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ABSTRACT

\§§4he J-5 test cell at Arnold Engineering Development Center (AEDC) is the only
@ national facility for testing Tlarge solid-propellant rocket motors at
simulated flight-altitude conditions. However, the cell was not sited to meet
the quantity-distance criteria required for testing motors containing
propellant equivalent to 20,000 1b of TNT. This motor and other motors
containing similar propellant amounts were being tested in J-5 using
explosives safety waivers since no other facility is available in which to
test them. Safety personnel concerned with the serious potential hazards for
other unique test capabilities at AEDC funded a study to examine the
distribution of debris and define the hazard at the J-5 test cell resulting
from accidental detonation of rocket motors containing propellant equivalent
to 20,000 and 30,000 1b of TNT. While the study was in progress, an actual
mishap occurred during a test of one of the motors being examined in the
study. The estimated sequence of events during the mishap and the
distribution of motor, test cell, and building debris after the accident as
compared with predicted debris arcs are presented in this papey\Y
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1.0 INTRODUCTION

Southwest Research Institute (SwRI), as a subcontractor to Lawrence
Livermore National Laboratory (LLNL), has been consuiting Arnold Engineering
Development Center (AEDC) on potential debris distribution problems at the J-5
and proposed J-6 rocket test facilities. The J-5 test facility at AEDC, shown
in Figure 1, is the only large national facility for testing solid propellant
rocket motors at simulated flight-altitude conditions. However, some motors
currently in need of altitude testing and future motors to be tested exceed
the test capability of J-5 in nominal thrust and in the amount of propellant
contained in the motors. Some of these motors were being tested in J-5 with
explosives safety waivers since the location of the facility does not meet
quantity-distance criteria required by safety regulations for the type and
amount of propellant involved. Safety personnel became concerned with the
potential debris hazard which may result from testing motors under safety
waivers.

In November 1985, SwRI was analyzing the distribution of debris which
would result from an accidental detonation of propellant equivalent to 20,000
and 30,000 1b of TNT in the J-5 test cell. On November 23, 1985, during a
qualification test of a rocket motor, a mishap occurred. At the request of
LLNL and with permission from AEDC, an SwRI team was sent to investigate the
mishap site with special emphasis on collecting data on the distribution, size
and nature of the resultant debris created by the event. This paver
summarizes SwRI's investigation and post-mishap analysis results. UDebris
hazard zones predicted for an accident at J-5 are compared to the actual
distribution of motor, test cell, and building debris after the mishap.

2.0 ANALYTICAL DEBRIS DISTRIBUTION STUDY

The emphasis of the original analytical study of the rocket motor detona-
tion was the distribution of debris from the J-5 enclosure building, tne test
cell and the motor being tested. A previous study (Reference 1) conducted by
SwRI to analytically determine the debris distribution around an accidental
motor detonation indicated directional debris throw and the existence of some
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relatively debris—freé zones around the site. That s*tudy was for a proposed
large altitude rocket mutor test facility (J-6 facility) at AEDC which con- s
sists mainly of a large steel test cell and a steel frame, metal siding enclo- 2l
sure building. Hazardous debris densities were determined within various
zones around the test cell. The zone boundaries were based on the shape and
position of the test cell and on experimental work examining debris distribu-
tion from explosions in aircraft shelters (References 2 and 3) and in build-
ings (Reference 4). The horizontal position of the cylindrical cell made it
reasonable to assume cell and motor fragments would be dispersed perpendicular
to the axial length of the cell with a limited number of fragments thrown in
directions normal to the endcaps. The distribution of building fragments
would be concentrated directly out from the walls, with relatively debris-frew
zones in directions about 45 degrees from the normals to the walls. Although
the supporting data were all for reinforced concrete structures, a similar
distribution was expected for an explosion inside a predominantly corrugated
metal structure.

Elevations of the J-Z enclosure building and an expanded detail of the
test cell are shown in Figures 2-4. Since the J-5 test cell and enclosure
building are similar to the configuration described in Reference 1, debris
were expected to be similarly distributed in zones around the enclosure
building. The zones which were :stablished for examining hazardous debris

D

densities are shown in Figure 5. Debris densities were estimated in zones 1,
3, 5 and 7 since the number of debris landing in the other zones was assumed
to be minimal. Building debris will be dispersed in directions normal to the
walls of the enclosure building. The heaviest concentration of motor casing
and test cell fragments was predicted in zone 5 because it extends perpendicu-
lar to the horizontal axis of the test cell. Approximately 70% of the total
fragments and debris will land in zone 5. Although zone 1 extends in the
direction opposite of zone 5, fewer casing and cell fragments will land there
since a 5 foot thick seismic mass (see Figure 2) supports the test cell on

» that side. The seismic mass will stop all but high trajectory fragments.

\ About 20% of the total debris will land in zone 1. The remaining 10% of the

debris will be distributed in zones 3 and 7, with slightly more debris landing

o
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Figure 2. J-5 Facility Elevations
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Figure 3. J-5 Facility Elevations
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in zone 3. The percentage of debris landing in zones 2, 4, 6 and 8 is insig-
nificant. It should be noted that while the percentage of fragments landing
in zones 3 and 7 is relatively low, the cell endcaps and hatch covers will
most 1ikely impact in these areas. Thus, the damage potential of these large
debris is a more important consideration than hazardovs debris density in the
immediate J-5 area. In summary, the distribution of fragments and .uilding
debris was expected to be highly directional with heavy debris concentrations
in zones normal to the walls of the enclosure building. Debris paths and
concentrations of major debris observed during the mishap investigation lend
new support to this theory.

3.0 MISHAP SITE INVESTIGATION

The test being conducted prior to the mishap involved a qualification
test of a large rocket motor containing Class/Div. 1.1 propellant. The
pressure inside the motor measured about 600 psi just before failure occurred.
The peak pressure of 740 psi was measured about 10 seconds into the test. It
was estimated that approximately 1100 1b of the original 16,000 1b of propel-
lant remained in the motor when the failure occurred.

An AEDC mishap investigation team was immediately set to the task of
determining the cause of the mishap. Their activities included review of
manufacturing, shipping and test preparation records, a test procedures
review, review and anaiysis of physical evidence at the site, and interviews
of mishap witnesses. In addition to these activities, an SwRI team was
allowed to study the site and collect data related to the distribution of
debris caused by the mishap. Data collected included the type, size, and
origin of debris, along with the impact characteristics and angles of debris
throw. Although all identifiable motor casing parts were previously removed
from the site, SwRI was provided with a missile map (shown in Figure 6)
showing locations of retrieved motor casing fragments (numbered circles) and
unburned propellant (circles with an "X" in them). SwRI also used post-mishap
photographs (including aerial shots) to help summarize observations on debris
and other physical evidence or damage indicators noted during the site

investigation.
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The hazardous zones predicted for a 20,000 1b TNT equivalent propeliant
detonation are shown in Figure 7A. The 1imit distances indicate the threshold
of hazardous fragment density, defined as more than one fragment with kinetic
energy greater than 58 ft-1b per 600 square feet. Impact locations of a few
of the larger cell and building debris from the mishap are shown in Figure 7B.
The location of the impacts furthest from the test cell in each zone are
indicated on the figure. Note that these are locations of single fragments
and do not correspond to the limit distances for hazardcus fragment density
for the mishap. The hazardous density for the mishap was limited to the
bermed J-5 area.

4.0 MISHAP DEBRIS/DAMAGE AMALYSIS

Observations of aebris scatter at the mishap site revealed heavy concen-
trations of debris in directions normal to the test cell enclosure building,
establishing new evidence of the zone concept discussed in the J-6 debris
study (Reference 1). In addition to
providing general debris distribution information, the size and position of

Figure 8 illustrates these observations.

some of the major debris and the shape and number of motor casing fragments
provided physical evidence of the type of explosion which occurred in J-5.

Other observed damage indicators were also used to determine the nature of

this mishap.

Observations of the test cell breakup pattern and the large size of test
cell pieces examined on the initial trip around the site indicated the failure
event may not have been a detonation, even though the propellant in the motor
being tested was Class/Div. 1.1 (inass detonating) propellant. Also, the small
amount of unburned propellant scattered about the site (see Figure 6) and the
varied sizes and shapes of motor casing pieces collected earlier did not seem
The differ-
ence between a deflagration and a detonation, as it pertains to the J-5

to agree with the initial premise that a detonation had occurrad.

mishap, is that a pressure pulse for a deflagration would be characterized by
a smaller peak pressure and a longer duration than the pressure history for a
detonation.
tural members of the enclosure building could be just as great.

However, the impulsive Toad on the test cell and on the struc-
With a
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detonating motor, the casing would tend to break into a large number of small
fragments. The casing pieces recovered at J-5 were not characteristic of a
detonating motor. Further analysis of the other physical evidence noted in
the investigation lends credence to a deflagration occurring in the motor.

Calculations were made to define the mishap sequence of events and to
confirm the amount of propellant involved in the final event. The approach
taken was to assume the reported conditions of the motor just prior to failure
were accurate and to calculate debris velocities and ranges and impulse
deflections based on a detonation in the motor. Assumed initial conditions at
failure were:

0 the 1100 1b of propellant in the motor was equivalent to 1375 1b of
TNT,

0 the motor had a diameter of 92 in. and a length of 125 in.,
the motor casing weighed approximately 1500 1b,
the steel test cell had a 16 ft diameter, a length of 50 ft, and a
thickness of 0.5 in.

Results of the calculations were then compared with actual observations
(measured distances, deflections, etc.) to determine the nature of the mishap.

5.0 CONCLUSIONS - SEQUENCE OF EVENTS

SwRI was doing an analytical distribution study for the J-5 test cell at
the time of the mishap. Collecting data on the distribution of debris
following the accidental motor failure at J-5 proved to be very useful, as it
provided supporting data for the debris zone theory as presented in the J-6
study (Reference 1).

Once at the site, as much data as possible were gathered in the time
allotted, including not just debris range and scatter angles, but also any
other blast damage indicators or physical evidence of the type of ~xplosicn
which had taken place in J-5. Based on observations, the test ceil appears to
have ripped open into a few very large fragments. This fact along with the
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small amount of unburned propellant (10 1b) scattered about the site and the
characteristics of the recovered casing fragments indicate the mishap involved
only a portion of the 1100 1b of propellant present in the motor at the time
of failure, and a complete detonation of the remaining propellant did not
occur.

Based on the breakup of the motor casing and distribution of casing
fragments, SwRI believes something less than a complete detonation occurred
near the nozzle which caused a dynamic rupture of the motor casing and
subsequent release of unburned propeilant into the cell. The further
confinement of the propellant within the cell and the increase in propellant
burn area caused a greater pressure buildup than the diffuser could handle,
resulting in the following events which are relevant to the distribution of
debris:

The cell burst upon failure.
The pressure buildup caused the two large hatch covers to be
projected at high trajectories away from the cell.

0 The cell endcaps blew off.

0 The cell ripped open on the west side when it struck a stair railing
producing several large fragments.

0 The east side of the cell was deformed outward by the impact of
motor casing pieces and blast and was deformed inward when it struck
a bracket on the seismic mass.

0 Unburned propellant was expelled from the cell.

0 Blast loading inside the enclosure building blew out the metal wall
and roof panels.

A1l analysis of the debris throw and observed damage indicators supports
this theory. One of the most important lessons to learn from the J-5 mishap
is the recognition of the types of events possible during a test of a motor
containing Class/Div. 1.1 propellant and the severity of either a deflagration
or a detonation. The observations of debris distribution and blast damage can
be applied to the siting of similar test facilities in the future.
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