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Abstract 

One of the alternative powertrain systems of cars, commercial vehicles and mobile machines are hybrid drives 
with pneumatic motors for compressed air. This paper presents a mathematical model and the results of simulation 
calculations of piston pneumatic motor. Mathematical model was based on the fundamental principles of mechanics, 
thermodynamics and rights of airflow. For simulation model parameterization, prototype of such engine was built and 
installed on dedicated test stand. Performed experimental research allowed achieving values of coefficients and 
components characteristics used for model estimation. One of the important tasks of this study was to create the 
control system of the compressed-air supplied engine. For this purpose an appropriate pneumatic and electronic 
component were selected and also an algorithm was created which would facilitate changing of the engine settings in 
order to obtain the best performance. Using elaborated simulation model, series of calculation were performed for 
different parameters of pneumatic motor, like cylinders diameter and stroke, length of the crank, compressed air 
pressure and valves size. A lot of attention was devoted to determine the influence of control system settings, such as 
valves opening and closing in reaction to crankshaft position, on motor properties. When discussing the results 
of calculations considerable attention was paid to the power, torque and efficiency values. To illustrate performance 
of designed engine, simplified model of light vehicle was used to calculate possible to achieve acceleration, velocity 
and travel distance. 
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Fig. 1. Cylinder force direction in pneumatic motor structure 
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Fig. 2. Pneumatic motor installed on the test stand 
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Fig. 3. Scheme of the test stand with pneumatic engine and results comparison of simulation and measured system 

main operation values 

Fig. 4. Characteristics of pneumatic engine (for supply pressure: ps = 2.5 bar) 
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Fig. 5. Influence of control parameters on the power of the engine (for supply pressure: ps = 3 bar) 
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Fig. 6. Simulation of acceleration on distance 220 meters  for: piston diameter 63 mm, rod diameter 20 mm, stroke 

170 mm, crank 80 mm, total ratio 0.25 
 

Tab. 1. The influence of gear ratio, and crank length on pneumatic vehicle properties 

5. Summary 

 
 

 Peoria 

 Akumulator hydropneumatyczny jako 
hydrostatycznej

 Peugeot’s Hybrid Air: the car of the future that runs on air, 
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 Improvement of Hydraulic System Efficiency by Means of Energy Recuperation

 Termodynamika
 

 Hybrid Electric Vehicle Drive Design
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