max fuel, 2 AAM,
combat reserves: 570
nm (656 mi; 1,056 km)
ferry range, tanks dropped
F5A: 1,359 nm (1,565 mi;
2,519 km)
F-5E: 1,545nm (1,778 mi;
2,861 km)
2 M239A2 20-mm cannon
with 280 rounds each
and2 AIM-9 Sidewinder
AAM onwingtip
launchers
and up to 6,200 1b/7,000
Ib (F-5A/F-5E) of
mixed ordnance on 4
underwing and 1
underfusel age stations
including:
1 1,9851b (900-kg) bomb
1AGM-65Maverick ar-to-
surface missle
9 500-1b (227-kg) bombs
submunitions dispensers
rocket pods
up to 3 GPU-5 30-mm
gun pods
up to 3 150- or 275-US ga
(568- or 1,041iter)
drop tanks
radar, F-5E AN/APQ-153 or-159 I/F
band pulse Doppler

armament

ating capability. It is relatively fast and
maneuverable, carries a large antiarmor
weapons load, has reduced radar and In-
frared (IR) signatures, is damage-
resistant against most small and medium
antiaircraft artillery, and is crashworthy.

The four-blade main rotor assembly



consgs of a hollow mast with an inertia-
welded nickel-stedl driveshaft. Each blade
hasfive stainless-stedl spars, stedl leading
edge, stainless-sted skin, and composite
trailling edge. The blade design featuresa
high-lift airfoil section and swept tips, the
20° sweep at the tips delays com-
pressibility and improves the stability of
both advancing and retreating blades.

The blades are linked to the hub arms
with 22-ply-laminate strap packs. Two
lead-lag dampers are fitted to each hub
arm, and the flapping hinge is offset to
4% of blade radius to augment control
power. The blades can befolded for trans-
port by large cargo aircraft.

The antitorque rotor has two two-blade
teetering rotors with a relatively low tip
speed, which reduces tail rotor noise,
and a 4,500-hour fatigue life. The ti-
tanium fork assembly carries one sat of
blades in elastomeric bearings above the
plane of the other and a a 60°/120° an-
gle. The tailplane had originaly been
mounted at the top of the tail. After tests,
the broad, al-moving surface was relo-
caed to near the base of the pylon. It
adjusts automatically to provide a level
attitude during Nap of the Earth (NOE)
flight.

Primary flight control is by hydraulic
actuation; a Sperry Fly-by-Wire (FEW) is
provided as a backup. Stabilization is by
the Sperry Digita Automatic Stabiliza
tion Equipment (DASE). Manufacturer
McDonnell Douglas Helicopters claims
that the AH-64 can move laterally and to
the rear at speeds up to 45 kts (52 mph;
83 km/h). Maximum load factors are
+3.5 g/—0.5 g; the positive load factor is
reduced to 2.4 g with a 3,350-Ib (1,520
kg) weapons load.

The two turboshaft engines are
shoulder-mounted on the fuselage be
hind the main rotor mast. Each engineis
fitted with a "black hole" passve IR ex-
haust suppressor.

The fuselage is designed to be crash-
worthy in vertical crashes of up to 42-ft/
sec descent; the crew compartment isfur-
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ther protected by progressve deforma
tion of the rest of the airframe, which
absorbs additional energy. The entire air-
frame is designed to be invulnerable to
12.7-mm rounds. In addition, most vita
components can sustain hitsfrom 23-mm
rounds and continueflyingto asafe land-
ing.

The pilot and copilot/gunner sit in
tandem, Kevlar-armored seats sur-
rounded by boron armor and under a
heavily framed canopy. Thecanopy frame
is designed to act as aroll cage, and the
glazing between the crew members is
impact-resistant; the glazing is not bal-
ligticaly tolerant. The pilotisin the rear
seat, which is 19 in (480 mm) above the
copilot/gunner's. The front seat has a
full set of flight controlsthat are typically
stowed under the front sight.

The landing gear is fixed with the
main, trailing-arm struts below the pilot's
position and the tail gear extending be-
yond the tail rotor pylon. Detachable
stubwingsarefittedto thefuselagebelow
the main rotor mast; each wing has two
wegpons pylons.

The core of the avionicsfit is the Mar-
tin Marietta Target Acquisition and Des-
ignation  Sight/Filot's Night Vison
Sensor (TADS/PNVS) linked to the Hon-
eywell Integrated Helmet and Display
Sght Sysem (IHADSS) worn by both
crew members. The turrets for the TADS
and PNV'S systems are fitted in the nose
of the Apache. The upper PNVS turret
contains a Forward-Looking Infrared
(FLIR) sensor directly linked to the
IHADSS and traverses with the user's
head movements. Azimuth range is
+/-90% eevation is +20°/-45°. The
lower TADS turret is divided verticaly;
the left hdf has direct vison optics with
two fidds of view (4° and 18°) above a
daylight TV with 0.9° and 4° fieldsof view.
The right half has aFLIR sensor. TADS is
dso fitted with a laser spot tracker and
laser designator. Azimuth coverage is
+/-120°, eevationis +30°/-60°. TADS
imagery is relayed to the copilot/gunner
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through an optical relay "tube" that re-
semblesasmall console; it hasboth Head-
Down and Head-Up Displays (HDD/
HUD).

The three principal weapons systems
on the Apache are the McDonnell Doug-
las Helicopters M230 30-mm Chain Gun,
Rockwell AGM-114 Hellfire laser-guided
antitank missiles, and Hydra 2.75-in (70-
mm) rocket pods. The Chain Gun is fit-
ted in a turret below the cockpit; turret
traverse is +/—100°, elevation is
+11%—60°. Ammunition is fed from a
1,200-round pallet fitted under the main
rotor assembly; operational experience
has shown that a 380-round ammunition
load is best. The stub pylons can carry up
to 16 Hellfire missiles, although aload of
eight is more typical. As an aternative
load, up to four 19-rocket Hydrapods can
be carried.

Toimproveitsself-defensecapabilities,
the Apache was tested in November 1987
with Loral Aeroneutronic AIM-9 Side-
winder Air-to-Air Missiles (AAM) fitted
on stub wingtip rails. The usual AAM fit,
however, isthe Air-to-Air Stinger (ATAYS)
adaptation of the General Dynamics
FIM-92 Stinger shoulder-fired surface-to-
air missile. Shorts (UK) Starstreak and
Matra Mistral air-to-air and AGM-122
Sidearm antiradar missiles are dso com-
patible.

DEVELOPMENT e« The Apache's initial
operational capabilitywasin 1985. Its first
flight was on September 30, 1975, and its
first production rollout was in January
1984; the 500th production aircraft was
rolled out on September 15, 1989. The
first squadron of Apaches stationed in
Europe arrived in August 1987 as part of
REFORGER '87. A total of 975 AH-64A
Apaches had been planned for procure-
ment through FY 1992, equipping 27 at-
tack helicopter battalions. With the
defense drawdowns following the col-
lapse of the Soviet Union, the figure was
again reduced under former Defense
Secretary Cheney.

Since its service entry in 1985, the
Apache has been the most advanced com-
bat helicopter in service as well as pla
gued with rdliability shortcomings in
severd key areas. Severa studies con-
ducted by the General Accounting Office
(GAO) found many faults with the
Apache, both mechanical and with its
electronics.

Severd countries have purchased the
Apache: Bahrain, Egypt, Greece, Israd,
Kuwait, Saudi Arabia, and the United
Arab Emirates.

VARIANTS ¢ Multistage Improvement
Program (MSIP), AH-64B, AH-64C/D
Longbhow  Apache  (mast-mounted
millimeter-wave radar), Naval Apache
(shipboard/not funded).

COMBAT EXPERIENCE ¢ In Decem-
ber 1989, 11 Apaches flew 200 hours of
missions in support of the US military
operation Just Cause to remove Panama
nian General Noriega from power; 66%
of the flying time was at night. According
to the US Army, three AH-64s were dam-
aged by ground fire and one aircraft took
32 7.62-mm hits, but they were back in
service within 24 hours. The Army re-
ported that Hellfire missiles used against
fixed targets, including General Nor-
iega's headquarters, were very accurate
and effective.

In August 1990, Apaches from the
1014 Airborne Divison (Air Assault)
were sent to Saudi Arabia as part of the
US response to the Iragi invasion and
annexation of Kuwait. Accounts of their
degree of readiness varied from 70%
to 90%.

Eight Apaches were used to attack
early-warning radar sites in western Iraq
on a round-trip of 950 nm (1,094 mi;
1,759 km) that opened Operation Desert
Storm's ar war. The mission, which
cleared an attack lane for precision
strikes, achieved complete surprise and
within two minutes had scored 15 hits
withHellfiremissiles.



Additional reports during Desert
Storm suggest that the Apache per-
formed very well, whether alone or when
flown in concert with the A-10. When the
ground war was launched, Apaches led
the 101« Airborne's airlift into Irag. Dur-
ing the ground assaults against Irag's
Republican Guard formations, some
AH-64s hit and destroyed severd tanks
with asingleload of eight Hellfires. Over-
dl, Apaches fired 2,876 Hellfires during
Desert Storm. The 4th Battalion of the
229th Aviation Brigadewas credited with
50 tanks in a single battle.

Serviceability reportedly remained
high, and the Apache ended the cam-
paign with an enhanced reputation.

SPECIFICATIONS -
MANUFACTURER McDonnell Douglas
Helicopters
CREW 2 (pilot, copilot/gunner)
ENGINES 2 Genera Electric T700-
GE-701 or -701C turboshaft
max power 1,695 shp (-701) or 1,890
shp (-701C) each
internal fuel capacity
376 USgd (1,422 liters)
WEIGHTS
empty 10,760 Ib (4,881 kg)
primary mission gross weight
14,445 b (6,553 kg)
with 3,350 Ib (1,520 kg) weapons load
and 2,500 Ib (1,134 kg) offuel
17,650 Ib (8,006kg)
ferry mission 21,000 Ib (9,525 kg)
DIMENSIONS
rotor diam 48 ft (14.63 m)

length 48 ft 2 in (14.68 m)
height top of rotor: 12 ft 7in
(3.84 m)
top of air data sensor: 15
ft 3/?in (4.66 m)
discarea  1,8095 ft* (168.1 m?)
PERFORMANCE

(Army Hot day = 95° F/(35° C at
4,000 ft/1,220m)
speed max
clean: 164 kts (189 mph;
304km/h)
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Army Hot day: 147-155
kts (169-178 mph;
272-287 km/h)
Euro theater, 2,000 ft
(610 m) at 70° F (21°
C): 148-153kts(170-
176 mph; 274-284
km/h)
€con cruise
sealevel, standard day:
128 kts (147 mph; 237
km/h)
Army Hot day: 119 kts
(137 mph; 221 km/h)
rate of climb max
standard day: 3,200 ft/
min (975 m/min)
Army Hot day: 2,750 ft/
min (783 m/min)
max, vertical
standard day: 2,460 ft/
min (750 m/min)
Army Hot day: 1,450 ft/
min (442 m/min)
standard day
2 engines: 21,000 ft
(6,400 m)
1 engine: 10,800 ft (3,292
m)
Army Hot day
2 engines: 10,300 ft
(3,139 m)
1 engine: 6,400 ft (1,951
m)
hovering ceiling in ground effect, 14,445
Ib (6,553kg)
standard day: 15,000 ft
(4,572 m)
Army Hot day: 10,200 ft
(3,109 m)
hovering ceiling out ofground effect,
14,445 1b (6,553 kg)
standard day: 11,500ft
(3,505 m)
Army Hot day: 7,000 ft
(2,134m)
internal fuel: 260 nm
(300 mi; 482 km)
ferry: 918 nm (1,057 mi;
1,701 km)

ceiling

range
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armament 1 M230 Chain Gun 30-
mm cannon in belly
turret with 1,200
rounds

4 wing pylonsfor up to
16 Hellfire antitank
missiles or 76 2.75-in
(70-mm) rocketsin 4
pods

and 4 FIM-92 Stinger air-
to-air missiles

Sioux/Scout (OH-13)

The OH-13 (adso known asthe Bell 47) is
one of the most widely used helicopters
inhistory. Itisatwo-sedt, light utility heli-
copter that has been adapted for use in
the wire-laying, liaison, medical evacua-
tion, training, and Antisubmarine War-
fare (ASW) roles.

The OH-13 has a simple two-blade
main rotor with a stabilizer bar mounted
below the main rotor plane and at a 90°
angle to it. Some variants have enclosed
cabins, but most have a Plexiglas bubble
canopy and an open lattice tailboom with
an antitorque rotor on the right side.
Twin-skid landing gear with two retract-
ing wheels is standard, but some naval
versions have pontoons for water opera-
tions. Medical evacuation versions carry
two stretcher pods, one on either side of
the cabin.

DEVELOPMENT ¢ The OH-13's initia
operational capability wasin 1946. Itisno
longer in US military service or produc-
tion but is still in service in many other
countries. Over 6,000 had been produced
when production ceased in 1973, a
military-helicopter production run ex-
ceeded in the West only by the UH-1 Iro-
quois (Huey). The OH-13 was aso
license-built in Italy by Agusta, in Great
Britain by Westland, and inJapan by Ka
wasaki.

The aircraft was operating in the mili-

tary services of about 25 nations, mostly
in Africaand Latin Americain the 1990s

VARIANTS « YR-13/Bell 47A (proto-
type), H-13B/Bell 47D, H-13D/Bell
47D-1 (two-seat), H-13E/OH-13E/Bell
47D-1 (three-seat), XH-13F (experimen-
tal), H-13G/OH-13G/Bdl 47G, H/OH/
UH-13H/Bdll 47G-2, H/UH-13J (USAF),
H/OH-13K/Bell  47G-3 (converted
H-13H), TH-13L (USN trainer), TH-13M
(trainer), TH-13N (trainer), UH-13P
(USN utility), HH-13Q, (USCG SAR),
UH-13R, OH-139Bdl 47G-3B, TH-13T/
Bel 47G-3B-1 (US Army instrument
trainer), HTL-3/Bell 47E (USN/Brazil
trainer), HTL-7/Bell 47J Ranger (USN,
USMC, and USCG), Agusta-Bell 4733
Super Ranger (Agusta-built shipboard
ASW), Scout (British-built).

COMBAT EXPERIENCE « Used exten-
sively in combat by US forcesin the Ko-
rean War and by French forcesin Algeria.

SPECIFICATIONS -
MANUFACTURER Bell Helicopter
CREW 1
ENGINES
H-13H: 1 Lycoming VO-435 piston
OH-13S 1 Lycoming TVO-435-A1A

piston
max power H-13H: 200 hp
OH-13S: 260 hp
WEIGHTS
empty H-13H: 1564 1b (710

kg}

OH-13S: 1,9361b (879
kg)

max takeoff H-13H: 2,450 Ib (1,112

kg)
OH-13S: 2,850 Ib (1,293
kg)
DIMENSIONS
rotor diam H-13H: 35ft 1in (10.69
m)
OH-13s: 37 ft 2in (11.35
m)
length H-13H: 27 ft 4in (8.33 m)



OH-13S 32t 7in
(9.93m)

height 9ft6in (29 m)
disc area H-13H: 9661 ft* (89.8
m?)
OH-13S 1,089.1 ft?
(101.2m?)
PERFORMANCE
max speed  H-13H: 87 kts (100 mph;
161 km/h)
OH-13S: 91 kts (105 mph;
169 km/h)
cruise speed 74 kts ( 85 mph; 137 km/
h
climb rate H-)13H: 770 ft/min (235
m/min)
OH-13S: 1,190 ft/min
(363m/min)
ceiling H-13H: 13,200 ft (4,023
m)
OH-13S: 18,000 ft (5,486
m)

hovering ceiling in and out ofground
effect

OH-13s: 18,000 ft (5,486
m)

H-13H: 261 nm (300 mi;
483km)

OH-13S 281 nm (324 mi;
521 km)

range

Defender (M D 500/530)

The MD 500MD is a light, multipurpose
helicopter adapted for observation,
scout, special-operations, antiarmor at-
tack, and Antisubmarine Warfare (ASW)
roles. It is based on the earlier OH-6A
Cayuse and its commercia derivative the
Hughes 500. The Defender is an im-
proved military variant of the Model 500
with uprated engine, T-tail, and heavier
armament; it is the basis for al subse-
quent McDonnell Douglas scout heli-
copters.

The 500MD features a five-blade, fully
articulated main rotor with cross-
connected flap and feather straps. The
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dender tailboom extends aft from the
roof of the egg-shaped fuselage pod to a
narrow, swept fin; the fin extends below
the boom and is fitted with a small tail
skid.

The two-blade, antitorque rotor is
mounted at the end of the boom on the
left-hand side; afour-blade "quiet” rotor
can d<o be fitted. The offset-V tail of the
OH-6 has been replaced by anarrow hori-
zontal stabilizer at the top of the fin; the
stabilizer has tapered leading edges and
small endplate fins.

The Allison turboshaft is carried be-
hind the crew compartment, receiving air
through a small intake on the cabin roof
and exhausting through a nozzle at the
aft end of the fuselage pod below the
boom. The crew cabin features a glazed
nosefor maximumforwardvisibility. The
530 series (and the 500MG) have a
pointed nosefor streamlining. Engine ac-
cessisthrough clamshell doorsat therear
of the fuselage pod. The paralel-skid
landing gear hasinternal oleo-pneumatic
shock absorbers.

Variants of the 500MD have different
armament configurations on detachable
pylons. The Scout versionisarmed with a
7.62-mm minigun or Chain Gun pod,
rocket pods, or 40-mm grenade
launchers. The 500MD/TOW mounts a
two-round TOW antitank missile
launcher on each pylon. The 500MD
ASW carriesone or two lightwei ght ASW
torpedoes between the skids.

DEVELOPMENT ¢ The SOOMD's initial
operational capability was in 1976. It is
produced primarily for export. The US
Army purchased approximately 30 in the
mid-1980s for 160th Aviation Group, a
commando unit; additional orders
brought the Army's total to at least 54.

Production of military variants was li-
censed to Kawasaki inJapan and Korean
AirLinesin South Koreg; civilianvariants
(including some purchased for military
use) were dso license-built by Breda
Nardi of Italy.



108 AIRCRAFT

Five Chilean MD530Fs were sold to a
"Chilean sardine fishing concern" in
1988-89 but later discovered to be in Chi-
lean Army service. When the transfer was
revealed, the United States placed an em-
bargo on spare parts.

The MD 500 and its variants have been
in usein 17 foreign nations, primarily in
Asiaand Latin America. North Korea ac-
quired at least 60 of the helicopters dur-
ing the mid-1980s, reportedly through
USdedlers.

VARIANTS « OH-6A Cayuse, 500MD
Scout Defender, 500MD ASW, 500MD/
TOW Defender, 500MD/MMS-TOW,
500MD Defender 11, MD500E, NH-500E
(Italian Army), MD530F Lifter, 530MG
Defender, 500MG Defender, M/AH-6
"Litde Bird,” Nightfox (night vison
equipment), NOTAR.

COMBAT EXPERIENCE ¢ An undis-
closed number of Task Force 160 "Little
Birds' were deployed to Saudi Arabia as
part of Operation Desert Storm.

SPECIFICATIONS -
MANUFACTURER McDonnell Douglas
CREW 2 (pilot, copilot) + 6 troops
ENGINES
500MD/TOW: 1 Allison 250-C20B
turboshaft
530MG: 1 Allison 250-C30 turboshaft
max power  500MD/TOW: 420 shp
(derated to 375 shp)
530MG: 650 shp (derated
to 425 shp)
internal fuel capacity
63 USgd (240liters)
optional auxiliary tank
21 USgd (79.5 liters)
WEIGHTS
empty 500MD/TOW: 1,976 Ib
(896 kg)
530MG: 1,591 b (722 kg)
max takeoff 500MD/TOW: 3,000 Ib
(1,361 kg)
530MG: 35501b (1,610 kg)

DIMENSIONS
rotor diam 500MD/TOW: 26 ft4in
(8.03m)

530MG:27ft4in(8.33m)

500MD/TOW 30ft 10in
(94 m)

530M: 32ft1in (9.78 m)

500MD/TOW: 8ft8in
(2.64 m)

530MG: to top of rotor
head, 8ft 7in (2.62
m); to top of Mast-
Mounted Sight (MM S),
11 ft 2V2in (3.41m)

500MD/TOW: 544.6 ft2
(50.6 m2)

530MG: 586.8 ft*
(54.5m2)

length

height

disc area

PERFORMANCE
cruise speed 500MD/TOW: 119kts
(137 mph; 221 km/h)
530MG: 135 kts (155
mph; 250 km/h)
500MD/TOW: 1,650ft/
min (503 m/min)
530MG: 2,100 ft/min
(640 m/min)
15,800 ft (4,815 m)
330 nm (380 mi; 611 km)
none integral to all
variants, but optiona
armament includes:
7.62-mm and .50-ca
machine-gun pods
7.62-mm Chain Gun
7-tube or 12-tube 2.75-in
rocket pods
Stinger air-to-air missiles
7.62-mm minigun
40-mm grenade launcher
TOW antitank missiles

climb rate

range
armament

CobraTOW

(AH-1E/FIGIPIQIS)

The AH-1 Cobra is an attack helicopter
designed for close air support and anti-
tank missions. The Cobra series was de-



rived from the UH-1 Huey/lroquois
utility/transport helicopter, retaining the
rotor, transmission, and engine in acom-
pletely redesigned fuselage. The manu-
facturer's designation is Model 209
HueyCobra.

The sandard CobraTOW is the
AH-1F, a redesignation of the modern-
ized AH-1S, earlier AH-1 aircraft are be-
ing either retired or upgraded to the
AH-1F level. The two composite blades
are linked to the main rotor hub by "door
hinges," creating a semirigid main rotor
system.

The two-blade antitorque rotor is
mounted on the starboard side of the tail
pylon near the top. Short, dightly swept,
horizontal stabilizers are midmounted on
the fuselage approximately halfway be-
tween the engines and the tal rotor
pylon.

The engine is mounted above the fu-
selage and behind the main rotor pylon.
A cooled, plug-type, Infrared (IR) signa
ture suppressor and cylindrical shroud is
fitted to the engine exhaust.

The fuselage provides a minima cross
section (38in; 0.99 m) with stubwingsfor
carrying missiles, rocket packs, or gun
pods, anose turretwith a20-mm, 3-barrel
Gdling gun, and tandem seating for a
gunner/copilot (forward) and pilot. The
landing gear consists of paralel skids on
spring struts.

The fire control system has a Teledyne
Systems digital balistic computer and
Kaiser Head-Up Display (HUD). Other
avionics include the Singer-Kearfott AN/
ASN-128 Doppler navigation system,
E-Sysems AN/APR-39 radar-warning re-
ceiver, SandersAN/ALQ-144 IR counter-
measuresjammer, and aGEC Avionics|S
03-004 low-airspeed air data sensor,
which is mounted on an outrigger on the
starboard side.

Targeting for the TOW requires the
M65 Airborne TOW missle system with
the primary sensors fitted in the nose-
mounted Telescopic Sight Unit (TSU).
The TSU has a traverse of 110° to either
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sde and an eevation range of
-60°/+30°. Upgrades to the M65 in-
clude the Hughes Laser-Augmented Air-
borne TOW (LAAT) stabilized sight and
the Rockwell AN/AAS-32 Airborne Laser
Tracker (ALT).

Weapons include a chin-mounted Gen-
eral Electric Universal Turret capable of
accepting Gatling-type guns ranging in
cdiber from 7.62 mm to 30 mm. The
turret traverses 110° to either Sde and
has an elevation range of —50°/+21°.
Gun movement and targeting are con-
trolled by the TSU or by a Helmet Sight
Subunit (HSS) worn by either the
gunner/copilot or the pilot. The stub
wings have four weapons stations for up
to atotal of eight TOW or four rocket or
gun pods.

DEVELOPMENT ¢ The AH-IG's initia
operational capability was in 1967. The
prototype'sfirst flight was on September
7, 1965. Over 1,450 single-engine Cobra
modelswere built. License production by
Mitsui inJapan continues.

The C-NITE Cobra variant entered ser-
vice with the 77th Aviation Brigade in
South Korea in 1990. Also in 1990,
Pakistan agreed to purchase 24 C-NITE
kits.

VARIANTS « Bdl Model 209, AH-1G
(US Army, USMC, Spain), AH-1Q (Im-
proved Cobra Armament Program/
ICAP), YAH-1R (Improved CobraAgility
and Maneuverability/ICAM), YAH-1S,
AH-1S, AH-1P, AH-1E (US Army, Israd,
Japan), AH-1P (Enhanced Cobra Arma
ment System/ECAS), AH-1F (US Army/
Army National Guard, Israel, Jordan,
Pakistan, Thailand, South Korea), ARTI
(Advanced Rotorcraft Technology Inte-
gration), C-FLEX (Cobra Fleet Life Ex-
tension), Z-16 (Spain).

COMBAT EXPERIENCE ¢ Cobras have
been used in combat by US forces in
Vietnam, in Grenada, and in the Decem-
ber 1989 Operation Just Cause military
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ouster and capture of General Noriega.
US Army Cobras were deployed to Saudi
Arabia as part of Operation Desert
Shield, and during Desert Storm AH-Is
flew escort missons. A Cobra scored
TOW hits on the lead vehiclesin a 1,000-
vehicle Iragi column, blocking the rest of
the force and leading to its capture or
destruction.

Israeli Cobras have operated against
Palestinian and Syrian targets in
Lebanon's Bekaa Valley since 1932.

SPECIFICATIONS -
MANUFACTURER Bell-Textron
CREW 2 (pilot, gunner)
ENGINES
AH-1G: 1 Avco Lycoming T53-L-13
turboshaft
AH-1S 1 Avco Lycoming T53-L-703
turboshaft
max power AH-1G: 1,400 shp
AH-1S: 1,800 shp
internal fuel capacity
AH-1G: 268 US gdl (1,014

liters)
AH-1S: 259 US gd (980
liters)
WEIGHTS
empty AH-1G: 6,073 Ib (2,735 kg)

AH-1S: 6,598 Ib (2,993 kg)
useful load  AH-1G: 3,427 1b (1,554 kg)
AH-1S: 3,402 1b (1,543kQ)
max takeoff AH-1G: 9,500 Ib (4,309 kg)
AH-1S: 10,000 Ib
(4,535 kg)
DIMENSIONS
rotor diam 44 ft (1341 m)

length 44 ft 7 in (13.59m)
height AH-1G: 13ft6in
(412 m)
AH-1S 13ft5in (4.09m)
discarea 15205 ft? (141.3 m?)
PERFORMANCE
max speed  AH-1G: 149 kts (172 mph;
277 km/h)
AH-1S: 123 kts (141 mph;
195 km/h) with TOW
cimbrate  AH-1G: 1,375 ft/min (419

m/min)

AH-1S: 1,620 ft/min (494
m/min)
AH-1G: 11,400 ft (3,475 m)
AH-1S: 12,200ft (3,720m)
hover in ground effect
AH-1G: 9,900 ft (3,015 m)
AH-1S: 12,200 ft (3,720 m)
AH-1G: 325 nm (374 mi;
602 km)
AH-1S: 274 nm (315 mi;
507km)
armament, AH-1G
M28 nose turret with 2
GAU-2B/A 7.62-mm
miniguns
w2M12940-mm
grenade launchers
or 1 minigun and 1 MI129
and stub wing pylonsfor 4
MI 57 podswith 76
2.75-in (70-mm)
rockets
or 4 M157 podswith 28
rockets
or 2 M18E1 minigun pods
or M35 20-mm automatic
cannon system
armament, AH-1S
M197 3-barrel 20-mm
Catling gun in nose
turret
up to 8 Hughes BMG-71
TOW antitank missiles
or 4 LAU-68A/A (7-tube)
2.75-in rocket pods
orup to 4 LAU-61A/A
(19-tube) 2.75-in rocket
pods
orM181E minigun pods

ceiling

range

SectCobra/SuperCobra

(AH-1JT/W)

Note: Only differences from the basic

AH-1G Huey are included in this entry.
These Cobra twin-engine variants are

all assigned to the US Marine Corps. The

main rotor system is based on the Bell
214 and is fitted with a rotor brake and



has elastomeric bearings; the two broad-
chord blades have swept tips.

The two turboshaft engines are
mounted in separate nacelles located on
either side of the main rotor pylon. The
engines air intakes are large, vertica
rectangular inlets; the engine nacelles of
the AH-1W are much larger and squarer
than those of the AH-1JT. In the
AH-1W, the 73% increase in maximum
rated power of the T700 engine installa-
tion has restored the operating capa-
bilities, found in the AH-1J a 50%
greater maximum takeoff weight. The
AH-IW's exhausts are fitted with large,
boxy Infrared (IR) suppressors, and the
fuel system can tolerate a direct hit from
a 23-mm projectile.

The fuselage has a slender cross sec-
tion (43 in; 109 m) that swellsto 10 ft 9
in (328 m) across the engines, the
AH-1T was stretched 12 in (305 mm) to
account for the addition of TOW anti-
tank missiles. The cockpit has tandem
segting for a gunner/copilot (forward)
and pilot.

The AH-IW's modest night-attack ca
pability is currently limited to Night Vi-
son Goggles (NVG) such as the AN/
AVS6 Aviator Night Vision Imaging Sys-
tem (ANVIS). In June 1994, the first
AH-1W with the Taman Night Targeting
Sysem (NTS) upgrade entered service.
The million-dollar improvement includes
a gyro-stabilized Forward-Looking Infra-
red (FLIR) and laser designator system
for night and adverse-wegather targeting
of the Hellfire missile.

DEVELOPMENT e« The AH-IJs initial
operational capabilitywasin 1971. A total
of 160 twin-engine Cobras were built for
the United States, 202 AH-lJswere manu-
factured for Iran and eight for South Ko-
reae. Mot Marine Corps SeaCobras are
updated to the AH-1W leve from the ear-
lier AH-1T; the AH-1J remains in service
in two other countries. Iran, South Korea,
and Turkey operate the SeaCobra in ad-
dition to the US Army.
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VARIANTS ¢ AH-1J SeaCobra (USMC/
Iran), AH-1T Improved SeaCobra,
AH-1W SuperCobra, Four-Bladed Whis-
key.

COMBAT EXPERIENCE « Cobras have
been used in combat by US forcesin the
Vietham War and in the 1983 Grenada
operation. AH-1T and AH-1W helicopters
were deployed in support of Operations
Desert Shield/Desert Storm. The Marine
CorpsCobraswereparticularlywell suited
to desert operations because their systems
have been seded againgt sdtwater corro-
sion and thus are protected against sand
infiltration as well. Approximately 78
USMC Cobrasflew 1,273 sorties support-
ingtheoperations. OneMarineCorpsCo-
brawaslost duringthe seven-weekwarina
noncombat casualty.

SPECIFICATIONS -
MANUFACTURER  Bédl Helicopter Tex-
tron
CREW 2 (pilot, gunner)
ENGINES
AH-1X 2 Pratt & Whitney T400-CP-400
turboshaft
AH-1T: 2 Pratt & Whitney T400-
WV-402 turboshaft
AH-1W: 2 General Electric T700-
GE-401 turboshaft
internal fuel capacity
3045 USgd (1,153 liters)
maxpower AH-1J 1,800 shp total
AH-1T: 1,970 shp tota
AH-1W: 3,200 shp total
WEIGHTS
empty AH-13 7,261 Ib (3,294 kg)
AH-1T: 8,014 1b (3,640 kg)
AH-1W: 10,200 Ib (4,627

kg
max takeoff AH—1..)t 10,000 1b (4,535 kg)
AH-1T: 14,000 1b (6,350
kg)
AH-1W: 14,750 Ib (6,690

kg)
DIMENSIONS
rotor diam AH-1X 44 ft (1341 m)
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AH-1T/W: 48 ft
(14.63 m)

AH-11 44t 7 in (1359
m)

AH-1T/W: 48 ft 2 in
(14.68 m)

AH-1JW: 13ft8in (4.15
m)

AH-1T: 14ft2in (4.32 m)

AH-1} 1,520.5 ft* (141.3
int)

AH-1T/W: 1,809.6 ft2

length

height

discarea

(168.1 m2)
PERFORMANCE
max speed  AH-1} 180 kts (207 mph;
333 km/h)
AH-1T: 149 kts (172 mph;
277 km/h)

AH-1W: 189 kts (218
mph; 350 km/h)
max cruise at 3,000ft (914 m) at 95°F
(35° C)
AH-1T: 135 kts (155 mph;
250 km/h)
AH-1W: 160 kts (184
mph; 296 km/h)
AH-1} 10,550 ft (3,215 m)
AH-1T: 11,000ft (3,353
m)
AH-1W: 17,500 ft (5,334
m)
hover in ground effect
AH-1} 12,450 ft (3,794 m)
AH-1T: 4,500 ft (1,372m)
AH-1W: 14,750 ft (4,495 m)
hover out ofground effect
AH-1X 3,600 ft (1,097m)
AH-1T: 400 ft (122 m)
AH-1W: 3,000 ft (914 m)
AH-1X 335 nm (385 mi;
620 km)
AH-1T: 310 nm (356 mi;
574 km)
AH-1W: 343 nm (395 mi;
635km)
armament, AH-1J
M197 3-barrel 20-mm
cannon (750 rounds)
in nose turret
wing pylonsfor 4

ceiling

range

LAU-68A/A (7-tube)
2.75-in (70-mm) rocket
pods

orup to 4 LAU-61A/A
(19-tube) 2.75-in (70-
mm) rocket pods

orM181E minigun pods

armament, AH-1T/W

in addition to AH-1S
armament, can carry

8 BGM-71 TOW antitank
missiles

plusin AH-1W:

2 AIM-9 Sidewinder air-
to-air missiles

or2AIM-123Sidearm
antiradar missiles

orBAGM-114Hellfire
antitank missiles

or 4 CMU-55B fuel-air
explosive weapons

or!65-in (127-mm) Zuni
rockets

or478-USgal (295-liter)
or 2 100-gd (378-liter)
auxiliary fuel tanks

Sea Knight (CH-46)

The SeaKnight has served as the medium
assault helicopter for the US Marine
Corps and as a Vertical On-Board Deliv-
ery (VOD) aircraft for the US Navy, and
in a variety of other roles with severa
other countries.

The Sea Knight has two contra-
rotating, three-blade main rotors
mounted on rotor pylons atop the fore
and after ends of the fuselage. When
viewed from above, the forward blade ro-
tates counterclockwise, the after blade
clockwise, at a speed of 264 rpm.

The semimonocoque fuselage is an
elongated, rounded box with a short
nose, an extensively glazed, sde-by-sde
flight deck, dorsal spine for the front ro-
tor drive, and aloading ramp in the rear.
The ramp forms the bottom of the fu-
selage as it tapers up to the tail. The fu-



selage is watertight and in later variants is
aso fitted with flotation bags. Troop ac-
cess can be through the rear ramp or by
the side doors, which can each mount a
50-cd machine gun.

The two Generd Electric turboshaft
engines are mounted in faired nacelles
on either side of the rear rotor pylon. 49
CH-46Es were fitted with 660-US gd
(2,498-liter) fuel tanks that have a
graphite-epoxy shell and Nomex honey-
comb filler. The E's sponsons were en-
larged to accept these tanks, which
doubled the mission radius to 160 nm
(184 mi; 296 km). Some are fitted with
the Lorad AN/AAR-47 electro-optical
missile-warningsystem.

The fixed, two-wheel main-landing-
gear main legs are mounted in sponsons
on each rear sde of the fuselage; the
sponsons also carry fuel. The two-whedl
nose-gear strut is centered under the
flight deck.

The avionics fit was upgraded begin-
ning in 1992 with the Rockwell Collins
AN/APN-217 Doppler navigation system
that has latitude-longitude positioning,
ground and wind speed indicators, cross-
track and track-angle error messages,
and display of time, distance, course, and
bearing to next target. Two Cathode-Ray
Tube (CRT) displays, interface control
units, and situation/hover indicator
units are aso installed in die lower con-
sole and instrument pandl.

The USArmy CH-47 Chinook ishighly
similar in appearance to the Sea Knight
design but can be distinguished by quad-
ricycle landing gear, a larger, boxier fu-
sdage, and by the lack of die CH-46's
landing-gear sponsons. The CH-46 is
known in the fleet as Phrog.

DEVELOPMENT e« The CH-46's initial
operational capability was in 1962, the
firg flight of Model 107 was on April 22,
1958. Production ceased in the United
States in 1971 after 666 units had been
built for US service and for export. Ka-
wasaki's 25 years of low-rate production
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of KV-107 variants ended in February
1990 after 160 were built.

Fiberglass rotor blades were intro-
duced as an upgrade in the late 1970s. In
addition to the US Navy and Marines,
Burma, Canada, Japan, Saudi Arabia, and
Sweden have operated the CH-46.

In mid-May 1990, the Department of
the Navy grounded al 261 US Marine
Corps CH- and HH-46 and Navy UH- and
HH-46 hdlicopters to correct a quill shaft
problem "that could cause aloss of drive
to the aft rotor."

VARIANTS « Modd 107  (civilian),
YHC-1A/CH-46C, HRB-1, CH-46A (SAR,
utility), H-46B (not produced), CH-46D,
CH-46E CILOP (Conversion in Lieu of
Procurement CILOP), CH-46F, SR&M
(Safety, Religbility, and Maintainahility),
CH-113 Labrador (SAR)/CH-113A Voy-
ageur (transport) for Canada, HKP-4/
HKP-7 (ASW/SAR), KV-107 (Japanese-
built), KV107I1A (Kawasaki upgrade for
Japan), KV107IIA-SM (Saudi Arabia).

COMBAT EXPERIENCE ¢« The Sea
Knight was used extensively by US Nava
and Marine Corpsforces in the Vietham
War. It aso supported operations in
Lebanon (1982-84) and Grenada (Octo-
ber 1983). InJanuary 1991, CH-46sfrom
the amphibious assault ship USS Guam
(LPH 9) were diverted from Operation
Desert Shield to participate in Operation
Eastern Exit, which rescued 281 US and
foreign nationalsfrom the US embassy in
Mogadishu during the bloody Somalian
civil war.

In the fall of 1990, US Navy and Marine
Corps CH-46s were deployed to the Per-
san Gulf as part of Desert Shidd; 120
Marine Corps SeaK nights—60 operating
from shore bases and 60 from ships—
flew 1,601 sorties during Operation Des-
ert Storm. They supported the drive into
Kuwait that began the ground war on Feb-
ruary 24,1991. Two CH-46swerelost dur-
ing the war for noncombat causes.
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SPECIFICATIONS -
MANUFACTURER
Boeing Vertol
Kawasaki of Japan, under US license
CREW 3 (2 pilots, crewman) + 25
troops or 15 litters + 2 attendants
ENGINES 2 General Electric T58-GE-16
turboshaft
max power 1,870 shp each
(transmission rating is
2,800 shp)
internal fuel capacity
380 US gd (1,438 liters)
extended fuel-capacity kit
660 US gd (2,498 liters)
WEIGHTS
empty operating, without armor
or armament: 15537 Ib
(7,047kQg)
with armor, guns, and
ammunition: 17,396 Ib
(7,891 kg)
without armor or
armament: 5,166 Ib
(2,343kg)
with armor and
armament: 4,153 Ib
(1,884 kg)
dingload 10,000 Ib (4,536 kg)
max takeoff sea level, 59°F (15°C):
24,300 1b (11,022kg)
sealevel, 90°F (32°C):
23,992 Ib (10,883kg)

payload

DIMENSIONS
rotor diam 51 ft (15.54 m) each
length overdl, rotors turning: 84

ft4in (25.72 m)
fuselage: 45ft8in (13.92m)
width, fuselage
7ft3in (221 m)
height 16 ft 8Vz in (5.09 m)
discarea 4,086 ft* (379.6 m2)
PERFORMANCE at max takeoff weight

max speed 143 kts (165 mph; 265
km/h)
cruise speed
137 kts (154 mph; 248
km/h)
climbrate 2,045 ft/min (623
m/min)

service celling
14,000 ft (4,267 m)
hovering ceiling in ground effect
standard day:
14,000 /4,267 m,
95°F/35°C
12,580 ft (3,834 m)
hovering ceiling out ofground effect
standard day:
11,970 t/3,649 m,
95°F/35°C
8,600 ft (2,643 m)
mission radius, with increased fuel-capacity
kits 160 nm (184 mi; 296 km)
range at sea level on internal fuel
365 nm (420 mi; 676 km)
2 .50-cd machine guns
optional

armament

Chinook (CH-47)

The Chinook medium transport helicop-
ter is the largest helicopter in service with
the US and British armies and isflown by
several other nations. The Chinook is
similar in basic design to the US Navy/
Marine Corps H-46 Sea Knight hdli-
copter.

The Chinook features tandem, fully ar-
ticulated, three-blade, contra-rotating
main rotors on separate pylons. The for-
ward rotor is located above the cockpit
and rotates counterclockwise when seen
from above, the aft rotor is on a taller
pylon at the rear of the fuselage and ro-
tates clockwise. The two engines are fit-
ted externally on either side of the rear
rotor pylon and drive a common trans-
mission system. CH-47Ds are fitted with
an Automatic Flight Control System
(AFCS) that features dual, redundant
control units and actuators.

Chinooks have fixed quadricycle land-
ing gear; the rear, sngle-whed units are
fully castoring and steerable, and the for-
ward legshavefixed, two-whed units. The
fuselage is designed around a cargo hold
with anearly square cross section. Ahead
of the hold is a fully glazed flight deck
with a short nose. The cargo ramp is in



the rear of the fuselage and triple exter-
nal cargo hook system; fore and aft hooks
have 17,000-lb (7,712-kg) capacity, the
center hook can hold 26,000 1b (11,793
kg), and dua-point capacity is 23,000 Ib
(10,433kg).

The fuselage has external fuel tanksin
sponsons aong both ddes and has a
sealed lower half to permit water landings.

Defensive electronics and counter-
measures are fitted to many Chinooks in
various configurations.

DEVELOPMENT < The Chinook's ini-
tial operational capability was in 1962; its
first flight was on September 21, 1961
(YCH-47A). The helicopter remained in
production for foreign users after 736
were built by Boeing Vertol (later Boeing
Helicopters) for the US Army. Over 200
have been built under license by Meridi-
ona! in Italy, and 54 were being built by
Kawasaki inJapan.

The initial operational capability for
the CH-47D wasin February 1984.

In February 1991, the Canadian Air
Command announced that it would dis-
pose of its seven CH-147s by the middle
of 1991 due to a series of comprehensive
defense budget cuts.

All 264 US Army CH-47Ds were
grounded inJuly 1989 and again in Au-
gust 1989 after two aircraft suffered simi-
lar failures in the drivetrain for the aft
oil-cooling fan assembly. In April 1990,
the Army once agan grounded its
CH-47Ds because of possible cracked
lock nuts in the forward transmission
mounting.

In addition to the US Army, about 13
other countries throughout the world op-
erate the Chinook.

VARIANTS « YHC-1B (prototype), CH-
47A, CH-47B, CH-47C (BV 219) (US
Army, Canada, China, Italy), Chinook
HC Mk 1 (BV 352) (RAF), Chinook HC
Mk 2, CH-47D (US Army, Germany,
Greece, Spain), International Chinook
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(Model 414-100) (Japan, China), MH-
47E (USSOF).

COMBAT EXPERIENCE « Chinooks
were widdy used in the Vietham War.
Some were armed to act as gunships but
were deemed unsuited to that role. In the
Faklands War of 1982, the sngle avail-
able British Chinook—a survivor of the
sinking of the requisitioned supply ship
Atlantic Conveyor inwhich four other Chi-
nookswere |ost—flew 109 hoursin com-
bat conditions without spares or ground
support; it carried up to 80 armed troops
at atime.

169 US and 21 British CH-47swere de-
ployed to Saudi Arabiain the fall of 1990
as part of Operation Desert Shield. Al-
though at first beset by increased engine
and rotor wear due to the fine sand,
changes in operating and maintenance
procedures improved reliability to ac-
ceptable levels.

US Chinooks flew hundreds of sorties
before and during Operation Desert
Storm. No CH-47s were logt during the
war, although one was damaged, possibly
by missile fire, on the first night of the
war. A British Chinook HC 1 accidentally
detonated a land mine near its touch-
down point and was sprayed with frag-
mentsthat |eft 77 holesand every tireflat.
It managed to return to its base after a
five-hour flight.

A CH-47 crashed, losing four crew
members, afew days after the cease-fire
took effect. After the cease-fire, Chinooks
and other utility helicopters delivered
suppliesto severa hundred thousand ref-
ugees massing near the Turkish border.

SPECIFICATIONS -
MANUFACTURERS
Boeing Helicopters
Elicotteri Meridionali, Italy
Kawasaki Heavy | ndustries, Japan
CREW 3 (pilot, copilot, crew chief/
combat commander) + 44 troops
(see Operational Notes) or 24 litters
and 2 attendants
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ENGINES 2 Avco Lycoming T55-L-712
turboshaft
maxpower 3,750 shp each
internal fuel capacity
1,030 US gd (3,900 liters)
WEIGHTS
empty 22,452 1b (10,184 kg)
internal payload over 100 nm (115 mi;
185 km) mission radius
14,356 |b (6,512 kg)
max external load over 30 nm (35 mi; 55
km) mission radius
15,856 Ib (7,192 kg)
external load capacity
28,000 Ib (12,701 ko)
max useful load (internal and external)
26,679 |b (12,101 kg)
max takeoff 50,000 Ib (22,680 kg)
DIMENSIONS

rotor diam 60 ft (18.29 m)
length 51 ft (1554 m)
height 18 ft 8 in (5.68 m)
cargo hold  length: 30 ft 2 in (9.2 m)
width at floor: 8 ft 3in
(251 m)
mean width: 7ft6in
(2.29m)
height: 6 ft 6 in (1.98m)
volume: 1,474 ft° (41.7
my)
discarea 5655 ft2 (525.4 m?)
PERFORMANCE
max speed 159 kts (183 mph; 2%

km/h) no sling load
cruise speed, depending on conditions
120-138 kts (138-159
mph; 222-256 km/h)
max climb rate at 44,000 |b (19,958 kg)
[,980ft/min (605
m/min)
ceilings at 50,000 Ib (22,680 kg)
service: 8,500ft (2,591 m)
hovering in ground
effect, ISA: 8,250 ft
(2,515 m)
hovering out of ground
effect, ISA: 4,950 ft
(1,509 m)
mission radius
23030 Ib (10,446kg)

external load: 30 nm
(35 mi; 55 km)
14,728 |b (6,680 kg)
internal payload: 100
nm (115 mi; 185km)
1111 nm (1,279 mi;
2,059 km)

ferry range

Sea Stallion/Super Jolly
(CH-53A/D)

The CH-53 is a heavy lift helicopter in
wide military use. Developed specifically
for the US Navy and Marine Corps, it is
employed for assault, vertical replenish-
ment, and Mine Countermeasures
(MCM) operations. Some CH/HH-53B/
Cs have been modified for specia opera-
tions and are known as the Pave Low 111
series.

The CH-53 has a fuselage resembling
an enlarged US Air Force HH-3 "Jdlly
Green Giant" with asix-blade, fully artic-
ulated rotor with aluminum blades that
fold under power. Later variants have
been retrofitted with composite blades
having titanium leading edges.

The main rotor mast rises out of along
centerline hump that contains the Solar
T62T-12 Auxiliary Power Unit (APU).
The two T64 turboshaft engines are
shoulder-mounted on either side of the
centerline fairing. The inlets are pro-
tected by prominent debris screens. The
four-blade antitorque rotor is mounted
on the left side at the top of the slender
tailboom; the long-span, unbraced hori-
zontal stabilizer extends to starboard op-
posite the antitorque rotor hub. The
tailboom has a strut-braced skid and can
be folded to starboard for shipboard
stowage.

The semimonocoque fuselage has a
blunt, amost sepless nose with tal
"cheek" windows aswell as a split wind-
shield and sidewindows. Thelarge, unob-
structed cabin is roughly square in cross
section—7ft6in (2.29 m) wide and 6t 6



in (1.98 m) high. The origind payload
requirement was for 38 fully equipped
troops, 24 litters, and four attendants, or
8,000 Ib (3,629 kg) of cargo. In later vari-
ants, up to 55 troops can be carried, and
the external hoist was ultimately rated at
20,0001b (9,072kg).

The after part of the cabin tapers up to
the tailboom and holds the stern ramp,
which is lowered for ground-loading or
airdrops. The ramp opening is wind-
shielded by small panelsfitted to the fu-
selage sides below the tailboom.

Large sponsons are mounted on the
lower aft fuselage sides, they have an
airfoil cross section. The sponsons hold
the two-whed main-landing-gear struts,
which retract forward behind the fuel
tanks, additional fuel tanks are carried
on semipermanent pylons mounted out-
board of the sponsons. The two-wheel
nose gear retracts forward.

DEVELOPMENT e+ The initid opera
tional capability for the CH-53A was in
1966; its first flight was on October 15,
1964. Over 300 of these variants remain
in service with the US Air Force, Navy,
and Marines along with Germany and Is-
radl; lIran's CH-53s are no longer opera-
tional. Also, eight Pave Low IIl and 31
Pave Low lllI-Enhanced Specid Opera-
tions Command aircraft are operational.

VARIANTS ¢ CH-53A, RH-53A (USN),
HH-53B (USAF SAR), HH-53C, CH-53C,
CH-53D (USMC), RH-53D (USN),
CH-53E/MH-53E, CH-53G (110 license-
built by Germany's VFW-Fokker),
HH-53H/MH-53H Pave Low Ill, S65Oe
(built for Austria, later transferred to Is-
rael) . Yasour 2000 (Israeli Air Force up-
date program), MH-53] Pave Low llI-
Enhanced (modified hydraulic and eec-
trical systems).

SPECIFICATIONS -

MANUFACTURER Sikorsky Aircraft

CREW 3 (2 pilots, 1 crewman) + 38
troops or 24 litters
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ENGINES 2 Generd Electric T64-

GE-413 turboshaft

maxpower 3,925 shp each

internal fuel capacity

622 USgd (2,354 liters)

WEIGHTS

empty 23,628 1b (10,717 kg)

max takeoff 50,000 Ib (22,680 kg)
DIMENSIONS

rotordiam 72 ft 3in (22.04 m)

length 67 ft 2in (20.48 m)

height 24 ft 11 in (7.59m)

discarea 4,100 ft* (380.9 2)

PERFORMANCE

max speed 171 kts (196 mph; 316
km/h)

cruise 151 kts (173 mph; 279
km/h)

climbrate 2180 ft/min (664
m/min)

service ceiling

21,000 ft (6,400m)
hovering ceiling in ground effect
13,400 ft (4,084 m)
hovering ceiling out ofground effect
6,500 ft (1,981m)
836 nm (1,020 mi; 1,640
km)

range

Super Stallion/Sea Dragon
(CH-53E/MH-53E)

The E-series of the H-53 is the heaviest lift
helicopter in service in the West. The
H-53E series is similar to the CH-53A/D
Sea Stdllion helicopters in US Navy and
Marine Corps service.

The airframe follows the pattern of the
earlier CH-53 versions, having an unob-
structed cabin with lowering rear ramp
behind a blunt nose and flight deck and
under the powertrain. The cabin is sa
cious enough to accept seven pallets mea-
suring 3ft4in X 4 ft (1.02 X 1.22 m);
seating for 55 troops is also provided. A
sngle-point cargo hook below the fu-
selage can carry a maximum 18-US ton
(16.5-metric ton) sling load, although 16
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CH-53E Super Stallion

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

tons (14.5 metric tons) is more typical.
The CH-53E flown by the Marine Corps
can lift 93% of the heavy equipment of a
Marine division compared to 38% for the
CH-53D.

The biggest change is in the power-
train. A third T64 turboshaft engine is
fitted behind the main rotor mast; it is
fed by an intake located to the left of the
rotor mast. The main transmission gear-
box, located directly below the main ro-
tor hub, islinked to the three engines by
driveshafts that extend forward and out-
ward to the outboard engines and to the
rear for the third engine.

On either side of the fuselage are
large fuel sponsons; the main gear units
fold into the rear of the sponsons. The
nose gear folds forward. Additional aux-
iliary fuel tank pylons can be fitted to
the sponsons; the two 650-US gal (2,461-
liter) drop tanks increase total fuel ca
pacity by 127%. The aircraftisaso fitted
with a retractable in-flight refueling
probe.

To absorb the increased power, a sev-
enth blade was added to the fully articu-
lated, titanium and steel main rotor hub.
Each blade has awider chord and greater
length, atitanium spar, Nomex core, and
fiberglass-epoxy skinning. The seven
blades are power-folded.

DEVELOPMENT e« The initia opera
tional capability of the CH-53E was Feb-
ruary 1981. The first flight of the
prototype (YCH-53E) was on March 1,
1974, the CH-53E was in December 1980,
and the MH-53E in September 1983.
Over 100 CH-53Esand about 15 MH-53Es
are in service with the US Navy and
Marine Corps. The first delivery of the
S80-M-1 export version of the MH-53E
was made to Japanese Maritime Self-
Defense Force (JMSDF) in January
1980.

The tail section was dtered severd
times during devel opment, with the final
arrangement having the tail rotor pylon
canted 20° off vertical to port; the large



four-blade antitorque rotor isfitted at the
top. A long, strut-braced, gull-wing hori-
zontal stabilizer extends to starboard op-
posite the antitorque rotor. The tail pylon
power-folds to starboard, reducing over-
al height by 9 ft 9 in (2.98 m). Hight
control is maintained by a Hamilton
Standard FCC-105 Automatic Flight Con-
trol System (AFCS) with four-axis auto-
pilot and two digital computers.

In 1987, the main transmission gear-
box of the CH-53E was inspected and the

M.ti-$6iL SeaDragon

UNITED TECHNOLOGIES/SIKORSKY
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bull gears replaced after inspections re-
vealed excessivewear. Theentire CH-53E
fleet was grounded until the replace-
ments could be made.

The MH-53E Sea Dragon is a mine-
sweeping variant with larger fuel capacity.

The helicopter is used by the US Navy
and Marines and by Japan.

VARIANTS ¢ YCH-53E, CH-53E Super
Stdlion, MH-53E Sea Dragon, S83-M-1
(Japan).
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COMBAT EXPERIENCE ¢ Three Ma
rine Corps sguadrons operating the
CH-53E were deployed to the Persian
Gulf in fall 1990 as part of Operation
Desert Shield.

During the seven weeks of Operation
Desert Storm, 75 Marine Corps Super
Stallions—53 operating from shore bases
and 22 from ships—flew 2,045 sorties
supporting the preparation and execu-
tion of the Marine-Saudi drive up the
coast.

MH-53s operating from amphibious
ships in the Persian Gulf conducted anti-
mine sorties to sweep Iragi mines.

The MH-53J Pave L ow transported cov-
ert reconnaissance teams into Kuwait
and Irag prior to ground war.

In January 1991, a small detachment
was diverted to Mogadishu in Somalia
to aid CH-46 Sea Knight helicopters in
Operation Eastern Exit, which rescued
281 US and foreign nationals from the
US embassy during the Somalian civil
war.

SPECIFICATIONS -
MANUFACTURER Sikorsky Aircraft
CREW 3 (2 pilots, 1 crew chief) + 55
troops
ENGINES 3 General Electric T64-
GE-416 turboshaft
max power 4,380 shp each
internal fuel capacity
1,017 US gd (3,849 liters)
WEIGHTS
empty 33,226 1b (15,071 kg)
maxpayloadinternal: 30,000 1b
(13,607 kg)
dling load: 32,000 Ib
(14,515 kg)
max takeoff internal payload: 69,750
Ib (31,640 kg)
external payload: 73,500
Ib (33,339 kg)
DIMENSIONS
rotor diam 79 ft (24.08 m)
length fuselage: 73 ft4in (23.55
m)
tail and rotor pylon

folded: 60ft6in (18.44

m .
overal: 99 ft 1.2in (30.19
m)
height 27 ft 9in (846 m)
cabin length: 30 ft (9.14 m)
width: 7ft6in (2.29 m)
height: 6 ft 6 in (1.98m)
discarea 4,902 ft* (455.4 m*)
PERFORMANCE

max speed  at 56,000 Ib (25,400 kQ):
170 kts (196 mph; 315
km/h)
at max takeoff, 4,000 ft
(1,220m): 154 kts (177
mph; 285 km/h)

econ cruise speed

at 56,000 Ib (25,400kg):
150 kts (173 mph; 278
km/h)

at max takeoff, 4,000 ft
(1,220m): 136 kts (157
mph; 252 km/h)

at 56,000 Ib (25,400 kg):
2,500 ft/min (762
m/min)

at max takeoff: 1,630 ft/
min (497 m/min)

service ceiling

at 56,000 Ib (25,400kQ):
18,500 ft (5,640 m)

at max takeoff: 12,000 ft
(3,658 m)

hovering ceiling in ground effect

at 56,000 Ib (25,400 kg),
max power: 11,550 ft
(3,520 m)

at max takeoff, max
power: 7,000 ft (2,134
m)

hovering ceiling out ofground effect

at 56,000 Ib (25,400kg),
max power: 9,500 ft
(2,895 m)

at max takeoff: 1,300ft
(396 m)

50 nm (58 mi; 93 km)
with 16-US ton (14.5-
metric ton) sling load

100 nm (115 mi; 185 km)

climb rate

radius



with max interna
cargo

with 20,000-Ib (9,072-kg)
payload, external fuel:
approx 450 nm (518
mi; 834 km)

self-ferry with 4,408-1b
(2,000-kg) payload:
approx 1,000 nm
(1,151 mi; 1,852 km)

range

Chickasaw (H-19)

The H-19 Chickasaw is a 12-seat, multi-
purpose helicopter adapted for usein the
Antisubmarine Warfare (ASW), troop
and VIP transport, Search and Rescue
(SAR), and general utility roles.

The H-19 has a fully articulated main
rotor assembly that rotates counterclock-
wisewhen seen from above. The three dll-
metal blades have design lifetimes of
20,000 hours each. The two-blade anti-
torque rotor is carried aft on along tail-
boom; it is mounted on the left (tractor)
dde of the boom. Two smdl sabilizers
are arranged in an inverted "V" on the
underside of the boom ahead of the small
tail skid.

The semimonocoque fuselage layout
was dictated by adesire to place the main
cabin under the main rotor, allowing a
greater variety of payload configurations
while remaining within the center-of-
gravity envelope. The radia piston en-
gine is located in the nose under a
bulbous cowling; the driveshaft is led aft
and up at a 45° angle under the flight
deck to the main rotor. Its location per-
mits easy mai ntenance through clamshel |
doors. The flight deck is located above
the main cabin with the pilot and copilot
sitting ahead of the main rotor mast; the
flight-deck glazingisabovethetop line of
the fuselage. The boxy main cabin is
reached through a large diding door on
the starboard side. The rear of the cabin
is vertica and has the narrow tailboom
extending from the upper corners;, a
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largetriangular filletwasfittedto therear
of thefuselage to improve stability in pro-
duction variants.

Landing gear is nonretracting quadri-
cycle. The rear-landing-gear legs are out-
rigged on struts and have a wider track
than the front pair. The front pair are
fitted sde by side under the front fu-
selage. All gear legs have shock absorbers.
Floats can be fitted, as can amphibious
landing gear.

DEVELOPMENT e« TheH-19sinitial op-
erational capability was in 1950; its first
flightwason November 10,1949. Sikorsky
manufactured 1,067 H-19/S55 helicop-
ters from 1950 to 1959 and 1961 to 1962.
Westland in Great Britain, Sud-Est in
France, and Mitsubishi in Japan pro-
duced an additional 547; most of these
were Westland Whirlwinds. The H-19 is
no longer in production or in opera
tional service with US military services.
Only afewremainin servicein Chileand
Turkey, where they are operated as SAR
aircraft.

VARIANTS « YH-19 (prototype), H-19A
(USAF), HO4S1 (USN/ASW), HRS1
(production version/lUSMC), H-19B
(USAF), HO4S-3 (USN ASW), HRS-2
(USMC; designation changed to CH-19E
in 1962), HRS3 (UH-19F in 1962),
HO4S3G (USCG SAR; redesignated
HH-19G in 1962), H-19C (US Army),
H-19D (US Army), HAR 21/HAS 22,
Whirlwind, HARV/HAR2 (Roya Navy/
Air  Force), HAR3/HAR4, HARS5/
Whirlwind Series 2, HAR6, HAS7 (RN
ASW), HCC 8 (Queen's Flight VIP air-
craft), HAR9, HAR10/Whirlwind Series
3 (RAF), HCC12 (Queen'sVIP aircraft),
S55(commerciavariant), S55T (Chile),
Elephant Joyeux (French-assembled),
Simulated Hind (modified to simulate
Russian Hind).

COMBAT EXPERIENCE » The Chick-
asaw was used extensively in combat by
US and South Vietnamese forces in the
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early stages of the Vietnam War, by British
forces in Malaysia, and by French forces
in North Africa

SPECIFICATIONS -
MANUFACTURER Sikorsky Aircraft
CREW 2 (pilot, co-pilot) + 12 troops or
8 litters
ENGINES 1 Pratt & Whitney R-1340-57
radia piston
or 1 Wright R-1300 radial piston
max power  R-1340: 600 hp
R-1300: 700 hp
internal fuel capacity
185 USgd (700 liters)

WEIGHTS
empty 4795 1b (2,177 kg)
maxpayload 2,855 b (1,296 kg)
takeoff normal: 7,200 Ib (3,266
k
ma>?:) 7,900 Ib (3,587 kg)
DIMENSIONS
rotor diam 53 ft (16.16 m)
length fuselage: 42 ft 2in (12.85
m)
overal: 62 ft 7in (19.07
m)
height 13ft4in (4.07 m)
cabin length: 10 ft (3.05 m)
width: 6ft (1.82m)
height: 5ft 6in (1.67m)
volume: 340 ft* (9.63 m°)
discarea  2,206.2 ft? (205 m?)
PERFORMANCE
max speed 88 kts (101 mph; 163
km/h)
cruise speed 74 kts (85 mph; 137 km/
h
climb rate 702) ft/min (213 m/min)
ceiling 10,500 ft (3,200 m)

hovering ceiling in ground effect
6,400ft (1,951m)

hovering ceiling out ofground effect
2,000 ft (610 m)

range 352 nm (405 mi; 652 km)

Choctaw (H-34)

The H-34 Choctaw isamultipurpose heli-
copter that evolved from US Navy re-
quirements for an Antisubmarine
Warfare (ASW) helicopter. The H-34 s=
ries has been adapted for use in that role
and for transport, utility, Search and Res-
cue (SAR), and Antarctic support opera-
tions.

The helicopter is similar in overall de-
sgn to the H-19 Chickasaw but is larger
and has a streamlined tail section. The
Choctaw has a fully articulated, four-
blade main rotor assembly that rotates
counterclockwise when seen from above.
The four-blade antitorque rotor is
mounted on the left (tractor) side of the
swept tail. A rectangular horizontal stabi-
lizer extendsfrom the leading edge of the
fin.

The flight deck is located above the
main cabin with the pilot and copilot sit-
ting ahead of the main rotor mast; the
flight-deck glazing isabove the top line of
the fuselage. The boxy main cabin is
reached through alarge sliding door on
the starboard side. The fuselage is ta
pered from the rear of the cabin to the
vertical tailboom.

The Wright radial piston engine is lo-
cated in the nose, permitting easy main-
tenance through clamshell doors. The
driveshaft is led aft and up at a45° angle
under the flight deck to the main rotor.
The S58T conversions have Pratt &
Whitney CanadaPT6T Twin Pac (two tur-
bines coupled to single output shaft) ina
lengthened nose that has a "lanternjaw"
with intake "nostrils."

Landing gear is arranged in a "tail-
dragger” layout. The main-landing-gear
legs are outrigged on fixed struts below
the cockpit. The fixed tailwhed is
mounted under the fuselage just ahead
of the vertical tail.

DEVELOPMENT ¢ The Choctaw's ini-
tial operational capability was in 1955,
and itsfirst flight was on March 8,1954. It



is no longer in production or in US mili-
tary service, but still in service with Ar-
gentina, Indonesia, Taiwan, Thailand,
and Uruguay, the majority of the aircraft
being S58T conversions. A total of 2,187
were produced, of which Sud-Aviation of
France assembled 135 and license-built
an additional 166 aircraft. Westland pro-
duced its own turbine-powered version,
dubbed the Wessex.

VARIANTS « XHSS1 (prototype), HSS 1
Sedbat (USN ASW), HSSIN, HUSY/
UH-34D Sedhorse (USMC), HUS-1A/
UH-34E  Sedhorse, HUS1G/HH-34F
(USCGSAR),HUS-1L/LH-34D,HUS-12/
VH-34D (VIP), CH-34C, VH-34C, S53T
(flying crane), S58B/C/D (commercial
variants), Wessex.

COMBAT EXPERIENCE ¢ CH-34 trans-
port helicopters were widely used by the
US Marine Corpsin Vietnam.

SPECIFICATIONS -
MANUFACTURER Sikorsky Aircraft
CREW
ASW: 4 (pilot, copilot, 2 sensor sys-
tems operators)
transport: 18 passengers or 8 litters
ENGINES
CH-34: 1 Wright R-1820-84 radial
piston
S58T: 1 Pratt & Whitney Canada
PT6T-3/3B/6 coupled turboshaft
maxpower CH-34: 1,525 hp
SH58T: 1,600 shp (-3/-3B)
or 1675 shp (-6)
internal fuel capacity
CH-34: 306 USgd (1,159

liters)
SH8T: 283 USgd (1,071
liters)
WEIGHTS
empty 8,400 1b (3,814 kg)

maxpayload 2,976 1b (1,350 kg)
max takeoff CH-34: 13,300 Ib (6,038
kg)
S58T: 13,000 Ib (5,896

kg)
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overload 14,000 Ib (6,350 kg)
DIMENSIONS
rotor diam 56ft0in (17.07 m)
length 46 ft 9 in (14.25m)
height 15ft 11 in (4.86m)
discarea 2,463 ft* (228.8 m?)
PERFORMANCE
max speed  CH-34 107 kts (123 mph;
198 km/h)
S-58T120kts (138 mph;
222 km/h)
cruise speed CH-34 85 kts (98 mph;
158 km/h)
S-58T110kts (127 mph;
204 km/h)

econ cruise (S58T)
80 kts (92 mph; 148 km/
h
1,1)00 ft/min (335
m/min)
ceiling 9,500 ft (2,896 m)
hovering ceiling in ground effect
CH-34: 4,900 ft
(1,494m)
hovering ceiling out of ground effect
CH-34: 2,400 ft (732 m)
SH58T (PT6T-3 engines):
4,700 ft (1,433 m)
S-58T(PT6T-6 engines):
6,500ft (1,981m)
CH-34: 158 nm (182 mi;
293km)
S58T PT6T-3: 260 nm
(299 mi; 481 km)
SB3T PT6T-6: 242 nm
(278 mi; 447 km)
armament (CH-34)
2 Mk-44 ASW homing
torpedoes

climb rate

range

Osage (H-55)

The Osage is a small, smply designed,
two-seat training helicopter. Itsfuselageis
constructed of welded-steel tubeswith an
aluminum skin for the non-plexiglass por-
tions of the cabin. A three-bladed, articu-
lated main rotor of aluminum and a two-
bladed stedl and fiberglass tail rotor are
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powered by a single 180-hp Lycoming
flat-four engine located below the cabin
seats. The tailboom is a ssimple mono-
coque tube, and the landing gear iscom-
posed of skids mounted on shock ab-
sorbers.

DEVELOPMENT e« The Osage's initia
operational capabilitywasin 1964; itsfirst
flight wasin October 1956. Still inlimited
production for commercial customers.
About 850 have been delivered to mili-
tary customers in Latin America, Asa,
and Europe.

VARIANTS ¢ YHO-2 (US Army proto-
type), TH-55A, Hughes 269A/200/300
(commercial/export).

SPECIFICATIONS -
MANUFACTURER Hughes
CREW 2 (pilot, student)
ENGINES 1 Lycoming HIO-360-B1A
piston
max power 180 hp

WEIGHTS
empty 1,008 Ib (457 kg)
max takeoff 1850 Ib (839 kg)
DIMENSIONS

rotor diam 25 ft 3 Vzin (7.71 m)

length 28 ft 11 in (8.8m)
height 8ft3in (25 m)
PERFORMANCE

max speed 75 kts (86 mph; 138 km/
h)

cruise speed 57 kis (66 mph; 106 km/
h)

ceiling 11,900 ft (3,625 m)

range 177 nm (204 mi; 328 km)

Chinook SOF (MH-47E)

The MH-47E Specia Operations Forces
(SOF) helicopter is a variation of the
CH-47D Chinook medium transport heli-
copter. Itwas devel oped to achieve a90%
probability of completing a five-hour
deep-penetration, clandestine mission

over a 300-nm (345-mi; 556-km) radius.
The aircraft must also be able to lift 30
fully equipped troops and hover out of
ground effect at the midpoint of a speci-
fied mission during hot, adverse weather.

The MH-47E combines CH-47D and
International Chinook upgradeswith sys-
tem improvements tested on Boeing's
Model 360 demonstrator. Much of the
avionics fit is common to both the
MH-47E and the Sikorsky MH-60K vari-
ant of the UH-60 Blackhawk.

The two engines have been uprated to
7500 shaft horsepower. The rotors can
be stopped from full speed by rotor
brakesin 45 seconds. Internal fuel is car-
ried in lengthened external sponsons
known as spontoons. A 28-ft (8.53-m)
fixed refueling probe extends forward
from the right spontoon and has a 300-US
gd (1,136-liter)/min capacity. 1,700 US
ga (6,435 liters) of auxiliary fuel can be
carried in roll-infroll-out fuel tanks in
the cabin. The engines have Full-
Authority Digital Engine Controls
(FADEC) developed by Chandler Evans
and Hawker Siddeley Dynamics.

To accommodate the longer spon-
toons, the front landing gear was moved
forward 3ft4in (1.02 m).

The nose of the flight deck on the
SOF Chinook has been extended to ac-
cept a Texas Instruments AN/APQ-168
multimode terrain-following/ terrain-
avoidance radar and either a Hughes
AN/AAQ-16 Forward-Looking Infrared
(FLIR) turret or Texas Instruments AN/
APQ-174 radar.

The MH-47E features a 600-1b (272-
kg) capacity external rescue hoist that
can dso anchor a "fast-rope" rappelling
system, on-board oxygen generation,
and the AAR-Brooks & Perkins internal
cargo handling equipment as well as 11
additional seats. An Electronic Flight In-
strumentation System (EFIS) and
mission-management system devel oped
by IBM resultsin aflight deck having two
full-color (inboard) and two mono-
chrome (outboard) Multifunction Dis



plays (MFD), an Allied Sgnd-Bendix
digital moving map display, and two
Control Display Units (CDU).

Communications and navigation eec-
tronics are extensive. In addition to var-
ied radio bands, equipment includes an
Identification Friend or Foe (IFF) trans-
ponder, Airborne Target Handoff Sys
tem (ATHS), satellite communications,
ground communications, intercom, and
personnel-locator system.

Navigation equipment goes beyond
the basics, incorporating a Global Pos-
tioning System (GPS, I nertial Navigation
System/INS), radar atimeter, Attitude
and Heading Reference System (AHRS),
and an air data computer.

DEVELOPMENT e« The MH-47E's first
flight was on May 31, 1990. Boeing re-
ceived an $81.8-million contract in De-
cember 1987 to develop and qualify a
prototype. 32 CH-47Dswere converted to
MH-47D for operation by the USArmy's
Specia Operations Force as an interim
program. The aircraft would be replaced
by the MH-47E.

SPECIFHICATIONS -
MANUFACTURER Boeing Helicopter
CREW 3 (pilot, copilot, crew chief/
combat commander) + 44 troops or
24 litters and 2 attendants
ENGINE 2 Avco Lycoming T55-L-714
turboshaft
max continuous power
4,110 shp each
internal fuel capacity
2,068 USgd (7,827 liters)
WEIGHTS
empty 26,094 b (11,836 k)
max takeoff 54,000 Ib (24,494 kg)
DIMENSIONS
rotor diam 60 ft (18.29 m)

length overdl: 98 ft 11 in (30.15
m)
fuselage: 50 ft 9in (1547
m)
height 18 ft 9 in (5.68 m)
cargo hold  length: 30 ft 6in (9.27 m)
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width at floor: 8ft 3in
(251 m)
meanwiddu: 7ft6in
(2.29m)
height: 6ft 6in (1.98
m)
volume: 1,474ft> (41.7
m°)
discarea 5,655 ft* (525.4 m?)
PERFORMANCE
cruise speed 138 kts (159 mph; 256
km/h)
rate of climb 1,841 ft/min (561
m/min)
a 33,000 Ib (14,969 kg) :
15,000 ft (4,572 m)
at 50,000 1b (22,680kg):
10,150 ft (3,094 m)
hovering ceiling in ground effect at 50,000
Ib (22,680kg)
standard day: 9,800 ft
(2,987 m)
hot day: 7,900 ft (2,408
m)
hovering ceiling out ofground effect at
50,000 Ib (22,680kg)
standard day: 5,500 ft
(1,676m)
hot day: 3,300 ft (1,006
m)
mission radius, 12,000 Ib (5,443 kg)
payload

ceiling

300 nm (345 mi; 556 km)
range, standardfuel, weight of50,000 Ib
(22,680kg)
612 nm (705 mi; 1,135
km)

Blackhawk SOF (MH-60)

Two MH-60 variants of the UH-60 Black-
hawk tactica transport helicopter have
beendevel oped. TheMH-60G PaveHawk
is a US Air Force night operations/
combat Search and Rescue (SAR) aircraft
converted from the UH-60A. The
MH-60K Specid Operations Force (SOF)
variant has been developed for Special
Operations Command (SOC); it shares
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virtually all of its avionics design with the
MH-47E Chinook SOF aircraft.

The MH-60K's avionics package is
identical to the MH-47 Chinook SOF air-
craft. Communicationsin the UHF, VHF,
and HF bands are provided, with the
UHF band being covered by Have Quick
I frequency-hopping radios. Remaining
communications electronics are aso the
same as the MH-47E.

The MH-60 also has extensive naviga-
tion equipment and self-defense capa-
bilities integrated under the Aircraft
Survivability Equipment (ASE) concept.
It includes a Honeywell AN/AAR-47
missileewarning receiver, ITT AN/
ALQ-136 pulse-radar jammer, Sanders
AN/ALQ-144(V)1 pulsed IR jammer,
Northrop AN/ALQ-162  Shadowbox
ContinuousWave (CW) jammer, General
Instruments AN/APR-39A (V)1 pulse-
radar-warning receiver, AEL AN/APR-
44(V)3 CW-radar-warning receiver,
Hughes-Danbury Optical Division AN/
AVR-2 laser-warning receiver, and CM-
130 chaff/flare dispensers.

An external cargo hook will carry up to
8,000 Ib (3,629 kg); typical ding loads
include a 105-mm howitzer and 50
rounds of ammunition.

DEVELOPMENT e« The MH-60G's ini-
tial operational capability wasin Septem-
ber 1987, with the aircraft going to Air
National Guard units.

The MH-60K program began in Janu-
ary 1988 with an $82.8-million contract to
develop the prototype. Itwasrolled outin
April 1990, with itsfirst flight on August
10,1990, and delivered to the 160th Avia
tion Regiment on August 20, 1991. The
US Army operates the MH-60K variant,
and the USAF operates the MH-60G.

VARIANTS ¢« MH-60G Pave Hawk (spe-
cid mission), MH-60K (basic variant).

COMBAT EXPERIENCE « MH-60Gs of
the Specia Operations Command's 55th

Special Operations Squadron were air-
lifted to Saudi Arabia as part of Opera-
tion Desert Shidd; during Operation
Desert Storm, the MH-60Gs were used
primarily for combat search and rescue as
well as transporting covert reconnais-
sance teams into Kuwait and Irag.

SPECIFICATIONS -

MANUFACTURER Sikorsky Aircraft

CREW 3 (pilot, copilot, crew chief) +
7-12 troops

ENGINES 2 General Electric T700-
GE-701C turboshaft
max power 1,900 shp each

(transmission rating is
3,400 shp)
continuous 1,437 shp
internal fuel capacity
360 US gd (1,361 liters)

WEIGHTS
empty hot and high mission
(95°F/35°C at 4,000
ft/1,220 m): 15,966 Ib
(7,242 kg)

European mission
(70°F/21°C at 2,000
ft/610 m): 16,239 |b
(7,366 kg)
max takeoff hot and high: 21,412 Ib

(9,712kg)
European: 23,676 b

(10,739kg)
self-deploy: 24,034 1b

(10,902kg)

DIMENSIONS
rotor diam 53 ft 8 in (16.36 m)

length 50 ft (15.26 m) without
refueling probe

height 12 ft 4in (3.76 m)

discarea 2,262 ft? (210.2 m?)

PERFORMANCE \
never-exceed speed (Vne)
194 kts (225 mph; 361
km/h)
max cruise speed
sealevel: 160 kts (184
mph; 296 km/h)
hot and high: 145 kts
(167 mph; 269 km/h)



earn cruise speed, hot and high
137 kts (158 mph; 254
km/h)
hover ceiling out ofground effect
(required)
European mission: 2,000
ft (610 m)
hot and high: 4,000 ft
(1,220 m)
radius with 7 troops (hot and high) or 12
troops (European mission)
more than 200 nm (230
mi; 370 km)
self-deployment with 830 USgal (3,142
liters) auxiliaryfuel
755 nm (869 mi; 1,398
km)

armament 2 12.7-mm machine guns

Kiowa/JetRanger

(OH-58/Bll 206)

The OH-58 Kiowa is in widespread US
Army and Navy service, aswel aswith a
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number of foreign military forces as the
Bell 206 series. It iswidely used for lia-
son, observation, fire direction, and
training, with afew modified for the anti-
tank role.

The Kiowa s a single-engine, general-
purpose light helicopter. The semirigid,
"seesaw” type two-blade main rotor has
an aluminum spar and skin with ahoney-
comb core. The two-blade tail rotor is
mounted on the left side of the shark-fin
vertical tail; afixed, rectangular horizon-
tal stabilizer is mounted on the tailboom
ahead of the fin.

The fuselage is in three sections: tail-
boom, semimonocoque center, and nose.
The windshield is bulged and has adlight
step down to the flattened nose; lower
cheek windowsin the nose aid in landing,
takeoff, and hovering. Landing gear is
parallel skids on struts extending from
the fuselage.

Basic avionicsconsist of navigation and
communications equipment. Beginning

OH-58 Kiowa Scout Helicopter

U.S. GOVERNMENT DEPARTMENT OF DEFENSE
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in 1990, the older AN/ARC-114 radiosin
the US Army's OH-58Cs were replaced
by the AN/ARC-201 Single-Channel
Ground and Airborne Radio System
(SINCGARS). In addition, many OH-
58Cs are fitted with the AN/ALR-39
Radar Warning Receiver (RWR). Subse-
quently, the RWRwas integrated with the
AN/AV R-2 |aser warning receiver.

Weapons may be added but are not
integral to the design. For example, afew
hundred OH-58Cs are being fitted with
the Air-to-Air Stinger (ATAYS).

DEVELOPMENT ¢ The OH-58A'sinitial
operational capability wasin 1968. Its first
flight as the Bell 206 JetRanger was on
November 8, 1962. Originally designated
as the OH-4A, it lost the US Army's com-
petition for aLight Observation Helicop-
ter (LOH) to the Hughes OH-6. A
redesigned 206 then became a commer-
cial success and was ordered by the US
Navy as atraining helicopter (TH-57, Sea
Ranger) , after which the Army reopened
the LOH competition and began pur-
chasing the 206 as the OH-58A Kiowa.

Over 2,400 military 206 and 4,600 com-
mercial JetRangers have been built; com-
mercial production of JetRangers and
LongRangers has been transferred to
Bell Helicopter Canada with delivery of
the first Canadian-built JetRanger occur-
ring in December 1986. License produc-
tion by Chincul SACAIFI in San Juan,
Argentina, of the Bell 212 and 214 began
in mid-1991.

In 1990, most of the US Navy's TH-57s
were grounded to repair cracks on the
landing skid supports, and over 80% were
found to have the problem.

Approximately 600 US Army OH-58s
are expected to remain in service into the
21st century. About 35 other nations fly
the Kiowa and its variants, scattered
throughout the Middle East, Asia, Eu-
rope, and Latin America

Bell Helicopter Textron was awarded a
contract to build 157 of its 206B Jet-
Ranger helicopters for military training.

The new helicopter, thefirstthe USArmy
has bought "off-the-shelf," is designated
the TH-67 Creek, and is assigned to
the Army's helicopter training school at
Fort Rucker, Alabama. Close to 8,000 of
the basic Bell 206 airframes have been
built.

VARIANTS « OH-4A (developmental),
TH-57A  SeaRanger (USN trainer),
TH-57B, TH-57C (instrument trainer),
OH-58A (US Army production model),
OH-58A Plus, OH-58B (Austrian AF),
206B-1 (Australian-built), OH-58C, OH-
58D Kiowa Warrior, TH-67 Creek (US
Army), 206L-3 LongRanger (stretched
version of 206 JetRanger), Cardoen
206L-3 Bichito (civilian), 206-L3 (gun-
ship), 206L TexasRanger, CH-136 (Cana-
dian), AB206A (Agusta-Bell), Zafar 300
(fran).

COMBAT EXPERIENCE ¢ OH-58swere
deployed to Saudi Arabia during Opera
tions Desert Shield/Desert Storm where
they were used for reconnaissance, for-
ward air control training, and personal
transports for commanders. One aircraft
was lost due to combat, one to honcom-
bat causes.

SPECIFICATIONS -
MANUFACTURERS
Bell Helicopter Textron
Bell Helicopter Canada
Agusta-Bell (Italy/AB206) licensed
Chincul SACAIFI (Argentina/212,
214)
CREW 2 (pilot, copilot) + 2 troops
ENGINES
OH-58A: 1 Allison T63-A-700 turbo-
shaft
OH-58C: 1 Allison T63-A-720 turbo-
shaft
maxpower OH-58A: 317 shp (T63-

A-700)
OH-58C: 420 shp (T63-
A-720)
WEIGHTS
empty OH-58A: 1,464 Ib (664 kg)



OH-58C: 1,8181b (825

kg)

OH-58A: 2,768 1b (1,255
kg)

OH-58C: 2,890 Ib (1,311
kg)

max takeoff OH-58A: 3,000 Ib (1,362
kg)

OH-58C: 3,200 Ib (1,451

kg)
DIMENSIONS
rotor diam 35ft4in (10.77 m)
length fuselage 32 ft 7.in (9.93
m)
overal 40ft 12in (12.49
m)
9ft6 Viin (291 m)
980.5 ft* (91.09 m?%)

normal

height
disc area

PERFORMANCE
Speed never-exceed (Vne): 120
kts (138mph;222km/
h

ma>2 range: 102 kts (117
mph; 188 km/h)

loitering: 49 kts ( 56 mph;
91 km/h)

max climb rate

OH-58A: 1,780 ft/min
(543 m/min)

OH-58C: 1,800 ft/min
(549m/min)

OH-58A: 18,900 ft (5,760
m)

OH-58C: 18,500 ft (5,640
m)

hovering ceiling in ground effect

OH-58A: 13,600 ft (4,145

ceiling

m)

OH-58C: 13,200 ft (4,025
m)

hovering ceiling out ofground effect, at
given weights

OH-58A, normal: 8,800 ft
(2,680m)

OH-58A, max: 6,000 ft
(1,830m)

OH-58C, normal: 9,700 ft
(2,955 m)

OH-58C, max: 8,200 ft
(2,500 m)
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normal: both 260 nm
(298 mi; 481 km)

max, OH-58C: 264 nm
(305 mi; 490 km)

XM-27 armament kit
(7.62-mmminigun)

or BGM-71 TOW antitank
missiles optional

range

armament

Cayuse (OH-6)

The OH-6 is a light, multipurpose hdli-
copter that has been adapted for observa
tion, scout, special-operations, antiarmor
attack, and Antisubmarine Warfare
(ASW) roles. The OH-6, based on the
successful Hughes 269 commercial heli-
copter, but turbine-powered and en-
larged, won the US Army's 1962-63
competition for a Light Observation He-
licopter (LOH). The OH-6 later devel-
oped into the commercial Model 500.
The OH-6 features a four-blade fully
articulated man rotor with cross
connected flap and feather straps; the
light-alloy spar is wrapped with a single
piece of light-alloy skin that is shaped into
an airfoil.

The slender tailboom extends aft from
the roof of the egg-shaped fuselage pod
to a narrow, swept fin; the fin extends
below the boom and isfitted with asmall
tail skid. The two-blade, antitorque rotor
is mounted at the end of the boom on the
left-hand side. On the starboard sde is a
broad-chord stabilizer held in at a sharp
dihedral by a strut that connects it to
the fin.

The Allison turboshaft, derated for
greater reliability and lower fuel con-
sumption, is carried behind the crew
compartment and receives air through a
small intake on the cabin roof and ex-
hausts through a nozzle at the aft end of
the fuselage pod below the boom. The
crew cabin features a glazed nose for
maximum forward visbility. Engine ac-
cessisthrough clamshell doorsat therear
of the fuselage pod. The parallel-skid
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landing gear has internal pneumatic
shock absorbers.

The OH-6 has no integral armament,
although it can accept gun pods or gre-
nade launchers. Spanish 500Ms arefitted
for Antisubmarine Warfare (ASW) with
an AN/ASOMS Magnetic Anomaly De-
tector (MAD) and two Mk 44 lightweight
antisubmarine torpedoes.

The OH-6A was often called the Loach
by USsoldiersinVietnam, derivedfrom a
slurring of the letters LOH.

DEVELOPMENT « The OH-6's initia
operational capability wasin 1966; its first
flight was on February 27, 1963. Its pro-
duction for the US Army ended in 1970
after 1,434 were built; over 300 still serve
in the Army National Guard. It is also
assembled under license by RACA in Ar-
gentina, Breda Nardi in Italy, and Ka
wasaki inJapan.

The OH-6 is operated in over 20 coun-
tries throughout the world, primarily
Latin America, the Middle East, and the
Far East.

VARIANTS ¢ YHO-6, OH-6A, OH-6C,
Hughes500 (commercial), 500M (Export
Hughes 500, produced under license in
Italy, Argentina,Japan, and South K orea),
500MD Defender, Super Cayuse (up-
graded) .

COMBAT EXPERIENCE  Many US
Army OH-6 "Loaches' flew as observa-
tion aircraft during the Vietnam War.

SPECIFICATIONS -

MANUFACTURER Hughes Aircraft (later
McDonnell DouglasHelicopter)

CREW 2 (pilot, copilot) + 2 troops

ENGINES 1 Allison T63-A-5A turboshaft
maxpower 317 hp (derated to 252.5

shp)
WEIGHTS
empty 1229 1b (557 kg)
takeoff design gross: 2,400 Ib
(1,090kg)
max overload: 2,700 Ib
(1,225kg)

DIMENSIONS
rotordiam 26 ft 4 in (8.03 m)
length 30ft3%in (9.24 m)
height 8ft 1'Ain (248 m)
disc area 544.6 ft2 (50.6 m*)
PERFORMANCE
max speed 130 kts (150 mph; 241
km/h)
cruise speed 116 kts (134 mph; 216
km/h)
climbrate 1,840 ft/min (560
m/min)
ceiling 15,800 ft (4,815 m)

hovering ceiling in ground effect
11,800 ft (3,595m)
hovering ceiling out ofground effect
7,300 ft (2,225 m)
range at 5,000ft (1,525 m) and 2,400 Ib
(1,090kg)
330 nm (380 mi; 611
km)
ferry range with approx 200 USgal (757
liters) offuel
1,354nm (1,560 mi;
2,510 km)
noneintegral to al
variants but can be
fitted with:
2 twin 7.62-mm machine-
gun packs
or 2 M75 40-mm grenade
launchers
or acombination
ASW: 2 Mk 44 torpedoes,
AN/ASQ-81 MAD

armament

Kiowa Warrior (OH-58D)

The OH-58D (Bell Model 406) is a con-
version of the widely deployed OH-58A
(Bell Model 206) Kiowa light observa-
tion helicopter, produced under the
Army Helicopter Improvement Program
(AHIP). It can perform reconnaissance
and artillery spotting missions aswell as
search, classification, and designation of
mobile targets. All AHIP helicopters are
being fitted with Air-to-Air Missiles
(AAM), antitank missiles, rocket pods,



and gun pods. About 80 of these are
being modified further to be multipur-
pose transport and reconnaissance air-
craft.

Compared to the basic Kiowa, the
OH-58D has a four-blade main rotor,
more powerful engine, integrated navi-
gation/attack equipment, and a Mast-
Mounted Sight (MMS). As aresult, the
OH-58D empty weight is within 75 Ib
(34 kg) of the OH-58A maximum takeoff
weight.

The main rotor has elastomeric bear-
ings and a fiberglass yoke. The rotor's
blades can be folded for transport. A Sta-
bility and Control Augmentation System
(SCAS) combineswith the four-blade ro-
tor system to provide a much smoother
ride than the earlier OH-58 variants. Like
its parent's, the OH-58D's fuselage is in
three sections. Its 650-shp Allison T703-
AD-700 turboshaft engine is mounted in
a large housing over the cabin. For the
Kiowa Warrior upgrade, the engine is fit-
ted with a new diffuser that results in a
15% power increase; the transmission is
uprated as well to handle the increased
power.

To reduce the aircraft's Radar Cross
Section (RCS), a kit was developed to
give the nose a sharper profile, the wind-
shield was tinted, the passenger compart-
ment given acowling, and the rotor blade
cuffswere enlarged and softened.

Cockpit avionics are based on dual
MIL-STD-1553B databuses and feature
two Multifunction Displays (MFD), one
displaying the vertical situation and the
other the horizontal (navigational) infor-
mation. The AN/ASN-137 Doppler strap-
down Inertial Navigation System (INS) is
combined with the Litton LR-80 Attitude
and Heading Reference System (AHRYS)
to generatevery preciseway-point naviga-
tion, often arrivingwithin 110 yd (100 m)
of a destination 54 nm (62 mi; 100 km)
distant. Switches mounted on the control
column handgrips permit head-up flying.
Among the communications equipment
is a secure UHF voice link.
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Armament options include various
combinations of four AGM-114 Hellfire
laser-guided, air-to-ground missiles; four
FIM-92 Air-to-Air Stinger (ATAS) Infra-
red (IR)-homing missiles, two Hydra 70
2.75-in (70-mm) rocket pods; or two .50-
ca machine guns.

A Thomson-CSF VH-100 Head-Up Dis-
play (HUD), license-built by Hamilton
Standard, is part of the targeting avi-
onics. A 20-mm gun may be fitted aswell
as BGM-71 TOW antitank missiles. The
Kiowa Warrior upgrade includes the ad-
dition of the Single-Channd Ground and
AirborneRadio System (SINCGARS) and
flight data recorder.

DEVELOPMENT ¢ The OH-58D's ini-
tial operational capability was in 1986; its
first flight was on October 6, 1983. The
US Army had planned to convert at least
477 OH-58As to D standard to operate
as "interim LHX" aircraft until the latter
program begins production deliveries
later in the 1990s this total has been
reduced to 279 funded and an overdl
god of 375 conversions that may not
be met.

Thefirst OH-58D KiowaWarriorsto be
sold for export were 12 ordered by Tai-
wan in December 1991, with another 14
put on option.

15 Modd 406CSs were delivered to
Saudi Arabia in October 1937. The heli-
copter is dso flown by Norway, Singa-
pore, and Taiwan.

VARIANTS ¢ Kiowa (OH-58A/C),
Prime Chance (modification for Persian
Gulf), Model 406CS (export version).

COMBAT EXPERIENCE ¢ Prime
Chance conversions were deployed dur-
ing the Iran-lraq war against Iranian gun-
boats and minelaying craft. US Army
OH-58Ds were deployed to Saudi Arabia
as part of Operations Desert Shield/
Desert Storm. Saudi 406CS aircraft also
operated during the war.
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SPECIFICATIONS -
MANUFACTURER Bell Helicopter Tex-
tron
CREW 2 (pilot, copilot) + 2 troops
ENGINES 1 Allison T703-AD-700 turbo-
shaft
max power OH-58D: 650 shp;
transmission rating of
510 shp
KiowaWarrior: 750 shp;
transmission rating of
560 shp
internal fuel capacity
10564 US gd (399 liters)

WEIGHTS
empty 2,825 Ib (1,281 kg)
useful load 1335 b (606 kg)

max takeoff 4,500 Ib (2,041 kg)
DIMENSIONS
rotor diam 35 ft (10.67 m)

length fuselage: 33 ft 10 in
(10.31m)
overdl: 42ft2in (12.85m)
height to rotor head: 8 ft6in
(2.59 m)
overdl: 12ft9'Ain (3.9m)
disc area 962 ft* (89.38 m*)
PERFORMANCE
speed never-exceed (Vne): 130

kts (149mph;241 km/
h)

max level at 4,000 ft
(1,220m): 128 kts (147
mph; 237 km/h)

max cruise: 120 kts (138
mph; 222 km/h)

econ cruise at 4,000 ft
(1,220m): 110 kts (127
mph; 204 km/h)

max climb rate

ISA: |,540ft/min (469
m/min)

at 95°F (35°C) at 4,000 ft
(1,220m): more than
500 ft/min (152
m/min)

vertical climb rate

ISA: 760 ft/min (232
m/min)

at 95°F (35°C) at 4,000 ft

(1,220m): morethan
500 ft/min (152
m/min)
celling 17,200 ft (5,243 m)
hovering ceiling in ground effect
ISA: 13,800 ft (4,206 m)
at 95°F (35°C) at 4,000 ft
(1,220m): 10,700ft
(3,261 m)
hovering ceiling out ofground effect
ISA: 9,500 ft (2,896 m)
at 95°F (35°C) at 4,000 ft
(1,220m): 5,000t
(1,524 m)
range 300 nm (345 mi; 556 km)
armament 2 FIM-92 Stinger missiles
can be carried

ST6

The S76 is a commercia helicopter
(called Spirit) inlimited military service
as a transport and in variant form avail-
able as amilitary multirole helicopter. It
is used for VIP transport, scout, medical
evacuation, liaison, Counterinsurgency
(COIN), and Search and Rescue (SAR)
Missions.

The S-76 bearsaresemblancetothe US
H-60 Blackhawk series it was devel oped
from. The S-76 has ascaled-down version
of the Blackhawk's rotor system, featur-
ing a fully articulated, forged-titanium
main rotor hub with elastomeric bearings
and four blades; the blades have a ti-
tanium core, are sheathed in composite
materials, and have swept tips.

The tail pylon is set high on the fu-
selage and has a four-blade, composite-
material antitorque rotor mounted on
the left side. A double-tapered, dl-
moving horizontal stabilizer is fitted at
the base of the tail pylon. The later S-76B
andvariantshavetail pylonswith!5%less
fin area (taken from the trailing edge,
which straightens the profile) and re-
shaped tailplanes with greater chord.

The deek, semimonocoque fuselage
has a flattened nose sloping gently up to



a stepped windshield. The flight deck is
accessible through doors on each side.
The main cabin is open to the flight deck
and has a constant cross section. Large
side doors hinged at the front (or op-
tional dliding doors) provide entry. The
lower line of the after half of the fuselage
tapers up to the tail pylon. The main-
landing-gear legs retract to the rear into
fusel age bays under the engines; the nose
geer retracts to the rear.

Two turboshaft engines are mounted
above the cabin and behind the main
rotor mast. Allison- and Turbomeca
powered S-76s have small, raked rect-
angular intakes faired into the transmis-
sion hump and close-set exhausts. PT6B-
powered aircraft have much larger en-
gine nacelles set out from the hump on
short stubs; each nacelle has its own up-
right, rectangular intake and exhaust
duct.

Military variants of the S76 have the
Sikorsky designation H-76 and are avail-
able for both land-based and shipboard
service. None are armed with internal
weapons, but the AUH-76, H-76, and
H-76N are fitted with external armament
pylons that carry gun and rocket pods,
antitank and air-to-ground missiles, air-
to-air missiles, or antisubmarine torpe-
does.

DEVELOPMENT e« The S-765s initia op-
erational capability was in 1979; its first
flight was on March 13, 1977.

The S-76 is operated by Bahrain, Hon-
duras, Hong Kong, Jordan, Philippines,
Spain, and Trinidad and Tobago.

VARIANTS « S76A, S76A+ (Hong
Kong), S76 Mark |1, S76 Utility (Philip-
pines), S76B, S76C (Hong Kong,
Spain), S-76D, S-76 (SHADOW/Sikorsky
Helicopter Advanced Demonstrator of
Operator Workload), H-76 Eagle, H-76N
(Navy).

SPECIFICATIONS -
MANUFACTURER  Sikorsky Aircraft
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CREW 2 (pilot, copilot) + 12 passengers
ENGINES
S-76A: 2 Allison 250-C30S turboshaft
S76B: 2 Pratt & Whitney Canada
PT6B-36 turboshaft
maxpower S-76A: 557 shp each
S76B: 960 shp each
internal fuel capacity
281 USgd (1,064 liters)
WEIGHTS
empty S76A: 5600 Ib (2,540 kg)
S76B: 6,548 1b (2,970 kg)
max useful load
S76A: 4,700 1b (2,132 kg)
S76B: 5,250 1b (2,381 kg)
max external load
3,300 Ib (1,497kQ)
max takeoff S76A: 10,300 Ib (4,672
k
S?(gl%: 11,400 Ib (5171

kg)
DIMENSIONS
rotor diam 44 ft (1341 m)

length fuselage: 43 ft 4 Vain
(13.22m)
overdl: 52 ft 6 in (16.0
m)
height 145 % in (441 m)
discarea 15205 ft2 (141.3 m*)
PERFORMANCE

never-exceed speed (Vne)
sealevel ;1 55kts(178
mph; 286 km/h)
at dtitude: 164 kts (189
mph; 304 km/h)
145 kts (167 mph; 269
km/h)
earn cruise  S76A: 125 kts (144 mph;
232 km/h)
S-76B: 130 kts (150 mph;
241 km/h)
ceiling 15,000 ft (4,575 m)
hovering ceiling in ground effect
S-76A: 6,200 ft (1,890m)
S-76B: 9,400 ft (2,865 m)
hovering ceiling out ofground effect
S76A: 2,800 ft (853 m)
S-76B: 5,800 ft (1,768m)
S76A, max load: 404 nm
(465 mi; 749 km)

max cruise

range



AIRCRAFT

S-76A, max fuel, 8
passengers, offshore
equipment: 600 nm
(691 mi; 1,112 km)

S76B, internal fuel, sea
level: 330 nm (380 mi;
611km)

S-76B, auxiliary fuel at
best altitude: 416 nm
(479 mi; 771 km)

Seasprite (SH-2F/Seasprite)
The SH-2F is a US light Antisubmarine
Warfare (ASW) helicopter, adapted from
the earlier HU2K Seasprite utility heli-
copter. It is part of the Light Airborne
Multipurpose System (LAMPS) that is
operated from surface combatants that
are too small to carry the larger Sikorsky
SH-60 Seahawk (LAMPSIII).

The SH-2F has afour-blade main rotor
system with atitanium rotor hub and ro-
tor brake. Most SH-2Fs have aluminum-
fiberglass blades, composite-construc-
tion blades were fitted beginning with
the aircraft delivered in October 1987.
The blade pitch is adjusted using a
unique midspan, trailing-edge servo flap
system.

The four-blade antitorque rotor is
mounted at the top of the tail pylon with
the rotor planeto port. Slim, strut-braced
horizontal stabilizers are fitted on each
side of the pylon near the fuselage; apor-
tion of the pylon trailing edge is cam-
bered to port to aid antitorque control.

The SH-2F is powered by two GE turbo-
shaft engines mounted on short stubs on
eidier sde of the main rotor pylon. The
exhaust is directed to the side. The later
SH-2G isfitted with considerably uprated
and more reliable GE T700 turboshaft
engines. External fuel capacity is 200 US
gd (757 liters). Thefuselageisatapered,
semimonocoque structure with a water-
tight hull. The pilots are seated forward
of the main cabin, which holds the ASW
system operator's station and sonobuoy

rack. The aircraft can carry three pas
sengers, two litters, or aninstructor's seat
and is fitted with a 4,000-lb (1,814-kg)
external cargo hook and 600-Ib (272-kg)
rescue hoist over the starboard door. The
retractable main-landing-gear struts have
two-wheel units and extend to the sides
when lowered, retracting inward and for-
ward into exposed wells, the fixed tail-
wheel is located well forward of the tail
pylon. For hangar stowage, the main ro-
tor blades fold back and the nose com-
partment splits into two folding halves.

The avionics fit includes a Canadian
Marconi LN-66HP surveillance radar in a
drumlike ventral radome located below
the cockpit, Teledyne Ryan AN/ASN-
123C  tactical navigation system,
Rospatch AN/ARR-75 sonobuoy receiv-
ing set, and dua Collins AN/ARC-
10 (V) UHF communications system.
The Honeywell AN/APN-171 radar d-
timeter fairings are located on both sides
near the tailwheel. Because the SH-2F
cannot process acoustical signals on
board the aircraft, it is aso fitted with a
Rospatch AN/AKT-22(V)6 sonobuoy
datalink and AN/ASA-26B sonobuoy re-
corder. The antennas for the General In-
struments AN/ALR-66(V)1 Electronic
Support Measures (ESM) radar-warning
receiver are located in the nose avionics
compartment and the trailing edge of the
tail pylon. The sonobuoy rack dispenses
15 AN/SSQ:53 DIFAR or AN/SSQ-62
DICASS sonobuoys to port. Eight Mk 25
marine smoke markers are dropped from
aforward bay to port of the radome. A
stores station on either side carries asin-
gle ASW torpedo or a 100-US ga (379-
liter) drop tank.

DEVELOPMENT ¢ The SH-2D's initial
operationa capability was in December
1971; its firgt flight was on July 2, 1959
(HU2K-1). Between 1961 and 1966, 190
HU2K Seasprites were built; the 106 that
remained were converted to SH-2F by
1983. Subsequently, 54 new SH-2F heli-
copterswere procured for atotal LAMPS



| program of 159; six more requested in
FY1987 as SH-2F were built as SH-2G
Super Seasprite. Approximately 115
SH-2Fs are being upgraded to SH-2G at
the rate of six to eight aircraft per year.

An initial sde of five SH-2Fs to Portu-
gd was announced in May 1989 but fell
through; in June, a sale to Pakistan was
announced. In September 1992, a $161-
million sdle of 12 SH-2Fs to Taiwan was
announced.

VARIANTS « HU2K Seasprite, SH-2D,
SH-2F, SH-2F MEF (Middle East Force),
SH-2G Super Seasprite, SH-2H.

COMBAT EXPERIENCE « SH-2F heli-
copters were aboard Belknap-class
cruisers, Kidd-class destroyers, and Knox-
classfrigates that deployed to the Persian
Gulf during Operations Desert Shield/
Desert Storm and used for maritime sur-
veillance to enforce the economic sanc-
tions imposed on Irag.

SPECIFICATIONS -
MANUFACTURER Kaman Aerospace
CREW 3 (2 pilots, 1 ASW systems opera-
tor)
ENGINES
SH-2F: 2 General Electric TS58-GE-8F
turboshaft
SH-2G: 2 Generd Electric T700-
GE-401 turboshaft
maxpower SH-2F 1,350 shp each
SH-2G: 1,690 shp each
internal fuel  capacity
276 USga (1,045 liters)
WEIGHTS
empty, operating
SH-2F; 7,350 1b (3,334
kg)
SH-2G: 7,710 1b (3,497
) .
normal landing weight, 20-minfuel
reserve
SH-2F: 10,000 Ib (4,356
kg)
SH-2G: 10,400 |b (4,717

kg)
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max takeoff SH-2F delivered before
October 1985 12,800
Ib (5,806 kg)
SH-2F delivered after
October 1985; 13,500
Ib (6,123 kg)
SH-2G: 13,900 Ib (6,305

kg)
DIMENSIONS
rotor diam SH-2F. 44 ft (13.42 m)
SH-2G:44ft4in
(13.51m)
length, bladesfolded
38 ft 4in (11.69m)
length, blades turning
SH-2F. 52 ft 7in (16.03
m)
SH-2G: 52 ft 9in (16.08
m)
15 ft Vzin (458 m)
SH-2F: 15205 ft* (141.25
m?)
SH-2G: 1,543.4 ft?
(14344 m?)

height
disc area

PERFORMANCE
max speed at max takeoff weight
SH-2F; 133 kts (153 mph;
246 km/h)
SH-2G: 135 kts (155 mph;
250 km/h)
max speed at landing weight
SH-2F: 140 kts (161 mph;
259 km/h)
SH-2G: 146 kts (168 mph;
271 km/h)
typical cruise speed
130 kts (150 mph; 241
km/h)
econ cruise  120-124 kts (138-143
mph; 222-230 km/h)
climb rate, average gross weight
SH-2F; 2,440 ft/min (744
m/min)
SH-2G: 2,360 ft/min (719
m/min)
climb rate, max takeoff weight
SH-2F: 1,600 ft/min (488
m/min)
SH-2G: 1,550 ft/min (472
m/min)
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single-engine climb rate
SH-2F: 485 ft/min (148
m/min)
SH-2G: 1,260 ft/min (384
m/min)

ceiling at average gross weight

SH-2F: 15250 ft (4,648
m)

SH-2G: 20,600 ft (6,280
m)

ceiling at max takeoff weight

SH-2F: 11,850ft (3,612
m)

SH-2G: 16,700 ft (5,090
m)

Hovering in Ground Effect (HIGE), max

takeoff weight, [SA

SH-2F: 10,100 ft (3,078
m)

SH-2G: 12,000 ft (3,658
m)

HIGE, landing weight, 1SA

SH-2F; 18,100 ft (5,517
m)

SH-2G: 18,600 ft (5,669
m)

Hovering out of Ground Effect (HOGE),

max takeoff weight, 1SA

SH-2F: 4,700 ft (1,433m)

SH-2G: 6,000 ft (1,829
m)

HOGE, landing weight, 1SA

SH-2F: 14,500 ft (4,420
m)

SH-2G: 15,600 ft (4,755
m)

ASW\patrol time on station at 30 nm (35
mi; 56 km), radius ISA, 20-minfuel
reserve

with 1 torpedo

SH-2F: 2 hr O min

SH-2G: 2 hr 42 min

with 2 torpedoes

SH-2F: 1 hr 12 min

SH-2G: 1 hr 48 min
SAR search time, 1SA, 20-minfuel reserve

at 30 nm (35 mi; 56 km)

radius
SH-2F: 3 hr 0 min
SH-2G: 3 hr 42 min

at 100 nm (115 mi; 185
km) radius
SH-2F: 1 hr 30 min
SH-2G: 2 hr 18 min
Antiship Surveillance and Targeting
(ASST) time on station I1SA, 20-min
fuel reserve
at 30 nm (35 mi; 56 km)
radius
SH-2F: 3 hr 12 min
SH-2G: 4 hr O min
at 100 nm (115 mi; 185
km) radius
SH-2F: 1 hr 42 min
SH-2G: 2 hr 30 min
maxferry range, with 3 external tanks
SH-2F 425 nm (489 mi;

788km)
SH-2G 505 nm (582 mi;
936 km)
armament 2 Mk 46 ASW torpedoes
radar AN/APS-69 (LN-66)

surface-search radar

EW ALR-66(V)

Sea King/Pelican/Jolly Green
Giant (H-3)

The H-3 is arelatively long-range, multi-
purpose helicopter originally designed
for the US Navy's Antisubmarine War-
fare (ASW) role, but subsequently modi-
fied for combat Search and Rescue
(SAR), minesweeping, troop transport,
VIP transport, Airborne Early Warning
(AEW), and general utility missions. The
British Westland Sea King, although de-
rived from the H-3, has a different pow-
erplant and avionics.

The H-3 is a high-performance heli-
copter that set several speed and distance
recor ds soon after itsfirst flight. Itslarge
fuel capacity gives it high endurance or
long range. Several variants have been
produced.

The H-3 series features a fully articu-
lated five-blade main rotor, mounted at
thetop of the boom; therotor planeisto



theleft. A high-aspect-ratio, strut-braced
horizontal stabilizer is fitted to the right
of the boom &t the same leve as the tall
rotor hub. Naval variantshavefolding ro-
tors, land-based variants do not.

The fuselage of the naval ASW SH-3 is
boat-shaped. The cabin section endsin a
"boat tail" to which the fixed tailwhed is
attached. The retractable main-landing-
gear units are carried in outrigger pon-
toons located outboard of the lower fu-
selage behind the cockpit. The upper
half of the fuselage is extended as a shal-
lower semimonocoque structure that
continues to the top of the danting tail;
most SH-3s have folding tailbooms to fa-
cilitate carrier storage.

The HH-3 Air Force variants have are-
vised fuselage that is not watertight. The
fuselage width remains constant back to a
hydraulically operated, full-width rear
ramp. The ramp forms the floor of a sec-
tion that sopes up to a slim boom that
extends straight back. A more upright
and distinct vertica tail than that of the
SH-3 is mounted on the end of the boom.

H-3

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

AIRCRAFT 137

The HH-3 landing-gear arrangement is
tricycle and hence reversed from the
SH-3. The nose gear retracts forward; the
main gear retracts into large sponsons
mounted on the lower fuselage behind
the main rotor shaft line.

The USNavy's SH-3H and comparable
foreign ASW models have sonobuoy dis
pensers, AN/AQS-13 dipping sonar, Mag-
netic Anomaly Detector (MAD), surface-
search radar, and other submarine-
detection gear. Brazilian Navy ASH-3Ds
began carrying two AM-39 Exocet anti-
ship missilesin 1991.

DEVELOPMENT ¢ The Sea King's ini-
tial operational capability wasin Septem-
ber 1961; the SH-3s first flight was on
March 11, 1959. It is no longer in pro-
duction in the United States but is dtill
being built under license by Westland in
Britain and by Agusta in Italy. Over
1,100 have been built; the 167th and last
Mitsubishi-built SH-3 was delivered in
March 1990.

The SH-3 isbeing replaced in US Navy
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service by the SH-60F CV-Helo; the US
Coadt Guard's HH-3F Pdlicans are being
replaced by the HH-60J. US-produced
variants are operated by the US Air Force,
Navy, and Coast Guard and in about 13
other countries throughout the world.

The naval and some other models are
named Sea King; the US Air Force HH-3
seriesis namedJolly Green Giant; the US
Coast Guard HH-3F SAR aircraft are
named Pelican.

VARIANTS ¢« XHSS-2/'YHSS-2, HSS-2/
SH-3A (initidl ASW version), CHSS2/
CH-124 (Canada), HSS2B (Japanese
license-built ASW), NH-3A (research),
RH-3A (minesweeper), VH-3A (USMC
White House VIP), HH-3A (USN SAR),
CH-3B (US, Danish,Madaysianairforces),
CH-3C (USAF), SH-3D (US, Spanish
Navy, Argentina, Brazil/ASW), ASH-3D
(Agusta), VH-3D (VIP), CH-3E, HH-3E
Jolly Green Giant (USAF SAR), HH-3F
Pelican (USCG SAR), AS61R (Agusta),
SH-3G, SH-3D AEW, SH-3H (USNASW),
ASH-3H (Agusta), YSH-3J, Westland Sea
KingHASand HAR/Commando (British
ASWI/SAR), Nuri (MaaysianAF).

COMBAT EXPERIENCE ¢ The British
Westland Sea King saw extensive service
in the 1982 Falklands War.

Five CH-124s deployed to the Persian
Gulf in fall 1990 in the destroyer HMCS
Athabaskanand the supply shipHMCSPro-
tector. US Navy SH-3G/H helicopters
were aso deployed to the Persan Gulf;
each US-deployed aircraft carrier had five
SH-3Hs and several SH-3Gs from other
ships. Nonewerelost in combat, although
the 30 carrier-based SH-3s flew 1,800 sor-
ties. No Air Force HH-3s were deployed.

SPECIFICATIONS -
MANUFACTURER
Sikorsky Aircraft
AgustaSpA, Milan, Italy
Mitsubishi Heavy Industries, Tokyo,
Japan
CREW 4 (2 pilots, 2 ASW systems opera-
tors)

ENGINES
SH-3H: 2 Generd Electric T58-GE-10
turboshaft
HH-3H: 2 GE T58-GE-100 turbo-
shaft
maxpower SH-3H: 1,400 shp eech
HH-3H: 1,500 shp each
internal fuel capacity
840 US gd (3,180 liters)

WEIGHTS
empty SH-3H: 11,865 Ib (5,382
kg)
HH-3H: 13,255 Ib (6,010

kg)
max takeoff SH-3H for ASW mission:
18,626 Ib (8,449 kg)
HH-3H: 22,046 Ib (10,000

kg)

DIMENSIONS
rotor diam 62 ft (189 m)
fuselage length

SH-3H: 54ft9in (16.69
m)

HH-3H: 57 ft 3in (17.45
m)

SH-3H: 16 ft 10in (5.13
m)

HH-3H: 18ft 1 in (551
m)

3,019 ft* (280.5 m*)

height

disc area
PERFORMANCE
max speed  SH-3H: 144 kts (166 mph;
267 km/h)
HH-3H: 141 kts (162
mph; 261 km/h)
cruise speed
SH-3H: 118 kts (136 mph;
219 km/h)
HH-3H: 130 kts (150
mph; 241 km/h)
SH-3H: 1,310-2,200 ft/
min (400-670 m/min)
ceiling 14,700 ft (4,481 m)
hovering ceiling in ground effect
SH-3H: 8,200 ft (2,500 m)
HH-3F: 9,710 ft (2,960 m)
hovering ceiling out of ground effect
SH-3H: 3,700 ft (1,130 m)
540 nm (621 mi; 1,000
km)

climb rate

range



armament 2 MK 46 torpedoesin
SH-3H; varies among
license-built examples

Seahawk (SH-60)

The Seahawk, a multipurpose US Navy
adaptation of the UH-60 Blackhawk tacti-
cal transport helicopter, was developed
for Antisubmarine Warfare (ASW) and
Search and Rescue (SAR) missions. The
Seahawk is the helicopter component of
the Navy's ship-based Light Airborne
Multipurpose Sysem (LAMPS) 1, an
over-the-horizon ASW and Antiship Sur-
veillanceand Targeting (ASST) system. A
modified Seahawk, the SH-60F, is replac-
ing SH-3s as the carrier-based inner-zone
ASW helicopter.

The Seshawk has a forged titanium
main rotor hub with elastomeric bearings
and four blades; the blades have a ti-
tanium core, are sheathed in composite
materials, and have tips swept at 20°. The
main rotor shaft has a brake, and the
blades are power-folded.

The tall pylon has a four-blade,
composite-material  antitorque rotor
mounted on the right side and canted at
20° to increase vertical lift. The large,
rectangular, variable-incidence stabilator
is fitted near the base of the pylon and
can set at +34° during hovering and —6°
for autorotation. It dso adds lift during
cruise flight. The tail pylon has power-
assisted folding that swings it to the left
for stowage. The Automatic Flight Con-
trol System (AFCS) was expanded from
that in the Blackhawk, adding an auto-
matic atitude hold and approach to
hover.

The SH-60's two turboshaft engines are
mounted over the fuselage, separated
from each other by the rotor drivetrain
and transmission. The engines are up-
rated and "marinized" to resst corro-
son. The aircraft can refuel during
hover.

The fixed main-landing-gear legs trail
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back from a mount located below the
cockpit; a second attachment point be-
hind the diding cockpit door bears the
shock-absorbing strut that is fitted to the
wheel hub. The fixed tailwheel islocated
just behind the cabin, considerably far-
ther forward than in the Blackhawk and
resulting in a wheelbase identical to that
of the Kaman SH-2 Seasprite (LAMPS).
The landing geer is dso lighter than that
of the Blackhawk.

The fuselage has a side-by-side, two-
seat flight deck forward; the pilot is
seated to the starboard and the Airborne
Tecticd Officer (ATO) on the port. The
Sensor Operator's (SO) position is lo-
cated in the aft starboard side of themain
cabin. The aircraft's electronics and sen-
sors are linked and subdivided into four
groups. havigation, mission avionics, data
handling and display, and communica
tions. Navigation equipment includes the
Tdedyne Ryan AN/APN-217 Doppler
navigation radar, Honeywell AN/APN-
194(V) radar altimeter, and Coallins
TACAN and UHF direction-finding
equipment.

Mission avionics include the Texas In-
struments AN/APS-124 360° search ra
dar fitted under the flight deck, the
Rospatch (now FlightLine) AN/ARR-75
sonobuoy receiving set, and the Ray-
dieon AN/ALQ-142 omnidirectional
Electronic Support Measures (ESM). A
25-tube pneumatic sonobuoy launcher is
ingtdled in the port sde of the fuselage
aft of the single cabin window.

AnIBM AN/UY S-1(V)2Proteusacous-
tic processor is linked to the ARR-75 and
the AN/AYK-14 general-purpose digital
computer. Sensor data is initially pro-
cesed on board, then relayed to the Sear
hawk's "mother" ship over the Serra
Research AN/ARQ-44 datalink. The Sea
hawk thus can act either as the forward-
deployed "eyes and ears' of the compre-
hensive shipboard ASW and ASST pro-
cessing center or as an independent unit.
The arcraft's offensive armament is one
ortwo Mk 46 lightweight ASW torpedoes.



140 AIRCRAFT

The Norwegian AGM-119 Penguin short-
range, antiship missile is being procured
for the ASST mission.

Several Seahawks operating in the Per-
san Gulf in 1987-88 were fitted with dor-
sad and ventra AN/ALQ-144 Infrared
Countermeasures (IRCM), AN/ALE-39
chaff dispensers on the port side of the
cabin, Loral AN/AAR-47 electro-optical
missile-warning system, and M60 7.62-
mm machine guns in both cabin doors.
Hellenic Navy S70Bs operating from
Hydra-class frigates will be fitted with the
Litton AN/ALR-606(V)2 éectronic sup-
port measures system as well as the Pen-
guin antiship missile.

DEVELOPMENT ¢ The SH-60's initia
operational capability wasin 1983; its first
flight was on December 12, 1979. Still in
production with over 470 aircraft or-
dered for the US Navy and four other
navies. Six SH-60Bswere delivered to the
Spanish V/STOL carrier Principe de As-
turias in January 1989 at Patuxent River
Naval Air Station, Maryland.

In addition to the US Navy, the S-60, or
its commercial variant S-70, is flown by
Australia, Greece, Japan, Spain, and
Tawan.

VARIANTS « SH-60B, Quick Reaction
Forward-Looking Infrared (FLIR), SH-
60F CV-HELO Ocean Hawk, HH-60H
Rescue Hawk (USN SAR), HH-60J Jay-
hawk (USCG), VH-60A (USMC White
HouseVIP), S70 (military exports S-70A
and S-70B), S-70B-2 (Australia), S-70B-3/
SH-60J (Japan), S70B-6 (Greece),
S70C(M)-1 (Tawan Navy "commer-
cia").

COMBAT EXPERIENCE ¢ 12 SH-60Bs
deployed to the Persan Gulf during
1987-88 and flew an average of over 100
hours per month, according to the US
Navy.

34 US Navy SH-60Bs and three Austra-
lian S-70B-9s operated in Operations De-
sert Shield/Desert Storm; one was lost
during the seven-week war to noncombat

causes. HH-60Hswere deployed in Saudi
Arabiafor combat SAR.

SPECIFICATIONS -
MANUFACTURER Sikorsky Aircraft
CREW 3 (pilot, copilot, sensor opera-
tor)
ENGINES 2 General Electric T700-
GE-401 turboshaft
max power 1,713 shp each
internal fuel capacity
360 USgd (1,361 liters)
WEIGHTS
empty 13648 b (6,204 kg)
mission gross weight
ASW: 20,244 1b (9,183kg)
ASST: 18,3731b (8,334 kg)
max takeoff 21,884 Ib (9,927 kg)
DIMENSIONS
rotor diam 53 ft 8 in (16.36 m)
length operating: 64 ft 10 in
(19.76m)
folded: 40 ft 11 in (12.47
m)
operating: 53 ft 8in
(16.36m)
folded: 10ft8'Ain (3.26
m)
operating: 17ft0in (5.18
m)
folded: 13ft3V,in (4.04
m)
2,262 ft* (210.15 m*)

width

height

disc area
PERFORMANCE
never-exceed speed (VNE)
sealevel: 180 kts (207
mph; 334 km/h)
at 4,000 ft (1,220m): 171
kts 197 mph; 317 km/h)
dash speed  sealevel: 128 kts (147
mph; 237 km/h)
at 5,000 ft (1,524m),
tropical day: 126 kts
(245 mph; 233 km/h)
max climb rate
sealevel, ISA conditions:
1,330 ft/min (405
m/min)
sealevel, 90°F(32°C): 700
ft/min (213 m/min)



ceiling 13,800 ft (4,206 m)
hovering ceiling in ground effect
ISA conditions: 6,500 ft
(1,981 m)
tropical day conditions:
4,200ft (1,280m)
hovering ceiling out ofground effect
ISA conditions: 3,400 ft
(1,036 m)
tropical day conditions:
1,500 ft (457 m)
range at max takeoffweight, econ cruise,
no reserves
internal fuel
sealevel: 437 nm (503
mi; 810 km)

at 4,000 ft (1,220m):
484 nm (557 mi; 897
km)
with auxiliaryfuel
sea level: 630 nm (725
mi; 1,167 km)

at 4,000 ft (1,220m):
678 nm (781 mi; 1,256
km)

2 Mk 46 torpedoes
AN/APS-124 360° search
AN/APN-217 Doppler

(HH-60H/J)

armament
radar

Raven(H-23/UH-12)

The UH-12 (the H-23 Raven in US Army
sarvice) is an early-generation helicopter
till in limited military and civilian ser-
vice as an observation and light utility
helicopter.

The UH-12 has a two-bladed main ro-
tor with counterbalance weights, a two-
bladed tail rotor on the right side of the
pipelike tailboom opposite a stabilizer,
twin-skid landing gear, and a bubble or
"goldfish bowl" cockpit. The tailboom
has a reinforcing strut to the top of the
engineframe, whichisset just behind the
cockpit.

No armed versions have been manufac-
tured.
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DEVELOPMENT e« The Raven's initia
operational capabilitywasin 1950; its first
flight was in November 1947. It is no
longer in production or in US military
service, but about 40 remain in military
service in Argentina, Colombia, Egypt,
Mexico, South Korea, and Paraguay.

VARIANTS « Model 360 (prototype),
UH-12A/HTE-/H-23A Raven, UH-
12B/HTE-2/H-23B, UH-12C/H-23C,
UH-12D/H-23D, UH-12E/OH-23G/CH-
112 (UH-12E/OH-23F, CH-112 [OH-23
in Canadian service]), UH-12E4/
OH-23F, UH-12L 4.

SPECIFICATIONS -

MANUFACTURER Hiller

CREW 1 + 2 passengers

ENGINES 1 LycomingVO-540 piston
max power 340 hp

WEIGHTS
empty 179 Ib (798 kg)
gross 2,800 Ib (1,270kg)
DIMENSIONS
rotor diam 35 ft 5in (10.8 m)
length fuselage: 28 ft 6in (8.69
m)
overal: 40ft8in (124
m)
height 9ft9in (298 m)
PERFORMANCE
max speed 83 kts (96 mph; 154 km/
h
ceiling 16,%07 ft (4,940 m)
range 365 nm (420 mi; 676 km)

Huey/Iroquois (UH-1)
The UH-1, popularly cdled the Huey, isa
general-purpose, multirole helicopter
that has been produced in greater num-
bers and flown by more countries than
any other helicopter in the West. The
Huey has been adapted for air assault,
gunship, medical evacuation, Search and
Rescue (SAR), Antisubmarine Warfare
(ASW), and genera utility missions.
Both single- and twin-engine variants
are in widespread service. A three-engine
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prototype was test-flown but not pro-
duced. The main single-engine variants
are the UH-1B (Bell Model 204) and
UH-1D/H (Bell Model 205). The two-
blade, semirigid, al-metal main rotor has
a stabilizer bar mounted above and at
right angles to the blades and an under-
slung, feathering axis head. The rotor is
mounted on the left side of the tail rotor
pylon. The rectangular horizontal stabi-
lizer in the tailboom, ahead of the anti-
torque rotor, is interconnected with the
cyclic control and acts as acompensating
elevator.

The sdingle turboshaft engine is
mounted in aslender housing behind the
main rotor mast. The exhaust nozzle is
tilted slightly upward.

The semimonocoque fuselage has a
short nose, extensive glazing (including
"chin" windows for look-down visibility)
around the cockpit, and doors on both
sdes. The cockpit is open to the main
cabin, which has large, rearward-sliding
doors on both sides. The main cabin can
carry troops in jump seats or litters in
fold-down racks. Landing gear is parallel
skids on tubular struts, with atail skid at
the end of the tailboom.

DEVELOPMENT ¢ The Huey's initial
operational capability was in 1958; first
flight of the XH-40 was on October 22,
1956. Over 10,100 UH-Is have been buiilt,
anditisstill in production by Agusta-Bell
of Italy and Fuji of Japan and ill in ser-
vice with all US military forces and over
55 other countries.

VARIANTS ¢ X/YH-40, HU-1, HU-1A,
HU-1B,UH-1C,UH-1D, UH-1E (USMC),
UH-1F (USAF), UH-1H, UH-1H Up-
grade, EH-1H Quick Fix IA/IB (USArmy
Security Agency), EH-1U/EH-1X Quick
Fix 1A, HH-1IK (USN SAR/SEAL),
UH-1L (USN), UH-1M, UH-IN/Model
212, UH-1P (special operations), UH-1V,
Bell/Lycoming Fleet/Service Life Exten-
son Program, T800 test bed, CH-118
(Canada), AB204/205 (Agusta-Bell),

204B-2/HU-1H Kai (Japan-Fuji), Bel
533 (three-engine research), AH-1G
HueyCobra.

The Swedish designation for their
AB205 aircraft is HKP-3.

COMBAT EXPERIENCE - In their as-
sault role, Hueys have seen combat ser-
vice with US forces in the Vietnam War
(wherethe unarmed variantswere known
as Slicks) and in the 1983 operation in
Grenada. They have dso served in the
Mideast in Israeli combat and in a num-
ber of other combat actions throughout
the world. As a gunship, the Huey was
used in Vietnam until the AH-1 Cobra
series replaced it.

USArmy UH-1Hsweredeployedtothe
Persian Gulf as part of Operation Desert
Shield. During Desert Storm, three
UH-Iswerelogt, all to noncombat causes.

In February 1989, the UN Transitional
Assigtance Group (UNTAG) announced
the purchase of eight AB205 helicopters
to support their peacekeeping opera-
tionsin Namibia. The aircraft werewith-
drawn when Namibia completed its
transition to independence in March
1990.

In September 1989, 20 UH-IHs were
flown by cargo aircraft to Colombia to
bolster antidrug forces in that country.
The speedup in delivery of an existing
order came after the assassination of a
prominent presidential candidate and
former guerrillaleader.

SPECIFICATIONS -
MANUFACTURER
Bell Helicopter Textron
AgustaSpA, Milan, Italy
Fuji Heavy Industries, Tochigo, Japan
CREW 2 (pilot, copilot); crewman op-
tional + 11-14 troops
ENGINES 1 LycomingT53-L-13turbo-
shaft
max power  |,400shp
internal fuel capacity
211 USgd (799 liters)



WEIGHTS
empty operating
5,550 Ib (2,517 kqg)
max useful load
3,950 Ib (1,792 kg)
max sling load
4,000 1b (1,814 kg)
maxgross 9,500 Ib (4,309 kg)
DIMENSIONS
rotor diam 48 ft (14.63 m)

length 41 ft 10 % in (13.77 m)

height 13 ft 5 in (4.08 m)

discarea  1,809.6 ft* (168.1 m?)
PERFORMANCE

never-exceed (Vne), max level, max cruise,
and econ cruise speeds
110 kts (127mph;204
km/h)
max climb rate
[,600ft/min (488
m/min)
service ceiling
12,7001t (3,871 m)
hovering ceiling in ground effect, standard
day
11,100ft (3,383m)
hovering ceiling in ground effect, 9TF
(3°C)
5,000ft (1,524m)
hovering ceiling out ofground effect,
standard day
6,000 ft (1,829m)
sealevel, standard tanks:
266 nm (306 mi; 493
km)
range at 4,000 ft (1,120
m) with auxiliary tanks:
675 nm (777 mi; 1,251
km)

range

Huey/Iroquois (UH-1N)

The UH-1N Huey is the twin-engine ver-
son of the Huey series of genera-
purpose helicopters.

The "Twin-Pac" turboshaft installation
consists of two turbines driving a single
output shaft, either being able to drive
the rotor if the other fails. The turbines
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are mounted outboard of the main rotor
mast with the nozzles carried sde by sde
in asingle housing. All other features of
the Huey UH-IN are identical to the ba
sic Huey.

DEVELOPMENT e« The initia opera-
tional capability of the twin-engine Huey
was in 1970; its first flight was in April
1969. It is ill in production in Canada
and by AgustaBell of Italy and Fuji of
Japan and still in service with al US mili-
tary forces except the Army.

As the Bdl 212/412 and the Agusta-
Bel AB212/AB212ASW/AB412 Griffon,
the twin-engine variant is in service with
numerous other countries. More than
1,500 212s and 250 4-blade 412s had been
produced by 1992. Helikopter Service
A/S of Sola, Norway, assembled 18 Bell
412SPs for the Roya Norwegian Air
Force for delivery between late 1987 and
April 1990.

In May 1990, Bell Textron and the Ar-
gentine firm Chincul agreed to license
production of the Bell 212 and 412SP
variants. In October 1990, Thailand an-
nounced a $330-million contract for 50
more Bell 412SP helicopters.

Poland became the first eastern Euro-
pean nation to order aTwin Huey, taking
delivery of two 412s in 1991

Canadas National Defense Depart-
ment ordered 100 412HPs in April 1992
under a contract estimated at Canfl bil-
lion. Aircraft ddiveries will run from
194 to 1997.

Over 65 countries throughout the
world, in addition to the United States,
operate the severd Huey twin-engine
variants.

VARIANTS ¢ UH-IN/Model 212 (USAF,
USN, Canada), Model 412, 412HP (High
Performance), AB212ASW (Agusta-built
ASW), Griffon/AB412 (Agusta), Model
214, AH-1J SeaCobra (Bell Model 209).

COMBAT EXPERIENCE * Hueys saw
extensive combat service with US forces
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in Vietnam and Grenada. The Israglis
have used them in the Middle East.

US Marine Corps UH-INs were de-
ployed to Saudi Arabiain Operation De-
sert Shield. Two UH-INsflying from the
USS Okinawa (LPH 3) were lost in the
northern Arabian Seain October 1990,
and one from the USS Tripoli (LPH 10)
crashed into the Pacific in December
while the ship was en route to the Persian
Gulf.

During Operation Desert Storm, the
UH-INs were the Marine Corps princi-
pal light utility helicopter. Some were fit-
ted with Nile Eagle Forward-Looking
Infrared (FLIR)/laser designator pods
originally developed for the Aquila Re-
motely Piloted Vehicle (RPV) and used
to designate targets at night. During
Desert Storm, 50 Marine Corps UH-
INs—30 flying from shore bases and
20 from amphibious ships—flew 1,016
sorties.

SPECIFICATIONS -
MANUFACTURER
Bell Helicopter Textron Canada, Mir-
abel, Quebec
AgustaSpA, Milan, Italy
CREW 2 (pilot, copilot); crewman op-
tiona + 11-14 troops
ENGINES
UH-1N: 2 Pratt & Whitney Canada
PT6T-3B turboshaft
412: 2 Pratt & Whitney Canada
PT6T-3B-1 turboshaft
412HP: 2 Pratt & Whitney Canada
PT6T-3D turboshaft
max power 1,800 shp total, derated
to 1,290 shp (UH-1N)
or to 1,400 shp (412)
internal fuel capacity
standard
UH-IN: 215 US gd (814
liters)
412: 330 USgd (1,249
liters)
with optional auxiliary fuel
UH-1N: 395 US gal
(1,495 liters)

412: 494 US gal (1,870
liters)
WEIGHTS

empty operating
UH-1N: 5,9971b (2,720 kg)
412: 6,470 b (2,935 kg)
412HP: 6,8101b (3,089 kQ)

max useful load
UH-1N: 50331b (2,283

ki
412:g)5,390 Ib (2,445 kg)
max dling load
5,000 Ib (2,268 kg)
maxgross UH-1IN: 11,200 Ib (5,080
k
4129)I [,9001b (5,398kQ)
DIMENSIONS
rotor diam UH-1N: 48 ft (14.63 m)
412: 46ft (14.02m)

length 41 ft 10 % in (13.77 m)
height 13ft 5in (4.08 m)
discarea  UH-IN: 1,809.6 ft2 (168.1
m?)
412: 1,661.0ft2 (154.4
m2)
PERFORMANCE

never-exceed (VNE), max level, max cruise,
and econ cruise speeds
UH-1N: 100 kts (115
mph; 185 km/h)
max sea-level cruise
412: 124kts (143 mph;
230 km/h)
range cruise
118kts (136 mph; 219
km/h)
max climb rate
412: 1,420 ft/min (433
m/min)
412HP: 1,350 ft/min (411
m/min)
service ceiling
412: 13,200 ft (4,023 m)
412HP: 16,500 ft (5,029
m)
hovering ceiling in ground effect, standard
day
UH-1N, max takeoff
weight: 4,800 ft (1,463
m)



412 a 10,500-b (4,762-
kg) takeoff weight:
9,200 ft (2,805 m)
412HPatll,900-1b
(5,398-kg) takeoff
weight: 10,200 ft (3,109
m)
hovering ceiling in ground effect, 93°F
(30)
412: 2,500 ft (762 m)
412HP: 6,200 ft (1,890m)
hovering ceiling out ofground effect,
standard day
412HP: 5,200 ft (1,585m)
range
sea level, standard tanks
UH-1IN: 231 nm (266 mi;
428km)
412: 354 nm (408 mi; 656
km)
412HP: 328 nm (380 mi;
607 km)
at 4,000ft (1,120 m) with
auxiliary tanks
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UH-1IN: 428 nm (493 mi;
793 km)

412: 590 nm (679 mi;
1,093 km)

412HP: 570 nm (656 mi;
1,055 km)

412 with max payload at
10,500ft (3,200 m) and
cruising at 118 kts (136
mph, 219knvh):375
nm (432 mi; 695 km)

Blackhawk (UH-60)

The Blackhawk is a multipurpose heli-
copter that serves as the US Army's prin-
cipa tactical transport helicopter
(replacing the UH-1 Huey series). The
UH-60 has been adapted for medical
evacuation, reconnaissance, night opera-
tions, Search and Rescue (SAR), Elec-
tronic Warfare/Electronic Intelligence
(EW/ELINT), and general utility mis-

Blackhawk UH-60

U.S. GOVERNMENT DEPARTMENT OF DEFENSE
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sions, with naval variants employed for
AntisubmarineWarfare (ASW) and SAR.

The Blackhawk has a forged-titanium
main rotor hub with elastomeric bearings
and four blades, the blades have a ti-
tanium core, are sheathed in composite
materials, and have swept tips. The tail
pylon has a four-blade, composite-
material tail rotor mounted on the right
side and canted at 20° to increase vertical
lift. The large stabilator has forward
swept trailing edges and is fitted near the
base of the pylon; it can be pitched up to
40° during takeoff, hovering, and land-
ing. The tailplane design dso adds lift
during cruise flight. The fixed main-
landing-gear legs trail back from a point
located below the cockpit; a second at-
tachment point behind the half-door
bearsthe shock-absorbing strut that is fit-
ted to the whedl. The fixed tailwhed is
fitted well aft of the cabin, ahead of the
pylon-fold hinge.

The UH-60's twin engines are mounted
over the fuselage, separated from each
other by the rotor drivetrain and trans-
mission. The rotor and engine installa-
tion is close to the fuselage; the rotor
shaft can be lowered to alow shipmentin
transport aircraft as small as a Lockheed
C-130 Hercules.

The fuselage has a sde-by-side, two-
seat flight deck forward, open to the
passenger/cargo cabin, which has avol-
ume of 410ft° (11.61m°). Normal troop
load-out is 11, but high-density seating
permits 14 troops to be carried. For self-
protection, 7.62-mm machine guns are
fitted on pintle mounts at each cabin
door.

The UH-60 hasahigh crashworthiness.
The semimonocoque fuselage is de
signed to resist deforming in a latera
crash at 30 ft/sec (9.1 m/sec) and averti-
cd crash at 38 ft/sec (11.5 m/sec). It can
aso withstand a combined force of 20 g
forward and 10 g downward. The main
rotor blades are designed to have a 30-
minute life after having the main spar
severed by a 23-mm shdl. The aircraft

aso haslow-reflectivity paint and aHover
Infrared Suppression System (HIRSS) to
reduce its infrared signature, a Sanders
AN/ALQ-144 IR countermeasures set,
andan E-SystemsAN/APR-39(V) 1 radar-
warning system; chaff and flarelaunchers
provide deception.

Detachable External Stores Support
Sydem (ESSS) pylons can be fitted to
points above the cabin doors. Up to four
fuel tankscarrying atotal of 1,360 USgd
(5,148 liters) may be mounted for self-
deployment up to 1,200 nm (1,380 mi;
2,220km) away. TheESSSpylonscanaso
carry rockets, four Volcano antitank
mine dispensers, or up to 16 Hellfire anti-
tank missiles. An external cargo hook will
carry up to 8,000 Ib (3,629 kg); typical
ding loads include a 105-mm howitzer
and 50 rounds of ammunition.

DEVELOPMENT ¢ The UH-60's initia
operational capabilitywasin 1978. Its first
flight was on October 17, 1974, as acom-
petitor in the US Army's Utility Tactica
Transport Aircraft System (UTTAS) pro-
gram, which selected a successor to the
Huey.

The 1,000th production helicopter was
delivered to the Army in October 1988. It
is il in production, and Skorsky has a
contract to develop, build, and test the
MH-60K special-operations Blackhawk.

The S70C commercial variant has
been exported to China, Taiwan, and
Thailand. Mitsubishi Heavy Industries
(MHI) is producing 64 Japanese UH-
60Js, the first of which was delivered in
1991. The Hong Kong Auxiliary Air
Force ordered two S70As in early 1992
for US$23.8 million.

38 Australian S-70A-9 aircraft were as-
sembled by Hawker deHavilland; the first
rolled out in April 1988 Also in 1988,
Saudi Arabiaordered 13 S70A-1 "Desert
Hawks' from Sikorsky that were deliv-
ered in 1990.

In September 1990, South Korea an-
nounced plans to coproduce approx-
imately 100 UH-60Ps. After years of



competition, Turkey announced an
$855-million contract in September 1992
in which Skorsky would supply 25
UH-60s from its production facility in the
United States and Turkish aviation facili-
tiesin Murted would coproduce 50.

The UH-60 is flown by the USAF and
Army along with four Middle East na-
tions, seven Asian nations, Australia, Co-
lombia, and Turkey.

VARIANTS ¢ UH-60A, UH-60A Cred-
ible Hawk (USAF updated to MH-60G
Pave Hawk), UH-60L, UH-60P (South
Korea), UH-60M (development only),
EH-60C Quick Fix (US Army EW/
ELINT), HH-60A/D/E Night Hawk
(USAF, never operational), MH-60G
Pave Hawk/MH-60K (specia mission),
CH-60 (USMC proposed), YEH-60B
(canceled prototype), Embassy Hawk
(European contingency aircraft), S70
(export/commercial), S70A-1 Desert
Hawk (Royal Saudi Land Forces Army
Aviation Command/RSLAYV), S70A-9
(Austrdian AF), S 70/UH-60J (Japanese
Air Self-Defense Force/JASDF), WS-70A
(Westland license-built).

COMBAT EXPERIENCE e« Blackhawks
were used during the US landingsin Gre-
nada in October 1983 and the military
ouster of General Noriega in Panamain
December 1989. A total of 25 UH-60s
were damaged during the operation in
Panama. All but onewere back in service
within a day.

During Operation Desert Storm, 489
UH-60s (46% of total Army inventory)
were deployed to Saudi Arabia. A total of
44,000 flight hours were logged by the
UH-60s flest.

SPECIFICATIONS -
MANUFACTURER Sikorsky Aircraft
CREW 3 (pilot, copilot, crew chief) +
14 troops
ENGINES 2 Genera Electric T700-
GE-700 turboshaft
maxpower 1,622 shp each
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(transmission rating is
2,800 shp)
continuous 1,324 shp
internal fuel capacity
360 US gd (1,361 liters)

WEIGHTS
empty 10,622 Ib (4,818 kg)
takeoff mission

17,323 1b (7,858 kg)
max takeoff 20,250 1b (9,185 kg)

DIMENSIONS

rotor diam 53 ft 8 in (16.36 m)

length 50 ft (15.26 m) without
refueling probe
height 12 ft 4 in (3.76 m)
discarea 2,262 ft? (210.2 m?)
PERFORMANCE

never exceed speed (Vne)
194 kts (225 mph; 361
km/h)
max cruise speed
sea levd: 160 kts (184
mph; 296 km/h)
hot and high (density
altitude of 4,000
/1,219 m,
95°F/35°C): 145
kts (167 mph; 269
km/h)
econ cruise speed, hot and high
137 kts (158 mph; 254
km/h)
1,600 ft/min (488
m/min)
ceiling 19,000 ft (5,791 m)
hover ceiling in ground effect
standard day 5,300 ft
(1,615m)
hot and high 3,600 ft
(1,097m)
hover ceiling out ofground effect
standard day 10,400 ft
(3170 m)
hot and high 5,600 ft
(1,705m)
max takeoff weight, max
internal fuel: 324 nm
(373 mi; 600 km)
with 460 US gd (1,741
liters) external fuel:

climb rate

range
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880 nm (1,012 mi; 1,630
km)

with 1,360 US gd (5,148
liters) external fuel:
1,200 nm (1,380 mi;
2,220 km)

armament guns, Hellfire missiles,

mine dispensers,
rockets optional

Osprey (V-22)

The Osprey is a Vertical/Short Takeoff
and Landing (VSTOL) aircraft being de-
veloped for avariety of missions. It isde-
signed to combine the independence
from airfields and the hover capability of
helicopters with the relatively high speed
of conventional aircraft. TheV-22 design
evolved from the Bdl XV-15 technology
demonstration aircraft. The multiuse air-
praftwould be deployed for troop carrier,
escort/gunship aircraft, combat Search
and Rescue (SAR), Antisubmarine War-
fare (ASW), Air Force specia operations
missions, and possibly Airborne Early

FEE

Bell Boeing V-22

BELL BOEING

Warning (AEW). The Osprey has pivot-
ing pods mounting Allison T406-AD-400
turboprops that drive large, three-blade,
graphite-epoxy rotors in opposite rota-
tions to provide both lift and thrust.
These pods are located at the tips of the
straight, high wing and are cross
connected by amidwing transmission, so
that a single engine can turn both rotors
if necessary. The pods tilt to a vertica
position for VTOL, transitioning to a
conventional alignment for cruise flight.
I ntermediate angles may be selected.

The  forward-swept, composite-
material wing has two sections on the
trailing edge. The wing is carried on a
titanium ring above the fuselage that a-
lows the entire wing to traverse 90° to
aign with the fuselage for stowage.

The graphite-epoxy tail section con-
s4s of large endplate fins that have much
lessventral than dorsal area; each fin has
arudder set in the upper haf of the trail-
ing edge. The stubby horizontal stabilizer
ismounted on the fuselage with an deva
tor along the entire trailing edge. In or-
der to fold the Osprey into a compact




package smaller than the SH-3 SeaKing,
the horizontal surfaces are reduced by
25%-30% and controlled by a GE triple
redundant, digital Fly-by-Wire (FEW)
flight control system that has triple Pri-
mary Flight Control System (PFCS) pro-
cessors for the control surfaces and triple
Automatic FCS (AFCS) processors for
stability augmentation.

The Allison turboprops have intake
screensand Infrared (IR) suppressors on
the exhausts, and rotor brakes. They are
equipped with full-authority digital elec-
tronic control. The fuselage is relatively
conventional in layout but is made almost
entirely of graphite-epoxy composites. It
is designed to be crashworthy, although
weight-reduction measures have reduced
the level of protection. The flight deck
will be protected againgt Nuclear, Biolog-
ical, and Chemica (NBC) warfareeffects
through a dight internal overpressure.

The Osprey features aflight deck with
sSde-by-sde sedting forward of an unob-
structed, square-section main cabin. A
cabin door is located forward, on the star-
board side. The rear ramp isfitted in two
sections and forms the bottom of the an-
gled, "beavertail" rear fuselage. Cargo
can be dung from one or two externa
hooks. The short, two-whed main-
landing-gear struts retract into the spon-
sons; the two-wheel nose gear foldsto the
rear under the cockpit.

The FCS, avionics, and displays are
linked through triple redundant MIL-
STD-1553B databuses; the aircraft has a
built-in Vibration, Structural Life, and
Engine Diagnostic (VSLED) system. The
flight deck is integrated through a Cock-
pit Management System (CMS) that in-
cludes two AN/AYK-14 fully redundant
mission computers, four Bendix Multi-
function Displays (MFD), and two Con-
trol Display Units (CDU). The controls
consg of a thrust/power lever, a cydic
lever, and the rudder pedals.

The radar is the Texas Instruments
AN/APQ-168 terrain-avoidance/terrain-
following radar; a Forward-Looking In-
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frared (FLIR) turret is fitted under the
chin. The MFD can display adigital mov-
ing map system. The pilots will wear an
integrated helmet display system that in-
cludesNight VVision Goggles (NVG) simi-
lar to a Head-Up Display (HUD), and
FLIR output; the NVG, FLIR, and agun
turret would be daved through the hel-
met. Electronic Support Measures (ESM)
include the Honeywel AN/AAR-47
missile-warning system. The V-22 can be
armed with asingle, integral multibarrel
gun and can carry a variety of weapons
externally on sponson attachment points.

DEVELOPMENT e The Osprey isone of
severa controversial weapons systems of
the early 1990s whose ultimate produc-
tion is more dependent on political
rather than military considerations. The
V-22 isunder development; thefirst pro-
totyperolled out in late May 1988, Its first
flight (hover mode only) was on March
19,1989, after a nine-month delay, and its
first full-conversion flight wason Septem-
ber 14, 1989. Four out of five prototypes
were flying by the end of 1990; the fifth
crashed during its maiden flight onJune
11,1991. The aircraft began rocking after
hovering for about one minute; although
the two crew memberswere not seriously
injured, the aircraft was heavily damaged.

Flight testing stopped while the cause
of the erratic flight and crash was investi-
gated, eventualy being attributed to in-
correct wiring during manufacturing of
the 120-wire wiring bundle for the cock-
pit interfaces, resulting in false informa:
tion being fed to the flight control
computers. Subsequently, the other four
were grounded after more than 1,000
takeoffs and landings and 536 flight
hours. Test-flying resumed on September
10, 1991 Bedl Helicopter Textron is re-
sponsible for the design and fabrication
of the wings, engine pods, and prop ro-
tors. Boeing Helicopter Co. isresponsible
for the fuselage, including the avionics
and cockpit design. Grumman Corp. de-
signed the tail group as subcontractor.
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In April 1989, the Bush administration
eliminated al procurement funding for
theV-22inthe FY1990-91 Biennial Bud-
get. Before the cancellation, the Marine
Corps had planned to acquire 552 air-
craft. In addition, the aircraft's other po-
tential roles were thought to bring the
requirement to a total of 900-1,200 air-
craft. Altogether, plans included 55 for
Air Force use, 552 for Marine Corps use,
and 50 for the Navy combat SAR role
plus possibly 200-300 for other Navy
roles.

The USArmy vacillated on its procure-
ment plans for the Osprey, eventually
abandoning plans for 231 aircraft when
the LHX scout helicopter was placed at a
higher priority.

Supportersin Congress managed to se-
cure $255 million in Research and Devel-
opment (R& D) funding for FY'1990. For
FY 1991, funding consisted of $237 million
in R&D and $165 million in advance pro-
curement fundsfor production-level air-
craft that are used in operational testing.
InJune 1991, the Navy awarded a $36.5
million contract to Allison to improve its
T406 engine and $163 million in two con-
tracts to Bell-Boeing, including $88 mil-
lion that had been rescinded in earlier
actions.

An argument to continue developing
the aircraft has been to exploit a techno-
logical areathat the United States clearly
leads. Persistent congressional support
and the aging of the CH-46 led to further
funding for low-rate production.

Japan included in its FY1991-95 five-
year plan a request for two V-22s in
FY 1994 and two in FY' 1995 (SARvariant)
if theaircraftis procured by US services.
But funding cutbacks and delays meant
no V-22swere procured under that five-
year plan.

VARIANTS ¢ VX (developmental), EV-
22 (US Army Speciad Electronic Mis-
sions), HV-22 (USN SAR), CV-22 (USAF),
MV-22 (USMC), SV-22 (USN ASW),
WV-22 (USNAEW).

SPECIFICATIONS -
MANUFACTURER
Bell Helicopter Textron
Boeing Helicopter
CREW 3 (2 pilots, crewman) + 24
troops
ENGINES 2 Allison T406-AD-400 turbo-
prop
max power 6,150 shp each
internal fuel capacity
standard: 13,650 Ib

(6,192kg)
withauxiliary: 29,650 1b
(13,449kg)
WEIGHTS
empty 31,772 1b (14,411 kg)

max internal load
10,000 Ib (4,536 kg)
max dling load
2 hooks combined:
15,000 Ib (6,804 kg)
2 separate hooks:
10,000 Ib (4,536 kg)
each
max takeoff 47,500 Ib (21,546 kg)
VTOL
55,000 1b (24,947 kg)
STOL
DIMENSIONS

rotor diam 38 ft (11.58 m)-

length 56 ft 10 in (17.33m)
height 17 ft 4in (5.28 m)
total disc area
2,268.2ft? (210.7 m*)
PERFORMANCE
dash speed 315 kts (363 mph; 534
km/h)
cruise speed 275 kts (317 mph; 510
km/h)
ceiling 30,000 ft (9,144 m)

hovering celling out ofground effect at
91."F (3fC) at 44,980 Ib (20,403 kg)
3,000 ft (914 m)
combat radius
HV-22 SAR, with 880-Ib
(400-kg) payload: 460
nm (530 mi; 852 km)
MV-22,VTOL weight of
44,980 Ib (20,403 kg)



with 8,300-1b (3,765-kg)
payload: 220 nm (253
mi; 408 km); with 24
troops or 6,000-1b
(2,722-kg) payload: 430
nm (495 mi; 797 km)

MV-22, STOL weight of
55,000 Ib (24,948 kg)
with 12,000-b (5,444
kg) payload: 1,085 nm
(1,249 mi; 2,011km)

2,100 nm (2,417 mi;
3889 km) ferry

range

Comanche (RAH-66)

The Comanche program is designed to
replace the US Army's aging fleet of heli-
copters, particularly the OH-58 and
AH-1. After some cutting back of the
number of aircraft ultimately to be built,
the program was delayed until at least the
late 1990s, with funding directed for re-
search and development.

A team composed of Boeing Helicop-
tersand Sikorsky Aircraft, alongwith Ger-
many's  Messerschmitt-Bolkow-Blohm
GmbH (MBB) and a team made up of
Bell Helicopters Textron and McDonnell
Douglas Helicopterswon the contract for
the helicopter.

The design cdls for a sharklike air-
frame with afive-blade bearingless main
rotor with a high hinge offset to greatly
improve maneuverability. In September
1990, MBB was selected to design and
produce the Comanche's main rotor, a
design based on a prototype system that
has ardatively high 9.5% hinge offset. A
split torque transmission was adopted to
reduce complexity. Also, the rotor head
design was changed from a one-piece
Pentaflex design to a type that has modu-
lar fittings for each rotor blade, permit-
ting a much esser remova of a single
blade in case of damage. The Comanche
design aso has an eight-blade fan-in-fin
(also known as a Fantail) antitorque ro-
tor and a T-tail.
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To power the Comanche, the Army
funded an effortinJuly 1985 to develop a
1,200-shp, advanced-technology engine
(tobeusedin pairsin the LHX). Follow-
ing a competition, a design by the Light
Helicopter Turbine Engine Company
(LHTEC), ajoint venture of Allison and
Garrett, was chosen. The T800-LHT-
T800 powerplant is a dual-centrifugal-
compressor design. Following initial de-
dgn, the engine's output was raised by
12% (to 1,350 shp) to compensatefor an
increase in empty weight.

Infrared (IR) signature suppression is
accomplished by mixing the engine ex-
haust with cool air drawn through grilles
behind the engine.

The Boeing Aerospace/Hamilton
Standard Fly-by-Wire (FEW) flight system
hastwo modes: Automatic Flight Control
Sysem (AFCS), an atitude-priority
mode in which the flight system holdsthe
last-selected altitude even during pilot
maneuvering, as in Nap of the Earth
(NOE) flight, and Velocity Stabilization
(VelStab), aground- or airspeed-priority
mode. Development of other automatic
modes was deferred in 1992. Antitorque
pedals have been eliminated, the yaw
control being provided by twisting the
right-hand sidestick controller.

A distinctive feature of the Co-
manche'sairframe design isacomposite-
material internal box beam backbone
that allows many more access doors to be
cut in the skin than usual. The manufac-
turers claim that more than 50% of the
surface areacan be moved for access. Mis-
sile rails are stowed in bays enclosed by
retractable doors that are strong enough
to serve aswork stands.

Avionicswill be grouped into aMisson
Equipment Package (MEP) featuring
Very High Speed Integrated Circuitry
(VHSIC). The MEP is expected to ac-
count for about 50%-60% of the unit
flyaway cost of each unit and is consid-
ered as the most difficult element in the
overall design.

The Comanche's standard self-defense
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isprimarily passive. Thisincludes stealth
fuselage shaping, a cockpit seded
againg Nuclear, Biologica, and Chemi-
cd (NBC) warfare effects, and the Infra-
red (IR) suppressors fitted on the
engines. Many other elementswere to be
installed only on aircraft flying in high-
threat areas.

Missile configuration ultimately re-
sulted in a maximum of either:

* X AGM-114 Hellfire antitank and
two FIM-92 Stinger antiair missiles

« four Hellfires and four Stingers

« two Hellfires and eight Stingers

A 20-mm three-barrel Genera Elec-
tric/GIAT Vulcan Il Catling gun turretis
mounted under the cockpit.

DEVELOPMENT « The US Army an-
nounced on April 15, 1991, the designa
tion of RAH-66 (for Reconnaissance-
Attack Helicopter) and the name Co-
manche for the Boeing-Sikorsky LH. The
Army explained that Comanche Indians
were renowned for their skill as scouts
and their fierceness as fighters. The ini-
tial operational capability for the Co-
manche is planned for the early 21st
century. The award of the prototype con-
tract to Boeing/Sikorsky was made on
April 6, 1991.

The LHX competition entered its
Demonstration/Validation (Dem/Val)
phase in October 1988. In early 1990, the
"X" was dropped from the designation
to indicate the impending selection of
the Full-Scale Engineering Devel opment
(FSED) team. In September 1990, how-
ever, the Defense Department (DoD) re-
introduced a prototype phase in the
aircraft'sdevelopment, postponing FSED
until the fall of 1994. Six prototype (four
flying) aircraft were to be built at the
Sikorsky plant.

Operation Desert Storm showed the
Army that aircraft would have little op-
portunity to befitted with sensor and sur-
vivability systems once fighting starts and

therefore needed to be carried on every
flight. Thus, thebasic survivability kitwas
upgraded to include floor armor and a
radio-frequency interferometer aswell as
weight reservation for the IR Counter-
measures (IRCM) and active radar jam-
mer. As aresult, an additional 144 b (65
kg) was added for aircraft survivability
upgrades and 130 Ib (59 kg) for IRCM
and the radarjammer.

At that time, the first prototype flight
was planned for August 1994 and first
delivery for FSED aircraft in October
1995, beginning low-rate initial produc-
tion in October 1996 and initial deliv-
eries in February 1998 Subsequent
decisions by the DoD have pushed pro-
duction back until the next century.

In September 1993, Army officias
warned that the Comanche program may
suffer the loss of some of its key features,
such as its Longbow radar and stedlth
properties, because of cutsin the Army's
budget.

SPECIFICATIONS -
MANUFACTURERS
Boeing Helicopters, Sikorsky Aircraft,
andM esserschmitt-Bolkow-Blohm
GmbH
Bell Helicopter Textron and McDon-

nell Douglas
WEIGHTS
empty original target: 7,055
7,500 Ib (3,200-3,400
kg)
revised target: 8,224 1b
(3,750kg)

mission 11,000 Ib (4,990 kg)
ENGINES 2 LHTEC T800-LHT-800 tur-
boshaft
maxpower 1,200 shp each (increase
to 1,479 shp planned)
DIMENSIONS
rotor diam 39 ft'Ain (11.9m)

length overal: 47 ft 6in (14.48
m)
fuselage: 43ft4 '/ain
(13.22m)
height 11 ft Y4in (3.36m)



disc area
PERFORMANCE
minimum dash speed
IVOkts (196mph;315
km/h)
rate of climb at 4,000ft (1,219 m) and
95°F(3?C)
minimum: 500 ft/min
(152 m/min)
max (with uprated
LHTEC engines): 1,130
ft/min (344 m/min)

1,197ft2 (11.2 m2)

TANKERS

Extender (KC-10)

The KC-10 Extender isamilitary version
of the McDonnell Douglas DC-10-30CF
"wide body" civil air freighter. The air-
craft is configured for use as a tanker
and cargo aircraft, and it differs from
the civil versions mainly in the communi-
cations and avionics suite, plus the re-
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ferry range with 2 450-USgal (1,703-
liter) external tanks

[,260nm (1,451 mi;
2,335km)

1 20-mm 3-barrel General
Electric/GIAT Catling
cannon

AGM-114Héllfire
antitank missiles

AIM-92 Stinger ATAS air-
to-air missiles

armament

fueling equipment. The KC-10 has the
greatest transferable fuel capacity of any
operational tanker aswell as acargo pay-
load that was second only to the C-5A
Galaxy among US military transports un-
til the C-17 entered operational service
in 1993,

KC10

U.S. GOVERNMENT DEPARTMENT OF DEFENSE
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The low wing has a 35° quarter-chord
sweep, incidence that washes out toward
the tip, and two-stage dihedral in which
the angle is greater inboard of the en-
gines than outboard. The leading edge is
lined with nine sections of dats, two in-
board and seven outboard of the engine.
The crescent-shaped trailing edge has
two sectionsof double-slotted flapsflank-
ing the cruise aileron; the outboard
aileron operates at low speeds (i.e., only
when the dats are deployed). Five sec-
tions of spoilers are mounted on the up-
per surface ahead of the outboard
aileron; they are used both for roll con-
trol and for lift-dumping.

The swept fin and two-section rudder
are mounted on top of the center engine
nacelle, which is located on a short stub
on the aft fuselage. The variable-
incidence tailplanes are mounted on the
fuselage below the engine; they have
some dihedral and elevators with inboard
and outboard sections. Contrals, brakes,
and high-lift surfaces are actuated by
three fully independent hydraulic sys
tems.

Thewide-body fuselage hasaconstant,
circular cross section aft of the pointed
nose. The nose slopes up sharply to a
nearly stepless flight-deck windshield.
The main cargo hold is longitudinally di-
vided with a cargo deck above and fuel
cells below. An 11-ft 8-in (3.56-m) wide,
8-ft 6-in (2.59-m) high upper-deck cargo
door is located to port and forward. Alter-
native upper-deck payloads include 75
passengers and 17 standard 463L cargo
pallets, 20 passengers and 23 pallets, or a
total of 27 pdlets. (The C-5A has a max
capacity of 36 pallets.) Cargo stores are
shifted using powered floor rollers and
winches.

Fuel is stored in seven bladders on the
lower deck, and there is arefueling sta-
tion well aft with three positions for the
boom operator, instructor (for training),
and observer. The refueling boom is lo-
cated under the centerline of the aft fu-
selage. It is longer than that of the

KC-135, hasamaximumfuel transfer rate
of 1,500 US gd (5,678 liter)/min, and is
maneuvered through Sperry Flight Sys
tems active Fly-by-Wire (FEW) controls.
For aircraft equipped with refueling
probes, ahose and drogue system with an
80-ft (24.4-m) long hose is fitted next to
the flying boom station on the starboard
side; it has a transfer rate of 600 US gd
(2,271 liters)/min.

A Genera Electric turbofan engine is
housed in a nacelle mounted on a pylon
suspended from each wing. As noted
above, the third engine is unusualy lo-
cated in anacelle that stands proud of the
aft fuselage. The main landing gear con-
sgs of two four-whed bogies that retract
inward into wing root bays and a cen-
terline, two-wheel assembly that isin line
with the outboard bogies and retracts for-
ward. The two-whed nose gear retracts
forward.

The Bendix RDR-1FB (AN/APS-133)
color weather radar islocated in the nose
radome. Three inertial navigation sys
tems are provided, along with an Identi-
fication Friend or Foe (IFF) transponder
and Tactical Air Navigation (TACAN) re-
cever.

DEVELOPMENT ¢ The KC-10's initial
operational capabilitywasin 1981; its first
flight was onJduly 12, 1980. The Air Force
procured 60 aircraft under a multiyear
procurement contract. The first KC-10
was delivered on March 17, 1981, and the
lastin April 1990. Since they entered ser-
vice, KC-Os have sustained fully-mission-
capable and mission-completion success
rates of over 99%.

COMBAT EXPERIENCE « KC-1Osddliv-
ered cargo and passengers to Saudi Ar-
abia during Operations Desert Shield/
Desert Storm. From August 7, 1990, to
April 2, 1991, KC-1Osflew more than 380
missions carrying over 1,000 passengers
and 12,400 tons of cargo. All of these fig-
ures were less than 2 Va% of the airlift
total.



However, KC-10s proved invaluable as
tankers, especially on the long hauls be-
tween the United States and the Persian
Gulf.

SPECIFICATIONS -
MANUFACTURER McDonnell Douglas
CREW 3-6 (pilot, copilot, flight engi-
neer + 3 refueling crew)
ENGINES 3 General Electric CF6-50C2
turbofan
maxpower 52,500 Ib (23,814 kg)
static thrust
internalfuel capacity
basic: 36,500 USgal
(138,165 liters)
lower-deck fuel bladders:
18,125 US gd (68,610
liters)
WEIGHTS
empty 241,027 Ib (109,328 kg)
maxpayl oad cargo: 169,409 |b (76,843
k
fueﬁ)356,065 Ib (161,508

kg)
max takeoff 590,000 Ib (267,620 kg)
DIMENSIONS

wingspan 165 ft 4 in (50.4 m)
length 181 ft 7 in (55.35 m)
height 58 ft 1 in (17.7 m)

wingarea 3958 ft* (367.7 m?)
PERFORMANCE
max speed 530 kts (610 mph; 982

km/h)
cruise speed
490 kts (564 mph; 908
km/h)
ceiling 33,400 ft (10,180 m)
range max cargo: 3,797 nm

(4,370 mi; 7,032km)

with payload of 100,000
Ib (45,359 kg): approx
6,000 nm (6,909 mi;
11,118km)

refueling radius withfuel transfer

of 200,000 Ib (90,718kg):
1,910 nm (2,200 mi;
3,540 km)

of 100,000 Ib (45,359kg):
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approx 3,250 nm
(3,742 mi; 6,022 km)
ferry range 9,993 nm (11,500 mi;
18,507 km)
takeoffrun 10,250 ft (3,124 m)
landing run 5,350 ft (1,630 m)

Stratotanker (KC-135)

The C-135 family of aircraft features a
multitude of variants adapted to avariety
of missions. This seriesis primarily used
for in-flight refueling operations but has
aso been adapted for use as a cargo air-
craft and in a variety of research and
specid-purpose  electronics  configura-
tions. These aircraft are related to the
Boeing 707 commercia airliner series,
which evolved from the same design pro-
gram.

The G135 family has a conventional
planformwith low, sweptwingsswept 35°
a the leading edge. Along the straight
trailing edge are two sections of double-
dotted flapsthat flank the midspan flight
aileron. The larger, low-speed aileron is
outboard of the outer set of flaps. From
1975 to 1988, al KC-135s had their lower
wing skinsreplaced to extend fatiguelife
to 27,000 hours.

The tall, dightly swept fin has an an-
tenna extending forward from the tip,
and a large, powered rudder. The swept
tailplanes have inset elevators.

The four turbojet or turbofan engines
are mounted on wing pylons. Most
KC-135s have been refitted with CFM In-
ternational F108-CF100 engines, which
give the aircraft a much needed 60% in-
creasein takeoff thrust even aspounds of
fuel burned per hour decreases. Others
have received JT3D turbofan engines.

The KC-135 carries 31,300 US gd
(118,471 liters) of transferablefuel that is
passed to receiving aircraft through a
Boeing-designed "flying boom.”" The
boom is controlled by an operator lying
prone in a compartment under the fu-
selage near the tail. An assessment of
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KC-135 operations during Operations
Desert Shield and Desert Storm in 1990-
91 concluded that the KC-135E and
KC-135R fleets require wing-mounted
probe-and-drogue-type refueling pods.

DEVELOPMENT e« The Stratotanker's
initial operational capability wasin 1957;
its first flight was inJuly 1954. A total of
732 were completed before production
ceased in 1966.

Accidents that occurred in September
and October 1939 may have involved
problems with the fuselage wiring and
fuel cdls. In the September accident, the
aircraft crew was performing afind
checkligt after landing a Eidson AFB,
Alaska, following arefueling flight when
it exploded, killing two crewmen. In Oc-
tober, a KC-135 exploded in midair near
the US-Canadian border in New Bruns-
wick; four crew members were killed.

Thefirst delivery of the KC-135E was on
July 26, 1982, and the last of 186 conver-
sion was in the summer of 1991. The

KC-135R's first flight was on August 4,
1982, and deliveries began in 1984. Most
of them are expected to serve well into
the 21« century.

The USAF's tanker force had been un-
der the operational control of the Strate-
gic Air Command since the command's
inception. However, in the extensive re-
organization of the Air Force effective
June 1992, the tanker force was trans-
ferred to the new Air Mobility
Command.

In addition to the United States,
France aso operates the tanker.

VARIANTS ¢ KC-135A, KC-135E (up-
graded tanker), KC-135R, C-135FR
(French KC-135R).

COMBAT EXPERIENCE ¢ Hundreds of
US KC-135A/E/Rs supported the airlift to
Saudi Arabia that initiated Desert Shield
in August 1990. During Desert Storm,
KC-135s and French C-135FRs refueled
strike aircraft from severa countries.



SPECIFICATIONS -
MANUFACTURER BoeingMilitary Air-
plane
CREW 4 (pilot, copilot, navigator,
boom operator)
3 (pilot, copilot, navigator) + 126
troops (C-135)
ENGINES
KC-135A: 4 Pratt & Whitney JB57-59W
or -43W turbojet
KC-135E: 4 Pratt & Whitney JT3D tur-
bofan
KC-135R: 4 CFM International F108-
CF-100 turbofan
maxpower J57: 13,750 Ib (6,233 kQ)
static thrust each
Jr3D: 18,000 Ib (8,165
kg) static thrust each
F108-CF~100: 22,000 1b
(9,979 k) static thrust
each
WEIGHTS
empty 98,466 b (44,664 kg)
maxpayload 89,000 Ib (40,370 kg)
max fuel load
KC-135A: 189,702 1b
(86,047 kg)
KC-135R: 203,288 1b
(92,210 kg)
max takeoff KC-135A: 301,600 Ib
(136,800 kg)
KC-135R: 322,500 Ib
(146,285kQ)
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DIMENS ONS
wingspan 130 ft 10 in (39.88 m)
length 1A ft6in (40.99 m)
height 38ft4in (11.68m)
wingarea 2,433 ft? (226 m?)

PERFORMANCE
cruise speed

461 kts (530 mph; 853
km/h)

max speed 508 kts (585 mph; 941
km/h)

climb rate at sea level, KC-135A
4 engines. 1,290 ft/min
(393m/min)
3 engines: 580 ft/min
(177 m/min)
max climb rate, KC-135E
4,900 ft/min (1,494
m/min)
time to 30,500ft (9,300 m)
27 minutes
ceiling 36,000 ft (10,900 m)
radius with transfer
of 120,000 Ib (54,432kg)
fuel: 1,000 nm (1,150
mi; 1,853 km)
of 24,000 Ib (10,886kg)
fuel: 2,998 nm (3,450
mi; 5,552 km)
ferry range 7,989 nm (9,200 mi;
14,806 km)
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AIRCRAFTGUNS

Several US automatic cannon are manu-
factured by Martin Marietta and operate
on the Galling principle. Three or more
20-, 25, or 30-mm barrels are mounted
on a geared rotor that is driven by an
electric motor. As the rotor turns, the
cam follower on the bolt of each rotating
barrel follows afixed cam path in the gun
housing, opening and closing the bolt
once per revolution. Firing only once per
revolution reduces each barrel's rate of
fire to below that of most single-barrel
revolver cannon. Martin Marietta clams
that this continuous rotary motion elimi-
nates the impact loads on gun compo-
nents and that sharing the thermal duty
cycle among threebarrels "significantly”
increases barrel life. The use of external
power eliminatesjamming due to a mis-
fired round.

The unusual mechanism of McDonnell
Douglas Helicopters' externally powered
"Chain Gun" consists of an endlessroller
chain riding in a "racetrack” around one
driven and three idling sprockets. A chain
drive dider mounted on the master link
travelsback and forth in atransverse slot
on the underside of the bolt carrier. This
reciprocal action opens and closes the
breech on the singlebarrel. Thisdesignis
said to be simpler and more reliable than
other external-power mechanisms.

GECAL .50-C4d Catling gun

The GECAL Catling gun isa .50-cd 3- or
6-barrel weapon firing standard NATO
B50-cad (12.7-mm) ammunition. Origi-

nally developed for the V-22 Osprey, the
weapon requirement for that plane was
dropped in 1985. The loss of nine heli-
copters in the 1983 Grenada invasion
prompted the continued development of
the GECAL asameansto upgun US util-
ity helicopters.

Power can be obtained from externa
electric, hydraulic, or pneumatic sources.
A self-starting gas drive and 4-ft 3-in
(1.295-m) barrels weighing 104 Ib (4.7
kg) each are also available.

The GECAL fires linkless ammunition.
A delinking feeder can be instaled to
handle standard, linked ammunition.

No range for the GECAL is available,
but comparabl e weapons have maximum
ranges of about 7,330 yd (6,700 m).

DEVELOPMENT ¢ Under development
by Martin Marietta, Burlington, Ver-
mont.

SPECIFICATIONS -

EMPTY WEIGHT  3-barrdl 68 Ib (30 kQg);
6-barrel 96 Ib (43.6 kQ)
barrel 79 1b (3.6 kg) each

DIMENSIONS length overal 3 ft10vVain
(1.18 m), barrel length 3 ft (0.91 m),
width (6-barrel) 8 in (203 mm)

MAX RANGE est. 7,330 yd (6,700 m);
tracer burnout 1,750 yd (1,600 m)
MUZZLE VELOCITY 2,900 fps (834 mps)

RATE OF FIRE  3-barrel 4,000 rounds/
min; 6-barrel 8,000 rounds/min

time to reach max rate of fire:
0.3sec



M 61 Vulcan 20-mm
Catling gun

The 6-barredl M61A1 Vulcan 20-mm Gat-
ling gun has been the standard self-
defense gun armament on most US com-
bat aircraft for over 30 years. (The self-
powered GAU 4 isvirtually identical.) Al-
though used primarily as an air-to-air
weapon, the Vulcan is effective against
some types of ground targets. In addi-
tion, the gun has served as the basis for
several land-based towed and tracked air
defense weapons (M163 and M167) as
well as shipboard Sea Vulcan and Pha-
lanx close-in weapons.

Vulcans are very reliable weapons with
long-lived barrels. Although the cannon's
rate of fire is a very high 6,000 rounds/
min, each barrel fires fewer rounds dur-
ing an engagement than a high-speed re-
volver cannon. On the other hand, the
revolver achieves its high rate of fire vir-
tually instantaneously, while the Vulcan

Vulcan Gun System
GENERAL ELECTRIC
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hasto "spin up," which takes 0.3-0.5 sec-
onds. This spin-up reduces practical rate
of fire to around 2,000 rounds/min as
well as limiting accuracy during the first
half second.

At first, most fighters carried the M61
in a SUU-16 or SUU-23 externally
mounted pod, their designs providing lit-
tle internal room. After experience in
Vietnam showed that pod vibrations dis-
persed the gun's fire too widely, however,
room was found within such aircraft as
the F4. Later aircraft were designed for
internal cannon from the start.

The M61A1 internally mounted gun is
driven by external electrical or hydraulic
power; the GAU 4 is self-driven by gun
exhaust gases. In most installations, the
M56 armor-piercing ammunition is con-
veyed by a linkless feed from a 1,020-
1,200-round storage drum.

In aircraft with the double-ended, hy-
draulically driven linkless feed system,
rounds stored aong longitudinal rails
within the drum are moved to the gun
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end by ahelix; the helix ismade of Fiber-
Reinforced Plastic (FRP) in the F/A-18.
A rotating scoop disc assembly transfers
the rounds to a rotating retaining ring.
The rounds travel partway around the
ring to the exit unit, which puts the
rounds into the chute that feeds the gun.
Empty casesarereturned to the drumfor
storage.

DEVELOPMENT < Originaly devel-
oped under Project Vulcan by Genera
Electric in Burlington, Vermont, achiev-
ing initial operational capability on the
F105 Thunderchief in 1958. In produc-
tion and in service with dl US armed
forces branches and with several foreign
air forces as well.

The M61 gun isin widespread use by
the United States and many other nations
on the following aircraft (aircraft are lis-
ted by the country of manufacture):

USA: A-7 Corsair, AC-130 Spectre, 4
Phantom, F14 Tomcat, 15 Eagle,
F16 Fighting Falcon, 18 Hornet,
F-I11 "Aardvark"

Brazil/ltaly: AMX attack

Italy: AeritaliaF-104S ASA Starfighter

Japan: F-1, T-2, SX-3 (FSX)

Many other aircraft can accept the M61
in the SUU-16 or SUU-23 externally
mounted pods.

VARIANTS - Lightweight M61A1 has
linear linkless feed system, AIM-GUNS
fire control software changesthat expand
the effective gun envel ope, and PGU-28/
B Semi-Armor-Piercing High-Explosive
Incendiary (SAPHEI) projectiles.

SPECIFICATIONS -
WEIGHT
SUU-16/A pod w/1,200 rounds: 1,719
Ib (780 kq)
SUU-23/A pod w/1,200 rounds: 1,730
Ib (785 kg)
GAU 4: 275 Ib (125 kg)
M61A1 gunweight

standard: 252 Ib (114kg)
lightweight: 2051b (93

kg)

DIMENSIONS

SUU-16/A, 23/A2: pod length 16 ft 7
in (5.05 m), diameter 22 in (560
mm)

M61A1: cannon length 6 ft 1.4in
(1.86 m), diameter 1 ft Plain (343
mm)

MUZZLE VELOCITY M56 projectile 3,380
fps (1,030 mps); PGU-28/B 3,450 fps
(1,052mps)

RATE OF FIRE 6,000 rounds/min

MI197 20-mm Gatling gun

This 3-barrel cannon is essentially half of
an M61 Vulcan Gatling gun. It can be
mounted in an M97 turret, an M197 pin-
tle, or installed in the GPU-2/A Light-
weight Gun Pod. The turret and pintle
variants have linked-belt feed systems. In
the GPU-2/A, ammunition isfed from a
300-round storage drum behind the gun;
thefeed islinkless.

DEVELOPMENT e Produced by Martin
Marietta, Burlington, Vermont, with ini-
tial operational capability in 1969. Plat-
forms include the AH-1 CobraTOW
series, the AH-1JT/W  SeaCobral
SuperCobra series, and the OV-10D
Bronco observation aircraft. Still in pro-
duction to equip new AH-1W Whiskey
Cobras.

SPECIFICATIONS -
FIRING WEIGHT GPU-2/A 59 |b
(270.0 kg)
gun
DIMENSIONS
GPU-2/A: pod length 10ft 8in (3.25
m), diameter 19in (483 mm)

M197 gun: overdl length 6 ft (1.83
m), barrel 5ft (1.52 m), diameter
10.8 in (274 mm)

MUZZLE VELOCITY  M197 with 6-in (152-
mm) barrels 3,380 fps (1,030 mps)

132 Ib (59.9 kg)



M197 20-mm Gading Gun

MARTIN MARIETTA

RATE OF FIRE
linkedfeed M97 turret: 750 rounds/
min
M197 pintle: 350 or 700
rounds/min
linklessfeed 750 or 1,500 rounds/min

GAU-12/U Equalizer

The 5-barrd GAU-12/U 25-mm Catling
gun is the principal gun armament of
the AV-8B Harrier Il. It is carried in a
pod under the Harrier's belly; a linkless
linear feed brings the round from the
adjacent 300-round storage pod. A Sea
Vulcan 25 variant was developed to pro-
tect small surface ships but has not en-
tered service.

Compared to the M61 Vulcan 20-mm
Gading cannon, the GAU-12 weighs
dightly more, has alower maximum rate
of fire, but fires a heavier round. Re-
liability was an important consideration,
and the GAU-12's gods are a mainte-
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nance cycle of 15,000 rounds and mean
rounds between failure of more than
100,000 rounds.

At maximum rate of fire, the GAU-12
delivers 33 Ib (15 kg) of armor-piercing
projectiles per second. In 1985, the US
Navy told Congress, in response to its
questions, that the GAU-12's 25-mm am-
munition was able to penetrate the ar-
mor of US M47 Patton and Soviet T-62
main batde tanks.

The gun fires High-Explosive Incendi-
ary (HEl), HEl with Tracer (HEI-T),
Armor-Piercing Incendiary (API), AP
Discarding Sabot with Tracer (APDS-T),
and Target Practice (TP) projectiles.

DEVELOPMENT ¢ In production by
the Aircraft Equipment Division, Martin
Marietta, achieving initial operational
capability in AV-8B in 1985. In service in
US Marine Corps, Italian, and Spanish
Navy AV-8Bs (British Roya Air Force
GR 5/7s have the Aden 25-mm revolver
cannon.)
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VARIANTS « Blazer 25 combines
GAU-12/U gun (500 rounds ammuni-
tion) and eight Stinger SAMs, AN/V SG-2
Forward-Looking Infrared (FLIR) sensor
as well as a digital fire control system.
Selected for further development as ar-
mament for theeight-wheel LAV-AD vari-
ant in 1992.

COMBAT EXPERIENCE ¢ The GAU-12
was the largest-caliber airborne gun in
Marine Corps service during Operation
Desert Storm, during which Harriers ex-
pended 83,373 rounds of 25-mm ammu-
nition.

SPECIFICATIONS -
FIRING WEIGHT
system 1231 Ib (558 kg)
gun 2701b(123kQ)
DIMENSIONS length overal 6 ft 11 in
(2.11 m), diameter 11 in (279 mm)

MU7ZLE VELOCITY APDST M791 4,412
fps (1,345 mps); HEI PGU-25 3,610
fps (1,200 mps); APl PGU-20/U 3,281
fps (1,000 mps)

RATE OF FIRE  3,600-4,200 shots/min

PROJECTILE WEIGHT
API PGU-20/U (round) 188 oz (533

0), (projectile) 7.6 oz (215 g)

HElI PGU-22/M792 (M758 fuze) and
PGU-25/Mk 210 (M505 fuze)
(round) 17.7 oz (502 g) (projec-
tile) 6.4 0z (184 g)

APDS-T M791 (round) 16.0 oz (457
0) (projectile) 4.7 oz (134 g)

GAU-8/A Avenger

The GAU-8/A 7-barrel 30-mm Catling
cannon is the internal gun armament of
the A-10 Thunderbolt 11 ("Warthog")
ground-attack aircraft. It is the largest,

GAU-8/A 30-mm Galling Gun

MARTIN MARIETTA



heaviest, most powerful aircraft gun in
service.

The gun's great size and weight pre-
vent it from being adapted to a gun pod,
and no other aircraft has been built to
accommodate it. The high rate of fire
and weight of projectiles, however, have
led to its adoption as the gun armament
in the Goalkeeper shipboard Close-in
Weapons System (CIWS).

The GAU-8/A was developed as an air-
borne "tank buster." Its success in that
role depends on a high rate of fire and
heavy ammunition with significant pene-
trating power. The gun is properly
thought of as part of a system that in-
cludes Depleted Uranium (DU) ammu-
nition and the A-10 attack aircraft, which
was designed around the gun.

The GAU-8s 1,174 rounds weigh
1,800-2,000 Ib (816-908 kg) depending
on the mixture of Armor-Piercing Incen-
diary (APl) and High-Explosive Incendi-
ary (HEl) round types. Operating at
maximum rate of fire (4,200 rounds/
min), the GAU-8 can put approximately
65 Ib (29.5 kg) of Kinetic Energy Projec-
tiles (KEP) on atarget every second. DU
is pyrophoric as well, throwing off sparks
as it penetrates armor and creating sec-
ondary incendiary effects.

Reliability goasinclude amaintenance
cycle every 25,000 rounds.

DEVELOPMENT e Both candidates in
the 1970 A-X competition—the North-
rop A-9 and Fairchild Republic A-10—
were designed around the Avenger. The
A-10was selected in 1973, and the aircraft
(and gun) achieved initial operational
capability in 1977. Produced by Martin
Marietta. The GAU-8 isno longer in pro-
duction as an airborne weapon but is be-
ing supplied as the gun used in the
Goalkeeper shipboard CIWS.

COMBAT EXPERIENCE * The GAU-8
was effective against a variety of targets
during Operation Desert Storm. See
A-10 Warthog entry.
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SPECIFICATIONS -
FIRING WEIGHT 3,798 Ib (1,723 kq)
gun 620 1b (281.2kg)
DIMENSIONS length overall 21 ft (6.4
m), gun 9ft6in (2.9 m), diameter 14
in (356 mm)
MUZZLE VELOCITY 3,215-3,375 fps
(980-1,030mps)
RATE or FRE  1,800-4,200 shots/min
AMMUNITION WEIGHT
API round: 25.3-26.4 0z (717-748 9),
projectile 13.8-15.2 oz (390-430 g)
HEI round: 23.4 oz (662 g), projectile
12.7 oz (360 g)

GAU-13/A 30-mm

Catling gun

The US 4-barrdl 30-mm GAU-13/A Caitl-
ing gun is a derivative of the 7-barrel
GAU-8/A. It is usually mounted in the
Pave Claw GPU-5/A external pod. It has
dso been developed as a vehicle
mounted weapon but is not in service in
that configuration.

Deployment of the GPU-5/A on 18
F16As during Operation Desert Storm
showed some limitations in the installa-
tion similar to those exposed in the pod-
mounted Vulcan during thg Vietnam
War. At the time, the F16's computer
couldn't provide the Continuously Com-
puted Impact Point (CCIP) because
thereisno more room in the Fire Control
System (FCS). Pilotsresorted to lessaccu-
rate manual techniques. Moreover, the
gun's maximum 1.9-mi (3.05-km) stand-
off range would have been too short had
the Iragis been able to use their short-
range air defense missiles.

The gun can fire Armor-Piercing In-
cendiary (API), High-Explosive Incendi-
ary (HEl), and Target Practice (TP)
projectiles. These are conveyed to the
breech by a linkless feed from double-
layer helical tracks (353 rounds total)
around the concentric aluminum inner
tube housing the gun.
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DEVELOPMENT e Built by the Aircraft
Equipment Division, Martin Marietta,
achieving initial operational capability in
1982.

COMBAT EXPERIENCE *» When the
Desert Storm ground war began, the
138th TFS (New York ANG) used the
GPU-5/A during the first day of the of-
fensive. In the absence of a CCIP, pilots
guessed at the compensation for cross
winds and aimed by bullet impact, kick-
ing the rudder to "stir" the stream. After
one day's use, the pod was replaced by
Rockeye cluster bombs, which appeared
to be as effective and could be delivered
from higher altitudes.

SPECIFICATIONS -

WEIGHT  loaded pod 1,900 Ib (862 kg)

DIMENSIONS pod length 14 ft 2 in
(4.32m), gunlength9ft 2in (2.79
m), diameter 24 in (610 mm)

MUZZLE VELOCITY
HEI PGU-13/B: 3,350 fps (1,021 mps)
APl PGU-14/B: 3,225 fps (983 nips)

RATE OF FIRE 2,400 rounds/min;
GPU-5/A pod 3,000 rounds/min,
max

PROJECTILE WEIGHT APl PGU-14/B
150 oz (425 g); HEI PGU-13/B 12.6
0z (360 g)

M230 30-mm aircraft cannon

One of a series of "Chain Guns" the
McDonnell DouglasHelicoptersM230is
the main gun armament of the AH-64
Apache attack helicopter. It firesasignifi-
cantly lighter projectile than the A-10's
GAU-8 Galling gun at alower muzzle ve-
locity. On the AH-64, the M230 is aimed
with the Target Acquisition Designation
Sight/Pilot Night Vision Sensor (TADY
PNVS).

This design is claimed to be simpler
and more reliable than other external-
power mechanisms, athough vibrations
from the M230 have caused circuit

breakers to pop in Apaches, and the gun
has fallen short of reliability standards.
During a five-day exercise in January
1989, the principal cause of Apache
groundings was the Chain Gun, which
repeatedly jammed or broke down alto-
gether; vibrations from the cannon were
said to have tripped circuit breakers,
shutting down the targeting systems.

Despite good reports from Operation
Desert Storm about the gun's destructive
power and general reliability, the General
Accounting Office (GAO) reported in
October 1991 and April 1992 that prob-
lems with the ammunition feed system
gtill had not been resolved. In particular,
carrier drive links, which take the ammu-
nition from the box to the gun, bend or
break, jamming the gun. In addition, the
flex chute broke several times during re-
liability testing in December 1990-
August 1991. GAO's report dso stated
that the gun had ill not reached first
article test levels of accurecy, even though
the gun had been in production for sev-
eral years.

The GAO noted some "work-arounds"
used in Operation Desert Storm that ap-
peared to reduce failure rates. These in-
cluded selecting a burst length and
holding the trigger until al roundsin the
burst had been fired, reducing the am-
munition load to 600-800 rounds, or
using adifferent, commercially available
[ubricant.

Planned upgrades to the M230 hope
to improve accuracy and reduce vibra-
tion. The Integrated Air-to-Air Weapons
(INTAAW) programincludesrefinements
to the turret, gun, and Apache sensors. In-
tegrated Systems Inc. and HR Textron
were funded under the subsidiary Preci-
son Aircraft Armament Control Experi-
ment (PAACE) to develop an active recoil
attenuation system (HR Textron) and an
all-digital turret control system (151).

HR Textron's design uses actuators to
push the barrel in the direction of firing
just before ignition with a force that re-
duces vibration, while retaining enough



rearward force to return the gun to firing
position.

The gun fires High-Explosive Dua-
Purpose (HEDP) and Target Practice
(TP) projectiles. Ammunition more suit-
able for air-to-air engagements is under
development.

DEVELOPMENT e« Hughes Helicopter
(later acquired by McDonnell Douglas)
tested its A-model prototype inJuly 1973,
an improved B model following in 1974.
Development of the gun and the helicop-
ter was protracted, the system achieving
initial operational capability in 1986. In
production by McDonnell Douglas Heli-
copters Co. in Mesa, Arizona.

COMBAT EXPERIENCE » Eight Apa
ches struck two critical Iraqgi early warn-
ing radars to open the ar assault of
Operation Desert Storm. In addition to
the 27 AGM-114 Hellfire missilesand 100
Hydra 70 rockets, the AH-64s fired more
than 4,000 rounds of 30-mm ammunition
in the raid. In amore general comment,
XVIII Airborne Corps officers found that
the M230 was "excellent against al artil-
lery pieces." Over 98,000 rounds were

MORTARS

M 224 60-mm mortar

The M224 60-mm smoothbore mortar is
one of the family of mortars developed to
replace equivalent World War |l-era
weagpons. The M 224 benefitsfrom US ex-
perience in the Vietham War, which indi-
cated the need for areliable, lightweight
weapon at the infantry company leve. It
can be fired from the standard baseplate
and mount or handheld from a smaller
baseplate. The mortar can weigh as little
as 18 Ib (8.2 kg) and be carried by one
man.

The weapon can be either drop-fired
or trigger-fired. Both the M64 optical
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expended atogether, including one that
pierced the rear of aT-72 tank turret and
thousands that devastated " soft-skinned"
vehicles and other targets.

But the gun was very unreliable. In
questioning 95 pilots and 82 maintainers
for its April 1992 report, the GAO found
that 56 pilots (59%) and 72 maintainers
(88%) had encountered problems with
the gun. Several battalion commanders
reported breakdowns of over haf of the
guns during missions; in one case, al 18
guns suffered failures during the same
mission.

SPECIFICATIONS -

TOTAL GUN SYSTEM WEIGHT 123 Ib
(55.9 kg)
receiver 63 Ib (28.6 kg)
barrel 35 1b (159 kg)

DIMENSIONS length overdl 5ft4in
(1.64 m), width 10in (254 mm),
height 11Vain (292mm)

MUZZLE VELOCITY 2641 fps (805 mps)

RATE OF FERE 625 (+/~25) rounds/
min, cyclic

AMMUNITION WEIGHT
round 123 0z (351 @)
projectile 83 0z (236 g)

sght and the range indicator used for
handheld firing are tritium-filled, giving
good night-ranging visibility.

The M720 High-Explosve (HE) car-
tridge has four propellant increments
that can be broken off to achieve the de-
sired range. Other rounds include the
M721 illuminating, M722 smoke, M723
White Phosphorus (WP) as well as two
practice rounds. Handheld firing is re-
stricted to a single-increment charge,
which yields a 900-m range. The M734
fuze can be set for Proximity Burst
(PRX), Near Surface Burst (NSB),
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Impact Burst (IMP), or ahalf-second De-
lay After Impact (DLY) for ground pene-
tration.

DEVELOPMENT e Begunin 1970by the
WatervlietArsenal,Watervliet, NewY ork,
with design approval in 1973. Type classi-
fication camein 1977, thefirst unit equip-
ping in 198L The US Army procured a
total of 1,590 M224s, with the Marine
Corps purchasing an additional 698.

SPECIFICATIONS -

WEIGHT conventional 46.5 1b (21.1
kg), handheld 1801b (8.2kQ)

DIMENSIONS bore60mm, barrel
length 3ft4in (1.02m)

RATE OF FIRE  max 30 rounds/mm for
4 min; sustained 20 rounds/min

ELEVATION +45°/+85° (800/1,511
mils), traverse 7° (125 mils) to each
side

RANGE (M?20 HE ROUND) conventional
3,817 yd (3,490 m); handheld 984 yd
(1,340 m); minimum 76 yd (70 m)

SIGHTS M64 with 17° (300-mil) field of
view and 1.5-power magnification

M 252 81-mm mortar

The M252 Improved 81-mm mortar is an
"off-the-shelf" purchase of the British
LI6 mortar. The smoothbore, muzzle-
loaded weapon replaced the M29 as the
standard battalion-level mortar in the US
Army and US Marine Corps.

The M252 combines the British barrel
and bipod with a US-designed and -built
M3A1 circular baseplate and M64A1 opti-
cad sight. The barrel has a distinctive
flared blast attenuator; the lower half is
finned to dissipate heat and reduce
weight. Compared to the M29, the M252
is more stable and accurate and firesim-
proved ammunition to a greater range.

Ammunition for the M252 includes
not only all of the M29 projectilesbut aso
the M821 High-Explosive (HE) bomb
with the M734 multioption fuze and 49
yd (45-m) letha radius, the M819 smoke

and M853 600,000-candlepower illumina-
tion projectiles. To gain a one-shot, non-
line-of-sight antitank capability, the US
Army tested the Roya Ordnance (in part-
nershipwith Alliant Techsystems) Merlin
81-mm terminal homing round begin-
ning in 1991

50 USMC LAV-25 light armored vehi-
cles carry the M252 mortar mounted in
the rear compartment and firing through
roof hatches. The vehicle carries 90 mor-
tar rounds. The first was delivered inJuly
1987.

DEVELOPMENT e US testing began in
1977 and led to type classification in 1984
and initial operational capability in 1987.
Manufactured by Royal Ordnance, Great
Britain, and Watervliet Arsenal, Water-
vliet, New York. The US Army procured
nearly 1,100 M252s, while the Marines
purchased 800.

COMBAT EXPERIENCE ¢ LAV-Ms of
the 1¢ Marine Expeditionary Force sup-
ported Marine Corps and Gulf State in-
fantry units on their drive toward Kuwait
City in February 1991

SPECIFICATIONS -

CREW 5

WEIGHT 91 Ib (413 kg)

DIMENSIONS bore81 mm, barrel
length 4 ft 6 in (1.37m)

RATE OF FIRE  sustained 15 rounds/
min; max 33 rounds/min

ELEVATION +457 +85° (800/1,511
mils), traverse 7° (125 mils) to either
side

RANGE M29 ammunition 6,124 yd
(5,600 m); M821 or M889 HE 6,151
yd (5,625 m); M835A1 5,960 yd
(5,450 m); M819 5,577 yd (5,100 m);
practice 437 yd (400 m)

MI120/121 120-mm mortar

The M120 (towed) and M121 (mounted
in the M1064 armored personnel carrier
variant) mortars are "off-the-shelf" pur-



chases (Nondevelopment Item/NDI) of
Soltam of Israel's K6 and TT6 mortars.
(The Israeli mortars were in turn derived
from the Finnish Tampelladesigns.) The
smoothbore, muzzle-loaded weapon re-
places the rifled 4.2-in (107-mm) M30
that dates back to World War 11.

Like the 81-mm M252 program, NDI
sdlection drove to cut the deployment
time for a new heavy mortar. Unfor-
tunately, initid Army dissatisfaction with
the three NDI candidates and funding
cutbacks delayed procurement for sev-
eral years.

The M120's smoothbore ged-alloy
tube rests its breech on a circular base-
plate and meets a broad-legged bipod
about three-quarters up the barrel. Both
the towed MI20 and carrier-mounted
M121 use many of the same components,
the principal difference being afully tra-
versable base in the mortar carrier.

Ammunition consists of M933 High-
Explosive (HE) set off by the M 745 point-
detonating fuze, M934 HE using the mul-
tioptional M734 fuze that is common to
al new US mortars, M929 smoke, and
M930 illuminating rounds. Probable
range error amounts to 1% (80 yards at
maximum range) while azimuth deflec-
tion is 0.45%. The Swedish Strix terminal
homing antiarmor mortar round is being
studied for possible use in the M120/
M12L

MI 20 is the towed version mounted on
athick, 137-lb (62.1-kg) baseplate. It can
be towed using the two-whedl, torsion-
bar-sprung M286 trailer that dso carries
sx rounds of ammunition. MI21 is
mounted in a modified M106A2 mortar
carrier (partoftheMI 13family), whichis
upgraded to M113A3 standards. The
M121 replacesthe M 30, while 69 120-mm
rounds replace 88 107-mm rounds. Con-
version plans envision 1,530 M106A1/
A2s being converted to MI064 in FY
1993-98.
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DEVELOPMENT e Because most of the
world's heavy mortars use 120-mm am-
munition, the US Army elected to re-
place the 107-mm M30 with a 120-mm
NDI weapon in September 1984. US
Arniy testing began in 1986 of NDI sub-
missions from three teams. Spain's Es-
peranzay Cia, SA, and General Defense
Corp.; Frances Thomson Brandt and
Honeywell Defense Systems; and Soltam
International with Martin Marietta. Test
results in 1986 showed that none of the
three weapons met the Army's criteria
and forced a delay of almost two years.

The Army chose the Soltam-Martin
Marietta weapon in April 1983. Water-
vlietArsenal, Watervliet, NewY ork, builds
the mortar under license while Martin
Marietta supplies the ammunition. The
199th Infantry Brigade (Motorized),
later the 2nd Armored Cavalry Regiment
(Light), deployed the towed M120 in
September 1991 An original goal of
2,606 mortars dropped to 1,725 with a
decline in the force structure.

COMBAT EXPERIENCE - Israel has
used its 120-mm mortars extensively in
combat during the Arab-Isragli wars as
well asin Lebanon.

SPECIFICATIONS -

CREW 4

WEIGHT total of towed version 709 b
(322 kg) including 390-Ib (177-kg)
M286 trailer; mortar 319 Ib (145 kg)

DIMENSIONS bore120mm, barrel
length5ft9in (1.76m)

RATE OF FHRE sustained 4-5 rounds/
min; max 19-20 rounds/min

ELEVATION +40°/+85° (711/1,511
mils), traverse 360° (6,400 mils) in
M1 064 vehicle

RANGE max 7,918 yd (7,240 m); mini-
mum 197yd (180m)
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NAVAL GUNS

Mk 15 20-mm Phalanx

Catling single mount

The Phalanx Mk 15 Close-in Weapons
System (CIWS) provides shipboard auto-
matic defense against antiship cruise mis-
dles Virtudly dl US combatant and
amphibiousships (aswell asmany auxilia-
ries) arefitted with the Phalanx. In addi-
tion, many foreign combatants are fitted
with one or more Phalanx mounts.

The installation of Phalanx CIWS fol-
lowed deployment of similar, larger-
caliber rapid-fire gun systems in Soviet
Navy surface warships, the Soviet
weapons didn't have the colocated radar-
spotting system, however. Most foreign
CIWS designs include 25-mm or 30-mm
rapid-fire gunsrather than the smaller 20-
mm cannon of the Phalanx.

Only one Mk 15 CIWS s installed per
ship and consists of one or more Mk 16
Weapon Groups, the same number of Mk
339 local-control panels, and one Mk 340
remote-control panel. Thus, if a ship has
aMk 15 Mod 4 CIWS, she has four gun
mounts.

The Mk 16 Weapon Group has amaod-
ified M61 Vulcan 6-barrel Galling cannon
assembly on a mount and train drive as-
sembly, the search and Jband pulse-
Doppler fire control radars housed in a
domed cylinder located above the gun,
barbette assembly containing  the
mount's digital computer, and the
Weapon Group electronics enclosure.
The basic mount does not require deck
penetration and can be fitted to a wide
range of ships.

The Mk 16'scomputer classifiesthreats
detected by the search radar and lays the
mount on the target azimuth. TheJ-band
tracking radar followsboth the target and
the M61's bullet stream. The computer
uses a closed-loop spotting technique to

reduce the difference between the radar
line of sight and the projectile trajectory
to zero. The mount ceases fire when the
target is out of range or destroyed.

Until the early 1990s, the only projec-
tile was the dense Mk 149 subcaliber
(12.75-mm) Depleted Uranium (DU)
penetrator. A tungsten penetrator re-
placed the DU version, which lowered
costs and simplified storage and hand-
ling.

Phalanx can be used against surface
targets by using conventional optical tar-
get designators, although it is rare to
do so.

DEVELOPMENT e« Testing of closed-
loop concept began in 1970; trials of op-
erational suitability model began in 1976
inUSSBigelow (DD 942),achievinginitia
operational capability in 1980. In produc-
tion by Pomona Division, Hughes Corp.
(formerly Generad Dynamics Corp.),
Pomona, Cdlifornia

Besides the widespread distribution
withinthe USNavy, shipsof thefollowing
navies are aso fitted with the Phaanx:
Australia, Brazil, Canada, China, Great
Britain, Greece, Isradl, Japan, South Ko-
rea, Pakistan, Portugal, Saudi Arabia, and
Taiwan.

VARIANTS « Block |, Mod 11 to Mod 14,
replaces the parabolic search radar with
four-plate back-to-back search radar array
for better high-elevation coverage. The
mount has greater ammunition stowage,
higher rate of fire, and enhanced relia-
bility and maintainability. Infull produc-
tion by October 1987, withal Block Otobe
upgraded to Block | standards by 1997.



COMBAT EXPERIENCE ¢ In its only
combat test, the CIWS on the USS Stark
(FFG 31) did not engage the French-built
Exocet AM-39 air-to-surface missiles
launched against the ship by an Iraqi air-
craft on May 17, 1987. The CIWSwas not
activated at the time for fear that a non-
hostile ship might inadvertently trigger
the system's automatic response. By the
time the threat became apparent, no
time remained to turn the system on.

SPECIFICATIONS -

CREW unmanned

LOADED WEIGHT 13,629 Ib (6,182 kq)
Mk 16 Block 1

ARMAMENT  bore 20 mm/76 cal

MUZZLE VELOCITY
Block 0: 3,280fps (1,000 mps)
Block 1. 3,600+ fps (1,097+ mps)

RATE OF FIRE  (theoretical maximum)
Block 0: 3,000 rounds/min, Block 1:
4,500 rounds/mm

ELEVATION Block 0: -10°/+70°; Block
1: -25°/+80° at 92°/sec

TRAVERSE Block 1: +155° at 126°/sec

RANGE 1,625 yd (1,486 m)

MAGAZINE CAPACITY Block 0: 980
rounds; Block 1: 1,562 rounds

FIRE CONTROL VPS-2 pulse-Doppler,
Jband search and track radar with
closed-loop spotting, high-speed digi-
tal computer; 60-second reaction
time from being switched on to being
operational, 2 seconds from threat
detection

30-mm Emerlec twin mount

The Emerlec mount, fitted with two
Oerlikon 30-mm/75-cal rifled automatic
cannon, is a US-built antiaircraft gun
mountin servicein several classes of non-
USships.

The gyro-stabilized mount puts the
gunner's position between the two can-
non, which are mounted on a trunnion
that passes through the cabin behind the
gunner. The two barrels elevate and tra-
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verse together. The front-entry cabin has
a controlled environment and a daylight
reflex sight or aimage-intensifying night
sight; the mount can also be operated
under remote control.

The Oerlikon gas-operated cannon has
a muzzle brake and fires from the open
breech position, using propellant gas to
unlock the bolt and breech during the
firing cycle. It can be clip-fed or belt-fed,
the belt feeds being set up from either
the left or the right side.

The Oerlikon KCB fires High-
Explosive Incendiary (HEI), HEI with
Tracer (HEI-T), Semi-Armor-Piercing
HEI (SAPHEI), and Target Practice (TP
and TP-T) rounds. A below-decks maga-
zine holds up to 1,970 rounds of ammuni-
tion.

DEVELOPMENT ¢ The Emerlec 30 be-
gan as the EX-74 Mod 0, amount devel-
oped for the USNavy'sCoastal Patrol and
Interdiction Craft (CPIC) programinthe
early 1970s. Land testing began in 1972
with General Electric EX 28 30-mm ma-
chine guns, which were replaced by the
Oerlikons. Tests in the prototype CPIC
began in 1975; neither was procured by
the USN, but the mount design was ex-
ported to severa navies.

Produced by Emerson Electric, Gov-
ernment and Defense Group (later
ESCO) in St. Louis, Missouri.

In servicewith shipsin the Ecuadorian,
Greek, South Korean, Malaysian, Niger-
ian, Philippine, and Qatari navies.

SPECIFICATIONS -

CREW 1

MOUNT WEIGHT 4,200 Ib (1,905 kg),
gun with feed mechanism 348 |b (158
kg)

DIMENSIONS barrel length 7ft8in
(2.35 m), gunwidth 8.6 in (218 mm)

MUZZLE VELOCITY 3,543 fps (1,080
mps)

RATE OF FIRE  600-650 rounds/min per
barrel

ELEVATION -15°/+80°, traverse 360°
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RANGE
max altitude
11,483ft (3,500m)
max surface 10,936 yd (10,000
m)
AMMUNITION WEIGHT
round 19 Ib (0.87 kg)
projectile 08 Ib (0.36 kg)

Mk 75 76-mm/62-cal dual-

purposesinglemount

The Mk 75 dual-purpose, rapid-fire 76-
mm gun is a license-built version of the
Italian OTO Melara 76-mm/62 Compact
gun. It has been ingtalled in smaler US
naval combatants and Coast Guard cut-
ters.

The remotely controlled mount is nor-
mally unmanned, although loca control
through a stabilized optical sight is possi-
ble. Enclosing the mount isalightweight,
watertight, fiberglass-domed shield that
provides protection against Nuclear, Bio-
logical, and Chemical (NBC) warfare ef-
fects. The 76-mm gun iswater-cooled, has
afume extractor halfway along the barrel
and a perforated muzzle brake. Be-

Gun Mount Mk 75

FMC CORPORATION

low the gun is a 70-round magazine with
10 additional rounds stored in the feeder
drum and hoist.

DEVELOPMENT « The 76-mm Com-
pact gun entered Italian service in 1964
and is in widespread use around the
world; the first US Mk 75s, produced by
FMC's Northern Ordnance Division,
FMC Corp.,, Minneapolis, Minnesota,
equipped Oliver Hazard Perry (FFG 7)
class beginning in 1977. Some Perrys
have the Italian-built gun.

Mk 75s aso equip Pegasus (PHM 1)
patrol hydrofoils and the US Coast
Guard's Hamilton (WHEC 715) and Bear-
class (WMEC 901) cutters. Two Saudi Ar-
abian patrol craft classes built in US
yards have the Mk 75—the .Badr-class
corvettes and the As-Sddig-c\ass missile
boats.

SPECIFICATIONS -
CREW none in turret, 4 below decks
MOUNT WEIGHT 13,680 Ib (6,205 kg)
DIMENSIONS  bore 76 mm, barrel
length 62 cd or 15ft5in (6.95 m),
rifling 13 ft 35 in (4.05 m)
MUZZLE VELOCITY 3,000 fps (914 mps)
RATE OF FIRE 75-85 rounds/min
ELEVATION -15°/+85° at 35°/sec, tra-
verse unlimited at 60°/sec
RANGE
max antiair 39,000 ft (11,888 m)
approx at +85°
max surface 21,000 yd (19,202 m)
approx at +45°
typical antiair
18,991 ft (5,788 m)
typical surface
17,391 yd (15,902 m)
AMMUNITION WEIGHT
compkte round
27.81b (12.6 kg)
projectile 140 1b (64 kg)
FIRE CONTROL Mk 92 track-while-scan
Gunfire Control System



Mk425-in/54-cd (127-mm)
dual-purpose single mount

The US Mk 42 was the principal post-
World War Il 5in (127-mm)/54-cal
mount in surface combatantsand aircraft
carriers. It was replaced in new ships by
the lighter Mk 45. Most mods have only a
surface-fire capability.

DEVELOPMENT e Built by FMC Corp.
in Minneapolis, Minnesota, achieving its
initial operational capability in 1952 in
USSMitscher(DL2).

No longer in production. In service in
declining numbers in the Belknap (CG
26) class. The Mk 42 isfitted in ships of
several other navies, some of which oper-
ate former Adams-class guided-missile de-
stroyers and Knox-class frigates. These
navies include those of Australia, Ger-
many, Greece, Japan, Spain, Taiwan, and
Turkey.

VARIANTS e« Earlier variants are long
out of service.

The Mod 7 was the principa model
installed on new construction in the
1950s and 1960s the Mod 8 added a
Gunar Mk 3 radar antennato the right of
the gun.

The Mod 7's mount weight varies from
146,400 Ib (66,407 kg) to 183630 Ib
(83,294 kg). Mod 8 weights range from
144900 Ib (65,726 kg) to 201,195 Ib
(91,261kg).

51lighter-weight Mod 9variantsforthe
Knox (FF 1052)-class frigates have solid-
state electronics for the ammunition han-
dling system. Mount weight is 129,411 |b
(58,700kg).

Above-decks components built by
Northern Ordnance Divison, FMC
Corp., Minneapolis, Minnesota, and
below-decks equipment built at the US
Navy's Nava Ordnance Station at
Louisville, Kentucky.

Mod 10 designates conversions of
Mods 7 and 8 that incorporate reliability
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and maintainability upgrades of Mod 9.
Mogt US ships equipped with Mk 42
mounts received Mod 10 upgrades.

COMBATEXPERIENCE * Four Belknap-
classguided-missile cruisers, three Adams-
classand three Chonfe-classguided-missile
destroyers, and 11 Kno3c-cla.ss frigates fit-
tedwith the Mk 42 asmain gun armament
were deployed in the Persian Gulf area
during al or part of Operations Desert
Shield and Desert Storm. A total of only
750 5-in/54-cd rounds from both Mk 42
and Mk 45 gunsduring Desert Storm, in-
cluding practicerounds. Thelow expend-
iture indicates that the rdatively smdl
projectile and short range of the 5-in gun
relegated medium-caliber surface-ship
gunfire support to near invisibility com-
pared to other weapons. By contrast, the
two/ozwz-classbattl eshipsfiredmorethan
1,000 rounds of 16-in ammunition in
three weeks.

In addition, the Australian Perf/z-class
destroyer Brisbane, fitted with Mk 42
mounts, took part in Operation Desert
Shield beginning in December 1990.

SPECIFICATIONS -
CREW  12-14 depending on Mod; Mod
10 hes 12

WEIGHT
mount 139,000 Ib (63,050 kg)
Mod 10
gun 5508 Ib (2,498 kg) Mods
7-8

DIMENSIONS bore 5 in (127 mm), bore
length 54 cal or 22 ft 6in (6.86 m),
rifling 19 ft 1 in (5.82 m)

MUZZLE VELOCITY 2,650 fps (808 mps)

RATE OF FIRE practical 20 rounds/min,
max 40 rounds/min

ELEVATION -7°/+85° at 25°/sec, tra
verse 360° at 40°/sec

RANGE
maxantiair 47,247ft (14,401 m)
max surface 23,936 yd (21,887 m)
max with Rocket-Assisted Projectile (FLAP)

weighing 62 Ib (29 kg)
31,913yd (29,181m)
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AMMUNITION

40 rounds in two ready service drums
with dual-feed automatic loader

weight: case 34.5 Ib (16.8 kg), projec-
tile 70.0 1b (31.75kg)

FIRE CONTROL Mk 68 Gun Fire Con-
trol System with SPG-53 radar (GFCS
and radar subtypes vary with mod
number and modernizations)

Mk 45 5-in/54-cd dual-

purpose single mount

The Mk 45 is a lightweight devel opment
of the basic post-World War || Mk 42 5-in
(127-mm)/54-ca  single-barrel,  dual-
purpose mount. It is the main gun arma-
ment of al recent US cruisers and de-
stroyers as well as the Tarawa class of
helicopter carriers. It is dso the largest-
caliber naval gun mount in production
and in service on US ships.

Compared to the older Mk 42, the Mk
45 mount is 62% lighter. To achieve this
substantial reduction in weight (and
crew), the design accepted a 20° lower
maximum elevation aswell as dower ee-
vation and traverse speeds. Maximum
rate of fireis cut in haf, although typical
rates of fire for both mounts are nearly
identical. In addition, the conical gun
house has been sneeringly described as
"an upside-down Dixie cup.”

On the other hand, the barrel has
more than twice the firing lifetime (7,000
rounds vs. 3,070). Moreover, instead of
the 12-14 crew of the Mk 42, the re-
motely operated Mk 45 has six crew in-
cluding the four ammunition handlers
below decks.

The Mk 19 Mod 0 or Mod 2 gun can
fire any existing 5-in/54-cal round in-
cluding the High-Capacity (HC), illu-
mination, starshell, White Phosphorus
(WP), and a lighter Rocket-Assisted Pro-
jectile (RAP). Two types of guided proj-
ectiles—the Deadeye Semiactive Laser-
Guided Projectile (SALGP) and an

Infrared (IR) guided projectile—were
canceled before development was com-
plete.

DEVELOPMENT e« Manufactured by
Naval SystemsDivision, FMC Corp., Min-
neapolis, Minnesota. (General Electric's
Ordnance Systems Division of Pittsfield,
Massachusetts, was a second source dur-
ing the 1970s) Achieved initial opera-
tional capability in USS California (CGN
36) in 1974. Other US ship classes in-
clude Virginia (CGN 38), Ticonderoga (CG
47), Spruance (DD 963), Kidd (DDG 993),
Arleigh Burke (DDG 51), and Tarawa
(LHA1).

Other navies using the Mk 45 include
those of Australia, Greece, and Turkey.

VARIANTS « Mk 45 Mod 1 entered pro-
duction in 1983 with afire control system
that automatically selects projectiles, sets
fuzes electronically or mechanicaly,
varies the firing rate to suit the projectile,
and clears misfires. Drum holds 20 con-
ventional rounds or 10 guided projectiles
or a mixture of the two types. Other im-
provements included afault-isolation sys
tem and solid-state optical system.

COMBAT EXPERIENCE « US cruisers
and destroyers used the Mk 45 to bom-
bard Lebanese targets several times from
late 1983 to early 1984. In 1987-88, Iran-
ian ail platforms were shelled by US de-
stroyers firing Mk 45s. One of these ab-
sorbed 1000 rounds in  one
bombardment, an expenditure that
many argued showed the need for larger
shipboard guns.

Many US warships deployed to the
Persian Gulf in 1990 under Operation
Desert Shield were fitted with the Mk
45 mount asthe main gun. Altogether, 12
different Ticonderoga-, one California-,
and three Virgmzaclass cruisers, one
Kidd-cluss guided-missile destroyer, 13
Spruance-class destroyers, and two Tarawa-
class amphibious assault ships operated
in the area during part or al of Desert



Shield and Desert Storm. A total of 750
5-in/54 roundswerefiredfrom both Mk 42
and Mk 45 guns during Desert Storm, in-
cluding practice rounds. (See additional
commentsin die Mk 42 entry.)

SPECIFICATIONS -

CREW none in mount; gun captain and
1 panel operator below decks plus 4
handlers in ammunition handling
room

MOUNT WEIGHT 49,000 Ib (22,226 kg)

DIMENSIONS bore 5 in (127 mm), bore
length 54 cd or 22 ft6in (6.86 m),
rifling 19ft 1 in (5.82 m)

MUZZLE VELOCITY 2,500 fps (762 raps)

RATE OF FIRE  16-20 rounds/min

ELEVATION -15°/+65° at 20%ec, tra-
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verse 170° to either side of centerline
at 30°/sec

RANGE
antiair 47,245 ft (14,400 m)
surface 23,936 yd (21,887 m)
RAP 31,913yd (29,181m)

AMMUNITION WEIGHT
standard projectile weight 70.0 Ib
(31.75 kg), RAP62.01b (28.12 kg)
20 rounds in ready service drumin
mount; drum can be refilled during
firing
FERE CONTROL Mk 86 digital Gun Fire
Control Sygem (GFCS) with SPQ-9
search and SPG-60 tracking radars;
EP-2 operator's station; DDG-51s have
Mk 160 using datafrom SPS-67 or
SPY-IDradars

SELF-PROPELLED GUNSANDHOWITZERS

M44 155-mm howitzer

The M44 155-mm self-propelled howitzer
began development immediately after
World War 1l to incorporate lessons
learned in that conflict. It uses several of
the same chasss and automotive compo-
nents as the M41 light tank and the M52
105-mm self-propelled howitzer, which
were adso developed shordy after die war.

The engine of the M44 is located in
the front of the vehicle, with the open-
top gun/crew compartment at the rear.
The driver is seated on the left side, with
the commander, who aso acts as the an-
tiaircraft gunner, directly behind him.
When firing, the spade at the rear of the
hull is lowered and the back of the gun
compartment is folded down to form a
platform for the crew to operate die
gun.

The M45 23-cd howitzer has a Welin
stepped-thread interrupted-screw breech
and firesavariety of ammunition includ-
ing High-Explosve (HE) M107 and

M449, illuminating MI 18 and smoke
White Phosphorus (WP) Ml 10.

DEVELOPMENT e+ Began in 1947 as
T99; adoption of M41 chassisledtoitsre-
designation as T99EL. The first 250 built
as T99E1 did not meet requirements and
were modified as T194, which was later
type-classified as M44 in 1953. 358 T1%s
were built, achieving initial operational
capability in the early 1950s A total of 608
TO9EI/T194s (later designated as M44)
weremanufacturedby Massey Harris.

No US M44s were substantially mod-
ified before they were replaced by M109s
beginning in 1962, but Turkish M44s are
getting diesel engines and a longer how-
itzer barrel.

VARIANTS « The M44A1, powered by a
Continental AQOS-895-5 fuel-injected
gasoline engine, entered service in 1956.
Most M44s were later refitted with
AO0S-895-5 engines.
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M44T is a German-devel oped upgrade
locally produced in Turkey that includes
a450-hp V-6 diesel engine and fuel capac-
ity raised to 206 US gd (780 liters); cruis-
ing range isincreased more than fivefold
to 385 mi (620 km). The longer Rhein-
metall 39-cd howitzer barrel can fire a
standard HE projectile to 26,246 yd
(24,000 m) and an extended-range pro-
jectile to 32,808 yd (30,000 m).

SPECIFICATIONS -
CREW 5
COMBAT WEIGHT
kg)
ground pressure
9.401b/in? (0.66kg/

62,500 Ib (28,350

cm2)
DIMENSIONS
length 20 ft 2 in (6.16 m)
width 10 ft 8 in (3.24 m)
height 10ft 2 in (311 m)

length of track on ground
12ft6in (3.8 m)
ground clearance
19 in (483 mm)
track width 25 in (635 mm)

MAIN ARMAMENT ~ M45 155-mmv/23-cd
rifled howitzer with 24 rounds
elevation  -5°/+65° (-89

mil/1,156 mils),
traverse 30° (533
mils) to either
side
muzze velocity
[,850f ps(564mps)
rateof fire
1 round/min
max range 15,967 yd (14,600 m)
projectile weight
M118 1010 Ib (46.26kQ);
MI 10 97.0 Ib (44.40
kg);M44994.21b
(43.09kg); M107 94.1
Ib (42.91 kg)

SECONDARY ARMAMENT  12.7-mm anti-
aircraft machine gun with 900 rounds

ARMOR 127 mm

POWERPLANT Continental AOS-895-3
or AOS-895-5 500-hp ar-cooled, 6-

cylinder gasoline engine, manual Al-
lison CD-500-3 cross-drive transmis-
sion with 4 forward/2 reverse gears
power-to-weight ratio
17.63 hp/metric ton

SUSPENSION (EACH SIDE)  torsion bar,
6 road whesls, front drive, sixth
wheel acting asidler, 4 return
rollers

SPEED 35 mph (56 km/h), range 76 mi
(122km)

OBSTACLE CLEARANCE vertical 2 ft
6in (0.76 m), gradient 60%, trench
6 ft (1.83 m), fording 3ft4in
(1.01 m)

M 109 Paladin 155-mm

howitzer

The widely used M109 carries a 155-mm
howitzer and has been the principal self-
propelled artillery support for US Army
divisions since the early 1960s In addi-
tion, 30 other national armies operate
one or morevariants. Itisalarge, tracked
vehiclewith afully traversable turret and
prominent bustle. Early variants had a
short, 23-cd barrel with a D-shaped fume
extractor and single-baffle muzzle brake;
later versions, including the M109A6 Pal -
adin, have a 39-cd barrel with cylindrical
fume extractor.

The M109A6 Paladin arises from the
Howitzer Improvement Program (HIP)
in which A2 hulls are refurbished and
mated with a new turret being built by
United Defense. The first armament
modification phase substitutes the M284
gun for the A2/A3's M185 and
strengthens the gun mount to prevent
barrel rotation with maximum charge.
Later armament options include the
XM283, which has the same interior bal-
listics as the M284, but is more reliable,
and the XM 282, a58-cd cannon capable
of firing M864 base-bleed projectiles to
28 mi (45km).

Paladin's Automatic Fire Control Sys
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tem (AFCS) permits 0.6 mi (1 km) sep-
aration between vehicles, improving
battery survivability while still coordinat-
ing fires. At first, the AFCS was plagued
by software problems and random com-
puter lockups that could be solved only by
shutting down the entire system and re-
booting.

Du Pont Kevlar and rolled homoge-
neous steel armor were added and the
suspension  strengthened.  Upgrades to
cooling, electrical, and hydraulic sys
tems as well as fire suppresson and
anti-NBC improve reliability and protec-
tion.

The gun fires rounds weighing be-
tween 94.6 and 1032 1b (42.9 to 46.8 kg).
These include High-Explosve (HE),
M692/M731 HE Area Denid Artillery
Munition (ADAM), M718/M741 Anti-
tank Remote Antiarmor Mine Sysem
(AT-RAAMS), M549A1 Rocket-Assisted
HE (HERA), M864 Dual-Purpose Im-
proved Conventiona Munitions
(DPICM) carrying submunitions, Cop-

ARTILLERY/GUNS 175

perhead Cannon-Launched Guided Pro-
jectiles  (CLGP), nuclear, XM867
Artillery-Delivered Expendable Commu-
nicationsJammer (ADEXJAM) submuni-
tions, chemical, smoke, and illumination
rounds.

DEVELOPMENT ¢ The first M109s en-
tered service in 1963. More than 2,000
were manufactured by three automobile
companies. M109A1 and later variants
have been built by BMY Combat Systems
(formerly Bowen-McLaughlin-York) of
York, Pennsylvania. Samsung Shipbuild-
ing and Heavy Industries (SHI) isassem-
bling up to 1,000 M109A2 howitzers.
German, Italian, Norwegian, and Swiss
M109s have been subjected to modifica-
tion programs aswell.

VARIANTS « M109A1 (1970) with
longer MI 85 155-mm gun and elevation,
traversing, and suspension improve-
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merits; M109A2 (1978) featuresmany de-
tail improvementsincluding larger turret
bustle that carries 36 rounds; M109A3
(1980) has improved M178 mounting;
designation aso applies to retrofitted
models, M109A4 737 USReserve Compo-
nent howitzers refitted under the NBC
and Reiability, Availability, and Main-
tainability (RAM) program completedin
FY1992; M109A5 further upgrade of
M109A4 completed in FY1993 to bring
the cannon and gun mount up to A6 stan-
dard.

COMBAT EXPERIENCE * MI09s have
seen service in many conflicts. |Isragli
forces have operated MI09s in several
Middle East wars, and Iranian and Iragi
forces (the latter through capture) bat-
tled each other in the 1980s US opera-
tionsincludevirtually the entireVietnam
War aswell as Operations Desert Shield/
Desert Storm.

Over 500 US and British MI09s (in-
cluding 24 Marine Corps vehicles) were
employed in Desert Shield/Desert
Storm. US forces found that the M185
howitzer's relatively short range put the
Iragi artillery out of reach of all but full-
charge or rocket-assisted projectiles dur-
ing the pre-ground war bombardment
phase.

The range mismatch proved to be in-
consequential once the land offensive
began, however, asthe Iragi artillery was
unable to maneuver under the coali-
tion's air assault. The 155-mm M864
DPICM munitionswerewidely used and
proved very effective against Iragi artil-
lery, especially when fired together with
Multiple-Launch Rocket System (MLRS)
batteries. The reatively few (90) Cop-
perhead projectiles fired reflected the
M901 Fire SupportVehicle's (FSV) diffi-
culties in keeping up with the ad-
vance.

British 155-mm howitzers (most or al
of them MI09s) fired approximately
10,000 rounds during preparations for
the ground war and the ground war itself.

In addition, Saudi M109s supported the
US Marine Corps—Saudi offensive into
eastern Kuwait.

SPECIFICATIONS -
CREW 6 (commander, gunner, 3 am-
munition servers, driver)
COMBAT WEIGHT
M109A2/A3: 55,000 Ib (24,948 k)
Paladin: 63,300 Ib (28,712 kQ)
DIMENSIONS
hull length 20 ft 4 in (6.19 m); with
gun forward A2/A3 29
ft 11in (9.12m),
Paladin 32 ft 2in (9.8
m)
width 10ft4in (3.15m)
height with Air Defense Machine Gun
(ADMG)
A2/A3 10ft9in (3.28
m), Paladin 10t 7in
(3.24m)
length of track on ground
13 ft (3.96 m)
ground clearance
18 in (457 mm)
track width 15 in (381 mm)
MAIN ARMAMENT
A2/A3: 155-mm/39-ca M185 rifled
howitzer with 22 "long wheelbase,"
12 conventional, 2 Copperhead
rounds
AB6: 155-mm/39-ca M284 rifled how-
itzer with 39 rounds
elevation -3+ 75° (-53/ + 1333
mils), traverse 360°
(6,400 mils)
muzze velocity
2,244 fps (684 mps)
rate of fire (max)
A3 4/mininfirst3
min
Paladin: 3 roundsin 15
sec, 6 rounds/min
A2/A3 (full charge):
15,951yd (14,586m),
max 19,400 yd (17,740
m); with M864 base-
bleed 24,059 yd
(22,000 m)

range



Paladin: max 26,247 yd
(24,000m); withM864
24,168yd (22,100m);
with M549A1 HERA
32,808 yd (30,000 m)

FIRE CONTROL AFCSwith ballistic
computer/weapon controller, power
conditioner, and an Inertial Refer-
ence Navigation Systems/Dynamic
Reference Unit (IRNS/DRU)

ARMOR light dloy, 20 mm max

POWERPLANT General Motors8Vv-71T
405-hp liquid-cooled, turbocharged
2-stroke V-8 engine
power-to-weight ratio

A2/A3 16.23 hp/metric
ton; Paladin 14.11 hp/
metric ton

SPEED 35 mph (56 km/h), range 214-
220 mi (344-354km)

OBSTACLE CLEARANCE vertical 1ft9in
(0.53 m), gradient 60%, trench 6 ft O
in (1.83 m), fording 3ft 3in (1.0 m)
without preparation, amphibious with

airbags

MI07 175-mm gun

The 175-mm M107 was the largest self-
propelled gun (as opposed to howitzer)
ever to be adopted by the US Army. The
MI 13 gun'sbarrel extendsfor 60 cdibers
(i.e., alength 60 times the diameter), the
highest of any mobile artillery piece ever
deployed in significant numbers.

Changes in US artillery doctrine led
to standardization on the 155-mm how-
itzer. Although many MHO 8-in how-
itzers remained in service, the M107 had
left US service by the early 1980s be-
cause of differing logistical requirements
and rapid barrel wear caused by the
high-velocity rounds. On the other hand,
sverd non-US armies «ill fidd the
M107.

The MI07 shares a common chassis
with the 203-mm MHO self-propelled
howitzer and the M578 armored recovery
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vehicle. The M113 gun's long, sdender
barrel extends well forward of the hull.
Only the driver sits in the hull; his pos-
tion is forward and to the left of the en-
gine. The other crew members st
exposed around the breech of the how-
itzer. A hydraulically operated recoil
spade can be lowered from the rear to
brace the vehicle before firing the how-
itzer.

The MI 13 gun has aWelin step-thread
interrupted-screw breech. It firestwo vari-
ants of High-Explosive (HE) projectiles.
The M437A1 has 30 Ib (13.6 kg) of TNT,
whilethe M437A2 has 31 Ib (14.06 kg) of
Composition B explosive. Two rounds
travel with the gun; reload vehicles supply
the rest.

DEVELOPMENT e First built by Pacific
Car and Foundry (Renton, Washington),
achieving initial operational capability in
1963. Later contracts were awarded to
FMC (SanJose, California) and Bowen-
McLaughlin-York (York, Pennsylvania).
BMY aone built 524 between 1965 and
1980. The US Army and Marine Corps
completed converting their M107s to
Ml 10sin 1981. Severd countries, among
them Isragl, South Korea, and Turkey,
dill field the M107.

COMBAT EXPERIENCE ¢ M107sserved
in severa units during the US involve-
ment in the Vietham War, where their
range and accuracy were especialy
prized for hitting targetsin Laos and the
Demilitarized Zone from within South
Vietnam. M107/M110 commonality a-
lowed some US artillery commanders in
Vietnam to tailor their fire support by
changing gun tubes on their mounts
from one day to the next.

The MIO7 was the largest artillery
piece in Isradli service during the 1973
Arab-lsragli war and saw action on both
fronts. It has often fired in cross-border
bombardments against Arab forces in
L ebanon.
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SPECIFICATIONS -«
CREW 5 (commander, 3 gunners,
driver), with up to 8 more
COMBAT WEIGHT 62,100 Ib (28,168 kg)
ground pressure
1151 |b/in? (0.81 kg/
cm?)
DIMENSIONS
hull length 18 ft 9 in (5.72 m), with
gun forward 36 ft 11 in
(11.26m)
barrel length
34ft6in (10.5m)
width 10ft4in (3.15m)
height to top of mount
9ft3in (2.81m),
traveling 12ft 1in
(3.68 m) to top of
barrel
length of track on ground
12ft 11in (3.94m)
ground clearance
18in (457 mm)
track width 18 in (457 mm)
MAIN ARMAMENT ~ MI 13 175-mm/60-cal
rifled gun with 2 rounds

elevation -2°/ + 65°
(-35.5/+ 1,156 mils),
traverse 30° (533 mils)
to each sde
max muzzle velocity
3,028 fps (923 mps)
rate of fire

1 round/2 min normal, 2
rounds/min intense
max range Charge 1 (1,672 fps/509
mps): 16,951yd
(15,500m)
Charge 2 (2,303 fps/702
mps): 24,169 yd
(22,200 m)
Charge 3 (2,992 fps/912
mps): 35,761yd
(32,700 m)
ammunition weight
147.2 Ib (66.78 kg)
SENSORS AND FIRE CONTROL  MI 15
panoramic sight, infrared night vision
devices
ARMOR 20 mm for the driver only

POWERPIANT Detroit Diesel 8V-71T
405-hp liquid-cooled, 2-stroke, turbo-
charged V-8 diesel engine, Detroit
Diesal Allison XTG-411-2A powershift
crossdrive with 4 forward/2 reverse
power-to-weight ratio

14.37 hp/metricton

SUSPENSION (EACH SIDE)  torsion bar, 5
road wheels, front drive, last road
wheel asidler, hydraulic cylinders as
shock absorbers on each wheel, no re-
turn rollers, suspension lockout when
firing, rear-mounted hydraulic spade
lowered when firing

SPEED 35 mph (56 km/h), range 450
mi (725 km)

OBSTACLE CLEARANCE verticd 3ft4in
(2.02 m), gradient 60%, side slope
30%, trench 7 ft 9 in (2.36 m), ford-
ing3ft6in (1.07m)

M 110A2 203-mm howitzer

The MHO 8-in (203-mm) self-propelled
howitzer is the heaviest field artillery
piece in the US Army and Marine Corps.
(Itisnot deployed in atowed version.) It
is alarge and mobile weapon but has no
baligic protection for its crew. Its num-
bers are declining because the US bases
its artillery doctrine around the faster
and moreversatile 155-mm howitzer. The
MIIO's partisans note that the 203-mm
howitzer has alonger range, higher accu-
racy, and a more powerful warhead as
wdl as being capable of firing an
enhanced-radiation  ("neutron")  nu-
clear warhead. But its lower priority
scrubbed needed fire control and
ballistic-protection updates.

The MHO chassisisidentical to that of
the M1 07 175-mm self-propelled gun. In
its M110A2 form, the vehicle is domi-
nated by the long, thick barrel extending
well forward of the hull. Only the driver
sitsin the hull; hispositionisforward and
to the left of the engine. The other crew
members sit exposed around the breech
of the howitzer. A hydraulically operated



recoil spade digsinto the ground behind
the vehicle.

The M201 howitzer hasaninterrupted-
screw breech. Ammunition weighs 200-
206 Ib (90.72-93.66 kg) and includes
M106 High-Explosve (HE), M404 Im-
proved Conventional Munition (ICM)
and the M509 Dual-Purpose ICM
(DPICM), M650 Rocket-Asssted HE
(HERA), M426 GB or VX chemical, and
M422 and M753 nuclear rounds. The
M404 ICM carries 104 M43A1 antiper-
sonnel grenades; the M509 DPICM car-
ries 180 M42 dual-purpose grenades.
NATO nations began deleting nuclear
warheads from the MHO arsenal in 1987
(Britain). Then-President Bush ordered
the stand-down of dl artillery-fired nu-
clear warheads in September 1991

DEVELOPMENT e Prototypeswere first
tested in 1958, and first production units
began in 1962. Built by Pacific Car and
Foundry in Renton, Washington, FMC in
San Jose, Cadlifornia (MHO only), and
Bowen-McLaughlin-York in Y ork, Pennsyl-
vania (MHO and M110A1/A2 new con-
struction and conversions). The MI 10
achieved itsinitial operational capability
in 1963, with the M| 10A1 in 1977.

Construction of about 750 M| 10s end-
ed in the late 1960s the new M110AY/
A2s were completed in the early 1980s
License production of 201 M110A2s in
mid-1980s by Komatsu (vehicle) and Ja
pan Sted Works (gun mount). Approx-
imately 2,000 MHO series were built
in al.

Although it is being phased out of US
service, 15 other countries continue to
operate the Ml 10.

VARIANTS ¢ MI 10wasthe origind pro-
duction variant's howitzer with a shorter,
25cd barrel and lower muzzle velocity
and range. None remainsin service.
M110A1/A2 has a 40-cd barrel with
double-dotted muzzle brake and the abil-
ity to fire a Zone 9 charge for greater
range than the Zone 8 charge of the Al.
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Cogt for converting each vehicle was
$100,000.

COMBAT EXPERIENCE ¢« The com-
monality of the MHO and M107 mounts
and vehicles dlowed some US artillery
commanders in Vietnam to'tailor their
fire support by changing gun tubes on
their mounts from one day to the next.
Because they had no overhead protec-
tion, M1 10 crews usualy created mobile
foxholes on their vehicles with sandbags
and fired from bunkered positions.

96 US Army and 12 Marine Corps
M1 10 howitzersbegan shelling Iragi posi-
tionsin Kuwait soon after Operation De-
sert Storm began on January 17, 1991
The M509 DPICM round proved effec-
tive against Iragi artillery and troop con-
centrations, often being fired in
combination with the Multiple-Launch
Rocket System (MLRS).

The Iragi inability to locate coalition
artillery and alack of aggressiveness (as
seen by US artillery personnel) out-
weighed the difficulties posed by a dis-
tinct range disadvantage and the
prepared Iragi fire positions. Massed US
and British artillery barrages accounted
for a high percentage of Iragi artillery
destroyed during thewar. US 8-in ammu-
nition expenditure has not been re-
leased; British MI 10s fired 2,500 rounds
of &in projectiles.

US Marine Corps Ml 10s were used in
cross-border raids, apracticethatinitially
discomfited the commander of the 5th
Battalion, Hth Marines. He noted, how-
ever, that the 8in DPICM had greater
range and capacity than the 155-mm
DPICM fired by other coalition howitzers,
which made up for the longer emplace-
ment time and dower rate of fire. The
lack of any concerted Iragi response re-
duced the risk.

SPECIFICATIONS -

CREW 5 (commander, driver, 3 gun-
ners) -l- 8in the associated M548 am-
munition carrier
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COMBAT WEIGHT 62,500 Ib (28,350 kg)

ground pressure
10.8 Ib/in2 (0.76 kg/
cm?)

DIMENSIONS
hull length 18 ft 9 in (5.72 m), with

gunforward 35ft 2in
(10.73 m)
barrel length
27 ftVain (8.24m)
10ft4in (315 m)
10 ft 4 in (315 m) to top
of barrel
length of track on ground
12ft11in (3.94m)
ground clearance
15.4in (393 mm)
track width 18 in (457 mm)

MAIN ARMAMENT M201 203-mm/40-
cal rifled howitzer with 2 rounds
carried
elevation

width
height

-2°/+65° (-36/4-1,156
mils), traverse 30° (533
mils) to each side

muzze velocity

2,333 fps (71I1mps)
rateof fire 1 round/2 min normal,
2+ rounds/min max

M650 HERA: 32,808 yd

(30,000 m)

range

M509 DPICM: 24,606yd
(22,500 m) normal,
26,247 yd (24,000 m)
max charge
M106 HE, M404 HE,
M426 CHEM: 23,293yd
(21,300m)
SENSORS AND FIRE CONTROL
night vision equipment
ARMOR 20 mm max (est)
POWERPIANT Detroit Diesel 8V-71T 405
hp liquid-cooled, 2-stroke, turbo-
charged V-8 diesel engine, Detroit Die-
el Allison XTG-411-2A powershift
crossdrivewith 4forward/2 reverse
gears
power-to-weight ratio
14.28 hp/metric ton
SUSPENSION (EACH SIDE)  torsion bar, 5
road wheels, front drive, last road
wheel acts as rear idler, shock ab-
sorber on each road wheel, no return
rollers
SPEED on paved roads 34 mph (55.0
km/h), cross-country 9 mph (14.5
km/h); range 325 mi (523 km)
OBSTACLE CLEARANCES vertical 3ft4in
(1.02 m), gradient 60%, side dope
30%, trench 6 ft 3in (1.90 m), ford-
ing3ft6in (1.06m)

infrared

TOWED GUNSAND HOWITZERS

M 167 20-mm Vulcan Gatling

antiaircr aft mount

The MI67 Vulcan Air Defense System
(VADS) isaUS towed, antiaircraft system
consisting of an M168 6-barrel 20-mm
Gatling cannon with its own M61A1 fire
control system mounted in a turret.
M167A2 PIVADS (Product-lmproved
VADS) havearange-only radar, stabilized
director-type gunsight, digital micro-
processor, and improved elevation and
traversing ability to reduce backlash.
(Lockheed Electronics was awarded a

contract for 285 kitsin 1982.) The system
iscarried on the M42 one-axle trailer and
is powered by two 24-volt Nickel-
Cadmium (NiCad) batteries (onefor the
gun, one for the turret and radar).

The gun fires High-Explosive Incendi-
ary (HEI), HEI with Tracer (HEI-T), and
Armor-Piercing with Tracer (APT).

DEVELOPMENT e Origina variant
achieved itsinitial operational capability



in 1967; the PIVADS entered service in
1987. Manufactured by Martin Marietta;
some also built by Daewoo Heavy Indus-
tries, Inchon, South Korea. Although it
has left US service, the MI 67 serves in
many other countries.

VARIANTS ¢ BasicVulcan hasno range-
rate radar, using a lead-computing gun-
sight and range update computer. Many
of these were exported.

SPECIFICATIONS -

CREW 1 (gunner in turret)

FIRING WEIGHT 3,450 Ib (1,565 kg)

DIMENSIONS 6 X 20-mm barrels
grouped on a geared rotor mounting
with 500 linked ready rounds

length traveling 16 ft 1 in (491
m), barrel 5ft (1.52m)

width 6ft6in (1.98m)

height firing 5 ft 5in (1.65 m);
traveling 6 ft 8 in (2.04
m)

MUZZLE VELOCITY 3,379 ft/min (1,030
m/min)

RATE OF FIRE antiair 3,000 rounds/
min; ground target 1,000 rounds/min

SENSORS AND FIRE CONTROL  visual
tracking and lead-computing gun-
sight, VPS-2 radar supplies range and
range rate in M167A2

ELEVATION -5°/+80° (-89/+1,422
mils), traverse 360° deg

RANGE antiair 3,937 ft (1,200 m);
ground 2,406 yd (2,200 m)

PROJECTILE WEIGHT APT 35 OZ (100
g); HEI 352 oz (103 g); HEI-T 3.3 0z
(%949

MIDI 105-mm howitzer

The MI01 105-mm towed howitzer exem-
plifies the staying power of competent
and reliableweapons. Asthe M, this 105
mm howitzer was first designed in the
1920s but not produced in large numbers
until WorldWar |1, under the designation
M2. After World War |1, the weapon was
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redesignated M101 and remained the
principa 105-mm howitzer for severd
decades in the US Army and Marine
Corps. The M101 has been replaced in
US service by the M1 19 Light Gun.

The M2A1 or M2A2 barrel's rifling
twistsat aconstant 1 in 20 rate and has 36
grooves. A horizontal dliding wedge seals
the breech. Firing life is 7,500 Effective
Full Charge (EFC) rounds.

Ammunition weighs between 38.25
and 46.40 I1b (17.35-21.06 kg). Types of
ammunition include High-Explosive
(HE), antipersonnel grenades (RE-
APERS),APERSwithTracer (APERS-T),
Rocket-Assisted HE (HERA), smoke,
chemical, illumination, leaflet, and prac-
tice projectiles. The M546 APERST
sprays 8000 flechettes. The M413 Im-
proved Conventional Munition (ICM)
carries 18 M35 antipersonnel grenades;
the M444 |CM carries 18 M39 grenades.

DEVELOPMENT e« Originally recom-
mended by the Westervelt Board of 1919,
the Ml was ordered in 1928, modified
and redesignated M2 in 1935, began tri-
dsin 1938, entered production in 1940,
and achieved initial operational capa
bility in 1941. Production at the Rock Is-
land Arsenal ended in 1953 after 10,202
weaponswere built. Production to fill fur-
ther foreign orders, however, did not end
until November 1983. Very widely used by
foreign military forces.

VARIANTS « The M101 origina pro-
duction model had the M2A1 carriage
and the M2A1 modd gun, which had a
straight barrel.

M101A1 has an M2A2 carriage, which
differs from the M2A1l chiefly in the
amount of shielding, and the M2A2 gun
with athickened muzzle.

West German MI01 modification fea-
tured a longer barrel with single-baffle
muzzle brake, new breech ring, and new
sights. Maximum range was extended
3,085yd (2,821 m) t015,420yd (14,100m).



182 ARTILLERY/GUNS

COMBAT EXPERIENCE * The M101
saw extensive servicein World War |1 and
in numerous postwar conflicts including
the Vietnam War. Eight M1 Ols were de-
ployed with Marine Corps units aboard
amphibious shipsin the Persian Gulf dur-
ing Operation Desert Storm.

SPECIFICATIONS »

CREW 8
WEIGHT 4,980 Ib (2,258 kg)
DIMENSIONS
bore 105 mm/24.5 cd
length overal 19 ft 8in (5.99
m), barrel 8ft5in
(2.57m), rifling 6 ft 6
in (1.98m)
width firing 12 ft (3.66 m),
traveling 7ft 1 in (2.16
m)
height firing 10 ft 3in (312, m),
traveling 5 ft 2 in (1.57
m)
ground clearance
14in (356 mm)

M102 105-mm Lightweight Howitzer

U.S. GOVERNMENT DEPARTMENT OF DEFENSE

MUZZLE VELOCITY M546 APERS-T
1,801 fps (549 mps); M548 HERA
1,798 fps (548 mps); HE, GB, HD, WP,
HC, ILLUM 1,550 fps (472.4 mps)

RATE OF FIRE sustained 3 rounds/min;
max 10 rounds/min

ELEVATION 5°/ + 66° (-89 + 11%
mils), traverse 23° (409 mils) to each
sde

RANGE M548 HERA 15,967 yd (14,600
m); M546 APERS-T 12,686yd (11,600
m); HE, GB, HD, WP, HC, ILLUM
12,325yd (11,270m)

MI102 105-mm lightweight
howitzer

The M102 105-mm towed howitzer is a
lightweight weapon used by US airmobile
and airborne divisions. It replaced the
MI 01 in those units.

The M102 features several improve-
ments over the MIOL1, such as longer
range, lighter weight, prominent under-




slung equilabrators, and a deep-section
aluminum box trail that isjoined at the
rear. A roller at the rear of the trail allows
unlimited traverse. In thefiring position,
the crew raises the two-wheel carriage,
lowers a circular baseplate, and stakes it
into the ground.

A vertical diding wedge seals the
breech. M1 37 barrel life is estimated at
5,000 Effective Full Charge (EFC)
rounds.

Projectilesweigh between 38 and 42 Ib
(17.35-19.05 kg). Types of ammunition
include High-Explosive (HE), Rocket-
Assisted HE (HERA), Antipersonnel with
Tracer (APERS-T) round with 8,000
flechettes, M413 or M444 submunition
carrier with 18 M35 or M39 antiperson-
nel grenades, chemical, illuminating,
smoke, and leaflet rounds.

DEVELOPMENT ¢ The M102 achieved
initial operational capability in 1965.
Rock Island Arsenal produced more than
1,200 M102s from 1965 to 1971 22 more
were built for foreign armies in 1980;
these services aso fielded many surplus
M102s.

COMBAT EXPERIENCE « US Army di-
visions, South Vietnamese, and Cam-
bodian forces all used the M102 during
the Indo-China wars. US artillerymen
often broke up Viet Cong and North
Vietnamese attacks with the devas
tating M546 APERS-T round, which was
aso known as the beehive for the furi-
ous humming created by 8,000 fle-
chettes.

82nd Airborneand 101 Airborne (Air
Assault) Divisions deployed 108 M102s
during Operations Desert Shield and De-
sert Storm. To support the 101t ground
campaign in February 1991, the division's
artillery commanders used CH-47 Chi-
nook helicopters to airlift the howitzers
and 900 rounds of ammunition per bat-
tery. The CH-47s acted as prime movers
and stayed with the battery. The fast pace
of the ground attack meant that the air as-
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(Obvioudy, the tactic succeeds best when
hostile air or antiair power isvirtually nil
and ground defenses are in disarray.)

SPECIFICATIONS -

CREW 8
PEKING AND TRAVELING WEIGHT 3,400
Ib (1,542 kg)
DIMENSIONS
bore 105-mm/32 cal
length traveling 17 ft (5.18 m),
barrel 11 ft 1 in (3.38
m)
width 6ft5in (1.96m)
height 5ft3in (1.59m)
ground clearance

13in (330 mm)

MUZZLE VELOCITY APERS-T M546
1,801 fps (549 mps); HERA M548
1,798 fps (548 mps); al other rounds
1,620 fps (494 mps)
rate of fire sustained 3 rounds/min;

max 10rounds/min
(for 3min)

elevation -5°/+75° (-89/+1,333
mils), traverse 360°
(6,400 mils)

range HERA 16,514 yd (15,100

m); HE 12,577 yd
(11,500m)

Ml 19 105-mm howitzer

The USArmy's MI 19 105-mm howitzer is
alicense-built variant of the British L1 18
Light Gun, which was developed to re-
place the British Army's ltalian-made
OTO Meara Modd 56 105-mm pack
howitzer. Airborne and lightinfantry divi-
sons adopted it in place of the earlier
M102, which in turn replaced the last of
the M1 01 howitzers.

It is a relatively lightweight gun that
offers a stable platform and good cross-
country towing speed. It traverses easily,
the gunners rolling the carriage's two
wheels along the perimeter of the firing
platform by lifting the tubular bow trail.
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Helicopters such asthe UH-60 Blackhawk
(one gun) and the CH-47 Chinook (two
guns and ammunition) can carry the
MI 19 in dings. A C-130 Hercules can
carry three M| 19s and drop them by con-
ventional parachute or the Low-Altitude
Parachute Extraction System (LAPES).

Supporters of Nondevelopmental Item
(NDI) procurement, inwhich an existing
system is bought "off-the-shelf" often
point to the MI 19 as an example of its
advantages. The gun required relatively
few modifications, and few problems sur-
faced in testing. Time to field from con-
cept definition was approximately five
years, considerably less than similar US
devel oped weapons.

MI 19 differences from the LI 18 in-
clude a prominent single-baffle muzzle
brake fitted to the muzzle of a shorter
barrel (the LI18 has a double-baffle
brake). The ordnanceispercussion-fired,
the barrel has 36 grooves, and a twist in-
creasing from 1 in 35to 1 in 18 as the
projectile moves down the tube. (The
L1 18 has aconstant twist, 28 grooves, and
is fired electrically.) The breech is sealed
by avertical sliding wedge.

The MI 19 fires projectiles weighing
38.2543.8 Ib (17.35-19.89 kg). The
standard M101 family includes High-
Explosive (HE), M913 Rocket-Assisted
HE (HERA), M546 Antipersonnel with
Tracer (APERS-T), chemical, illuminat-
ing, smoke, and leaflet as well as M413
and M444 Improved Conventiona Mu-
nition (ICM) rounds. The M760 car-
tridge is used to increase the basic HE
range to 14,000 m. The XM915 Dual-
Purpose Improved Conventional Muni-
tion (DPICM) with M80 antitank/
antipersonnel submunitions is under de-
velopment.

DEVELOPMENT ¢ In December 1985,
the USArmy type-classified theL| 19 vari-
ant as the M1 19. The MI 19 achieved ini-
tial operational capability in December
1989. (Austraia built a similar HAMEL
gun for Australian and New Zeaand

forces, and South Korea manufactures
the KH 178 using the LI 18 barrel.)

COMBAT EXPERIENCE « The British
used the LI 18 during the Falklands War
of 1982, firing more than 15,000 rounds.
The gun demonstrated a long range for
its caliber and proved itself to be accurate
and reliable.

The MI 19 was not deployed to South-
west Asia during Operations Desert
Shield and Desert Storm.

SPECIFICATIONS -

CREW 10
WEIGHT 4,100 Ib (1,860 kg)
DIMENSIONS
bore 105 mm/30 cal
length gun over trail 16 ft (4.88
m), riflinglength 9ft 1
in (2.78 m)
width 5ft 11 in (1.78m)
height gun over trail 4ft6in

(1.37m)

MUZZLE VELOCITY M546 APERS-T
1,801 fps (549 mps); M548 HERA
1,798 fps (548 mps); HE, GB, HD,
WP, HC 1,620 fps (494 mps)

RATE OF FIRE sustained 3 rounds/min;
for 1 min 8 rounds/min; for 3min 6
rounds/min

ELEVATION -5.5°/+70° (-98/+ 1.244
mils), traverse 5° (89 mils) to either
sde, 360° on firing platform

RANGE M913 HERA 21,325 yd (19,500
m); HE 12576 yd (11,500 m); with
M760 charge 15,310 yd (14,000 m);
minimum 2,734 yd (2,500 m)

MI 14 155-mm howitzer

The MI 14 155-mm towed howitzer was
originally built as the Ml in World War 11
and redesignated M| 14 after thewar. The
gun was the US Army and Marine Corps
principal 155-mm howitzer until the in-
troduction of the M198 in the early
1980's and was exported to many other
countries as well. Although highly re-



garded for its accuracy and robustness,
the Ml 14 falls well short in range com-
pared to later 155-mm howitzers with
much longer barrels.

A stepped-thread, interrupted-screw
mechanism sedls the breech. Ml 14 am-
munition weighs between 94.5 and 95 Ib
(42.91-43.09 kg). The howitzer fires
High-Explosve (HE), HE with Antiper-
sonnel grenades (HE-APERS), nuclear,
chemical, smoke, and illumination
rounds. President Bush ordered the
stand-down of dl artillery-fired nuclear
warheads in September 1991

To bring the Ml 14 up to date, RDM
upgraded more than 200 Ml 14s to an
MI 14/39 standard in the late 1980s for
the Netherlands, Denmark, and Norway .
Features include alonger barrel (39 cdli-
bersvs. 23) withincreased rifling twist, a
three-port muzzle brake, beefier equili-
brators and recoil system, an increase in
maximum elevation, and agreater barrel
chamber volume. The gun carriage has
ds been modified to handle the in-
creased forces; as aresult, the M| 14/39
is heavier than the USArmy's M198. Un-
fortunately, the greater stress produced
cracks and the Netherlands decommis-
soned its guns in 1994,

The new gun fires modern ammuni-
tion with improved ballistics at a higher
muzzle velocity. For example, a Zone 9
charge kicks the 114/39's extended-
range, full-bore high-explosve round
(ERFB HE) out to 26,903 yd (24,600 m).
AddaBaseBleed (BB) drag-reducingtail
and an ERFB BB travels out to 33,246 yd
(30,400 m), more than double the
M114's range.

DEVELOPMENT < In 1919, the Wester-
velt Board recommended the develop-
ment of a 155-mm howitzer. Unlike the
105-mm howitzer, which saw desultory
development for most of the next two
decades, the 155-mm howitzer only be-
gan development in 1939 as a departure
from World War I-era French-designed
equipment. The MI achieved initial oper-
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ationa capability in 1942, and more than
6,000 were completed by the end of
World War II.

Post-World War |l redesignations
transformed the MI into the Ml 14. No
US formations use the Ml 14 (having re-
placed it with the M198), but, like the
smaller M101, it still servesin numerous
countries. Before Yugodavias breakup,
its arsenals built a copy of the MI 14
known as the M65. RDM's 39-cd make-
over is the most elaborate updating of
thisvenerable design.

VARIANTS « The Ml 14 designation
covers the Ml or M1A1 howitzer, recoil
mechanism (M6), and its carriage
(M1A1). M114A2 is the standard M114
fitted with the longer barrel of the newer
M198.

COMBAT EXPERIENCE « Widdy de
ployed in US divisions in World War 11,
the M| gained areputation for reliability
and accuracy. Observers dso commented
favorably on the M114's accuracy during
Korean War bombardments.

SPECIFICATIONS -

CREW 11

WEIGHT

firing MI 14 12787 Ib (5800
ko)
M114/39: 16,755 Ib
(7,600kg)

traveling MI1412,6981b (5,760kg)
DIMENSIONS
bore M114: 155 mm/23 ca
M114/39:155mm/39cal
length, traveling
MI 14 24 ft (7.32m)
M114/39:32ft 10in
(20.0m)
barrel length
Ml 14: 12ft5in (3.78m)
M1 14/39: 19ft (6.045m)
width 8 ft (2.44 m)
height 5ft 11 in (1.8 m)
ground clearance
9in (229 mm)
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MUZZLE VELOCITY
Ml 14: 1,850fps (564 mps)
MI14/39: 2,575fps (785 mps)
RATE OF FIRE
2rounds, 1¢ Vzmin
8 rounds, 1< 4 min
16 rounds, 1¢ 10 min
40 rounds/hr sustained
ELEVATION M114-2°/+63°(-36/
+ 1,120 mils), M114/39 -2°/ + 70°
(-36/4-1,244, mils), traverse 25° (445
mils) right, 24° (427 mils) left
RANGE
M114: 15,914yd (14,600m)
MI 14/39 ERFB HE: 26,903 yd
(24,600 m)
ERFB BB: 33,246yd
(30,400m)

MI198 155-mm howitzer

The M198 155-mm howitzer replaced the
Ml 14 as the principa towed 155-mm
howitzer in the US Army and Marine
Corps. Although the M198 has a leaner
profile than the Ml 14, it is 25% heavier
and has a greater range. An interrupted-
screw breechisfitted, asisadouble-baffle
muzzle brake.

The top carriage, which holds the gun
tube and equilibrators, isanchored to the
cradle's two curved arms; the equilibra-
tors are secured to the top of the cradle
arms. Twin, stalky elevatingjacks are fas-
tened to the bottom carriage and raise
the front of the top carriage. A split, box-
section trail with recoil spades stabilizes
thegun.

The US Army Armament Munitions
and Chemica Command (AMCCOM) at
Rock Island Arsenal developed a System
Improvement (SI) kit featuring 18 mod-
ifications, mostly to the gun carriage. Be-
ginning in FY 1991, al active M198s were
retrofitted with these kits.

The gun fires rounds weighing be-
tween 94.6 and 1032 |b (42.9-46.8 kg).
Principa types include MIO7 High-

Explosive (HE), M692/M731 HE Area
Denial Artillery Munition (ADAM),
M718/M741 Antitank Remote Antiar-
mor Mine Sysem (AT-RAAMS), M549
Rocket-AssistedHE (HERA),M864Dual-
Purpose Improved Conventional Muni-
tion (DPICM) carrying submunitions,
Copperhead Cannon-Launched Guided
Projectiles (CLGP), XM867 Artillery-
Delivered Expendable Communications
Jammer (ADEXJAM) submunitions, nu-
clear, chemical, smoke, and illumination
rounds. The piece has athermal warning
system that monitors tube temperature; it
is used to alow greater rates of fire if
needed.

DEVELOPMENT e« Development began
in 1968, and the first prototypes were
tested in 1972; initial operational capa-
bility came in 1979. In addition to US
Army and Marine Corps units, the M198
has been deployed by Australia, Bahrain,
Ecuador, Greece, Honduras, Lebanon,
Pakistan, Saudi Arabia, Thailand, and Tu-
nisia.

COMBAT EXPERIENCE ¢ The M198s
most extensive operational use camewith
Operations Desert Shield and Desert
Storm. The Marine Corps deployed 180
MI198 howitzers in Saudi Arabia and an-
other 44 on landing shipsin thenorthern
Persian Gulf. 72 M198 howitzers served
with the US Army's 18th Airborne Corps
artillery during their flank-protection
drive north into Iragq. Theseweapons first
supported the French 6th Light Armored
Divison on the left flank, then shifted
across the corps sector to support the US
24th Mechanized Infantry Division oper-
ations on the right flank. Operations en-
tailed traveling 150 mi (241 km) cross
country in 36 hours.

Aswith sdlf-propedled 155-mm and 8-in
artillery units, the DPICM was the most
highly valued round. Use of the Cop-
perhead was limited by the poor mobility
of the M981 Fire Support Team Vehicles
(FIST-V) that carry the Ground/Vehic-



ular Laser Locator Designator (G/
VLLD). In one instance, however, an
Iraqgi unit attacked by DPICM took cover
in a bunker that was hit almost imme-
diately by alaser-guided Copperhead; the
combination inspired a rapid surrender.

SPECIFICATIONS -

CREW 11

FIRING AND TRAVELING WEIGHT 15,791
Ib (7,163 kg)

DIMENSIONS
bore
length

155 mm/39 cd

traveling 40 ft 6 in (12.34
m), firing 36 ft 1 in
(11.0m); barrel 20ft
(6.1m)

VEHICLE GUNS

M 242 Bushmaster 25-mm

cannon

The M242 Bushmaster Chain Gun is the
principal US light armored vehicle main
armament. Although somewhat less pow-
erful than the 30-40-mm cannon fitted
in many light combat vehicles, the M242
has proven to be reliable and potent
against many types of targets.

The LAV-25 uses the Delco turret, and
the M2/M3 Bradley AFV series vehicles
use the TBAT-II. Severd other turret de-
sgns can accommodate the M242, in-
cluding Creusot-Loire T.25 (France),
SAMM TTB 125 (France), HelioFVT 925
(Great Britain), Arrowpointe (South-
field, Michigan), Cadillac Gage (Warren,
Michigan), ESCO TAT-251 and TAT-252
(St. Louis, Missouri), and the FMC two-
man autocannon turret.

The gun can fire M 792 High-Explosive
Incendiary with Tracer (HEI-T) and
M758 Point Detonating Self-Destruct
(PDSD) fuze, M791 Armor-Piercing Dis-
carding Sabot (APDS-T), M793 Target
Practice with Tracer (TP-T), and M910
TPDST projectiles.
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width traveling9ft2in (279 m),
firing 28ft (8.53m)
height traveling 9 ft 6 in (29 m),

firing 5ft 11 in (1.8m)
ground clearance
13in (330mm)

MUZZLE VELOCITY HE 2,245 fps (684
mps); HERA 2,710 fps (826 mps)

RATE OF FIRE max 3 rounds/30 sec, 4
rounds/min during 1¢ 3 min, 2
rounds/min sustained

ELEVATION -5°/+72° (- 89/+1,280
mils), traverse 22.5° (400 mils) each
side

RANGE HE 19,029 yd (17,400 m);
M864 DPICM 31,933 yd (29,200 m);
M549A1 HERA 32,808 yd (30,000 m)

DEVELOPMENT e Contract awarded to
Hughes Helicopters (since acquired by
McDonnell Douglas) in February 1976,
with thefirst prototype beginning testsin
early 1977. The gun achieved initial oper-
ational capability in 1983.

VARIANTS « Mk 38 Sea Snake is an
M242 carried in aMk 88 gun mount and
fitted in  patrol craft and new-
construction amphibious and auxiliary
ships as general-purpose, short-range ar-
mament.

Bushmaster |1 is a 30-mm cannon un-
der development; 70% of the parts are
from the origina Bushmaster. It fires
standard GAU-8 ammunition, or RAR-
DEN and KCB ammunition with mod-
ification.

COMBAT EXPERIENCE ¢ The Bush-
master cannonwas said to have beenvery
effective against many types of soft and
light armored targets during Operation
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Desert Storm's ground war in February
1991. Anecdotal reports even credited
the M242 with knocking out some T-55
tanks with the APDS round. Neverthe-
less, some Army analystswere reported to
be suggesting that the main gun be up-
graded to 30- or 35-mm.

SPECIFICATIONS -
FIRING WEIGHT 244 Ib (1105 kg), bar-
rel 95 |b (43.0 kg)

DIMENSIONS
length overall
9ft1lin (2.76m), gun
tube 6 ft 8 in (2.03 m)
width 12 in (330 mm)
height 15 in (380 mm)

EFFECTIVE RANGE more than 2,187 yd
(2,000 m) against BMP-1 armored
personnel carrier

MUZZLE VELOCITY APDS-T M791 4,412
fps (1,345 mps); HEI-T M792 3,609
fps (1,100 mps); API-T PGU/20 3,363
fps (1,025 mps)
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RATE OF FIRE 100, 200, or 500 rounds/
min, cyclic

ROUND WEIGHT API-T PGU/20 188 OZ
(533 g); HEI-T M792 17.7 oz (493 Q);
APDS-T M791 160 oz (454 g) with
3.7-0z (104.5-g) subprojectile

M68 105-mm tank gun

The M68 105-mm rifled gun is the Ameri-
can version of the British L7 gun and is
the main armament of the US M60 Main
Battle Tanks (MBT) as well as the first
version of the Ml Abrams. It is dso the
main armament of the Israeli Merkava
Mk 1 and Mk 2 MBT. In either its British
or American version, the L7/M68 is the
most effective tank gun of its generation
and will remain a frontline weapon for
the foreseeable future.

The 51-cd gun hasafume extractor and,
in someinstallations, athermal deeve. The
breech system is adrop-block type.




The M68 fires M392 Armor-Piercing
Discarding Sabot with Tracer (APDS-T),
M735 and M774 Fin-Stabilized APDS-T
(APFSDS-T) with tungsten penetrators,
M833 APFSDST with Depleted Uranium
(DU) penetrator, M456 High-Explosive
Antitank (HEAT), and M494 Antiperson-
nel with Tracer (APERS-T) projectiles.
Chamberlain Manufacturing Corp. has
aso developed an M900 APFSDST
round with a DU penetrator and the
CMC105 APFSDST with a tungsten pen-
etrator (20:1 length/diameter ratio) for
export. Mecar's M1060 APFSDS with
tungsten-nickel-iron (WNiFe) penetrator
was purchased by the Saudi Army.

DEVELOPMENT « The M68 achieved
its initial operational capability in the
M60 in 1962. It was produced at the Wa:
tervliet Arsenal at Watervliet, New Y ork,
and in Isragl.

VARIANTS « M68A1 was a low-recoil
variant developed for the FMC Close
Combat Vehicle-Light (CCV-L) and first
shown in 1985; the Benet XM35 was later
adopted for the production M8 ACS.

COMBAT EXPERIENCE -« Like its Brit-
ish progenitor, the M68 proved very ef-
fective when used by Israeli M60 and
Merkava tanks against Syrian T-72 tanks
in 1982. APFSDS rounds diced into the
hull, hitting the carousel autoloader and
detonating the ammunition with devas-
tating results.

During the ground phase of Operation
Desert Storm, which began on February
24, 1991, US Marine Corps MG60Als
knocked out Iragi T-55 and T-62 tanks in
Kuwait, often firing at close range. Saudi
tanks enjoyed particular success, with
APFSDS ammunition believed to be the
M1060 round.

SPECIFICATIONS -

FIRING WEIGHT 2,489 Ib (1,128 kQ),
barrel 1,662 Ib (754kg)

DIMENSIONS length, overall 18ft3in
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(555 m), tube 17t 7in (535 m), re-
coil 12 in (305mm)
EFFECTIVE RANGE APFSDS 90% hit
probability 2,187 yd (2,000 m)
MUZZLE VELOCITY APFSDS 4,921-
4,955 fps (1,500-1,510 mps); APDS
4,783 fps (1,458 mps); M456/A2
HEAT-T 3,848 fps (1,173 mps); M494
APERS-T 2,693 fps (821 mps)
RATE OF HRE 9 rounds/min sustained
AMMUNITION ROUND WEIGHT
M494 APERS-T: 55 Ib (24.94 kg)
M456/A2 HEAT-T: 48 |b (21.78 kg)
M392A2 APDS-T: 41 Ib (18.6 kg)
APFSDS rounds 37.8-39.7 Ib (17.15
18 kg), APFSDS projectiles 12.79-
15 Ib (5.8-6.83 kg) (M1060 carries
7.3-1b/3.31-kg penetrator)

M256 120-mm tank gun

The Rheinmetal-designed 120-mm, 44-
ca smoothbore tank gun is the main ar-
mament for the German Leopard 2 and
US M1A1 Abrams Main Battle Tanks
(MBT). The US Army's eventual adop-
tion of the 120-mm gun reflected a be-
lated concern that adversary tank armor
might defeat the effective but smaller
L7/M68 105mm gun. Rheinmetall
claims a 60% improvement in ballistic
performance over the 105-mm.

The gun is the first heavy-cdliber
smoothbore gun in Western tanks, and
its adoption (in preference to a rifled
gun) was prompted by the desire to
achieve high muzzlevel ocitieswithout ex-
cessively shortening barrel life. High
muzzle veocity, coupled with a higher
cross-sectional loading (usually achieved
by reducing the diameter of the Kinetic
Energy Penetrator/KEP while retaining
or increasing its mass), is currently seen
as the most effective means of countering
increases in armor thickness and quality.

The gun has a cold-drawn, seamless,
autofrettaged tube with a chromium in-
ner lining that improves wear resistance
while firing fin-stabilized ammunition.
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The gun tube's Effective Full Charge
(EFC) life was origindly set a 500
rounds, but upgrades extended the life to
750 and later 1,000 EFC rounds. Both the
fume extractor and thermal deeve are
made of glassreinforced plastic. The
breech type is a semiautomatic vertical
sliding wedge.

There is little difference between the
original Rheinmetall gun and the Ameri-
can M256 produced under license at the
Watervliet Arsenal. The MI turret mant-
let and trunnion bearings were re-
designed to accept the M 256.

Ammunition for the 120-mm gun is
contained in semicombustible car-
tridges; German and US ammunition is
similar. The M256 fires the M829 Armor-
Piercing Fin-Stabilized Discarding Sabot
(APFSDS-T) using a Depleted Uranium
(DU) penetrator and the M830 High-
Explosive  Antitank, Multipurpose
(HEAT-MP).

Olin Corp. developed the GDI20 Ki-
netic Energy-Tungsten (KE-T) APFSDS-T
round for export; Alliant Techsystems
also has aKE-T round.

DEVELOPMENT e« Development of the
Rheinmetall gun began in 1964 at the
same time the Soviet T-62 introduced the
first Soviet smoothbore 115-mm gun into
active service. Testing of the German gun
began in 1974, and production started in
1979 for the Leopard tank. Testing in the
M1E1 tank began in 1981, and produc-
tion of the M1A1 tank was approved in

1984. First delivery of the M1A1 with
the 120-mm gun—designated M256—
occurred in 1985.

In production by Rheinmetall in Diis-
seldorf, Germany, and Watervliet Arse-
nal, Watervliet, New York. The Rhein-
metall design is aso fitted in Israel's
Merkava 3, Japan's Type 90, and Korea's
Type 88 tank.

COMBAT EXPERIENCE ¢ The M256
established a convincing superiority over
any other vehicle-mounted weapon dur-
ing Operation Desert Storm. See MI
Abrams.

SPECIFICATIONS « Total system
weight 6,649 1b (3,015 kg), gun 4,200 Ib
(1,905 kg), barrel 2,590 1b (1,175 kg)
DIMENSIONS

length overdl 18 ft 4in (5.6 m),
barrel 17 ft5in (5.3
m)

width 2ft5in (0.73 m)

MAX EFFECTIVE RANGE (EXCEEDED IN
COMBAT)
APFSDS-T: 3,281 yd (3,000 m)
HEAT-MP: 2,734yd (2,500 m)
MUZZLEVELOCITY
APFSDS-T: 5,545-5,616 fps (1,690~
1,712 mps)
HEAT-MP M830: 3,740 fps (1,140
mps)
AMMUNITION ROUND
HEAT-MP M830: 534 Ib (24.2 kg)
with 29.8-1b (13.5-kg) projectile
APFSDSM829: 41.2 |b (18.7 kg) with
15.9b (7.2-kg) projectile
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AIRDEFENSEVEHICLES

Avenger

The US Avenger air defense system con-
sistsof an AM General High-Mobility Mul-
tipurpose Whedled Vehicle (HMMWV
or Humvee) fitted with a Boeing
Aerospace/General  Electric  Pedestal-
Mounted Stinger (PMS) system. The
PM S consistsof aGE one-man electrically
driven, gyro-stabilized turret with a digi-
tal fire control processor. The turret
bears two four-round Stinger Surface-
to-Air Missile (SAM) Standard Vehicle
Mount Launchers (SVML) and an FN
MSP 50-cd (12.7-mm) machine gun lo-
cated under the right launcher. The gun-
ner sits in a compartment between the
launchers, tracking through aCAl driven-
reticle optical sight.

Under the left launcher are the Magna-
vox AN/VLR-1 Forward-Looking Infra-
red (FOR) systsem and a Texas
Instruments eye-safe CO2 laser range-
finder. In the armored cab is a General
Electric Remote-Control Unit (RCU) that
can be operated 55 yd (50 m) away from
the vehicle.

The system isdesigned to functionwith
some or al of the subsystemsinoperative.
The Avenger can fireasecond missile at a
target without losing the lock if the first
round misses.

The Avenger system can be airlifted by
severa types of aircraft.

DEVELOPMENT ¢ The Boeing/GE en-
try competed with the LTV Crossbow
PMS (also mounted on a Humvee) for
the US Army's Line-of-Sight-Rear (LOS
R) component of the Forward Area Air
Defense System (FAADS) program. In a

refreshing departure from the usua re-
sults of FAADS devel opment efforts, both
Avenger and Crossbow were reported to
have exceeded requirements during test-
ing. Boeing's bid was said to have been as
much as $50 million lessthan LTV's.

In production by Boeing Aerospace in
Huntsville, Alabama, achieving initial op-
erational capability in April 1989.

COMBAT EXPERIENCE « Avengers
were deployed with US Army units in
Saudi Arabia as part of Operation Desert
Shield. Because of the rapid disablement
of the Iragi Air Force during the first few
days of Operation Desert Storm, no
Avenger units fired on Iragi aircraft.

SPECIFICATIONS -

CREW 3

COMBAT WEIGHT 8,600 Ib (3,901 kg)

DIMENSIONS
hull length 16 ft 3 in (4.95 m)
width 7ft2in (249 m)
tactical height

8ft8in (264 m)
ground clearance

16 in (410 mm)
wheelbase 10 ft 10 in (3.3 m)

MAIN ARMAMENT 8 Stinger SAM and 1
X 12.7-mm MSP machine gun with
200 12.7-mm rounds
elevation -10°/+70°, traverse 360°

SENSORSAND FIRE CONTROL  Digital fire
control, FLIR, CO2 eye-safelaser
rangefinder, driven-reticle optical
sight, remote-control unit operable
from Humvee cab or away fromvehicle

ARMOR  supplemental armor on cab
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POWERPLANT DetroitDiesel 135-hpair-
cooled V-8 diesel
power-to-weight ratio

38.6 hp/metric ton

SUSPENSION independentdouble
A-armwith coil spring on all wheels,
front stabilizer bar

SPEED 60 mph (97 km/h), accelera-
tion, 0-30 mph (48 km/h) 7 sec, O-
50 mph (80 km/h) 20 sec, range 300
mi (483 km)

OBSTACLE CLEARANCE vertical obstacle
1ft 10in (0.56 m), gradient 60%,
fording without preparation 2 ft 6 in
(0.76 m), with preparation 5 ft
(1.52 m)

M48 Chaparral

The US Chaparral short-range Surface-
to-Air Missile (SAM) system consistsof an
M54 launcher bearing four modified
AIM-9 Sidewinder Infrared (IR)-homing
missiles that is mounted on the rear deck
of amodified M548 tracked cargo carrier
designated the M730 or M730A1. (It has
aso been deployed on a trailer and in
ships.)

The powertrain was updated in the
1980s. Although newer vehicles were de-
veloped (notably the Americanized Ro-
land and ADATS systems), teething
problems and cost prevented a successor
from entering service.

The full-width cab has a permanent
blast shield on the rear. To prepare for
firing, the crew folds down the wind-
shield, sidewindow frames, and roof, and
covers the lower armored portion with a
six-piece blast shield. An auxiliary power
unit elevates and traverses the base and
turret assembly.

Two vertically stacked missile rails are
located on either side of the air-
conditioned "gunner's' position. The
gunner dewshisturret onto atarget bear-
ing provided by a remote target-locating
radar. Target acquisition and postlaunch
tracking are by the missile's IR seeker,

conferring a "fire and forget" capability
on the system.

The MIM-72 missiles have been up-
graded several times; the current variant
features the AN/DAW-2 Rosette Scan
Seeker (RSS) two-color spectral discrimi-
nation detector that increases resistance
to IR countermeasures, improves spatial
discrimination and expands field of view
without sacrificing sensor acuity.

VARIANTS ¢ Night Chaparral (Chapar-
ral FLIR) with forward-looking IR sight.

DEVELOPMENT - Installation of the
MIM-72 missile (adapted from the AIM-7
Sidewinder) in 1969 was originally in-
tended as a stopgap measure after the
more sophisticated Mauler missile was
canceled. The Regular Army achieved
initial operational capability in 1969; the
first National Guard unit (New Mexico)
became operational with the Chaparral
in FY1984.

The chassis is supplied by FMC of San
Jose, California, and the missile system is
manufactured by Loral's Aeroneutronics
Division of Newport Beach, California.

In addition to US service, Egypt,
Greece, Israel, Morocco, Taiwan, and Tu-
nisia operate the Chaparral.

COMBAT EXPERIENCE + Although
Chaparrals were deployed with all major
US Army units in Saudi Arabia during
Operations Desert Shield and Desert
Storm, the early achievement of air su-
premacy by the anti-Irag coalition meant
that no Iragi aircraft came within the
M48's range during the conflict.

SPECIFICATIONS -

CREW 45 (commander, driver, gun-
ner, 2 loaders)

COMBAT WEIGHT 25,353 Ib (11,500 kg)
ground pressure

7.541b/in? (0.53kg/
cm2)

DIMENSIONS

hull length 19 ft 11 in (6.06 m)



Chaparral Air Defense Missile

U.S GOVERNMENT DEPARTMENT OF DEFENSE



194 GROUND COMBAT VEHICLES

width 8 ft 11 in (2.69m)
height 8 ft 10 in (268 m)
ground clearance
16 in (400 ram)
length of track on ground
9ft3in (2.82m)
track width 15 in (380 mm)
MAIN ARMAMENT 4 X MIM-72 Chapar-
ral SAM with 8 rounds in reserve

elevation -5°/+90°, traverse 360°
max range 32 nm (3.7 mi; 6 km)
max altitude

9,843 ft (3,000 m)
minimum altitude

164 ft (50 m)
rate of fire 4 rounds/min normal

SENSORS AND FIRE CONTROL  launcher
has Forward-Looking Infrared (FLIR)
thermal-imaging system with auto-
matic target tracking and Identifica-
tion Friend or Foe (IFF) interrogator;
missile has passive | R homing with ra-
dar proximity fuze

POWERPLANT Detroit Diesel 6V-53T
275-hp water-cooled 2-stroke V-6 die-
sel engine, X-200-4 fully automatic hy-
drokinetic crossdrive transmission
with 4 forward/1 reverse gears
power-to-weight ratio

23.9 hp/metricton

SUSPENSION (EACH SIDE)  torsion bar, 5
road wheels, front drive, rear idler, no
track return rollers

SPEED 38 mph (61 km/h), 3.5 mph
(5.5 kmh) inwater with trackswhen
fitted with flotation screen, range 313
mi (504 km)

OBSTACLE CLEARANCE vertical 2 ft
(0.62 m), gradient 60%, side slope
30%, trench 5ft 6in (1.68 m), am-
phibious

M42A 1 Skysweeper

The M42A1 Skysweeper (usualy known
asthe Duster) twin 40-mm self-propelled
antiaircraft vehicle is obsolete in its pri-
mary role but remains useful against
ground targets.

The Skysweeper has the same chassis
as the M41 light tank and an open-top
turret that houses four crew members.
The driver of the M42 is located in the
front left of the hull with the
commander/radio operator seated to
his right. The engine is at the rear of the
vehicle.

The M42 is armed with twin 40-mm
cannon that are mounted between a
curved, scooped shield. The cannon fire
a High-Explosive Tracer (HE-T) and
Armor-Piercing Tracer (AP-T) round.

VARIANTS « Some Taiwanese M42s
have been modified to carry and fire the
TOW antitank guided missile.

DEVELOPMENT ¢ Produced at Cadillac
Motor Car'sCleveland (Ohio) Tank Arse-
nal from 1951 to 1956 and at ACF's Ber-
wick, Pennsylvania, plant from 1952 to
1953. It achieved its initial operational
capability in 1953. Production totaled
3,700 units. Not in service in active US
units, but still in use in severd other
countries.

COMBAT EXPERIENCE e« "Dusters'
were often used by US forcesin Vietnam
against ground targets, in which the rda
tively heavy shel and high rate of fire
proved effective. Very litde shielding pro-
tected the crew, however, especialy
against threats from overhead.

SPECIFICATIONS: -
CREW 6
COMBAT WEIGHT 49,498 Ib (22,452 kg)
ground pressure
9.24 Ib/in2 (0.65 kg/

cm2)
DIMENSIONS
hull length 19 ft 1 in (5.82 m), with
gunsforward 20 ft 10
in (6.36 m)
width 10ft7in (323 m)
height 9ft4in (285 m)



length of track on ground
10ft8in (3.25 m)
ground clearance
17 in (440mm)
track width 21 in (530 mm)

MAIN ARMAMENT 2 40-mm M2A1 auto-
matic cannon with 480 roundsin the
vehicle
elevation -3°/+85°, traverse 360°
initial muzzle velocity

HE-T: 2,887 fps (880
mps)
AP-T: 2,860 fps (872 mps)
rate of fire 120 rounds/min per
barrel, practical

SECONDARY ARMAMENT  7.62-mm M60
with 1,750 rounds

SENSORS AND FIRE CONTROL  mechan-
ica computing sight, optica reflex
sight

ARMOR HULL (GLACIS) 254 mm doped
at 45°, turret 9.52-15.87 mm

POWERPLANT Continental or Lycoming
AOS-895-5 500-hp air-cooled 6-cylin-
der supercharged fuel-injected gas
oline engine, Allison CD-500-3
powershift, crossdrive transmission
with 4 forward/2 reverse gears
power-to-weight ratio

22.26 hp/metric ton

SUSPENSION (EACH SIDE) torsion bar, 5
road whedls, rear drive, front idler, 3
shock absorbers, 3 return rollers

SPEED 45 mph (72 km/h), range 100
miles (161 km)

OBSTACLE CLEARANCE  vertical 2 ft 4 in
(0.71 m), gradient 60%, side slope
30%, trench 6 ft (1.83 m), fording 3 ft
4in (1.02m)

MI163 Vulcan Air Defense
System

TheVulcan air defense system consists of
amodified M| 13 armored personnel car-
rier chassis (designated M 741) mounting
aturret fitted with a 6-barrel M61 Vulcan
Catling cannon and range-only radar.
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Theradar issimilar to that used in the US
Navy'sPhalanx Close-In Weapons System
(CIWS).

The 20-mm cannon fires Armor-
Piercing with Tracer (AP-T) and High-
Explosive Incendiary (HEI, HEI-T) pro-
jectilesweighing 3.3-3.5 oz (94-100 g).
An AP Discarding Sabot round was devel-
oped for the Product Improved Vulcan
Air Defense Sysem (PIVADS).

PIVADS consists of a stabilized
director-type gunsight, replacement of
the analog computer with a digital mi-
croprocessor, and improved elevation
and traversing ability to reduce back-
lash.

DEVELOPMENT - Like the Chaparral
air defense vehicle, the M163 was an in-
terim system, achieving initial opera-
tional capability in 1968. Manufactured
by General Electric Co., Burlington, Ver-
mont.

Cancellation of the Sergeant Y ork Divi-
son Air Defense Sysem (DIVADS) in
1986 meant that these 1960s-vintage sys-
tems remained in frontline service with
the USArmy until the 1990s. At that time,
US service in Operation Desert Storm
exposed severe shortcoming, in mobility.
In addition, the M 163 showed steadily de-
clining effectiveness against modern tar-
gets and steadily increasing maintenance
codts. As a result, the Army retired its
M163s ahead of schedule, replacing them
with M2 Bradleys fitted with Stinger mis-
sles.

In service with 12 other countries.

COMBAT EXPERIENCE -« |sragli M163s
were credited with several Syrian aircraft
destroyed during the 1982 L ebanese con-
flict.

US Army MI 63s deployed to Vietnam
in the late 1960s encountered no North
Vietnamese aircraft, but the high firing
rate and relatively heavy rounds were ef-
fective against ground targets.

20yearslater, MI63sin Operations De-
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sert Shidd and Desert Storm  likewise
never engaged Iraqi aircraft or helicop-
ters. During the 100-hour ground war,
however, the system's 20-mm cannon
proved effective against light armored ve-
hicles, trucks and other unarmored vehi-
cles, and Iragi bunkers.

SPECIFICATIONS -
CREW 4 (commander, gunner, loader,
driver)
COMBAT WEIGHT 27,478 Ib (12,490
kg)
ground pressure
868 Ib/in2 (0.61 kg/

cm?)
DIMENSIONS
hull length 16 ft 2 in (4.93 m)
width " 8ft9%4in (2.69 m)
height to turret top

8ft8%in (2.64 m)
length of track on ground

8ft9in (2.67 m)
ground clearance

16 in (406 mm)
track width 15 in (381 mm)

MAIN ARMAMENT  MI68 gun system con-
sisting of 6 X 20-mm barrels grouped
on a geared rotor mounting
elevation -5°/+80° at 60°/sec,

traverse 360° at 75%ec
muzze velocity
3,379 fps (1,030 raps)
rate of fire antiair 3,000 rounds/min;
ground target 1,000
rounds/min

magazine capacity
1,100 ready rounds,
linkless feed; 1,000
rounds more in hull
maxrange antiair 5,249 ft (1,600 m);
ground 3,281 yd
(3,000 m)

SENSORSAND EIRE CONTROL  visual
trackingandM61A1 (USNavy Mk 20
Mod 0) lead-computing gunsight,
AN/VPS-2 radar suppliesrange and
rangerate, AN/TVS-2B nightvision
sight

PROTECTION 5083 aluminum hull (12-
38 mm), antimine applique armor on
the bottom

POWERPIANT Detroit Diesel model
6V-53 215-hp water-cooled 2-stroke V-6
diesel engine, Allison TX-100 auto-
matic transmission with 6 forward/1
reverse gears
power-to-weight ratio

1 7.47hp/metric ton

SUSPENSION (EACH SIDE)  torsion bar, 5
road whedls, rear drive, front idler, 3
shock absorbers, no return rollers; sus-
pension can be locked out during fir-
ing

SPEED road 35 mph (56 km/h), cross-
country 19 mph (30.6 km/h), acceler-
ation 0-20 mph (0-32 km/h) 12 sec,
36 mph (5.8 km/h) in water, range
300 mi (483 km)

OBSTACLE CLEARANCE vertical 2 ft (0.61
m), gradient 60%, side dope 30%,
trench 5ft 6in (1.68 m), amphibious

ARMORED PERSONNEL CARRIERS

AAVT7AL (formerly LVTP-7A1)

The US Marine Corps AAV7AL is a full-
tracked, amphibian vehicle, providing an
over-the-beach capability for landing
troops and material through surf up to 10
feet high. The Marine Corps has often
employed the AAV7A1 as an armored

personnel carrier, athough the vehicle
has ahigh silhouette for thisrole and was
not originaly intended to move far in-
land from its assault beach.

Its mission dictates the AAV's bulk and
unusual shape; the vehicle is taller and
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AAV7A1
FMC CORPORATION

wider than any other APC. The bow isan
upturned snout extending well forward
of the tracks. Below the nose, die hull
flares out in sponsons. This forward sec-
tion of the hull houses the transmission
and engine. The driver and commander
are located to the left of the engine com-
partment, the gunner to the right in a
slightly el evated weaponsstation. Farther
aft, the crew compartment can hold 25
troops in three rows; the compartment's
upper sides are sloped toward the cen-
terline.

Propulsion is by tracks on land, twin
waterjetsin thewater. Afloat, theAAV is
steered by a deflector’s stream at the rear
of each waterjet. Secondary track propul-
sion can be reverted to if necessary.

VARIANTS « 90 AAVC7A1 command,
61 AAVR7Alrecoverywithcrane.

DEVELOPMENT e« The LVTP-7 was
built by FMC Corp. (OrdnanceDivision)
of San Jose, California, and achieved its
initial operational capability in 1972. Pro-
duction of the LVTP-7 ended in 1974 &f-
ter 942 had been built.

Conversion of LVTP-7sto LVTP-7Als
(AAV7AL) cameunder aServiceLifeEx-
tension Program (SLEP) with an initial
operational capability for the LVTP-7A1
in 1982. The SLEP saw the Detroit Diesel
powerplant replaced by the Cumminsen-
gine, asuspension upgrade, fully electric
drive for the weapons station, new ven-
tilation system, built-in test equipment,
better night vision devices, secure voice
radio equipment. The program was com-
pleted in 1986 after atotal of 984 vehicles
were modified. The production line was
later reopened to produce an additional
333new AAV7Alsfor theMaritimePrep-
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positioning Ships (MPS); first deliveries
were made in October 19383.

Under a late-1980s Product Improve-
ment Program (PIP), most AAWSs have
been refitted with an "upgunned"
weapons station carrying a 40-mm auto-
matic grenade launcher and a 12.7-mm
in new, all-electric turret. Another im-
provement is the Applique Armor Kit
(AAK), consging of two layers of
corrosion-treated steel fastened to the
hull sides. In addition, a bow plane has
been added to improve water speed and
safety, an Automatic Fire Sensing and
Suppression System (AFSSS), and anim-
proved transmission with double the re-
liability of the current transmission
assembly.

Eight other countries operate the
LVTP7 or AAV7. Many have been up-
graded.

COMBAT EXPERIENCE ¢ AAVVs landed
Marines on Grenada in October 1983.

The AAVVs were among the first ar-
mored vehicles to be landed in Saudi
Arabia after Irag's August 1990 invasion
and annexation of Kuwait. By the begin-
ning of the Operation Desert Storm
ground war in February 1991, the 1
Marine Expeditionary Force (MEF) had
225 AAV7sashore. Another 115 were em-
barked in 31 landing ships in the north-
ern Persan Gulf. The shore-based
AAV7s served as one of two principal
typesof Marine CorpsAPCs (the LAV-25
being the other) during the drive to
Kuwait City.

SPECIFICATIONS -
CREW 3 (commander, gunner, driver)
+ 25 troops
COMBAT WEIGHT 52,770 Ib (23,936 kg)
ground pressure
7.82 Ib/in* (0.55 kg/
cm2)
DIMENSIONS
hull length 26 ft (7.94 m)
width 10 ft9in (3.27 m)

height 10 ft 8 in (3.26 m)
ground clearance

16in (410mm)
freeboard to driver's hatch

2ft3in (0.85 m)
length of track on ground

12 ft 11 in (3.94m)
track width 21 in (530 mm)

MAIN ARMAMENT  40-mm grenade
launcher with 100 ready rounds, 12.7-
mm machine gun with 200 rounds
elevation  -8°/+45°, 360° traverse

SENSORSAND FIRE CONTROL  infrared
driving lights, passive night driving
system, passive night firing system

ARMOR  30-45-mm hull armor, 6.72-
12.7 mm on rear ramps

POWERPLANT CumminsVT-400 400-hp
water-cooled turbocharged 4-stroke
V-8diesel, FMC Corp. HS-400-3A1 hy-
draulic lock-up torque converter with
4 forward/2 reverse ratios
power-to-weight ratio

17.31 hp/metricton

SUSPENSION (EACH SIDE)  tube-over-
torsion bar, 6 road wheels, front drive,
rear idler, 2 shock absorbers, no re-
turn rollers

SPEED  road 45 mph (72.5 km/h),
cruising speed 20-30 mph (12.5-18.6
km/h), 8 mph (13 km/h) with 2 hy-
drojets, 4.5 mph (7.2 km/h) track-
driven, road range 300 miles (482
km) at 25 mph (40 km/h), water
range 7 hr

OBSTACLE CLEARANCE vertical 3 ft
(0.91 m), gradient 60%, side slope
40%, trench 8 ft (2.44 m)

LAV-25 Bison (in Canadian
service)
Based on the SwvissMOWAG Piranha, the
8 X 8-whedled LAV-25wasdevel oped spe-
cifically for US Marine Corps use as an
air-portable APC and reconnai ssance ve-
hicle. It hasbeen built in several versions.
TheLAV-25hassloping hull sidesanda
severely sloped glacis; the four wheelson



each sde have no skirts or fenders. The
driver sits at the front left of the hull with
the engine to his right. The troop com-
partment is at the rear of the hull, with
entry and exit through two rear doors
that open outward. Two outward-opening
roof hatches are located in the rear hull.
The two-man, fully stabilized turret has
an M242 25-mm Chain Gun.

VARIANTS « Canadian LAV-APC Bison,
96 LAV-AT Antitank with TOW, 50 LAV-M
Mortar Carrier, LAV-AD Air Defense Ve
hicle with FIM-92 Stingers and GAU/12
5-barrel 25-mm Catling cannon, LAV-AG
Assault GunVehicle/LAV-105with Benet
EX-35 105-mm gun, 50 LAV-CC Com-
mand and Control, 94 LAV-L Logistics
vehicles, 46 LAV-R Maintenance and Re-
covery Vehicle, 20 USAF MARV Maobile
Armored Reconnaissance Vehicle, LAV-
MEWSS (M obileElectronicWarfare Sup-
port System).

DEVELOPMENT e« After a competition,
contract awarded to General Motors of
Canada, Ltd., in London, Ontario, in
September 1982. The vehicle achieved
initial operational capability in 1984. A
total of 758 were delivered to the USMC.

Other services using variants of the
LAV-25 are the Australian Army, the Ca
nadian Force's Ground Command, and
Saudi Arabia'sArmy and National Guard.

COMBATEXPERIENCE « TheLAV was
deployed on European exercises for the
first time during "Teamwork 88" in
northern Norway.

In operations in Panama beginning in
May 1989, the wheeled LAV's proved ver-
satile enough to travel on roads when
tracked vehicleswould do too much dam-
age to the pavement or in water, often
swimming across the canal to evade Pan-
ama Defense Force (PDF) surveillance.
They also proved useful in breaking up
barricades, often by using the LAV-Lsto
pull them apart.

During the December 1989 Operation
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Just Cause—the actual military ouster of
General Noriega—Marine Corps LAVs
were used to take severa podtions, in-
cluding the headquarters of the PDF. Af-
ter the military operation, the LAVswere
used to back up the successor govern-
ment, often serving as a foca point for
"nation-building” activities in smal
towns.

Marine Corps LAVs began landing in
Saudi Arabia from Maritime Preposition-
ing Ships (MPS) within days after the US
decison to begin Operation Desert
Shield in August 1990. By the start of
Desart Storm's ground war in February
1991, 372 were in the theater (193
LAV-2554 LAV-AT, 30 LAV-CC, 47 LAV-L,
26 LAV-M, and 22 LAV-R).

The LAV's strengths proved to be its
dependability and speed. (The DoD's
April 1992 summary was "flexible, re-
sponsive, and adaptable.”) The vehicle's
speed dlowed units to flank fixed posi-
tions and evade superior forces. Al-
though several LAV crewsdid score TOW
missile hits on Iraqi tanks, the LAV did
not seek out enemy armor.

The LAV-25's inherent weakness is its
light armor. Ironicaly, theworst LAV ca
sualties came three weeks before the
ground war, when an Air Force A-10
Thunderbolt accidentally fired an
AGM-65MaverickatanL AV, killingseven
of the eight men inside.

When the ground offensive began, the
LAV's passive day/night sight proved in-
adequate. It required too much ambient
light to be useful at night and was unable
to penetrate the sand and oil-smoke fog
that shrouded much of the battlefield.

After Desert Storm, one LAV com-
mander contended that light armored in-
fantry unitsoftenwerenotfully exploited
because of alack of understanding of the
unit's reconnaissance capabilities. He
also suggested upgrades to the LAV-25
including (among others) a thermal im-
aging sight for the 25-mm gun, redesign
of the machine gun mount, and a re-
design of the internal communications
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sysem in the basic vehicle to keep the
scoutsin the picture and in the C?vehicle
topermit staff-only conferences (toavoid
confusing the driver).

SPECIFICATIONS -

CREW 3 (commander, gunner, driver)
+ 6 troops

COMBAT WEIGHT 28,200 |b (12,791 kg)

DIMENSIONS
hull length 21 ft (6.39 m)
width 8ft2in (25 m)
height 8 ft 10 in (2.69 m)
distance between axles

Istto2nd 3ft7in (1.1
m), 2nd to 3rd 4ft5in
(1.35m), 3rd to 4th 3
ft 5in (1.04m)
ground clearance
20 in (508 mm)

MAIN ARMAMENT  25-mm M242 Chain
Gun with 210 ready rounds, 420
Sstowed
elevation -10°/ + 60° at 25%oec,
traverse 360° at 25%ec

SECONDARY WEAPONS  7.62-mm M240
coaxial machine gun, pintle mount
for 7.62-mm machine gun, 4,050
stowed rounds of 5.56-mm rifle am-
munition

SENSORSAND FIRE CONTROL M36E1
day/passive night vision sight for com-
mander and gunner

ARMOR balistic protection against
small arms and shell fragments

POWERPLANT GM Detroit Diesel
6V-53T 275-hp liquid-cooled 2-stroke
V-6 turbocharged diesel engine, Al-
lison MT-653 DR automatic transmis-
son with 5 forward/1 reverse gears
power-to-weight ratio

21.5 hp/metricton

SUSPENSION (EACH SIDE)

8 X 8 (8-whed drive, front 4 steer-
ing) ; 4-whed drive may be selected

fully independent coil springs, twin
shock absorbers on front 2 axles,
trailing arm torsion bar on rear 2
axles

SPEED 62 mph (100 km/h), 6.2 mph

(10 km/h) in the water with 2 pro-
pellers, range 410 mi (660 km)

OBSTACLE CLEARANCE vertical 1 ft8in
(0.5 m), gradient 70%, trench 6 ft 9
in (2.06 m)

V-300 Commando

The Commando V-300 6 X 6-wheeled Ar-
mored Personnel Carrier (APC) isade
velopment of the earlier Commando
V-150 4 x 4 armored reconnai ssance ve-
hicle, but is a larger vehicle similar to
several models produced in Europe. A
full glacis plate, second rear axle, and a
wider range of turret options (from 7.62-
mm machine gunsto 90-mm cannon) are
the principal changes. Despite its much
greater gun power, the V-300 is still only
lightly armored and has less cross-
country mohility than tracked APCs.

The V-300 has a sloping frontal glacis
plate and sloping sides. The turret is
mounted toward the rear of the vehicle.
The troop compartment is aso in the
rear; accessisthrough two rear doors and
two roof hatches.

Turret armaments range from 7.62- or
12.7-mm machine guns, through 20- or
25-mm automatic cannon, to the 76- or
90-mm gun. A retractable TOW antitank
missilelauncherwith twomissilescanaso
be fitted. The 90-mm Cockerill gun hasa
triple-baffle muzzle brake. A V-600, which
featured aCadillac Gage turret mounting
the L7A1 105-mm/51-cd Low Recoil
Force rifled tank gun ran trials but was
not procured.

VARIANTS « APC, 81-mm mortar vehi-
cle, recovery vehicle, ambulance.

DEVELOPMENT « Manufactured by
Cadillac Gage, Warren, Michigan, achiev-
ing initial operational capability in 1983,
Production hasbeen limited, with Kuwait
and Panama being the only buyers until
early 1993, when the Philippines con-
tracted for 24 through Foreign Military
Sales. The Panamanian V-300 roster in-



eludes vehicles fitted with the Belgian
Cockerill Mk 3 90-mm gun, APCs with
two 7.62-mm machine guns, and ar-
mored recovery vehicles.

COMBAT EXPERIENCE « When Iraq
invaded Kuwait in August 1990, very few
of Kuwait's V-300s appear to have es
caped.

SPECIFICATIONS -

CREW 3 (commander, gunner, driver)
+ 9-10 troops

COMBAT WEIGHT 32,000 Ib (14,515 kg)

DIMENSIONS
hull length 21 ft (6.4 m)
width 8ft4in (254 m)
height 6ft6in (1.98m)
distance between axles

1stto 2nd 7 ft 3in (2.21
m), 2nd to 3rd 5 ft
(1.52m)
ground clearance
14in (356 mm)

MAIN ARMAMENT  Cockerill Mk 3 90-
mm/36-cd rifled gun with 39 rounds
of ammunition
elevation -8 +28°, traverse 360°

SECONDARY WEAPONS  7.62-mm coaxid
machine gun with 400 rounds, 7.62-
mm antiaircraft machine gun with
200 rounds

SENSORSAND FIRE CONTROL  8pOWCr
monocular sight and 1-power peri-
scope for gunner, 3 vision blocks for
commander

ARMOR CADLOY balligic sted plate,
proof against 7.62-mm ball ammuni-
tion (vision blocks and periscopes
hardened to same level)

POWERPLANT CumminsVT-504 270-hp
liquid-cooled turbocharged V-8 diesel
engine, Allison MT-643 automatic
transmission with 4 forward/1 reverse
gears
power-to-weight ratio

1860 hp/metric ton

SUSPENSION
6 X 6 (6 wheelsdriving, 2 wheels

steering)
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front axle has solid beam on trailing
arms; coil springs, 2 telescoping
shock absorbers, and antisway bars
on each whedl
rear axles have independent trailing
arm with coil springs and 1 shock
absorber
SPEED 92 mph (57 km/h), water 3
mph (5 km/h) driven by wheels,
range 435 mi (700 km)
OBSTACLE CLEARANCE vertical 2 ft
(0.61 m), gradient 60%, side dope
30%, amphibious

M113

The US MI 13 Armored Personnel Car-
rier (APC) isthe most widely used of dl
non-Soviet APCs. Itshull and powertrain
have been the basis for a great variety of
battlefield vehicles, some modifications
representing functional changes and
others differences in locdly available
weapons, powerplants, or sensors.

In configuration, the MI13