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Background

The XM123El Propelling Charge is a separate-loading, cloth bag
charge which is loaded into the chamber at the rear of the gun tube.
To begin a normal firing sequence, a separately loaded primer is
mechanically fired; this produces a flame which follows a path through
the cannon's breech mechanism to the chamber of the tube. The charge s
(rear) base igniter pad is kindled which, in turn, lights the center
.core igniter. The latter is positioned at the longitudinal axis of
the charge and runs its entire length. The core igniter burns rapidly
and helps assure that the propellant aggregate burns from back to front
(axially) and from inside out (radially). In general, this burning
is rather predictable and, though very rapid, is not considered to be
explosive in nature.

If a propelling charge is inserted into a hot tube and allowed to
remain there for -a period of time, an event known as "cook-off" may
occur. Cook-off may be defined as an unintended ignition of the
propelling charge (not due to primer ignition) which is a direct con-
sequence of the hot tube heating and eventually igniting the loaded
charge. Necessarily, then, the propellant aggregate burns from the
outside in (radially) and may begin at any point (axially) depending
on random factors such as tube hot-spots and tube-charge contact. In
this case, propellant oxidation is rather unpredictable, spanning the
range from spasmodic burning to explosion.

Naturally, cook-off is regarded as a highly undesirable event.
Should it occur with the breech still open, the crew is highly
vulnerable to flame and blast, both of which may be considerable. If
the breech is closed, cook-off may result in both crew injury (should
personnel be standing in the path of recoiling parts) and unpredictable
projectile range/accuracy characteristics. Thus, from a safety point of
view, the benefits of determining the temperatures at which cook-off may
occur (and corresponding times to cook off) are fairly obvious.

The time required for propelling charge cook-off has been previously
observed to be a function of tube temperature, the function itself being
generalized in form as follows:



: -Y
t(T)

= X - 3
T-T1) , T=T)
where t(T) = time to cook off (function of T)
T = maximum chamber temperature of tube at cook-off.
To = a constant determined from analysis of
X,Y = positive functions test data, if desired.

It can be seen that the time required for the propelling charge to
remain in the hot tube before cook-off occurs is inversely proportional
to the tube temperature. Further, if the tube temperature approaches
the constant T , the anticipated time to cook off goes to infinity; that
is, there exisgs a temperature, T , at (and below) which cook-off will
not occur regardless of how long he charge is allowed to remain in the
hot tube.

The general form of the cook-off equation above should remain the
same regardless of the tube and propelling charge used; the value of To
and the functions X and Y, however, vary from system to system.

PuEEose

The purpose of this test is to determine cook-off time-temperature
relationships for XM123El Zone 8 Propelling Charges (conditioned
to 145°F) loaded into an XM199 Cannon. Due to similarities between the
XM181 and XM199 Cannon tubes, results will be identical if we test XMI123El
Propelling Charges in an XM181 Cannon. A further purpose of this test
is to determine, if possible, the value of T_, the temperature at and
below which cook-off will probably not occur (regardless of how long the
charge is allowed to remain in the hot tube) for the above thermally
equivalent systems.

Method

An XM181 Cannon tube (viz. Fig. 1-2) was machined to stub tube
length, and radial holes were drilled to a distance of .062 inches from
the bore at seven axial locations (viz. Fig. 3 for details). Thermo-
couples were inserted into these holes to monitor temperatures at the
bore. The tube was assembled to an XM181 Breech Mechanism Assembly
(viz. Fig. 4) and mounted onto a Universal Test Stand (WIV-F11989).

To prevent the creation of an appreciable heat sink, wooden yokes were
employed to support the tube on the test stand. :



Calrod strip heaters were placed around the tube's circumference
followed by a layer of fiberglass insulation. With the current turned
on, the tube was thus heated from the outside in. The test director
controlled heat input in attempting to bring the tube uniformly to a
predetermined temperature level.

The XM123El1 Zone 8 Propelling Charges were conditioned for 24 hours
at 145°F. At the appropriate time, each charge was placed in the heated
stub tube in its normal loaded position. No projectiles or other
obstructions were placed in the bore in front of the charge due to
safety considerations. The breechblock was then immediately closed and
tube temperatures were recorded every ten seconds until slightly after
cook-off. In each case, the time to charge cook-off was noted (moment

struefural points of view a repetition of this event was deemed highly
undesirable. - To prevent a recurrence, the remaining rounds were tested
only after removal of the base igniter and the core igniter bags.
igniter tube, in all cases except 5-C, was reinserted to help suppor the
charge, an asset during loading. This modification would not affect/ the
time to cook off since primary ignition occurs at the outside diamefer

of the charge; rather, the main effect would be an alteration of the
nature of the overall propellant oxidation. All remaining chargeg cooked
off without exploding and tended instead to burn (spasmodically but '
intensely) for relatively long periods of time before finally-auto-
ejecting from the tube and burning on the ground. No furth€r recoil

was observed.

Test conditions, along with nominal insertion temperatures and
times to cook off, can be found in Table I. '

Graphic displays of the actual bore temperatures as a
function of time can be found in the Appendix. Thermocouples are
numbered as in Fig. 3, and time t = 0 is the time of charge insertion.

A recapitulation of all nineteen cases can be found in Fig.5.
This graph depicts the number 3 thermocouple reading (at the time of
cook-off) plotted vs. time to cook off.



Discussion of Data

Raw data in the Appendix discloses that thermocouple number 3
was invariably located at the hottest portion of the chamber in actual
contact with the inserted charge. Therefore, Fig. 5 represents the
foundation of the cook-off time-temperature relationship previously
specified as the primary objective of this test. These data were
divided into two sets, namely the first nine and the last twelve points.
A least squares analysis was performed on both sets individually, and
the 99% two-sided prediction interval was calculated. The results of
these analyses are given in Fig. 6. Further calculations were made testing
the hypothesis that the least squares line for the second set of data points
has zero slope; however, the 99% confidence interval for slope proved to
be [ -.1046, -.0268 ]. Thus it cannot be determined from this analysis
that the curve has zero slope since the interval does not include the
value '"zero'".

As expected, the raw data conforms .to the shape predicted (generally)
by the cook-off function. With increasing temperature, a decrease in time
to cook off can be noted; this is especially evident for values of
temperature greater than 395°F. Conversely, as time to cook off increases,
the curve begins to asymptote to the single temperature value previously
designated as T . However, since the ''zero slope'" hypothesis mentioned
above has been erected, we are unable to assign a conclusive value to T .
Thus, it is apparent that another cook-off criterion should be developed?

One such criterion would be to select representative times and,
from Fig. 6, determine the minimum temperature required to cause cook-off.
For example, cook-off will probably not.occur before 300 seconds (5 minutes)
has elapsed if the bore temperature is less than or equal to 370°F. Also,
it is apparent that within 570 seconds (9.5 minutes), the danger of
cook-off is probably not present if the bore temperature is less than or
equal to 350°F. Statements such as these can be said to be true in at
least 99 cases out of 100.

Conclusions

1. The cook-off time-temperature relationships for XM123El Zone 8
Propelling Charges (conditioned to 145°F) placed in a hot XM199 Cannon
are given by Fig. 6.

2. Cook-off is expected to occur 99 times out of 100 for time-temperature
points between the solid (prediction interval) lines.

3. Conversely, cook-off is expected to occur less than one time in 100
for time-temperature points below the lower solid (prediction interval)
line. :



4. If the tube temperature is less than or equal to 370°F, cook-off
is not expected to occur sooner than 5 minutes from the time of charge
insertion.

5. If the tube temperature is less than or equal to 350°F, cook off is
not expected to occur sooner than 9.5 minutes from the time of charge
insertion.
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APPENDIX

The following is a graphic presentation of stub tube temper-
atures as monitored by thermocouples 1-7; see page 8 for thermocouple
locations and numbering system. For details of test conditions for
each round, see also pages 10-11.
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