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1. Introduction 
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an optimally designed vent and a mobile piston (Fig. 2b). The motion of the piston, which is driven by pressure 

of internal gas, causes gradual overlapping of the vent and change of the gas outflow area. Due to appropriate 

shape of the vent in the valve housing, it is possible to obtain desired change of gas pressure inside the airbag 

and maintain constant value of total reaction force acing on the capsule.  

 

The adaptation to various touchdown conditions can be provided by modification of valve characteristics 

before the touchdown process. This can be achieved by change of stiffness of the spring supporting the valve 

piston, adjustment of the mass of the valve piston or modification of the friction force acting between the valve 

piston and the housing. In an alternative solution, the supporting spring can be replaced by micro-actuator, 

which allows to obtain semi-active system with full control of the gas outflow and wide range of system 

adaptivity to different touchdown conditions.  
 

a)
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Figure 2: a) airdrop system composed of: capsule (1), airbag (2), adaptable valves (3) and parachute (4),      

b) components of the discharge valve in a version with micro-actuator: (1) micro-actuator, (2) valve housing, 

(3) valve piston with a sealing, (4) optimally shaped vent 

  

The paper presents numerical analyses aimed at optimal design of the shock-absorption system for the airdrop 

capsule. The special attention will be paid to the adaptable valve which can be considered as a crucial 

component in providing efficient touchdown mitigation. The proposed mathematical model of the airdrop 

system will be used to determine optimal change of gas outflow from the airbag for various capsule mass and 

touchdown velocity. Further, the model of the adaptable valve will be applied to compute optimal shape of the 

vent for the assumed range of touchdown scenarios. Finally, we will present the results of system adaptation 

obtained by modification of valve spring stiffness, valve piston mass and piston-housing friction coefficient. 

 
4. Conclusions 

 

The paper discusses the innovative airdrop system equipped with airbag and discharge valve. The authors 

propose novel design of the shock-absorption system based on adaptable valve with optimally shaped vent and 

methodology of its adaptation to different touchdown scenarios. The proposed solution is expected to ensure 

safety of the touchdown process and efficient protection of the cargo.  
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