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Abstract

A multivariate analysis was carried out in order to find the reasons for unsatisfactory performance of the test procedure for determining gun
propelling charge weight discovered in the course of test firings for 155 mm full charge. The data set consisting of 2842 rounds fired on 67 firing
occasions was analyzed simultaneously, which departs from the normal procedure of analyzing each firing occasion separately. A need to divide
the data set into two groups based on two different barrel cone constructions of the gun was found by means of a correlation matrix and principal
component analysis (PCA). In the further study it was found out that several additional changes and trends had taken place in variable values
during the collection of the observations. The multivariate approach was found to be a suitable way to obtain an overview of the historical data set
at hand. The PCA model developed could be used for the quality control of test procedure for determining charge weight.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

A conventional gun is essentially a heat engine in which the
chemical energy of the propellant is transformed into kinetic
energy of the projectile [1]. Nitrocellulose based propellants are
most commonly used as main propellants in gun propelling
charges. The internal ballistic cycle includes all the phenomena
taking place during the barrel phases of firing. The most
important methods to study internal ballistics in test firings are
muzzle velocity measurement by radar and pressure measure-
ment from the combustion chamber of the gun equipped with
pressure measurement gauges. The shot travel and the pressure
formation in the barrel of the gun are usually analyzed as a
function of time or barrel length. On the laboratory scale the
most important test equipment is a closed vessel.

In long range firings one aim is the highest possible muzzle
energy. Longer range and greater accuracy are constant
objectives when new ammunition combinations are developed.
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Thus the propelling charge has to be adjusted very precisely in
order to produce small muzzle velocity dispersion and precise
muzzle velocity. The purpose of the test procedure for deter-
mining charge weight is to determine the charge weight and to
ensure that the charge lots produced will meet specified require-
ments [2].

During the internal ballistic cycle the bore surface is exposed
to high temperatures, high-pressure stresses, severe chemical
interaction of combustion gases and engraving stress of the
rotating band frictional forces and bore surface band material
interaction. The main factor responsible for gun barrel erosion is
the heat input. The chemical reactions that occur at the bore
surface, and the rate at which they proceed, depend on the type
of propellant. After several firings the net result is enlargement
of the bore and damage to the bore surface as well as loss of
muzzle velocity, range and accuracy [1].

Principal component analysis (PCA) is a multivariate pro-
jection method designed to extract and display the systematic
variance in the tabulated data including a large number of
observations and/or variables [3–5]. PCA is an especially suitable
method for obtaining an overview of the data and to visualise the
results. PCA has beenwidely used inmultivariate calibration, one
example being the analysis of nitrocellulose FTIR spectra [6].
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PCA has also been applied to process and quality monitoring, an
electrolysis process [7,8] as an example. No example of applying
PCA in connection with the test procedure for determining gun
propelling charge weight was found in the literature.

The aim of this study is to ascertain the reasons for un-
satisfactory performance of the test procedure for determining
charge weight. Performance problems become evident in the
course of charge establishment and uniformity firings of a
qualified 155 mm full charge. After the analysis of the results of
a test firing occasion there had been several times emerged
unexpected results and also poor reproducibility of firings. In
this study correlation analysis and PCA are applied to the data
connected to the 2842 rounds fired, thus the results of altogether
67 test firing occasions will be analyzed simultaneously.

2. Experimental

2.1. The valid test procedure for determining gun propelling
charge weight

The Finnish Defence Forces (FDF) test procedure for
determining gun propelling charge weight for a single pro-
pellant lot at time has been basically the same for several
decades. The procedure is presented in Fig. 1 from the pro-
pellant lot manufacture until the analysis of the test firing results
of the uniformity tests. The NATO test procedure for deter-
Fig. 1. The FDF test procedure for determ
mining gun propelling charge weight is presented in ITOP 4-2-
700 [9].

Before the charge establishment the propellant lot has to be
chosen and the charge weights and the number of charges to be
produced to be planned. The moisture content of the propellants
is stabilised by conditioning in a certain temperature and
relative humidity before the manufacturing of the charges.

Test firings are carried out according to the charge estab-
lishment and uniformity firing test firing programs described in
the charge specification. In the test firing order for the test firing
centre the gun, ammunition, serials to be fired, charge tempera-
tures, the measurements to be carried out etc. are defined,
likewise the specific directions for each test firing given. The
test firing records are collected and recorded in the test firing
report. The test firing orders and reports are stored in electronic
form in the test firing database.

In charge establishment the charge weight is adjusted by
firing for absolute ballistics. Absolute ballistics is fired when no
standard or control charge lot is used. Comparative ballistics
consists of firing the charge lot being proved round for round
against a standard in a propellant proof barrel. A standard is a
specially selected lot of propellant whose performance in an
average new gun at a given charge weight and using given
components is known [2,9].

The recorded muzzle velocity and peak chamber pressure
readings in the charge establishment and the uniformity tests are
ining gun propelling charge weight.
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corrected to respond to the specified standard values of certain
variables. For each ammunition combination there are specified
standard values, for example for projectile weight, charge tem-
perature, moisture content of the propellant, chamber volume
and barrel wear. The factors to be used for the correction of each
variable are to be defined in the test firings carried out during
charge development. For example, by using a specified muzzle
velocity correction factor for projectile weight the effect of
deviations in projectile weight from a specified projectile stan-
dard weight on muzzle velocity value can be compensated for
each round fired.

The corrected results are used to the determination of the
weight of a charge for propellant that will produce the prescribed
muzzle velocity within the permit of the propellant specification.
The charge establishment is at the same time an acceptance of the
propellant lot. It will also be ensured that the propellant lot meets
the ballistic requirements given for standard deviations in peak
chamber pressure and maximum permissible peak chamber
pressure. The adjusted charge weight must also be loadable.

If the propellant lot fulfils the requirements, the uniformity
tests will be carried out with adjusted charge weight. In the
analysis of the results of this test firing, it will be ensured that the
charge established and produced meets the specified muzzle
velocity, standard deviations inmuzzle velocity and peak chamber
pressure and maximum permissible peak chamber pressure.

2.2. Samples, variables and definitions

The round under study consisted of the 155 mm full charge
with inert projectile and base-bleed unit. The main components
of the charge are a first primer igniter of granular porous
nitrocellulose propellant, a second igniter primer of tubular
porous nitrocellulose propellant and the main propellant of
multitubular single base propellant in cloth bags. The propelling
charge is ignited with a breech percussion primer.

The chemical and physical characteristics as well as the
manufacturing process of nitrocellulose propellants are de-
Table 1
Variables of the data set and their measurement

Variable Measurement

Temperature of the propelling charge (Tr) Measured immediately prior to
Weight of the main propellant (mr) Instructed main propellant wei
Relative vivacity of the propellant lot (Br) Determined on the basis of clo

compared to the reference prop
Moisture content of the main propellant (Hr) Lowering of the weight of the
Projectile weight (ma) Projectile is weighed before fir
Barrel wear (L) Distance from the rear breech

disc on the end of a rod measu
Number of rounds (Lsm) Number of rounds fired from a
Loading distance (Llat) Distance from the rear breech
Muzzle velocity of the projectile (Vo) Analyzed from the data derive

over an early part of the traject
Peak chamber pressure, piezo-electric

measurement (Ph)
Analyzed from the pressure cu
amplifier [2,17].

Peak chamber pressure, crusher measurement (Pcr) Measured by Handke 28-5 cru
Recoil length (Sr) Distance between the pointer r

to its original position.
Retardation (k) Analyzed from the same data a
scribed in [10]. The manufacturing of the propellant lots studied
in this paper was carried out without the blending of the
propellant batches.

In this study a firing occasion is defined to be a test firing
carried out to fulfil one charge establishment or uniformity test
firing order.

The eleven 155 mm barrels dealt with in this study had gone
through the gun acceptance firings before being prepared for
test firing purposes. The barrels were numbered individually.

A base-bleed unit is a metal cylindrical body equipped with a
propelling charge mounted on to the base of the projectile. The
base-bleed unit can extend the range of the projectile by as
much as 30% [11]. The four different base-bleed units and a
monoblock projectile used in the data set test firings were: PVY
and PVYRA (active base-bleed units), HAPVY and HAPVRA
(inert base-bleed units) and POOP (monoblock).

The variables in the data set and their measurement are
presented in Table 1. Dynamic vivacity is a parameter used to
characterize the burning properties of a propellant. This depends
on the chemical composition of the propellant and the size and
shape of the propellant grain [2]. In crusher pressure measure-
ment, the gas pressure is applied via a piston to a copper element
contained within the gauge body. The proportionality of the gun
pressure and the amount of plastic deformation of the crusher
element is nonlinear, because the work hardening behavior of
metals is a function of both strain and strain rate [2,12,13,14]. If
crushers are calibrated at only one strain rate, the pressure
readings given by these static calibration tables cannot be
accurate. When composing dynamic calibration tables, mea-
surements are usually carried out simultaneously by crusher and
piezo-electric methods using test firings and/or laboratory pres-
sure chamber tests.

2.3. The data set

The data set analyzed included raw data connected to 2842
rounds fired from a 155 mm test gun on 67 FDF firing occasions
firing by thermometer from the middle of the temperature conditioned charge.
ght for test charge production.
sed vessel testing [14]. Dynamic vivacity value of the propellant lot if
ellant lot.
propellant after being kept in an oven at 80 °C for 16 h.
ing.
face to the grab point of the standard projectile using a precisely dimensioned
red after gun maintenance after test firing.
barrel.

face to the projectile base.
d by W-700 Nr. 7186 Doppler radar measurement of the projectile velocity
ory [15,16].
rve measured with Kistler 6215 pressure transducer and Kistler 5011 charge

sher gauge with 5×7 mm cylindrical copper element [2,18,19].
emaining at the extreme of recoil motion and the gun barrel returned

s muzzle velocity (Vo).



Table 3
Characteristics of the data set calculated by using Matlab® functions: mean, std,
range and iqr

Variable Average Standard deviation Range Interquartile range

Tr /°C 2.3 24.7 83.3 40.7
mr/g 11,699 319 1500 560
Br/% 99.7 3 16.3 3.9
Hr/% 0.72 0.03 0.16 0.03
ma/g 43,583 142 1641 260
Llat/mm 762 3 18 4
Lsm 364 269 1023 413
L/mm 950 3 23 2
Vo/ms−1 799 13 99 17
Ph/MPa 322 24 152 33
Pcr/MPa 292 19 129 26
Sr/mm 1234 53 310 70
k/ms−1/m 0.048 0.007 0.067 0.006

Table 2
The data set structure

a For 2842 rounds: ma, Llat, Vo, Ph, Pcr, Sr, k.

134 H. Nyberg et al. / Chemometrics and Intelligent Laboratory Systems 87 (2007) 131–138
1999–2003. The number of propellant lots was 68. In the data
set of this study no corrections were made for the recorded
muzzle velocity (Vo) and peak pressure (Ph and Pcr) readings.
The data set was formed by collecting data from the test firing
database of the FDF and from the propellant procurement
documents.

In the charge establishment and the uniformity tests tech-
nically similar measurements are carried out. In the analytical
sense these firings differ because for each propellant lot three
different test charge weights are used in the charge establish-
ment, but in the uniformity tests only one charge weight. Minor
changes in charge temperatures and number of rounds in serials
had taken place during collection of the data set, otherwise
firing programs had been repeated in the same way from firing
occasion to occasion.

Some of the variables did not have an individual value
measured for each round fired, which can be seen in the data set
structure presented in Table 2. For each firing occasion there is
only one projectile type and one gun barrel. Likewise for all
series fired, for each propellant lot there is only one relative
vivacity (Br) and moisture content (Hr), for each test charge size
one main propellant weight (mr) and for each serial one charge
temperature (Tr).

It must be emphasized that the use of the above described
design of historical data, where only limited variables vary
simultaneously and run order is not randomized, can risk the
quantification of themain effects and interactions. Unfortunately
the collection of additional data based on properly designed
experiments was hindered because of the time consuming,
destructive and expensive test arrangement. Yet it was expected
that multivariate analysis of this historical data set combined
with knowledge of typical phenomena of interior ballistics
would reveal what went or was wrong during data collection and
analysis.

2.4. Methodology

In principal component analysis new latent variables are
formed representing the linear combinations of variables in the
data set. These principal components (PCs) are chosen so as to
describe the information of the test set as well as possible. With
PCs useless information and noise can be filtered out of the data
[3–5].

In this study the functions of Matlab® Statistical Toolbox
[20] were used in order to perform statistical analysis. Principal
component analysis was carried out using singular value
decomposition.

3. Results and discussion

3.1. Preliminary analysis of the data set

3.1.1. Basic information, correlation matrix and PCA of the data set
The characteristics of the data set are collected to Table 3. PVYRA

and HAPVRAwere about 300 g lighter than the other base-bleed units
and the monoblock.

The correlation matrix was calculated and principal component
analysis was carried out for the 13 variables and the 2842 observations
of the data set. Because there were variables of different order of
magnitude the data was auto-scaled before PCA. This did not distort
the relative noise characteristics of the variables, because there was
only minor order of magnitude differences of relative range in the
variable values (Table 3). In order to make visual analysis easier the
auto-scaled data was also mean centered before PCA.

The loadings p and the scores t for each round fired for the first and
second principal components and 95% confidence region for the scores
(Hotelling's ellipse) are presented in Fig. 2. The percent variances for five
first PCs were 30%, 18%, 12%, 11% and 7%. It can be seen from the
loadings that the variables describing barrel wear (Llat, Lsm and L), peak
chamber pressures (Ph and Pcr) and muzzle velocity (Vo), propellant
weight (mr), propellant relative vivacity (Br) and projectileweight (ma) are
farthest from the origin. These variables have the strongest impact on the
two first PC. In the third PC projectile weight (ma) and retardation (k) had
relatively more impact on model than in the two first PC. As an example
of the extreme rounds outside Hotelling's ellipse in Fig. 2 are the rounds
fired from barrel 6 forming a separate cluster.

Based on the correlations and PCA there was an impression of
distortion of interactions of some variables. The variables describing
barrel wear i.e. loading distance (Llat) round number fired (Lsm) and barrel
wear (L) especiallywere less positively correlated and their loadings were
less grouped in Fig. 2 than could be expected. There was also something
odd in the high correlations for projectile weight (ma) between loading
distance (Llat) and barrel wear (L). Because of these findings, a more
detailed analysis of the wear of each barrel will be carried out before the
correlations of the other variables are discussed about.



Fig. 3. The barrel wear (L) as a function of number of rounds (Lsm) for each
barrel number.

Fig. 2. Loadings and scores for the first and second principal components and the Hotelling's ellipse.
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3.1.2. Analysis of the data on the basis of barrel number
It can be seen in Fig. 3 that the barrels can be divided into two

groups on the basis of barrel wear (L). The first group is formed of
barrels 2 to 5 and the second group of barrels 7 to 11. The same kind of
grouping was also present if barrel wear (L) was presented as a function
of loading (Llat). The grouping of the barrels can also be seen of the
darkened scores for each barrel in the first and second PCs for the data
set presented in Fig. 4.

The scores of barrels 1 to 5 are mostly located in the lower left side
in the score diagrams in Fig. 4. However, barrels 4 and 5 were more
worn through firings than the others and thereby also have scores in the
direction of variables describing high barrel wear (Llat, Lsm and L). The
deviation of barrel 1 from the first group in Fig. 3 comes from being
less worn than could be expected on the basis of the number of rounds
fired from it. This was the only barrel which had been used for less
barrel fatiguing serial charge test firings before the full charge firings
discussed in this study. The scores for barrels 7 to 11 are located mostly
on the upper right side of the diagrams in Fig. 4.

The reason for the main grouping of the barrel wear values was
recognized to be a change of the barrel forcing cone construction not
communicated to the people responsible for charge establishment.
After this constructional modification the loaded projectile fitted at a
different distance from the breech than before and barrel wear (L) and
loading distance (Llat) values changed systematically.

Because the barrel wear (L) for barrel 6 was as high as 969.1 mm it
was not shown in Fig. 3 and in Fig. 4 the scores for this barrel form a
separate cluster. The cone of barrel no. 6 had been specially machined
in order to solve a technical issue with the barrel not to be discussed in
this study. The test personnel erroneously used this barrel in one charge
establishment firing, before they were informed about the effects of
cone machining on interior ballistics.

3.2. Analysis of the divided data sets

A further analysis was carried out with the data set divided into two
parts. From now on the nomination cone 1 will be used for observations
representing rounds fired from barrel 2 to 5 (1098 rounds) and cone 2
correspondingly for barrel 7 to 11 (1611 rounds). The observations
representing rounds fired from deviant barrels 1 and 6 have been
removed from the data set.

The correlation matrices for cones 1 and 2 are presented in Table 4.
Only at the level 0.01 significant correlations (two sided) are presented.
The loadings and scores for the first and second PCs for cones 1 and 2
are presented in Fig. 5. The percent variances for the five first PCs were
37%, 18%, 12%, 9% and 7% for cone 1 and correspondingly 26%,
17%, 15%, 10% and 8% for cone 2. The reason for the lower percent
variances for cone 2 is the smaller variance in the several variable
values. The loadings and scores of the third PC were also analysed, but
without additional findings.

In the initial data set the correlation between number of rounds fired
(Lsm) and barrel wear (L) had been 0.41, but was much higher in the
divided data sets (Table 4). If compared to the initial data presented in
Fig. 2 it is clearly shown in Fig. 5 that the loadings for barrel wear (L),
loading distance (Llat) and number of rounds fired (Lsm) are now closer
to each other. It could be seen from the distribution histograms that
barrel wear (L) and loading distance (Llat) are concentrated more on the
lower values for cone 1 than for cone 2, but the number of rounds fired
(Lsm) with cone 1 barrels is higher than for cone 2. On the basis of these
results the division of the data was a correct decision. It also became
evident that each barrel has individual wear properties and this had had
an effect on the result level between firing occasion to occasion. As a
consequence the methods for selection of the new test barrels and the
calculation of the test firing results have to be developed in order to
improve the quality of the test procedure for determining charge weight.
Statistical experimental designs need to be employed at this point in order



Fig. 4. Barrel specific scores darkened in the first and second PCs of the data set.

136 H. Nyberg et al. / Chemometrics and Intelligent Laboratory Systems 87 (2007) 131–138
to generate proper data sets. The barrels selected for test firing purposes
should represent the normal acceptable barrel production and must have
passed the gun acceptance test firing. Themaximum round number has to
be given for barrels to be used for test firing purposes.

Another issue coming from not with an initial data set not properly
designed with statistical designs were the oddly high correlations 0.65
and 0.39 for projectile weight (ma) between loading distance (Llat) and
barrel wear (L) not longer present for cone 1 and 2 (Table 4). Based on the
distribution histograms the explanation of the last mentioned correlations
in the initial data set was the firing of most lighter HAPVRAand PVYRA
Table 4
Correlation matrix for cone 1 and cone 2 (in italics) calculated using Matlab® corrc

Tr mr Br Hr ma Llat L

Tr 1 – – – – – –
mr – 1 −0.78 – – 0.16 –
Br – −0.73 1 – – −0.21 −
Hr – 0.12 – 1 −0.17 – –
ma – 0.24 −0.15 0.14 1 0.14 –
Llat – −0.15 0.20 – −0.08 1 0
Lsm – – – −0.32 −0.08 0.11 1
L – – – −0.26 – 0.26 0
Vo 0.61 0.39 – – – – −
Ph 0.52 – 0.37 −0.09 – 0.09 −
Pcr 0.52 – 0.34 – – – −
Sr – −0.10 – −0.16 −0.11 – −
k 0.10 – – – – 0.16 –

Only at the level 0.01 significant correlations (two sided) are presented.
projectiles by cone 1, for which the Llat and L values were mainly lower
than for cone 2. In the data set there had been five different base-bleed
units, which represented two weight groups. To avoid this situation in the
future there should be a reserve of inert projectiles with narrow weight
tolerance representing certain production lots for purposes of determining
charge weight.

The peak chamber pressures (Ph and Pcr) and muzzle velocities (Vo)
increase as a function of charge temperature (Tr) as expected. The
correlations in charge temperature (Tr) with muzzle velocity (Vo) and peak
chamber pressures (Ph and Pcr) were bit higher for cone 2 (Table 4). It is
oef function

sm L Vo Ph Pcr Sr k

– 0.42 0.41 0.35 – 0.10
– 0.57 0.14 0.12 0.12 –

0.11 −0.13 −0.14 0.23 0.24 −0.18 0.10
– −0.11 −0.17 −0.15 – –
– −0.13 – – – 0.10

.71 0.70 −0.21 −0.35 −0.42 0.54 −0.44
0.98 −0.43 −0.55 −0.58 0.59 −0.70

.92 1 −0.41 −0.53 −0.57 0.53 −0.68
0.19 −0.25 1 0.86 0.82 −0.13 0.35
0.15 −0.22 0.86 1 0.92 −0.26 0.43
0.19 −0.27 0.83 0.92 1 −0.27 0.44
0.20 −0.17 – – 0.09 1 −0.48

0.09 0.09 0.11 – – 1



Fig. 5. Loadings and scores for the first and second PC for cones 1 and 2 and the Hotelling's ellipses.
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characteristics for the charge in question that near a temperature of +50 °C
the temperature dependencies of peak chamber pressures (Ph and Pcr) and
muzzle velocity (Vo) are lower than in the temperature range−30 to +20 °C.
There could have been a smaller difference from the charge temperature (Tr)
requirement in cone 2 charges, because the propellant temperature (Tr)
measurement and minimum conditioning times were specified during data
collection, likewise stabilisation times and conditions for moisture content
of propellant. There were hardly any correlations in propellant moisture
content (Hr) between other variables for cones 1 and 2.

There were high inverse correlations between dependent variables
propellant weight (mr) and relative vivacity (Br). The correlations
between relative vivacity (Br) and peak chamber pressures (Ph and Pcr)
were low. It could be seen from the distribution histograms that the
development of the propellant manufacturing process had been on the
right path, because a trend to more narrow distribution and lower
values of relative vivacity (Br) could be seen in the cone 2 results.

The variables describing barrel wear (Llat, Lsm and L) were slightly
negatively correlated with both muzzle velocity (Vo) and peak chamber
pressures (Ph and Pcr), which is a characteristic for internal ballistics.
These inverse correlations can be seen in Figs. 2 and 5, as Vo, Ph and Pcr

loadings are located on the opposite side of the plot origin with Llat, L and
Lsm loadings.

Because there was a relatively large noise in the muzzle velocity (Vo)
around the requirement values the correlations with propellant weight
(mr) were quite low. This correlation was lower for cone 2, because there
were relatively more results from the uniformity tests fired with a deter-
mined charge.

There were high positive correlations between muzzle velocity (Vo)
and peak chamber pressures (Ph and Pcr). The correlation between peak
pressures measured with two methods could be expected to be even
higher. But, because statical taring tables were used in crusher mea-
surement, at higher pressures crusher results were relatively lower if
compared to piezo-electric results. The loadings of positively correlated
variables (Ph, Pcr, Vo and Tr) are located in the same quadrant in Figs. 2
and 5.

Recoil length (Sr) and retardation (k) were veryweakly correlatedwith
other variables for cone 2. The variances of variables having an effect on
recoil length (Vo, mr, ma, weight of the barrel, muzzle pressure) and on
retardation (Vo, ma, drag coefficient) are presumably so low that the
precision of these two measurements is not high enough to sense the
correlation [21]. However for cone 1 in Table 4 and Fig. 5 stronger
correlations could also be seen for these variables. On the basis of the
distribution histograms the recoil length (Sr) values for barrel 4 were
noticed to be greater than in the other observations for cone 1, and the
opposite phenomenon was present in retardation (k) values. Because of
this finding, the active PVYRA base-bleed rounds of the most worn fired
barrel 4 (391 rounds belonging to cone 1) were studied separately. On the
basis of correlation coefficients, distributions and PCA it could be
verified that PVYRA ignites and burns during the internal ballistic phases
more effectively than the other active base-bleed unit PVY.
4. Conclusions

Many distortions could be revealed in the historical data set
having 13 variables and 2842 observations collected from test
firing occasions of 155 mm gun by means of correlation
matrix and principal component analysis. The rounds fired
from two different barrel constructions could be classified,
after which the correlations of the variables could be surveyed
more accurately. Unexpectedly many changes and trends had
taken place during the collection of the data set, giving an
impression of insufficient data based on properly designed
experiments before the qualification of the studied gun pro-
pelling charge. Many findings presented in this study would
have been very difficult to reach if the data connected to each
firing occasion had been analyzed separately. In the second
part of this study the analysis of the reasons for the unsa-
tisfactory performance of the test procedure for determining
charge weight will be continued using partial least squares
regression modeling [22,23].

The results of the analysis carried out in this study confirmed
the expectations that there was a need for quality improvement
of the test procedure for determining charge weight. The PCA
model developed for cone 2 could still be used for quality
control of the studied procedure. At least the regular firing of
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comparative ballistics in charge establishment and uniformity
firings would be inevitable in order to control the result level
from firing occasion to occasion.
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