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ABSTRACT 

Some empirical evidence is presented in 
support of a recent suggestion by R. K. Norton 
that a significant portion of aerial shell drift 
may simply be the result of shell-to-bore clear-
ance. The support for this stems from the obser-
vation that aerial shells, during the very earli-

est portion of their free flight, were occasion-
ally found to deviate from approximately 2.5 to 
4 degrees from the axis of the mortar that fired 
them. At such an early stage in their flight, 
other possible mechanisms sometimes cited in 
an attempt to account for aerial shell drift (the 
magnus effect and other aerodynamic effects) 
cannot provide the explanation. However, Nor-
ton’s suggestion regarding shell-to-bore clear-
ance does provide a ready explanation for this 
observation. If the effect of shell-to-bore clear-
ance operates during this early portion of a 
shell’s flight, then certainly it will continue to 
play a major role in producing deviations from 
a shell’s trajectory from the mortar’s axis. 
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Observation and Comment 
Recently R. K. Norton suggested[1] that a 

significant fraction of aerial shell drift is proba-
bly due to simple bore balloting as a result of 
the clearance between the aerial shell and the 
inside mortar wall. This is quite consistent with 
an observation the author has occasionally 
made during testing to measure aerial shell 
muzzle velocities. In these tests, mortars were 
used that were specially configured with a pair 
of eight foot (2.44 m) rails extending upward 
from the mouth of the mortar and having a wide 
circular steel band at the top to stabilize the 
rails. Additionally, a series of trip wires were 
run between the rails at four locations along the 
length of the rails. (See Reference 2 for a pho-
tograph of one test mortar.) In these measure-
ments, the shells’ velocities were determined 
using timing circuits started by the ignition of 
the lift charge and stopped by the breaking of 
each of the series of the electrically conducting 
trip wires. 

Occasionally during the course of testing, an 
aerial shell would fail to break the trip wire at 
the top, and on rare occasion, an aerial shell 
would strike the wide circular steel band at the 
very top. For this to happen requires a deflec-
tion of the aerial shell of at least 2.5 to 4 de-
grees, depending on the orientation of the cy-
lindrical shell. That an aerial shell would devi-
ate so far from the axis of the mortar tube, so 
early in its course, clearly seemed not to be at-
tributable to magnus forces[3] or other aerody-
namic forces.[4] There are two reasons for this. 
First, during this portion of the flight of the 
shell, it is still traveling upward in an escaping 
column of lift gases moving at approximately 
the same velocity as the shell. Accordingly, any 
aerodynamic forces on the shell at this time will 
be minimal, and these forces do not substan-
tially increase until the rising aerial shell leaves 
the column of lift gases behind. Second, even if 
fully developed aerodynamic forces were oper-
ating at this time, the approximately 25 ms that 
it takes the shell to travel the first eight feet 
(2.44 m) is not sufficient to produce the neces-
sary amount of lateral displacement. [To further 
demonstrate this point, assume aerodynamic 
forces could somehow produce the observed 
displacement during the first short portion of 
the shell’s flight. If that were the case, then the 

total shell drift (displacement) manifested over 
the total flight time of aerial shells would be on 
the order of 100 times greater than observed 
experimentally.] 

It is of interest to note that, under the condi-
tions stated in his article,[1] Norton suggests 
maximum shell deflections in the range of ap-
proximately 2.5 to 5 degrees for aerial shells 
experiencing zero and one ballot (shell to mor-
tar wall contact), respectively. Accordingly, the 
empirical observations made during the au-
thor’s measurements of aerial shell muzzle ve-
locity are quite consistent with Norton’s shell-
to-bore clearance explanation for at least a ma-
jor portion of shell drift observed over the total 
flight path of an aerial shell. 
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