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A flammability test apparatus has been constructed which applies the propellant 

test specimen to a heated copper block for precisely controlled intervals of time. 
In this way the ignition time can be determined as a function of the copper block 
temperature. Ignition time is defined as the shortest time interval over which the 
propellant sample must be applied to the copper block so that sustained burning occuri 
Data has been obtained for a double base propellant, X-14, some experimental 
propellants formulated at Princeton University and two Thiokol/Wasatch propellants. 
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HOT PLATE FLAMMABILITY TESTS 

ABSTRACT 

A flammability tests apparatus has been constructed which applies 

the propellant test specimen to a heated copper block for precisely 
controlled intervals of time. In this way the ignition time can be 
determined as a function of the copper block temperature. Ignition 
time is defined as the shortest time interval over which the propellant 

sample must be applied to the copper block so that sustained burning 

occurs. Data has been obtained for a double base propellant, X-14, 

some experimental propellants formulated at Princeton University and 

two Thiokol/Wasatch propellants. 
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I. INTRODUCTION 

The vulnerability of casoless ammunition to various types of hot 

objects encountered in the field leads one to try to find a self 
extinguishing propellant at atmospheric pressure. A self extinguishing 

propellant is one which will not retain its flame (stop burning) when 

the hot object is removed. 

Ignition and flame retention depend on propellant composition, 

orientation of propellant sample, size of sample, type of atmosphere 
around sample, pressure of atmosphere, velocity of atmosphere, not to 
mention the characteristics of the ignition source such as source type, 

intensity, and time of application. Since we are concerned with ignition 

and flame retention in ambient air in this study, the range of conditions 
to be considered is reduced. The search for self extinguishing propellants 

then requires the establishment of flammability tosts that are severe 
enough to encompass the worst hazards that are normally encountered in 

the field. 

The most relevant ignition source for a given problem out of those 

conmonly used (e.g. gas torch, hot plate, radiation) is the one which 

best simulates the most probable exposure occurring in the field 

situation. In instances of hot spall fragments or ruptured brass 
cases touching propellant, it is apparent that the most relevant test 

would be the hot plate test. Following along this line of thinking, the 

hot plate flammability test apparatus, described in the next section, 

was designed and constructed. 

II. APPARATUS AND TEST PROCEDURE 

In order to specify the precise time interval that the ignition 

source is applied to the propellant, it is necessary to have an action 
time, as the source is applied or withdrawn from the propellant, which 

is short compared to nominal ignition times. For this reason a fast 
acting solenoid is employed to move the small, propellant sample onto 
the source (heated copper block). A schematic diagram of the apparatus 

used to do this is shown in Figure 1. A test starting switch energizes 

a relay which applies 110 volts to the solenoid. As the solenoid is 
energized the shutter is withdrawn and the propellant is pressed 
against the copper block. At the instant after the propellant contacts 
the block a sequence timer starting switch is closed by the interrupted 

motion of the propellant holder. 

A schematic diagram of the operating circuit is shown in Figure 2. 

9 Needing pige blink 
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The sequence timer starting switch then energizes a sequence 
timer which is set for the desired time of application of the source. 
At the expiration of this time a normally closed relay is energized which 
opens the test starting circuit, which then opens a relay that opens 
the solenoid circuit and allows the spring to remove the propellant 
from the source and close the heat shield. The operating circuit relay 
delay time is 30 milliseconds. A photograph of the apparatus is shown 
in Figure 3. The propellant is held on the end of a spring loaded 
plunger that holds the propellant in contact with the block with a force 
between 6.8 and 8.7 Newtons. This force is low enough to soften impact 
and high enough to hold propellant and plate in firm contact during 
application. 

The dimensions of the copp ^r block are 7 1/2 cm by 7 cm by 1 cm 
thick. The thermocouple is located 1.5 mm from the top edge of the 
copper block. With the block heated to 200°C, 300°C and 400°C only 
one per cent variation in temperature was detected across the thickness 
of the block. To perform a test the sequence timer was set to a value 
shorter than the expected ignition time and the propellant was given 
this exposure to the hot block. If ignition was not accomplished the 
sample and copper block were cleaned and prepared for another test. The 
exposure time was increased in large time intervals, at first, until 
ignition occurred and then this large time interval was probed in smaller 
time increments (10 milliseconds) until the ignition time was determined. 

THEORY 

When semi-infinite body number one* at uniform temperature, Tj, is 
suddenly brought into contact with .emi-infinite body number two, at 
uniform temperature, T2* along a plane interface, the interfacial 
temperature immediately takes on and maintains a constant value between 
Tj and T2 which is dependent on the thermal properties of the two 
bodies. If T2 is assumed to be zero degrees, the interfacial temperature 
is given byl* 

*1 s177 * k¡1/2 

where K. and fej are the thermal conductivity and diffusivity of body 
number one and K2 and fe2 are the thermal conductivity and diffusivity 
of body number two. 

*Re¿eAence¿ a/ie ¿¿ä-ted on page is 
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Using K. ■ 22 and fe. ■ 1.14 x 10-4 for copper and 0.012 
1 M K * S6C 

2 
and 10-7 -— as nominal values for double base propellant it can 

be determined from equation (1) that the propellant surface is raised 

to 98 per cent of the hot plate temperature. This equation will describe 
conditions at the interface at the instant of contact and shortly there 

after until boundary effects become important. Characteristic times 

for heat flow in the solid propellant sample are long compared to 

nominal ignition times (1 sec) so the above equation along with the 
space dependent solution given in reference 1 can be used for estimates 

of temperatures in the solid propellant. 

IV. RESULTS 

The experimental results obtained are summarized in Figure 4. 

The data from the ignition time runs and next shorter application time 
runs are tabulated in Table I. All measurements were made in still air 
at 22°C and 760 mm of pressure. The temperatures plotted are the 
temperatures recorded by the chromel alumel thermocouple, located 1.5 mm 

below the copper surface where the propellant contacts the surface. 

Since the temperature gradient across the block is negligible, and also 

because the temperature drop at the surface of the block is small 
('2%) when the propellant contacts the block the thermocouple temperature 

is proportional to and just slightly higher (-2%) than the surface 

temperature of the propellant. 

Because the heat flux at the surface of the propellant is directly 

proportional to T^, the ignition time data shown in Figure 4 are plotted 

vs. temperature (Ti). Graphing data in this way makes comparison with 
arc image furnace data easy, since this data is graphed similarly. 

The results of this type of testing are most useful for comparing 
the flammability of one propellant with another. To use the data in any 

quantitative way to determine ignition times would require that the hot 
metallic source be very large compared to the propellant it contacts. 

In many types of exposure occurring in the field this would not be the 
case and the ignition time would be longer than given in Figure 4. 

Future work on this task will extend the data to higher temperatures 

of the copper block and also include the effect of air velocity on 

ignition time. 
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