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the mission 
nuclear attack of: / 

/- 

high priority fured targets 

staging areas and nuclear delivery systems 

mobile targets 

the problems 
air defenses 

Soviet Air Defenses are both numerous 
and effective, concentrated around high value 
fixed targets, and in support of battlefield 
operations. 
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high altitude releases 

Present techniques to achieve optimum 
heights of burst, Estimated Manual Release 
(EMR) and Low Altitude Drogue Delivery 
(LADD), require that the delivery aircraft 
climb to an altitude at release that 
greatly decreases the probability of 
aircraft survival and mission's 
success. 

LADD 

EMR 

timely arttack 
of non-fixed targets 

In the attack of non-fixed targets, the 
delivery limitations of current nuclear ordnance 
will usually require a second pass over the 
target area or a coordinate bombing technique 
must be used. In coordinate bombing, the 
timeliness of the attack can be critical. The 
time required for processing intelligence data, 
mission planning, strike authorization and 
execution can seriously degrade the 
effectiveness of the mission. 

attack against units on roads 

E 
coordinate bombing 

G 
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a solution 

extended range 

Release of a weapon system at low altitude and outside of 
concentrated defenses around high value fixed targets greatly increases 
the aircraft's probability of survival. 
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return to target 

Targets moving on a road can be engaged 
after long time delays by a pilot searching an 
area and locating the target. A single, low level 
pass releasing a weapon which flies a circular 
trajectory returning to the target minimizes the 
aircraft's exposure to air defenses. 

I f m 

at tdt  against units on d s  

aimpoint refinement with 
return-*target weapon 

coordinate bombing 
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The current air-to-surface nuclear arsenal 
that can be delivered by our tactical air forces 
consist entirely of gravity bombs. These 
weapons offer a broad spectrum of yields and 
delivery options including laydown and airburst 
detonations. By their nature, however, they 
require over-flight of the target for accurate 
delivery. While these bombs provide a wide 
range of capability, airburst detonations are 
normally selected to suppress collateral 
damage. This consideration forces the delivery 
aircraft to both overfly the target and to gain 
altitude during weapon delivery. Over-flight of 
the target at the necessary altitudes 
significantly increases the aircraft’s exposure to 
hostile air defenses with a corresponding 
increase in the probability that it will not 
survive the mission. !f, on the other hand, it 
were possible to perform the weapon delivery 
entirely at low altitude while standing off from 
terminal air defenses at the target, and still 
achieve the accurate airburst delivery, the 
probability that the aircraft can successfully 
complete and survive the mission is 
significantly enhanced. This has been the 
driving force behind the program. 

The TIGER (Terminal guided and 
Extended-Range) Program was initiated in 
1972 to study improved delivery capabilities for 
stockpiled tactical nuclear bombs. The 
experience being acquired during that period in 
overflying defended targets in Southeast Asia 
argued strongly for standoff options and 
provided some of the impetus for this work. 

development of air-delivered standoff 
conventional weapons utilizing terminal 
guidance systems (such as Walleye, Paveway, 
Hobo, etc.). Sandia National Laboratories 
initiated the TIGER program to determine if 
current nuclear bombs could be provided with 
a similarly accurate standoff capability. These 
conventional weapon delivery techniques, 
while allowing highly accurate attack, generally 
require entering the target area at high altitude 
to establish line of sight to the target. In 
parallel with the TJGER program, system 
studies analyzed this concept and showed 
marked improvement in aircraft and weapon 
survivability with moderate standoff (1 0-20 km) 

. The Southeast Asia conflict fostered the 

if low level deliveries (60 m) could be 
accomplished. As a result of this work, the 
TIGER program was redirected in early 1974 
to demonstrate a standoff bomb with good 
accuracy (90 m CEP) when delivered from low 
flying aircraft. This program redirection resulted 
in the selection of an inertial guidance system 
to replace the earlier terminal guidance 
systems. This change was made for two 
reasons. First, an all weather capability was 
deemed mandatory for this system and 
second, a terminally guided system flying at a 
low altitude and extended-range requires that 
the system be launched before the terminal 
sensor acquires the target. This program was 
called the Extended-Range Bomb (ERB). 

In May 1974, a joint Air Force/DOE study 
identified the desirability of having a single 
tactical weapon which could be employed 
against either fixed, preselected targets, or 
mobile battlefield targets. Studies conducted 
on the ERB system showed that the inertially 
guided weapon could fly not only the standoff 
mission (against fixed targets) but also a 
return-to-target mission against the mobile 
battlefield targets whose locations are not 
known accurately enough to use a standoff 
delivery. 

The ERB program evolved from these 
initial investigations into an exploratory program 
to develop the hardware and demonstrate the 
technology required to fly standoff and 
return-to-target trajectories. The application of 
this technology in the form of field retrofit kits 
to the B61 bomb is called TIGER I I .  
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weapon concept 
The ERB program was initiated with the 

objective of developing the technology to 
provide both a standoff and return-to-target 
(RTT) airburst delivery capability for existing 
stockpiled bombs through the use of field 
retrofit kits. This conversion requires the 
addition of canards and tail surfaces, a rocket 
propulsion system, inertial navigation system 
(INS), flight computer, a radar altimeter, and a 
weapon preflight panel for insertion of flight 
data. 

Bomb conversion requires replacing nose and 
tail with a canard control system, a rocket 
motor, and tail surfaces. An inertial navigator, 
a flight computer, a radar altimeter, and a 
weapon preflight panel are also added. 

system characteristics 
increased aircraft and bomb survivability 

low level delivery (60m); no pop-up required 

standoff from terminal defenses of preplanned target 
(up to 35 km) 
single pass low level attack of non-fixed targets 

decreased collateral damage 
airburst option optimum height-f-burst 

accurate delivery standoff \ 
f 

a few tens of meters 
return-to-target 

all weather delivery 

increased system flexibility 
consistent with the delivery aircraft 

airburst or near surface burst options 

standoff or return-to-target options 

compatibility with tactical aircraft 
without modifications FA, F111, F104, 

F16, MRCA, F18, 
A4. A6, A7 

TIGER 
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To attack fixed targets, the weapon is 
released over a preselected navigation point. 
The guidance system flies this weapon to the 
target. 

In a typical extended-range mission, the 
base, target, and release point coordinates are 
programed into the weapon and the inertial 
navigation system is aligned. The pilot flies any 
desired flight path to the release point and 
releases the weapon. In the inertial guidance 
mode, weapon release automatically updates 
the position of the INS to the prestored release 
point coordinates. To achieve the desired 
accuracy at the target, the pilot should 
accurately overfly the release point (60 m 
accuracy) since the release point miss 
distance is added to the normal weapon 
navigator drift during weapon flight to the 
target. It is required that the release point be 
an easily identifiable landmark. After release, 
the weapon continues to the target while the 
aircraft exits the area at low level. The standoff 
range is up to 35 km with flight times of 35-100 
seconds. The inclusion of the SITAN1. 2, 3, 4 

software and a digital topographic map of the 
corridor to the target would provide more 
flexibility for the standoff mission by allowing 
larger release point misses (from 60 m to 2000 
m) while achieving accuracies that are 

significantly better than the INS system alone. 
The SITAN system will allow the weapon to 
maneuver on the way to the target for defense 
avoidance or to take advantage of terrain 
masking. Operationally, the only additionai 
steps required are to generate topographic 
reference data of the missile flight path and 
store this data in the weapon computer. This 
data is processed with radar altimeter 
measurements to continuously update the INS 
and navigate the weapon to the target. The 
standoff range and flight times are unaffected. 

A typical return-to-target mission also 
requires the weapon to be programmed with 
the desired trajectory information, and the INS 
aligned. After entering the target area, the pilot 
acquires the target, the aircraft overflies the 
target, and the weapon is released. 

The weapon INS, sensing release, flies 
the weapon back to the release point while the 
drop aircraft exits the area at low altitude. 
CEP's on the order of 90 m can be achieved 
by this system. The flight time for the RTT 
trajectory is approximately 90 seconds. 
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system 
effectiveness 
studies 

Numerous studies addressing aircraft and 
weapon survivability, effectiveness, and 
collateral damage were conducted in support 
of the ERB/TIGER Program. 

These studies confirm that aircraft 
survivability is enhanced by high speed, low 
altitude flight profiles which require no pop-up 
for weapon delivery, and that even modest 
standoff (up to 35 km) from heavily defended 
targets offers significant reduction in aircraft 
attrition. 

Standoff and return-to-target weapons 
appear to be considerably less vulnerable to 
automatic weapon fires than nuclear weapons 
delivered by existing techniques (LADD, 
LAYDOWN, and EMR). 

Against both battlefield (mobile) and 
interdiction (fixed) targets, the system accuracy 
allows a high percentage of targets considered 
to be defeated by a 10 kt weapon yield. The 
use of an airburst also reduces collateral 
damage when compared with laydown 
deliveries of the same yield. 
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Mobile targets are engaged by overflying 
the target at low altitude and high speed and 
releasing the weapon. The guidance system flies 
the weapon back to the release point. 



Two configurations were designed in the 
course of this program and have been 
successfully flight tested. The first was a 16.5” 
diameter vehicle selected as a size that would 
be compatible with both existing and new 
technology weapons. 

145” long, and utilized cold gas (helium) 
pneumatic actuators, a radar altimeter, a low 
accuracy INS, a modified Terrier rocket motor, 
a Sandia designed digital computer, a 
telemetry system, and a parachute recovery 
system. 

The 16.5” system weighed 1100 Ibs, was 

Three of these vehicles were flown and all 
units performed successfully: 

An unpowered, unguided aerodynamic 
test vehicle in July 1975. 
An unpowered vehicle flying a straight 
ahead trajectory in February 1977. 
A complete (powered) unit flying a 9000‘ 
radius return-to-target trajectory in July 
1977. 

The second configuration is the TIGER I I  
which is 157” long, weighs 11 00 Ibs, and is 
13.3” in diameter. This weapon differs from the 
16.5” configuration by incorporating a Sandia 
designed inertial measuring unit (IMU) utilizing 
Honeywell GG-1300 ring laser gyros and 
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Systroq-Donner accelerometers operating in 
conjunction with a Sandia flight computer to 
provide an accurate inertial navigation system. 
The digital topographic map and algorithms 
required for the SITAN navigation options are 
also stored in the computer. A radar altimeter 
and a barometric altimeter are included for 
altitude measurements and vertical velocity 
channel stabilization. A new rocket motor 
developed by Atlantic Research was used for 
the 13.3” flight vehicle. 

conducted: 
Three flight tests of this configuration were 

An unpowered, unguided aerodynamic test 
unit in August 1977. 
A complete (powered) unit flying a 
standoff trajectory in February 1978. 
A complete (powered) unit flying a 6500’ 
radius return-to-target trajectory in August 
1978. 

The standoff system flew a very 
successfui 26 km flight in 80 seconds, 
achieving an accuracy of 80 m at the end of 
navigation time. To the best of our knowledge, 
this flight represented the first missile flight 
with a ring laser navigator. Additionally, SITAN 
was flown open-loop on this test as an 
experiment. SITAN would have improved 
system accuracy to approximately 15 m if the 
SITAN guidance loop in the autopilot had been 
closed. 

desired RTT trajectory and demonstrated 
feasibility of this delivery mode. 

The key technology areas that were 
demonstrated during the program were the 
na~igator,~ autopilot,6 SITAN, control system,’ 
and the aerodynamic configuration.* 

The return-to-target system also flew the 

*References 8 through 15 

Three 13.3 inch diameter systems were dropped from Air Force F-4 aircraft between August 1977 and 
August 1978. 
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The ERB/TlGER programs have 
demonstrated the feasibility and potential 
effectiveness of modifying stockpiled tactical 
nuclear bombs to provide a low level standoff 
delivery capability and a return-to-target 
delivery capability. Effectiveness studies have 
been conducted and complete sets of 
prototype components have been developed. 
These include an inflight computer (SANDAC), 
a ring laser IMU, an autopilot system, and the 
optional terrain-aided navigation system 
(SITAN). The performance characteristics of 
these components have been verified, in a 
series of environmental and functional tests 
including full system flight testing from 
operational tactical aircraft. From the results of 
this work, the following conclusions can be 
drawn: 

1. It is feasible to add the return-to-target 
and the standoff delivery capability to 
stockpiled bombs in a field retrofit 
package. 

2. The modified bombs can be delivered at 
low level and can achieve an accurate 
airburst at optimum height of burst. 

3. These systems can be delivered from the 
F4, F1 1 1, F104, F16, F18, MRCA, A4, 
A6, and A7 nuclear capable tactical 
aircraft without aircraft modification. 

4. The aircrew training required to deliver 
these munitions appears to be 
straightforward. 

5. The software necessary for the 
terrain-aided navigator option (SITAN) 
can be incorporated for the standoff 
mission. CEP’s in the range of a few tens 
of meters can be achieved with SITAN. 

The ability to deliver these munitions at 
low level, without a pull-up maneuver, can 
significantly reduce the aircraft vulnerability to 
anti-aircraft fire in both the return-to-target and 
standoff delivery modes. Additionally, the 
return-to-target mode facilitates aircrew aim 
point refinement for targets whose location is 
imprecisely known. 

The airburst option can provide effective 
target coverage, while significantly reducing 
undesired collateral damage. 

The hardware and software necessary to 
provide these capabilities for the tactical air 
forces have been demonstrated. This weapon 
can fill an operational need that we judge 
exists now. This technology is “on the shelf” 
awaiting application. 
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