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Abstract—To predict the system accuracy, we should calculate 

the measure of the muzzle velocity error and elevation difference 

according to 1 m/s change of muzzle velocity. The magnitude of 

the muzzle velocity may be obtained by weighed sum of three 

quantities: the percentage errors of projectile weight, propellant 

weight and the volume of the chamber. The elevation difference 

according to 1 m/s change of muzzle velocity can be obtained 

from the multivariable function. The inputs of the multivariable 

function are: the distance that the bullet falls due to gravity, the 

distance from the launch position to the target, muzzle velocity, 

tangent angle from the launch position to the target. The error on 

the target due to muzzle velocity error can be a product of two 

quantities: the measure of the muzzle velocity error and elevation 

difference according to 1 m/s change of muzzle velocity. To 

predict the system accuracy, we use the accuracy function having 

the standard deviation and then we may obtain the system 

accuracy.  

Keywords—system accuracy, muzzle velocity, target, accuracy 

function, projectile, propellant.  

 

I.  Introduction  
To obtain system accuracy, we  study error identification, 

error estimation , and the prediction of system accuracy [1]. 
We choose the muzzle velocity error as the most important 
error identification. For error estimation, we consider the 
magnitude of the muzzle velocity error and the error on the 
target due to the muzzle velocity error.  The prediction of the 
system accuracy is obtained by using the normal distribution 
of the bullets on the target. In Section II, we present the known 
results for the error estimation and the relationship between 
muzzle velocity error and the target [2,3]. In Section III, we 
present our main results for the error estimation on the target 
and the prediction of system accuracy. Conclusions will be 
followed in Section IV.  
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II. Known Facts  
Before you describe the main useful results, main known 

facts are given in this section [2,3]. 

A. Magnitude of Muzzle Velocity Error 

The Le Duc equation is expressible as 
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where   is a muzzle velocity when the barrel is assumed to 
be infinite and   is a twice of the length at which the 
pressure inside the chamber volume is maximum. 
Specifically we may describe   and                
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where             are constant related to propellant, 

propellant weight, projectile weight, respectively. The 
notations,         are a constant related to distance and 
specific gravity of propellant, respectively and   
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where              
 are a chamber volume and weight of 

water     inside the chamber volume. The muzzle velocity 
is given by  
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 (5) 

 

where             is a length of the barrel. Taking 

differentiation of the natural logarithm of equation (5), we 
obtain 
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Inserting modification of equations (2) and (3) into (6), we 
obtain  
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which is described in the book [2]. 

B. Some Known Facts for Relationship 
Muzzle Velocity and Target 
All the equations are given by the paper [3]. The bullet 

equations are given by 
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where the   axis is the range direction of the bullet, the   axis 
is the cross range direction and the   axis is the opposite 
direction against the gravity direction. The notations 
                    are forming constant, sectional area of 

the bullet, mass of the projectile(bullet), air density, altitude 
constant, drag coefficient and the velocity of the bullet, 
respectively.  From the equation 
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Differentiation of (12) gives us 
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The equations (11),(12) and (13) leads to  
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Assume that the distance from the launch position to the 
target is  , the flight time of the projectile is     the additioal 

superelevation angle   which means that the angle   allows 
compensation for the drop due to the gravity as shown in Fig. 
1. 

 

 

Figure 1. Superelevation and Q 
 

We may obtain the equations:  
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where   is a muzzle velocity, 
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where   is the air density at the standard time,    is the air 
pressure at the launch position,   is  atmospheric Celcius 
temperature,    is the sound of the sound. Equations (15) and 
(16) leads to  
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From the above equations, the following first derivatives 
are  

obtained: 
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III. Main Results 
We are in a position to present main results. The equation 

connecting the muzzle velocity error with the target is given 
by  
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Using the equation (23), the equation (24) goes to  
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The muzzle velocity error is rewritten from the equation (7) 
as 

 

       *
 

 
   (

 

   
) (

   

     
)+

   

  
 

*
 

 
 

 

 
(

 

   
)+

   

  
−*  (

 

   
) (

 

 
 

   

     
)+

    

   
  

(27) 

 

Assuming that the error of the muzzle velocity is Gaussian, 
then the standard deviation of the muzzle velocity error is  
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The standard deviation on the target is given by  
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The system accuracy is given by  
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IV. Conclusions 
 

The muzzle velocity error may be a weighted sum of three 
quantities: percentage error of projectile weight, propellant 
weight and the chamber volume. If we assume that the error of 
the muzzle velocity error is Gaussian, we may obtain the 
standard deviation of the muzzle velocity error. In addition we 
obtain the error on the target due to the unit quantity change in 
muzzle velocity error. Multiplying the standard deviation of 
the error by the error on the target due to the unit quantity 
change in muzzle velocity error, we obtain the standard 
deviation on the target, By system accuracy prediction 
equation, we obtain the system accuracy due to muzzle 
velocity error. This approach will be a good resources for 
theoretical prediction of system accuracy.  
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