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Abstract. Solid rocket igniters normally use pyrotechnic igniter compositions as a heat source to ignite the
solid propellant. In this paper, thermodynamic properties of pyrotechnic pellet from Graphical User Interface
Propellant Evaluation Program (GUIPEP) are used to calculate the suitable amount of pyrotechnic pellet
quantity that produces a combustion pressure. This pressure must be higher than the critical pressure which is
a reference level to continually burn a propellant. Pyrotechnic pellet composes of BKNO3:Mg/Teflon:
composite propellant in a ratio of 1:2:4 to increase series of heat and pressure generation. In the static test of
rocket motor, various pyrotechnic pellet weights are used. The result shows pyrotechnic pellet weight with
less than 45% wt. from ideal gas method calculation cannot increase the pressure to burn the propellant in
0.100 second. In contrast, pyrotechnic pellet weight with equal and higher than analytical calculation can
increase the pressure to burn the propellant within 0.040 second.
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1. Introduction
Small and medium solid rocket motor typically use pyrotechnic igniter as a heat source to diffuse to the
propellant grain. Heat convection from hot combustion gases and heat conduction from solid combustion
products impact surface of solid propellant grain in rocket motor.
A static test of firing rocket motor usually uses normal free volume of combustion chamber inside rocket
motor. The igniter provides heat to ignite the propellant and raise it to a self-sustaining combustion level.
Energy release rate at the propellant surface must meet the time limit for 0.030sec. The main criteria of
igniter design is to find suitable quantitative pyrotechnic pellet in the igniter. Effective firing of igniter for
series of burning propellant grain in rocket motor depends on the pressure of combustion. When energetic
material is ignited, hot gas in ignition and combustion process generates pressure. It must keep the pressure
to be higher than critical pressure which is the reference value to make the combustion continue. Pressure
from the combustion in ignition process depends on type and weight of energetic material in igniter [1].

2. Theory and Related Researches
The success of ignition in a rocket motor propellant depends on the combustion pressure. When ignition
process starting, the pressure generated by hot gas must be higher than the critical pressure (P*) [2], which is
the minimum pressure to ignite the solid propellant.

2.1. Critical Pressure
At low pressure, heat energy is very important in igniting the rocket motor propellant. The igniter size
depends on pressure of the rocket motor. The critical pressure should reach the level that the propellant can
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be ignited and continuously burnt. There are several methods to calculate the critical pressure assuming that
the nozzle is small or the end of the nozzle is closed, so the free volume in the motor become a closed system.
The pressure from igniter combustion can be calculated based on the free volume in the closed system.
The critical pressure can be achieved by various methods such as experiences of making rocket motor
propellant, igniter test, or using Von-Elbe equation [3] as shown below.
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P* is critical pressure (atm),
k is propellant heat conductivity (cal/cm-sec-K),
n is propellant exponent,
c is propellant specific heat of solid (cal/g-K),
 is propellant density (g/cm3),
As is surface area exposed to igniter combustion products (cm2),
V is chamber free volume (cm3),
R is propellant gas constant (cm3-atm/g-K),
T is propellant flame temperature (K),
r is propellant burning rate (cm/sec),
P is chamber pressure at 1,000 psi (atm)

2.2. Pelleted Pyrotechnic
Pyrotechnic is a basic type of igniter used to ignite a small or medium rocket motor. The pelleted
pyrotechnic is formed in a bulk of wire mesh or perforated metal basket. The energy output from ignition
depend on the form, composition, quantity and density of the pellets. When controlled dimension with
discrete pellets are used, a specific ratio of burning surface to chamber vent area is maintained to provide a
greater control of the ballistic performance of igniter. There are 3 types of Pyrotechnic grain which are
normally used. BKNO3 has ease of ignition at very low pressures, and also produce high gas content and low
sensitivity of burning rate to pressure. Al/K2ClO4 has high energy content but difficult to ignite at low
pressures. Mg/Teflon generally characterized by very low pressure burning-rate exponent and low gas
content, has energy output strong in the infrared region and energy content approximately equivalent to that
of BKNO3. Table I shows heat properties of pyrotechnic grain [4].
Table 1: Thermal Properties of Different Pyrotechnic Grain
Type

BKNO3

Al/K2ClO4

Mg/Teflon

Burning rate ,mm/sec

43.2

9.9

10.2

Pressure exponent

23.0

1

2300

Heating value ,cal/g

1550

2490

2200

In general, the design criteria base on the comparison between weight of the pyrotechnic and free
volume of the rocket motor [5]. The advantage of this method is fast and the calculation is not complicated.
However, other methods use the surface area of the propellant, for example, Bryan-Lawrence that calculates
base on the properties of rocket motor and heat flux method [6].
With less quantity of pyrotechnic, the pressure is raised up after the rocket motor is ignited. However, it
is not enough to raise the pressure in the rocket motor's free volume to be higher than the critical pressure [7].
As a result, the ignition is not successful as shown in Fig. 1.
On the other hand, by using enough quantity of pyrotechnic, the pressure in the igniter is high and over
the critical pressure which lead to the burning of rocket motor as shown in Fig. 2.

3. Calculation and Experiment
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A model of rocket propellant is designed as a cylindrical annulus gear shape for initial burning area.
Igniter is installed in the front end of a rocket motor as shown in Fig. 3. From equation (1), when all
variables are defined, the critical pressure of each state can be determined. In this case, the calculated critical
pressure of this rocket motor is 27.7 atm.

Critical Pressure

Fig. 1: Ignition at lower critical pressure

Critical Pressure

Fig. 2: Ignition at higher critical pressure

Fig. 3: Position of igniter case in rocket motor

Subsequently, the weight of pyrotechnic pellet is calculated base on thermodynamic properties from
Graphical User Interface Propellant Evaluation Program (GUIPEP) [8] as shown in Fig. 4. This program
calculates the enthalpy, entropy, Cp/Cv, specific heat, composition, mole and molecular weight of exhaust gas
from the combustion of additional quantity of pyrotechnic pellet composition. Critical pressure from the
above and chamber volume rocket motor is used to convert the volume of ideal gas at 1 atm. Then, volume
of ideal gas is converted to the mole of exhaust gas. Next, mole of exhaust gas from GUIPEP program can be
converted to the pyrotechnic weight.
The pyrotechnic pellet using in this study composes of BPN:MTV:composite propellant in a ratio of
1:2:4 to serially increase heat and pressure generation. From the above data, pyrotechnic pellet quantity using
to generate the pressure to reach critical pressure is 145 grams.
Finally, the experimental investigation in a static test is using pyrotechnic pellet at various quantities to
show the effect of pressure ignition in motor chamber.
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Fig. 4: GUIPEP program

4. Result
The experimental weight of pyrotechnic pellet at 59 grams, which is much less than the calculation
weight (145 grams).

Fig. 5: Ignition pressure VS ignition time of pyrotechnic pellet 59 grams

From Fig. 5, the result shows that chamber pressure after ignition is less than the critical pressure and the
ignition of rocket motor is delayed for 0.294 sec.
The experimental weight of pyrotechnic pellet at 145 grams, which is equal to the calculation weight.

Fig. 6: Ignition pressure VS ignition time of pyrotechnic pellet 145 grams

From Fig. 6, the result shows that chamber pressure after ignition is higher than the critical pressure with
the successful ignition of rocket motor in 0.033 sec.
The experimental weight of pyrotechnic pellet 175 grams, which is higher than the calculation weight.
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Fig. 7: Ignition pressure VS ignition time of pyrotechnic pellet 175 grams

From Fig. 7, the result shows that chamber pressure after ignition is higher than the critical pressure with
the successful ignition of rocket motor in 0.036 sec.

5. Conclusion
From the experiment, Critical Pressure from Von-Elbe equation is recommended as a reference pressure
to calculate the appropriate pyrotechnic weight.
The 45% of pyrotechnic pellet weight from the calculation can be used to ignite the rocket motor but use
long ignition time to burn propellant for increasing chamber pressure continually (fail to meet required
ignition time).
The 100% of pyrotechnic pellet weight and higher from the calculation in ignition system can be used to
ignite the rocket motor to burn propellant for increasing chamber pressure continually.
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