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Abstract 

As part of a research program, it was desired to better understand the impact of the rotating chamber alignment with the barrel throat on the 
precision and accuracy of a novel cased telescoped (CT) ammunition firing rifle. In order to perform the study, a baseline CT ammunition chamber 
which was concentric with a Mann barrel bore was manufactured. Additionally, six chambers were manufactured with an offset relative to the 
barrel bore. These chambers were used to simulate a misaligned chamber relative to the bore axis. Precision and accuracy tests were then performed 
at 200 m in an indoor range under controlled conditions. For this project, 5.56 mm CT ammunition was used. As the chamber axis offset relative 
to the gun bore was increased, the mean point of impact was displaced away from the target center. The shift in the impact location is explained 
by the presence of in-bore yaw which results in lateral throw-off and aerodynamic jump components. The linear theory of ballistics is used to 
establish a relationship between the chamber misalignment and the resulting projectile mean point of impact for a rifle developed to fire CT 
ammunition. This relationship allows for the prediction of the mean point of impact given a chamber misalignment. 
Crown Copyright © 2016 Production. All rights reserved. 
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1. Introduction 

The introduction of new electronic sights to increase 
warfighters’ awareness and communication capability on the 
battlefield has the potential to significantly increase their effec- 
tiveness. However, these new pieces of equipment increase the 
weight burden that must be carried by the soldiers. This, in turn, 
reduces their mobility and agility. 

Two areas where significant weight reduction could be 
achieved are the weapon system and the ammunition. In order 
to reduce the weight of the ammunition, several concepts are 
being investigated and reached a high technology readiness 
level. Among these, polymer cased ammunition, caseless 
ammunition (CL) and cased telescoped ammunition (CT) are 
the most promising. Using these technologies, ammo/link 
weight reduction of the order of 37% and 12% volume reduc- 
tion could eventually be achieved [1]. 

For polymer cased ammunition, a standard rifle chamber can 
be used. However, for CL and CT ammunition a rotating or 
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sliding cylindrical chamber must be used for both in-line, push 
through feed and ejection. With such a mechanism, there exists 
a possibility that the rotating or sliding chamber axis be slightly 
misaligned with the barrel axis. If this occurs, as the projectile 
is propelled out of the CT ammunition casing and it enters the 
leade (freebore) area before the barrel engraving, the projectile 
axis relative to the barrel axis will be at an angle. Therefore, the 
projectile gets engraved in the rifling at an angle relative to the 
barrel axis. This misalignment or tilt of the projectile has been 
shown to result in a lateral throw-off at the muzzle and an 
aerodynamic jump. 

This is significant for high-precision gun designers as the 
aerodynamic jump and lateral throw-off are a significant source 
of dispersion. In the case of a CT ammunition rifle with a 
misaligned chamber, it is believed that this would affect the 
accuracy of the rifle in the form of a bias in the mean impact 
point and to a lesser extent the precision. This is explained by 
the fact that in the case of a misaligned chamber, the projectile 
would generally be always tilted in the same direction as it gets 
engraved after exiting the chamber. 

In order to reduce the bias and the dispersion associated with 
the aerodynamic jump and the lateral throw-off, the gun’s twist 
rate can be reduced to lower the spin rate of the projectile at the 
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The  initial  yaw  rate  or  angular  velocity  of  the  tilted Solving Eq. (7) for the in-bore yaw angle yields 
projectile at the muzzle · is caused by its spin. The initial yaw 
rate is the product of the spin rate and the sine of the in-bore 1−1  Sg 

= sinmax (8) 
yaw (2I y I x −1) 
·  = ip(sin )ei0

 (2) Substituting Eq. (8) into Eq. (6) yields a mean of predicting 
the in-bore yaw angle resulting from CT ammunition chamber 

The independent variable in Eq. (2) can be changed from the 
time to the dimensionless distance, s, using the following rela- 
tionship 

misalignment based on the mean impact point observed at the 
target 

t =− ⎛ 2⎞ ⎛ C ⎞ ⎛   1−1 S 
sin 
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⎝⎜CM  ⎠⎟ ⎝⎜⎜(2I y      I x −1) max ⎟⎠⎥ 

Substituting Eq. (3) into Eq. (2), the initial rate becomes 
In addition to the aerodynamic jump component, there is a 

lateral throw-off component that arises because of the in-bore 

′ = ⎛⎜ pd ⎞⎟ 
0 ⎜ ⎟ 

i0 
⎛⎜ 2⎞⎟ i0 

⎜ ⎟ 
yaw angle of the projectile. Referring to Fig. 1, and assuming that 
the projectile tilt occurs at the mid-point of the cylindrical portion 

 i sin e 
⎝ V ⎠ 

= i⎝⎜ n ⎠⎟
sin e (4) of the projectile, then there will be a static unbalance if the center 

where n is the rifle barrel twist rate in calibers/turn. 
The generalized aerodynamic jump equation was derived by 

Murphy [7] and only the final result is reproduced here for 
brevity 

of mass is located either ahead of or aft of the mid-point. 
The relationship between the static unbalance and the tilt 

angle is given by McCoy [8] as follows 
ˆ ⎛ 1 ⎞ = ⎜⎜L  +   L −CG ⎟⎟sin  (10) 

⎛ C ⎞ 
J   = k 2 L iP

−′ ] 
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A y ⎜⎜ ⎟⎟⎟[ 0 0 ⎝CM⎠ The lateral throw-off due to the bullet tilt at the muzzle is 
where   k 2 =  I y

 and   P = I x ⎛ pd ⎞⎟   CL
 is  the  lift  force computed using the following equation derived in McCoy [8] 
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coefficient and CMis the pitching moment coefficient. TL  =i ⎢⎜⎜ ⎟⎟⎜⎜ ⎟⎟ei  0 ⎥ 
Substituting the equations for the initial yaw and initial yaw 

rate in the generalized aerodynamic jump equation, one obtains 
the relationship for the aerodynamic jump of a projectile with 
in-bore yaw 

⎣⎢⎝⎜ n ⎠⎟⎝⎜ d ⎠⎟ ⎦⎥ 
Substituting Eq. (10) into Eq. (11), one gets the lateral 

throw-off due to the in-bore bullet tilt 
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⎦ Both the aerodynamic jump and the lateral throw-off can 
The aerodynamic jump can easily be determined provided 

the in-bore yaw, , is known. The in-bore yaw can be approxi- 
mated geometrically by considering a projectile exiting a mis- 
aligned chamber and engaging in the rifling of a barrel. 
However, the method was found to yield non-satisfactory 
results and was not used for the present study. Alternatively, the 
in-bore yaw could have been estimated using orthogonal 
cameras at the muzzle during the firing. This option was not 
retained for the trial. In planning for this trial, it was decided to 
locate to high-speed orthogonal camera in the vicinity of the 
expected first maximum yaw for the 5.56 mm projectile. More 
details on the experimental setup will be given in the following 
section. 

Having the first maximum yaw associated with each projec- 
tile, it is possible to compute the in-bore yaw angle using Kent’s 
equation. Kent’s equation derivation was first published by 

McShane et al. [9]. It relates the first maximum yaw angle to the 
in-bore yaw angle as follows 



118 D. CORRIVEAU, C. FLORIN PETRE/ Defence Technology 12 (2016) 117–123 

 

max ⎜⎜ 
⎞ 

then be added to obtain the total projectile deflection 
resulting from the chamber misalignment. This will be 
shown in the Results and discussion section. 

 

3. Experimental setup and procedure 

Tests were performed in the DRDC aeroballistic range. 
This is an indoor firing range that allows for accuracy and 
precision trials under controlled environmental conditions. 
The distance to the target was set at 200 m. The 

projectile velocity was measured over the whole trajectory 
using a Doppler radar. The average muzzle velocity for rounds 
fired was determined to be 
944.9 m/s. The center of the field of view of two orthogonal 
high-speed cameras was positioned at 0.9 m from the muzzle of 
the barrels. These orthogonal projectile images were combined 
to extract the projectile first maximum yaw angle required for 
the data analysis. 

The aeroballistic range and the firing position including the 
accuracy test fixture, test stand and the two high-speed cameras 
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are shown in Fig. 2. 
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