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Control of Pressure and Thrust for a Variable Thrust
Solid Propulsion System Using Linearization

Youngseok Kim* - Jihyeong Cha* - Sangho Ko**' - Daeseung Kim***

ABSTRACT

Solid propulsion systems have simple structures compared to other propulsion systems and are
suitable for long-term storage. However the systems generally have limits on control of thrust levels.
In this paper we suggest control algorithms for combustion chamber pressure of variable thrust solid
propulsion systems using special nozzles such as pintle valve. For the pressure control within the
chamber, we use a simple pressure change model by considering only mass conservation within the
combustion chamber, design a classical algorithm and also a nonlinear controller using the feedback
linearization technique. Also we derive the equation of the thrust for an under-expanded
one-dimensional nozzle and then design a proportional-intergral controller after linearizing the thrust
model for an operating point. Finally, we demonstrate the performance of the controller through a
numerical simulation.
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Business Innovation

Pintle Extracted From the Throat  Pintle Inserted Towards the Throat

High
Pressure High Thrust

Low Thrust

-

« Smaller Throat Area
+ Raises Chamber

« Larger Throat Area
 Lowers Chamber Pressure
« Slows Burn Rate Pressure

* Increases Burn Rate
« Increases Thrust

« Lowers Thrust

Fig. 1 Pintle Nozzle Technology to Control Thrust by
Chamber Pressure and Throat Area [3]
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Fig. 2 Solid Propulsion Combustion System
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Fig. 3 Flow Characteristics for Nozzle Pressure Ratio
and Expansion Ratio[15]
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