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Summary:

This paper is based on the observations of prescribed actions during the
maintenance of artillery weapons and immediately prior to the execution of
combat firing. Adjusting the parallelism of the axes of the optical devices
and the axis of the artillery barrel directly affects shooting accuracy.

With a new method of parallel axes alignment, based on the use of laser
pointers, the axis parallelism deviation is reduced to a minimum, which
improves the precision of artillery firing. Reliable, easier and faster check
of the axes parallelism is enabled as well as axes alignment with the
artillery barrel axis.

Keywords: rectification, optical axes, laser pointer.

Introduction

A new method for checking the parallelism of the axes' of optical
devices and the axis of the field artillery weapon H-122mm D30 (J) was
applied in the study. Shooting from this weapon is realized using the
following optical sight devices:

— the optical sight ON-122-M78, intended for direct shooting at targets

up to a distance of 2000 meters,

— panoramic sight (panorama) P-M78, indirect target shooting to a

distance of 16,000 meters.

! Checking the parallelism of the axes of optical devices and the artillery weapon barrel axis as well
as their alignment (cancellation of deviations in parallel) is called rectification.
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Figure 1 — Field weapon - 122mm howitzer D30
Puc. 1 - UNsobpaxeHue opydus cyxornymHol apmurnnepuu aybuya 122mm 30
Cnuka 1 — lNpuka3 3emarbckoe opyha xaybuya 122 mm 430

Sighting devices, regardless of their precise adjustment in produc-
tion, must be checked and adjusted during use. These devices stop be-
ing adjusted during use due to wear and tear of moving parts, shocks du-
ring shooting and transport, which causes deviation from the axis paralle-
lism and increases the error in weapon accuracy regarding distance and
direction.

The aim of the research is the implementation of a new method for
checking and adjusting optical axes and the barrel axis, based on the
precision of a laser beam emitted by a laser pointer. In this way, the devi-
ation of axes from the parallel is reduced to the minimum value, or zero.

The existing method of checking axes parallelism, on the basis of
which further adjustments are made?, is directly dependent on the
gunner, which leads to different types of errors. One of them is parallax
which occurs due to aiming through the barrel bore and the crosshair on
the muzzle brake. Also, the existing method is also dependent on the ha-
ir/fiber thickness, from which the crosshair is made and mounted on the
muzzle brake. It is used for aiming at distant targets and / or at a rectifica-
tion board. It is clear that the existing method is dependent on human abiliti-
es so it does not provide complete reliability due to subjective errors.

According to technical documentation, checking the parallelism of
the optical sighting axis with the barrel axis is always performed after mo-
unting the optical sight (OS) on the weapon. Considering the high perio-

2 Under further adjustment, it is understood that the axes of the optical devices are aligned with the
axis of the weapon barrel.
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dicity of repeating paralellism tests, it is necessary to facilitate and acce-
lerate the method. This is enabled by the proposed method of checking
axes parallelism using a laser beam (pointer), which makes the method
fully reliable.

Existing method of checking axis parallelism
according to technical documentation

Checking axes parallelism means checking the parallel of the three axes
(Drzavni sekretarijat sa narodnu odbranu, Tehni¢ka uprava, 1969):

— optical sight axis,

— optical panoramic sight axis,

— H-122mm D-30 barrel axis.

The goal is that there is no deviation from the parallelism of the
imaginary axes of the optical devices and the weapon barrel. In this way,
ideal conditions are provided, enabling the accuracy of the sighting
devices and the weapon accuracy.

The weapon is placed in a combat position on a flat and hard
surface. The barrel is brought into a horizontal position by means of a tilt
mechanism, and in the direction towards the rectification board or a
remote target.

Checking and adjusting the parallelism
of the panoramic sight axis with the barrel axis

Checking the parallelism of the P-M78 panoramic sight axis and the
axis of the weapon barrel, as well as the adjustment of the axis to "ideal”
parallelism is performed in two ways:

— using a selected target point at a distance of 1000 m,

— using a rectification board at a distance of 50 m from the barrel

muzzle.

At the muzzle brake, a hair from the crosshair® is tightened into the
existing notches®. An aiming point is selected at a distance of 1000 m
from the muzzle (Figure 2). The firing mechanism parts are disassembled

® Hair of the crosshair - it is made of a fiber of certain thickness. In the tool kit, there is a fiber of
about 2 mm in thickness, red, so that it can be easily visible at aiming at a target or at a cross on
the rectification board.

* The notches on the muzzle (gas brake) are embeded in the production after the weapon is shot.
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from the breechblock. Aiming through the opening for the firing
mechanism probe tip over the crosshair on the muzzle brake, the gunner
locks the weapon barrel at a chosen target point. The barrel is moved
using a gun laying mechanism. Aiming through the panoramic sight, the
gunner adjusts the device until the crosshair of the panoramic sight
overlaps with the chosen target and the indices are in the "0” position.

If there is no suitable target point in the vicinity and if visibility is
limited, checking the parallelism of the optical axis of the panoramic sight
with the barrel axis is done using a rectification board (Figure 3). The
board is placed at a distance of 50 m from the howitzer muzzle, vertically
and perpendicularly to the barrel axis.

1000 m

Figure 2 — The process of rectification to the remote selected target
Puc. 2 — Memod cripsmneHusi mpaekmopuu rpu HagedeHuu ro ebibpaHHoU danbHel yenu
Cnuka 2 — lNocmynak pekmucbukayuje Ha ydarbeHu usabpaHu yusb

As seen in Figure 3, there are three crosses on the board®, whose
layout and distance corresponds to the position of the optical devices
(panoramic sight and optical sight, red and blue cross, respectively) and
the axis of the weapon (black cross) in the 3D space.

2o

=8
e

Figure 3 — H-122 mm howitzer D30 rectification board
Puc. 3 — bopmoeol 6annucmuyeckuli ebiquciumerns X-122 mm 2aybuusi 130
Cnuka 3 — Tabna 3a pekmucbukauujy xaybuue X-122 mm 430

® Crosses on the rectification board are referred to as aiming points.
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The parallelism is checked in the following manner: aiming is
performed through the bore axis (i.e.hairs of the crosshair) which is thus
aligned with the crosss on the right side of the rectification board (Figure 4).
The panoramic sight and the optical sight are used for aiming at the crosses
on the left side of the rectification board. If the axes of the optical devices
deviate from the centres of the crosses on the rectification board, their
adjustment is necessary. In this way, the axes of the optical devices are
brought into the center of the corresponding cross on the rectification board,
which corresponds to the indices on the devices in the "0" position.

Aiming point
of the

panoramic
sinht

- L—  Aiming
point of
0s

Aiming point
of the axis of

50 m the gun bore

B
-

I 3

Figure 4 — The process of rectification with a rectification board
Puc. 4 — Memod cripsimneHus npuyesia ¢ 6opmosbiM bannucmu4ecKuM 8bl4uciumesnem
Cnuka 4 — lNocmynak pekmucgbukayuje ca mabriom 3a pekmucbukayujy

The technical documentation requires that such rectification be reali-
zed by 2 mechanics. The first one aims via the crosshair, aligns the bore
axis with the chosen target or the cross on the rectification board and
constantly controls the muzzle position. The other mechanic then adjusts
the axes of the optical devices with the target or the crosses on the recti-
fication board.

Permissible deviation, when taking the maximum firing distance with
the panoramic sight, is 0-00.5 thousandths per direction (Savezni sekre-
tarijat za narodnu odbranu, Tehni¢ka uprava, 1987).
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Checking and adjusting the OS axis parallelism
with the barrel axis

The preparatory actions for the procedure for checking and adjusting
the parallelism of the ON-122-M78 OS axis and the barrel axis are the
same as the previously explained procedure for the panoramic sight. For
the correct operation of the OS, it is necessary that its optical axis be
parallel with the bore axis both in the vertical and the horizontal plane.
Checking the parallelism of the OS axis and the bore axis is done at a
minimum distance of 1000 m or using a rectification board at a distance of
50 m from the muzzle.

In the same way as with the panoramic sight (Figure 2), a target is
aimed at a minimum distance of 1000 m, using a crosshair. Then, aiming
through the OS eyepiece, the gunner determines the position of the top of
the arrow in relation to the selected target point. If the OS is correct and
properly set, then the top of the arrow will overlap with the remote selected
point, and the horizontal line of the crosshair passes through the zero
position of the distance scales. If this is not the case, it is necessary to
carry out the OS adjustment.

When checking the parallelism of the ON axis with the bore axis using
the rectification board (Fig. 4), the procedure for checking parallelism in the
panoramic sight is repeated, and the allowed deviation is 0-01.5
thousandths per direction (Savezni sekretarijat za narodnu odbranu,
Tehni¢ka uprava, 1987).

Problems in the rectification procedure
according to technical documentation

When implementing the described methods for checking the
parallelism of the optical axes of the panoramic sight and the OS with the
barrel axis, we face some problems that cause the measurement
uncertainty of the method. Measurement uncertainty depends on the
person's ability to precisely determine a target point and aim at it. In this
way, a measurement error directly affects the accuracy of the optical
devices and, indirectly, the accuracy of the weapon, and the method itself
contains measurement uncertainty.
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A procedure of aiming using the barrel axis

The considered method of checking and adjusting axes parallelism is
prescribed by technical documentation. In the realization of the method for
checking the axes parallelism, the crosshair is used to aim through the
bore at a distant target or at the right cross on the rectification board. The
success of aiming using the crosshair depends on the ability of the human
eye to perform precise targeting, as well as on the thickness of the
hair/fiber with which the target is aimed at. In the weapon STA? kit, there is
a factory-standardised fiber which is placed on a gas brake and by which a
target is aimed. Therefore, an error is inevitable since the success of the
method depends on the human capability to perform the necessary aiming
at the remote target or at the cross on the rectification board.

The effect of the thickness of the hair on the precise aiming is
considered, assuming that the man has sufficient visual abilities to use a
0,5-2 mm thick fiber over the bore axis to aim at the right cross on the
rectification board and the distant target. An example is given in Figure 5.

The rectification board is placed at a distance of 50 meters from the
weapon muzzle. Three 10mm thick crosses are drawn on the board, for
each of the axes of the optical devices and the weapon bore axis (as it
corresponds to their position in the space).

Y

4785 mom 50000 wim

il el -
4 b =

Figure 5 — The process of rectification using the rectification board
Puc. 5 - Memod cnipsimneHusi HagedeHusi ¢ nomouwibo 6o0pmMoeozo
bannucmuy4eckozo 8blHucIuUmerns
Cnuka 5 — lNocmynak pekmucgbukayuje nomohy mabne 3a pekmugbukauyujy

To see how the thickness of the fiber affects the correct check of the
axes parallelism, the fiber (hair of the crosshair) projection on the
rectification board will be calculated. The projection of the fiber is the

® STA — Abbreviation of spare tools and accessories




shape and size of the fiber which the human eye sees on the rectification
board when aiming using the crosshair. From the theorem on the similarity
of triangles, it follows that (Kalezi¢, 2010):

L. :de =L, 0 x, (1)
L, =L +L;. ()
where:
L. — weapon bore length,
d — the thickness of the aiming fiber,
L —distance of the board from the weapon muzzle, and
X — projection of the fiber on the rectification board.

Using formula (1) gives the following: 4785:0.5=54785: x , where:
_ 54785x0.5

= X=572mm.
4785 (3)

It is concluded that the projection of the 0,5 mm thich fiber on the
rectification board located at a distance of 50 mm is 5,72 mm’. This means
that the crosshair on the gas brake has a projection on the rectification
board as in Figure 6.

Comparison of
crosses and
projections of the fiber

Projection of
the fiber on the
board

Crosshair
on the

Figure 6 — The projection of the crosshairs on the board for rectification
Puc. 6 — [Npoekyusi nepekpecmus Ha 60pmosom 6annucmu4ecKom eblqucumerne
Cnuka 6 — lNpojekyuja kpcma koH4Yuha Ha mabny 3a pekmucbukauyujy
Figure 6 shows a projection of a 0.5 mm thick fiber. For the thickness
of the fiber of 2 mm, which is actually used in practice, the projection is

"The projection of the fiber on the rectification board is a 5.72 mm thick cross, viewed horizontally

and vertically.
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22.3 mm. In this case, the center of the crosshair on the rectification board
will practically not be seen, which is a potential mistake in the realization of
the adjustment of axes parallelism.

For the rectification method at a distant point (1000 m), the thickness
of the projection of the fiber is: 4785:0.5=1000000: x , where:

100478505
4785

The projection of a 0.5 mm thick fiber at a distant chosen target
located at a distance of 1000 m amounts to 105 mm. The projection of the
crosshair of the thickness of 0.5 mm at a distant target can be presented
as in Figure 7.

Projection
g I ; ’ of the

Figure 7 — Example of the projection of the crosshairs on a distant target
Puc. 7 — [pumep npoekyuu nepekpecmusi no danbHel uenau
Cnuka 7 — lNpumep npojekyuje kpcma KoHYuha Ha ydarbeHuU Yusib

= x =105mm. (4)

Comparing a
distant
target and a
projection of
the

Figure 7 shows that, due to the projection of the fiber on a distant
target, the distant target is practically hidden behind the projection, and the
precise alignment of the axes is difficult (aiming with the bore axis). For the
case of the thickness of the fiber of 2 mm, the case is more pronounced as
the projection of the fiber to the distant target is 420 mm. Table 1 shows an
overview of the fiber thickness and its projections for different rectification
modes.




Table 1 — Comparative overview of the fiber thickness and its projections on the target
Tabnuua 1 — CpasHumersbHbil 0630p MOAWUHbLI TepeKkpecmusi U e20 fNpoeKuuU Ha uesb
Tabena 1 — YnopedHu npuka3 0ebrbuHe KOHYa U He208€e rpojekyuje Ha yusb

PROJECTION
Thickness of e The distant target —
the fiber A rectification board - 50 m 1000 m
0.5 mm 572 mm 105 mm
2mm 22.3 mm 420 mm

Table 1 clearly identifies a problem caused by the fiber thickness
when aiming at a distant target or at a cross on the rectification board
(aiming point). Namely, the projection of the fiber thickness makes it
difficult to accurately aim the bore axis at a distant chosen target and the
rectification board, because the projection is much bigger than the target,
so the fiber projection hides the target, i.e. the target point. In this way, the
accuracy of the method depends on the skill of the mechanic who
performs aiming. Something more precise is aiming at the rectification
board, because the thickness of the projection, in some cases, is slightly
smaller than the thickness of the cross on the rectification board.

It is concluded that, according to technical documentation, the method
of checking the parallelism of the axes of optical devices and the weapon
bore is based on the unreliable method of bringing the axes to the distant
target or the cross on the rectification board. Unreliability leads to the
impossibility of precisely locating the selected distant target or the center of
the cross on the rectification board, which leads to an error in determining
the deviation of the individual axes from the imaginary parallel lines. The
result is an unreliable way of rectification and insufficient accuracy of
aiming devices, which directly affects the weapon precision during firing.

Parallax

Parallax is a shift of the target in relation to the crosshair when we
move our head up or down as we look through the optics (Drzavni sekreta-
rijat za narodnu odbranu, Tehni¢ka uprava, 1969ab). Parallax occurs when
the target does not fall on the same plane as the crosshair. A parallactic
error occurs when aiming at long distances. The error in this case is a ma-
ximum of one thickness of a crosshair fiber or 0-00.5 thousandths. Since
parallax occurs when aiming at targets at long distances, axes parallelism
should be checked using a rectification board.

Radoniji¢, V. et al, Improvement of the method of reactifying optical applications by applications by application of laser sensitivity, pp.994-1016
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Calculation of the axes deviation and impact
on the aiming accuracy

Based on the shown method for checking the parallelism of the axes
of the panoramic sight and the weapon bore, according to technical
documentation, the allowed deviation from the parallel is 0-00.5
thousandths. Also, the allowed deviation of the optical sight axis from the
barrel axis is 0-01.5 thousandths. These allowed deviations are manifested
in the aiming accuracy and the firing accuracy as seen in Figure 8 and the
accompanying tables below.

From the given calculation, for the allowed deviation of the panorama
axis from the barrel axis, at a distance of 16 km®, the aiming error amounts
to 8 m. Proportionally, by reducing the distance to the target, the error
decreases (Table 2).

THE
i TARG
|
I=Dxa D=16km
& — allowed deviation
Panorama
a [ =16000 x 0.0005 =8m

Optical telescope
[/ =2000x%0.0015=3m

Figure 8 — Example of the error calculation
Puc. 8 — lNpumep pacyema nozpewHocmel
Cniuka 8 — lpumep npopayvyHa epewke

& Maximum shooting distance.




Table 2 — Calculation of aiming errors according to the technical documentation —

panorama
Tabnuuya 2 — Pacyem nozpewHocmel HagedeHusi Mo mexHu4yeckol doKymeHmayuu -
naHopama
Tabena 2 — lNpopayvyH epelwke HUllarkeHa npema mexHu4Kkoj AoKymeHmauuju —
naHopama
Distance to Permissible deviation of Aiming error in the
destination (m) the panorama axis horizontal plane (m)
16 000 0-00.5 thousandths 8
8 000 0-00.5 thousandths
4 000 0-00.5 thousandths 2
2000 0-00.5 thousandths 1
1000 0-00.5 thousandths 0.5

The calculation shows that for the permitted deviation of the axis of

the optical sight from the barrel axis, at a distance of 2000m, the aiming
error is 3 m. Proportionally, by reducing the distance to the target, the error
decreases (Table 3).

Table 3 — Calculation of aiming errors according to the technical
documentation - telescope
Tabnuya 3 — Pacyem noepewHocmeti HagedeHust
o mexHu4eckoli OoKyMeHmauyuu — meJseckorn
Tabena 3 — NpopayyH epewke HUWaH-eHa rnpemMa mexHu4Koj
OoKkymeHmauyuju — OypbuH

Distance to Permissible deviation Aiming error in the
destination (m) of the OS axis horizontal plane (m)
2000 0-01.5 thousandths 3
1000 0-01.5 thousandths 1.5
500 0-01.5 thousandths 0.75

The values of the aiming error in the horizontal plane displayed in
Tables 2 and 3 represent the maximum deviation values according to the
technical documentation, and in real conditions they are higher. This will
be demonstrated by the application of the proposed method, where the
obtained deviation values will be compared, based on which it can be
concluded that in real conditions the deviation is higher.

The aiming error value in the vertical plane, based on the permissible
deviation from the parallelism of the axes of the barrel and the aiming
devices, decreases with the range increase. At the maximum range, the

error is negligible.
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Improving the rectification method using
a laser pointer

On the basis of the performed analysis of aiming errors in real
conditions due to the thickness of the crosshair fiber, parallax and the axes
parallelism checking skills during the application of the rectification method
according to the technical documentation, measurement uncertainty
occurs in the realization of the parallelism checking method. The
application of the proposed rectification method based on the use of a
laser pointer eliminates the influence of the human factor on the
measurement procedure (aiming with the crosshair and parallax).

Rectification method using a laser pointer

The rectification procedure using a laser pointer is the following:

— laser pointer is held with the appropriate clamping tool,

— the clamping tool with the laser pointer is placed at the place of the

122 mm artillery primer,
— at the muzzle (gas brake), an appropriate circular mesh with a cross
in the center is placed® (Figure 9),

— rectification board is placed at a distance of 50 m from the muzzle,

— the laser pointer is activated and the clamp tool sets the laser beam

to pass through the center of the circular mesh (through the cross),

— the circular mesh is removed from the gas brake and by gun laying, the

laser beam is directed onto the right cross of the rectification board,

— the deviation of the optical devices from the corresponding crosses on the

rectification board is measured and necessary adjustments are made.

In order to determine the real deviation of the optical axes on the
basis of which the calculation of the aiming error will be carried out the
proposed rectification method using a laser beam was applied to an
overhauled H-122 mm D30 artillery piece. Once again, the parallelism of
all axes was checked using the method prescribed by the technical
documentation' (Savezni sekretarijat za narodnu odbranu, Tehnitka
uprava, 1987), followed by the rectification based on the proposed method
with a laser pointer.

® The circular mesh is of a round shape with a cross in the middle, as shown in Figure 9. The circular
mesh is an integral part of the fire control tool of the computing department.

10 Aiming at the rectification board was done using 2 mm thick fibers of the crosshair placed on the
notches of the gas brake, for easier and more accurate aiming.




Figure 9 — Circular mesh
Puc. 9 — NsobpaxeHue npuyenbHolU cemku
Cniuka 9 — Npuka3s KpyxHe Mpexe

The laser beam was directed to the center of the circular mesh in the
manner described above (Figure 10) and then to the corresponding cross
on the rectification board. The following deviations of the panorama axis
and the optical sight axis were obtained after the rectification was
performed, in relation to the piece barrel axis:
— Panorama:
» 2 thousandths in the direction and
* 4 thousandths per elevation,

— Optical sight:
» 2 thousandths in the direction.

The checking and adjusting the optical axes of the panorama and the
OS was repeated by the method prescribed in the technical documentation
and once again the same results were obtained, i.e. the same deviations.
As all the requirements of the measurement method were met, it is
obvious that the technical documentation method has certain
measurement uncertainty. Measurement uncertainty was a result of a lack
of a method that depends on the subjective factor (the human eye), the
crosshair fiber thickness and the parallax. Measurement uncertainty
directly causes aiming error, and indirectly firing inaccuracy as shown in
Tables 4 and 5.

Radoniji¢, V. et al, Improvement of the method of reactifying optical applications by applications by application of laser sensitivity, pp.994-1016
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= \ 4 y . . *3

Figure 10 — Laser beam directed at the center of the circular mesh
Puc. 10 — UzobpaxxeHue nasepHo20 ueneykazamers, Harnpas/ieHHo20 8 UeHmp
npuyenbHoU cemku
Cnuka 10 — lNpuka3 nacepckoa CHora ycMepeHoa2 y ueHmap KpyxHe Mpexe

Aiming errors in artillery pieces, based on the obtained deviations in the
parallelism of the axes of optical devices, are calculated in Tables 4 and 5.

Table 4 — Calculation of the aiming errors using the laser pointer - panorama
Tabnuua 4 — Pacdyem nozpewHocmel HageOeHUs C MOMOW,bHO JTa3ePHO20
uerneykazamers - naHopama
Tabena 4 — NpopayyH epewke HUWaHeHa NnPUMeHOM flacepckoa obenexusaya —

naxopama'
Distance to destination | Permissible deviation of Aiming error in the
(m) the panorama axis direction (m)
16 000 0-00.5 thousandths 32
8 000 0-00.5 thousandths 16
4 000 0-00.5 thousandths 8
2000 0-00.5 thousandths 4
1000 0-00.5 thousandths 2

The values obtained in Tables 4 and 5 represent real aiming errors
that occur in the horizontal level with the H-122 mm D30 piece. As it can
be seen, there are errors in the parallelism of the axes and they are higher
than those prescribed by the technical documentation (Savezni sekretarijat
za narodnu odbranu, Tehni¢ka uprava, 1987), (Table 2 and 3).

" Aiming error leads to an error in firing elements determination and, consequently, to the deviation

from the average impact point.
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Table 5 — Calculation of the aiming errors using the laser pointer - optical telescope
Tabnuya 5 — Pacuem noepewHocmel HagedeHUs C MOMOWbO /1a3€pPHO20
ueneykasamerisi - OfMmMuU4Yeckul meseckor
Tabena 5 — NpopayyH epewke HUWarkeHa MpUMEeHOM Jlacepckoe obenexusaya —

onmuyku OypbuH

Distance to destination

(m)

Permitted OS deviation

Aiming error in the
direction (m)

2 000 0-01.5 thousandths 4
1 000 0-01.5 thousandths 2
500 0-01.5 thousandths 1

The obtained results show that the human factor has a dominant
influence on the quality of the method of adjusting the optical axes. The
only way to achieve quality results and a minimal deviation of the
parallelism of the optical axes from the bore axis is to exclude the human
factor and improve the rectification method.

This is achieved by the proposed rectification method using a laser
pointer, which is based on the fact that the laser beam propagates in a
straight line to the aiming point on the rectification board, thereby
contributing to the method accuracy. This method eliminates the
unreliability of aiming with crosshairs and the parallax of the human eye,
since the influence of a man from the critical part of the measurement
method is eliminated. This reduces the method measurement uncertainty.
In addition, the proposed method is implemented by one artillery crew
member, unlike the previous one where two members were necessary. A
reduced number of staff affects the reduction of norms, which directly
increases capacity.

Description of the proposed method

The proposed rectification method, i.e. the verification of the
parallelism of the optical axes with the bore axis, uses a laser beam of a
laser pointer in order to increase the accuracy of aiming at the cross on
the rectification board. After aiming with the laser beam, the deviations of
the optical axes are checked and corrected.

The rectification method using a laser pointer is given previously while
the subsequent corrections on optical devices are described and
implemented according to the method given in the technical
documentation (Savezni sekretarijat za narodnu odbranu, Tehnicka
uprava, 1987).

The clamping tool used to hold the laser pointer is shown in Figure 11.
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Laser pointer

Figure 11 — Clamping tool with a mounted laser pointer
Puc. 11 — U306paxeHue 3axXuMHbix 0emarnel ¢ na3epHbIM yereykasamenem
Cnuka 11 — lNpuka3 cme3Hoe aflama ca rnocmaessbeHUM flacepckuM obenexusaqyem

Figure 12 shows the components of the clamping tool. The
components allow the mounting and fixing of the laser pointer, as well as
its shifting along the X and Y axes when directing the laser beam.

Adjustable
coupling

Clamping tool

Clamping
sleeve

Figure 12 — Parts of the clamping tool for the laser pointer
Puc. 12 — 3axumHble demarnu na3epHoe20 ueseykasamerns
Cnuka 12 — [Jenosu cme3Ho2 anama niacepckoe obenexusaya

After placing the laser pointer in the clamping tool, the clamping tool is
fastened to the technological sleeve (Figure 13). In the center of the
sleeve, in the opening in which the primer is placed, there is a thread by
means of which the clamping tool for the laser pointer is fixed, which
allows the laser beam to overlap the bore axis. An appropriate opening is
made on the sleeve to check the direction of the laser beam.




Clamp fixing
point

Laser beam
directional check

Figure 13 — Technological sleeve
Puc. 13 — U3obpaxeHue mexHono2u4eckol ausb3bl
Cnuka 13 — lNpuka3 mexHoowKe 4aype

Alignment is performed by adjusting the clamping tool on the X and Y
axes (with four screws on the adaptive coupling, two screws for each axis)
so that the laser beam is directed to the center of the circular mesh located
on the gas brake on the muzzle. The edge of the technological sleeve is
removed from the place where the extruders come in so that breech is
open and accessible.

Figure 14 shows a technological sleeve with a mounted clamping tool
and a laser pointer.

After directing the laser beam into the center of the circular mesh, it is
considered that the laser beam matches the imaginary axis of the weapon
bore. The circular mesh is removed from the gas brake and by the rotating
the barrel in direction and elevation, the laser beam is directed to the lower
right-hand cross of the rectification board placed at a distance of 50 m
from the muzzle (Fig. 15). In this way, the laser beam represents a
prolonged bore axis towards the aiming point of the rectification board.

After bringing the laser beam to the aiming point of the rectification
board, it is possible to read the deviations of the optical axes of the
panorama and the OS from the corresponding aiming points (crosses) on
the rectification board and to correct them. The correction is done in such
a way that they are set up to have their optical axis at the appropriate
aiming points of the rectification board and adjusting the scale according to
TU-I. The parallelism of all three axes is thus achieved, which ensures the
accuracy of the optical devices and weapon precision when shooting at a

remote target.
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Figure 14 — Clamping tool with a laser pointer on the technological sleeve
Puc. 14 — 3aumHOU UHCMPYMEHM C Na3epHbIM UerieyKasamerem Ha mexHoIo2u4ecKol aurb3e
Cnuka 14 — Cme3Hu anam ca nacepckum obernexusayemM Ha MexHOOWKOf Yaypu

Figure 15 — Layout of the rectification board with the laser beam at the aiming point of the
weapon barrel axis
Puc. 156 — UsobpaxeHue Ha 6opmogom bannucmu4yecKoM ebl4Hucumerne ¢ nas3epHbim
yKa3amesieM 8 mouKe fpuyesnia cmeosia opyousi
Cnuka 15 — M32ned mabne 3a pekmugbukayujy ca 1acepckuMm CHOMOM Ha HUWAHCKO]
Tayku oce yesun opyha

The proposed rectification method with a laser pointer can be applied
to any artillery piece or weapon in day and night conditions, provided there
is an appropriate technology sleeve, the clamping tool and the rectification
board.




Structure of tools and working tools with
economic indicators

Table 6 lists the data on the necessary tools and means for
implementing the method of rectification with the laser pointer, as well as
the necessary funds and their sources.

Table 6 — Data on the necessary resources and tools for the method application
Tabnuya 6 — CeedeHusi 0 HeObX0OUMbIX pecypcax U UHcmpymMeHmax Ornsi MPUMEHeHUSs
OaHHbIX Memodos
Tabena 6 — Nodayu o nompebHum cpedcmeuma U arnamy 3a rnpumeHy memode

Name of tools and : Approximate
b means of work Bl ST price (RSD)
1 Laser pointer * 1 Procurement from 1 200,00
the market
The Army
2 Technological sleeve 1 (?f S.erb'.a -
(Finalisation
in the Institute)
Clamping tc_)ol for a 1 Productl_on at the 800,00
laser pointer Institute
4 Circular mesh 1 The Army of Serbia -
5 A rectification board 1 The Army of Serbia -
IN TOTAL: o TOI Cacak 2 000,00

The data listed in Table 6 refers to the tools and means of work for
one type of artillery pieces, except for those marked with an asterisk that
can be used for all types of artillery weapons. The product in position 2, a
technological sleeve, needs to be upgraded in the Institute, by making a
hole for fixing the clamping tool to carry the laser pointer (Figure 11). The
tool in position 3 is made in the Institute.

The total cost per one set, for one piece type, is about 2,000 RSD.

Conclusion

The aim of the research was to improve the existing method of
rectification of the axes of optical devices in order to achieve better
precision of shooting with the current weapons. The goal is achieved by
applying a new rectification method based on the use of laser pointers.

The description of the method of rectification of optical devices based
on the use of the laser pointer and its application in the process of general
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overhaul of the H-122mm howitzer D30 at the Technical Overhauling
Institute Cacak, as well as the obtained results by measurement, show the
following advantages of the proposed method:

— the subjective factor in the realization of the method is eliminated,

— it provides accurate data on the deviation of the optical axes,
allowing their correction and harmonization,

— the aiming accuracy and the firing accuracy are achieved,

— measurement uncertainty of the rectification method is reduced to a
minimum, which ensures the reliability of the rectification method,

— much shorter technological time required to check the alignment of
the optical axes and the weapon barrel axis,

— checking the alignment of the optical axes and the barrel axis is
carried out by one person, which reduces the necessary
technological capacity envisaged for these procedures,

— a uniform rectification quality is achieved in each repeatition of the
axes alignment check,

— rectification is solely done using a rectification board located at a
distance of 50 m and in this way the method does not depend on
climatic conditions, the time of the day or night, and the possibilities
of determining a distant target by which the TU-I method is
implemented. Also, since rectification is done at small distances, the
parallax error is avoided.

Further research in this area can be directed to the application of the
proposed method of rectification with a laser pointer to all artillery pieces
up to 155mm caliber, including the M84 tank. Also, research can be
applied to weapons using a periscope for rectification.
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COBEPLUEHCTBOBAHWE METOOOB CINPAMIEHNA
HABEOEHNA ONTUYECKNX YCTPOUCTB
C NMPUMEHEHMEM NASEPHOTI O LIENIEYKA3ATEJSA

BotikaH M. PagoHuy, bpaHko B. Pecumuny
BoopyxeHHble cunbl Pecnybnuku Cepbusi, CyxonyTHble BOMCKa,
TexHu4yeckoe 6opo pemoHTa Yauvak, r.4avak, Pecnybnuka Cepbus

OBNACTDb: nornctmka, TeXHU4eCKoe 00CnyxuBaHue
1 TEXHNYECKNE pecypcehbl

BWO CTATbW: npogeccroHanbHas ctaTbs

A3bIK CTATbW: aHrnuinckmn

Pe3some:

[aHHasi cmambsi OcHOoBaHa Ha HabnodeHUsiX 3a BbIMNOSIHeHUEeM
npednucaHHbIX Oelicmeull, OCywecmensieMbIX Ha apmuriiepuliCKoM
opyduu 80 epemsi codepxaHusi u cepsuca HernocpedcmeeHHO rneped
ebinonHeHuemM 6oesbix cmpesnbb. CoariacoeaHHOCMb napariesibHocmu
oceli onmu4eckux fpubopos U ocu cmeosia apmusepulickozo opyousi
HarpsMyro e/usiem Ha MmoYHoCmb rpuuena u cmpessbbl. C moMouwbio
HOB020 Memoda coafiacogaHusi napasienbHocmu oceli, OCHO8aHHO20 Ha
MPpUMEHeHUU  Jla3epHO20  Uesleykasamersis,  OMKJ/IOHeHUs  om
rapasnniensHocmu ocell c8e0eHbl K MUHUMYMY, meM caMbiM rosebiliasi
moyHocmb  cmpenibbbl  apmusiniepulickoeo  opydusi.  PaspabomaH
bbicmpbltl, neakuli u HadeXXHbIl Memod ceepKU naparsiniesibHocmu oced,
€02/1ac08aHHbIX C OCbHO CMEOsIa apmusiiiepulickozo opyousi.

Knwouesble crioga: crnpsiMieHue HagedeHus, ornmu4yeckue ocu,
Jla3epHbIl uerieykasamerib.

MOBOJbWAHE METOAE PEKTU®GUNKALINJE OMNTUYKNX CMNPABA
NMPUMEHOM NACEPCKOI OBEJIEXXMBAYA

BojkaH M. Papowuh, bpaHko B. Pecumuh
Bojcka Cpbuje, KonHeHa Bojcka, TeXHU4YKn peMOoHTHM 3aBog Yadak, Yavak,
Peny6nuka Cpbuja

OBNACT: nornctuka, oapxaBare TEXHUYKMX CpeacTaBa
BPCTA YJIAHKA: cTpy4HuM unaHak
JESUNK YJTAHKA: eHrnecku

Caxxemak:

Pad je Hacmao Ha ocHogy caarniedasar-a rnpornucaHux padru, Koje ce
pearnusyjy Ha apmurbepujckoM cpedcmsy, y moky oOpxaeara cpedcmea
u HeriocpedHoO ripe u3eohewa b6ojesux eahama 08UM Ccpedcmeom.
Ycaenawaearbe napanenHocmu oca Ofmu4yKux crpasa U oce uesu
apmurbepujckoe cpedcmea OUPEKMHO ymude Ha npeuyusHocm eaharba

cpedcmeom.
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Hoeom memodom ycaenawasara rnapasnesiHocmu oca, 3acHO8aHOj Ha
Kopuwhetby nacepckoz obenexusaya, o0cmynare rnapasaenHocmu oca
800U ce Ha MUHUMYM, 4Yume ce robosrblasa npeyusHocm ealjarba
apmurbepujckum cpedcmeom. Takolje, omozgyhaea ce noysdaHa, nakwia u
6p3a nposepa rnapanesiHocmu oca U HeHo ycaanaluasarbe ca 0CoM Uesu
cpedcmea.

KrbyuHe pedu: pekmudbukayuja, onmu4dke oce, nacepcku obenexusad.
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