
 

IMPACT ENGINEERING - BALLISTIC LIMIT 

Principles  

A very interesting subject within engineering is impact engineering. This discipline deals with high velocity 

events, plasticity and failure among other topics. One of the classical problems in this field is the 

penetration of thin plates by projectiles. The plastic work required to shear a thin plate using a flat-ended 

projectile and produce a plug of similar size is obtained from first principles. 

 

The work required by the projectile to shear the plate and induce failure by plugging is: 

 

Where d is the diameter of the projectile. Resolving the integral above 

 

The ballistic limit is defined as the minimum velocity required to penetrate an object, in this case a thin 

plate. Combining the conservation of energy principle and the work required to generate a plug by shear, 

the ballistic limit can be obtained. 

The conservation of energy states that: 

 

Assuming that the plug and the projectile travelled at the same velocity after the event. Each term in the 

equation above is described as 

 

Where VR is the velocity after plugging. To obtain the ballistic limit, VR is equal to zero 

 

And the ballistic limit is obtained as 



 

 

Practical Case: 

During an impact test, a flat-ended projectile is fired at a thin plate which is clamped. The diameter of the 

projectile is 10mm and weights 1.3 grams. The thin plate is ruptured during this event and a plug of the 

similar diameter as the projectile is recovered from the test rig. The thin plate has a yield shear stress 

value of 2.1 GPa and a thickness of 1mm. In order to calibrate the firing device, the ballistic limit has to be 

obtained with the information previously provided. 

Solution: Using the ballistic limit equation 

 

RADIOSS Implementation  

Due to the different levels of complexity surrounding this type of modelling and simulation a complete 

set of files with the model set-up is supplied. This event has been simulated using RADIOSS for explicit 

applications. The model file Ballistic_limit_0000 contains a flat-ended projectile and a plate modelled as 

shell elements. The projectile has an initial velocity and impacts the plate producing a perforation. 

 

 



 

The model simulates a failure mode known as plugging, with a projectile velocity travelling at 245 m/s. It 

can be used interactively by changing thickness values of the shell elements, initial velocities, material and 

property values in the model file. 

 

The file Ballistic_limit_A001 can be loaded into HyperView to visually understand the plate rupture. The 

Ballistic_limit_T001 file can be used to plot velocity values for the projectile and at various location on the 

plate. A webex is also included for further exploration. 

 

 

Further Understanding  

The following keywords may prove helpful to search documentation regarding impact engineering and 

ballistic limit:  

• Johnson-Cook failure model  

• Plugging, petaling and dishing  

• Dynamic rupture  

• Impact of projectiles  

• Ballistic limit  

• Failure Modes 


