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Abstract 

    The objective of this paper is to investigate the dynamics of the barrel assembly-recoil mechanism of military 

cannons when using air springs and hydraulic dampers of nonlinear characteristics in their recoil mechanisms. 

The nonlinear characteristics of the damper and spring and the recoil mechanism orientation introduce extra 

nonlinearity to the dynamic model of the system. An extremely nonlinear model of the barrel assembly is derived 

and solved using Runge-Kutta 4 method to provide the dynamic response of the barrel assembly upon firing. The 

simulation results using the data of a Howitzer M114 cannon are presented for recoil mechanism orientation ≤ 50 

degrees and number of recoil elements up to 4. The performance of the recoil mechanism is evaluated through the 

minimum and maximum displacements of the barrel assembly, the settling time of its response upon firing and 

the steady-state error of its time response. The analysis shows that the it is possible with the suggested recoil 

elements to obtain barrel assembly response similar to that of a critically damped second-order system. It is 

possible with proper selection of the recoil assembly parameters to decrease the maximum barrel displacement to 

only 14 mm without undershoot and the settling time to about 2 seconds with steady-state error as small as about 

1 mm . 
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