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Full-scale aircraft impact test for evaluation of impact force
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Previously, estimates of the force caused by aircraft impact into rigid structures have been determined using theoretical
methods based on the aircraft’s calculated mass and strength distribution. However, these methods required many
assumptions to be made and they left many questions unanswered. Because of the uncertainty involved in these analytical
predictions of impact force, a full-scale aircraft impact test was performed and an extensive set of response measurements
was analyzed to evaluate the impact force against a rigid target. The analysis and evaluation gave an accurate impact
force~time curve under the test condition and confirmed the practical use of an existing analytical method. An analysis with
a lumped mass spring model also provided good agreement with the test results.

1. Introduction

To estimate the global elasto-plastic structural re-
sponse of critical concrete structures subjected to an
aircraft crash, the time dependent force caused by a
normally impacting aircraft against a flat rigid barrier
must be known. A significant problem has been the
lack of experimentally validated methods to estimate
the force caused by aircraft impact against a rigid
target.

Many previous researchers, such as Hornyik [1],
Riera [2], Drittler and Gruner [3,4], Wolf et al. [5],
Rice and Bahar [6], Kar [7] and Riera [8], have derived
forcing functions by analysis using the impact velocity
of the aircraft and its calculated mass and strength
distribution. However, these previous analytical meth-
ods required many assumptjpns to be made and they
left many questions unanswered. Because of the uncer-
tainty involved in these analytical predictions of impact
force, a full-scale aircraft impact test was performed by
Sandia National Laboratories in the U.S.A. and an
extensive set of response measurements was obtained.

This paper first describes the test plan, method and
results. Next, the measurements are analyzed to deter-
mine the impact force. The results were also used to
evaluate existing analytical methods for predicting the
impact force.

2. Test plan
2.1. Purpose of the test

The primary purpose of the test was to determine
the impact force as a function of time for the impact of
a F-4 Phantom onto a massive, essentially rigid, rein-
forced concrete target. An impact velocity of 215 m/s,
corresponding to that of the full-scale engine impact
tests performed previously [11], was employed for the
test. The impact orientation was assumed to be head-
on, i.e., normal to the target. Additional objectives of
the test were: (a) to determine the crushing behavior of
the aircraft, (b) to determine if the engines broke away
from the aircraft before their impact, and if so, to
measure their impact velocity, and (c¢) to record the
dispersal of ‘fuel’ after impact (water was used as a
surrogate for the fuel).

2.2. Test method

An existing 600-m-long two-rail rocket sled facility
located at Sandia National Laboratories in Albu-
querque, New Mexico, USA was used to perform the
test. This facility has been used in conducting many
tests, such as the impact of spent-fuel shipping casks,
turbine missiles [13] and turbojet engines [11]. Knowl-
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Fig. 1. F-4 Phantom test configuration.

edge gained from many previous tests was utilized in
this aircraft test.

Aircraft

A flyable F-4D aircraft, as shown in fig. 1, was
acquired by Sandia for the test. This aircraft weighed
12.7 tonnes with some avionics equipment and seats
removed. It was modified slightly so that it could be
supported on the rocket sled rails at four locations with
a special carriage structure. The front gears, main
gears and flaps at the main wings were removed, and
sleds for the test and rockets for propulsion were
attached at these locations. These attachments were
designed break away from the fuselage on impact.

The carriage structure had “shoes” that wrapped
around the flanges of the rails to prevent lift-off and to
guide the aircraft. The impacting weight was 19.0
tonnes, including the weight of the above attachments,
five rocket casings and 4.8 fonnes of water which was
added to simulate the fue! weight and at the same time
to provide the proper mass distribution. The mass
distribution for an ‘original’ F-4D is shown in fig. 2,
while the mass distribution of the F-4D as configured
for the impact test is shown in fig. 3.

Target

The target consisted of a block of reinforced con-
crete 7 m square and 3.66 m thick mounted on a
platform, as shown in fig. 4. It had a weight of 469
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Fig. 2. Mass distribution of an original F-4D.

tonnes (almost 25 times the weight of the F-4D). The
target sat on top of a foundation mat slab cast immedi-
ately in front of a back-up structure. The platform, in
which air-bearings were placed, was 0.56 m thick and
was cast on the top of the foundation mat. Because of
the difficulty in accurately estimating the friction be-
tween two rough, sliding surfaces, the friction between
the two surfaces was reduced to an insignificant amount
by a unique application of air bearings, which effec-
tively supported the target on a thin layer of air. Ten
air bearings were installed in “pockets” in the lower
surface of the platform. After inflating the air bearings,
a force of only 816 kg (less than 0.2% of the weight of

the target) was required to initiate movement of the -

target. To ensure that the target (concrete block plus
platform) would move as a unit, a concrete lip was cast
around the upper edges of the platform. The concrete
block sat inside this lip.

Propulsion method

To keep the maximum accelerations within the
structural limits of the attachment points of the aircraft
and of the carriage system, propulsion was provided by
a two-stage rocket system. The first stage consisted of a
‘pusher’ sled housing 36 super Zuni rockets. The pusher
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Fig. 3. Mass distribution of F-4D for impact test.
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sled was stopped by means of a water brake located 70
m for the ignition point. The second acceleration stage
was provided by five Nike rockets attached directly to
the F-4D.

Measurement

A break-rod system on the track and an image-mo-
tion camera were used to measure the velocity of the
aircraft just before impact. The break-rods were made
of wood with a thin metal strip attached to their
surfaces. They were instailed at three points near the
end of the track, as shown in fig. 5. They were broken
by the front shoe of the carriage structure as it passed,
thus providing a unique signal to the recording device.
The distance between the break-rods divided by the
time interval between breaks provided a measurement
of aircraft velocity. In addition, images of the aircraft
were recorded on film by the image-motion camera as
a function of time as the aircraft passed within the
camera’s field of view. This was also used to determine
an estimate of the aircraft velocity at impact.

Ten accelerometers were placed along the top of
the aircraft’s fuselage (fig. 1) to measure the decelera-
tions as functions of time during the impact sequence.
An accelerometer was also attached to the aft flange of
each engine. A telemetry package mounted in the tail
section of the aircraft was used to transmit the read-
ings.

Two methods, break-wire systems and high speed
photography, were used to monitor the possible de-
tachment of the engines from the fuselage before their
impact. A total of four break-wire systems, installed
between the engines and the fuselage, were used to
detect engine detachment. One set of break-wires was
fastened to the outboard side at the rear end of each
engine and one to the inboard side. Each set of break-
wires was wired in a parallel circuit such that a break
in a particular wire changed the circuit voltage by a
given magnitude.

To determine engine detachment by high-speed
photography, the lower rear portions of the engines
covers were removed. The exposed parts of the engines
and the area of the fuselage just above the exposed
portion of each engines were painted red with black
vertical stripes.

The details of the impact sequence were recorded
by 4 tracking cameras and 16 high-speed framing cam-
eras with frame rates varying from 500 to 2000
frames /second. Photometric targets were painted on
the aircraft and the test panel to aid in the reduction
of the films. High-speed photography was also used for
an overall documentary of the test. Furthermore, phys-
ical damage occurring in the test, the dispersion of
water and pieces of the crushed aircraft, and the sur-
face damage to the target, were recorded.

Four displacement gages, four velocity gages and
five accelerometers were installed on the rear face of
the target to measure the motion of the target after
impact (fig. 4). One displacement and velocity gage was
installed at each edge of the target, with 508 mm of
travel. The accelerometers were installed in the same
four positions with an additional accelerometer located
at the centroid of the target.

2.3. Test results

Physical damage to aircraft and target

The data from the break-rod system and the image-
motion camera indicated an impact velocity of 215
m/s + 1%.

The aircraft impacted the target at a perfectly nor-
mal orientation and was crushed from the front of the
aircraft as shown in fig. 6. The remainder of the
aircraft from the nose to the tail was completely de-
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Fig. 6. View of the aircraft during impact.
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stroyed during impact. Picces of the aircraft and lumps
of crushed engines were found over a large area con-
centrated on each side of the target rather than in
front of it. The damage to the engines was very similar
to that observed in the engine impact tests [11]. The
water, that was used instead of fuel, spread to both
sides and to the top of the target. Its area was smaller
than that of the aircraft.

Damage to the target was relatively minor, as shown
in fig. 7, indicating that the major portion of the impact
energy was absorbed in moving the target and not in
producing structural damage. The face of the target
was scarred where the aircraft fuselage struck, but only
superficial damage was inflicted over this region. The
penetration depth of the engines, which appear as the
‘cyes’ of the aircraft in the figure, was a maximum of
60 mm, and that caused by the fuselage was a maxi-
mum of 20 mm. The load damage caused by the
fuselage was insignificant compared with the damage
caused by the engines. Most of the damage was done
by the carriage structure and the Nike rocket cases.
Concrete spalled off the front face of the target from

the level of the rocket case mounts and the carriage
structure to the bottom of the vertical panel. The
target was displaced 1.83.m against the back-up struc-
ture and rebounded. Note that impact of the target
into the backup structure occurred after all the data of
interest had been obtained.

Target response

Five acceleration measurements are shown in fig. 8.
As can be seen, the upper acceleration is slightly larger
than the lower acceleration and the two sides (west
and cast) have almost the same shapes and magni-
tudes. This indicates that the target experienced a
slight rocking motion during impact. To exclude the
rocking and other components from the raw accelera-
tion data and obtain an estimate of the horizontal
acceleration of rigid motion, these 5 records were
averaged. The results are shown in fig. 9. Some typical
velocity and displacement measurements are shown in
figs. 10 and 11. Also shown are the integration results
of the measured accelerations and velocities, which are
in excellent agreement with the measured velocitics

Fig. 7. Target damage.







