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Abstract

Manufacture of sights with high output characteristics is a prerequisite for achieving the necessary ac-
curacy when shooting. The aim of the work was to analyze the influence of pancratic optical sights’ main
parameters on their output performance characteristics.

It is shown that in order to achieve the quality level of the world’s best samples, high image quality —
no drop in contrast by no more than 30 % of the calculated value, careful manufacturing and control of both
mechanical and optical parts, as well as components of the assembly units of products, the technological pro-
cess of assembly and alignment is necessary.

Bench equipment and test methods which made it possible significantly increase the level of serial pro-
duction are described, also some characteristics of GS3-12x50, GS3-24x56, GS5-25%56 “NTC “LEMT”
BelOMO” are presented.
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CrenaoBoe 000pya0BaHNEe U METOAUKH UCTIBITAHUH
COBPEMEHHBbIX ONITHYECKUX MPHUIIETOB

AM. Kypranosuy, B.A. Cracuinosuy, U.II. llumkun, A.I1. HIkagapesnu

«HTL] «JIDMT» BenOMOy,
ya. Maxaéunxka, 23, 2. Munck 220114, berapyco

Tocmynuna 02.05.2022
Ipunama k nevamu 20.09.2022

W3rotoBiacHue MPHIETIOB C BBICOKAMH BBIXOJHBIMH XapaKTePUCTUKAMH SIBJISICTCS HEOOXOJUMbBIM
YCJIOBUEM JIJIsl IOCTHXKEHUSI HEOOXOAMMBIX TOUHOCTEH Iipu cTpeiboe. Llenbro paboThl ObLT aHAIN3 BIUSHUS
OCHOBHBIX MMapaMETPOB MAHKPATHUYCCKUX ONTUYCCKUX MPHUIETIOB HA WX BBIXOJHBIC JKCIUTyaTallMOHHBIC
XapaKTEPUCTUKH.

[TokasaHo, 4TO JUIst TOCTHXKCHHSI YPOBHS KauecCTBa JIyYIIMX MHPOBBIX 00pa3IOB, BHICOKOI'O KauyecTBa
M300pakeHUsT — HemajJeHusi KoHTpacTta Ha Oonee yeM Ha 30 % OT pacdy€THOro 3HAYEHUs, HEOOXOIUMBI
TIIATEIbHOE U3TOTOBJICHHE U KOHTPOJIh KAK MEXaHUYCCKUX U ONTHUYECKUX JCTAJICH, TaK U y3JI0B COOPOUHBIX
CIMHUIL U3JICITUH, TEXHOJIOTHYECKOTro Mporiecca COOPKH U FOCTUPOBKH.

OrnucaHbl CTEHI0BOE 000pYI0BAaHUE U METOJUKH UCIBITAHHH, TIO3BOJIMBIINE CYIIECTBEHHO MOBBICUTH
YPOBEHb CEPUIHON MPOAYKIMH, a TaKKe IPEACTaBICHHBI HEKOTOPBbIE XapaKTCPUCTHUKU IMPHUIICIIOB
GS3-12x50, GS3-24%x56, GS5-25%x56 «HTLI «JIDMT» benOMO».

KuaroueBble cjioBa: NMaHKPAaTHYECKWA TPHIIEN, YaCTOTHO-KOHTPACTHAsl XapaKTEPUCTHKA, pa3peraronias
CIOCOOHOCTbB, METOIUKA KOHTPOJISI, CTEHAOBOE 000PYAOBaHHE.
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Introduction

Progress in development of sniper weapons has
provided an increase both in the firing range and in
the stability of ballistic parameters [1]. Naturally
this puts forward increased requirements for optical
sights’ whose contribution to high-precision shoo-
ting is also important and critical. Existing models
of sniper sights presented by domestic manufactu-
rers do not allow firing comparable to the accuracy
shown by the weapon [2].

Shooting at long distances requires large opti-
cal magnifications which is accompanied by a pro-
portional decrease in the angular field of view. This
in turn complicates the task of finding and detec-
ting a target so the use of pankratic sights of variable
multiplicity has no alternative [3]. The latter factor
makes it relevant and expedient to simultaneously
increase not only the optical magnification, but also
the difference in the multiplicity of pancratic sys-
tems (sights). At the same time the task of ensuring
high image quality over the entire optical magnifica-
tion range becomes more complicated which impo-
ses strict requirements on the optical sight lens which
largely determines the quality of the optical image
and the pancratic node which must provide large
optical magnification differences as well as main-
taining and improving high optical image quality
over a wider range of optical and mechanical com-
ponents. In addition it should be borne in mind that
the previously mentioned increase in firing range is
achieved by increasing the caliber which is accom-
panied by an increase in mechanical loads on optical
parts and assemblies. This fact further complicates
the problems of developing and producing high-
quality sights [4].

Thus the creation of bench equipment both to
ensure a high-performance technological process of
assembling and adjusting optical sights, and to con-
trol the quality of finished sights is an urgent techni-
cal problem without which it is impossible to pro-
duce optical products of a high technical level suf-
ficient for the best sniper weapons.

The criteria for sights when working with bench
equipment, as well as measurement methods that
allow to master the production of optical sights of
variable multiplicities (Z4, Z5, Z8) with an increase
of up to 40 times which compete in terms of techni-
cal level with the best world samples are presented.

High-quality optical sights must have high op-
tical and mechanical characteristics: the maximum

resolution value, image contrast in the entire range
of the angular field of view of the sight lens both
at the values of the maximum resolution and at the
values of the resolution greater than the limit, high
transmittance of the optical system, immutability of
the position of the sighting element — mesh, during
and after mechanical action, as well as while wor-
king with the elements of the sight (zoom change
leash, alignment flywheels, parallactic adjust-
ment leash), smooth operation of mechanisms, no
jamming or slippage in their operation.

In connection with the above for an objective
assessment several evaluation criteria of these para-
meters should be set.

1. The maximum resolution of the sight — should
differ from the calculated ideal value by more than
30 %.

2. Contrast of the transmitted image on the
axis with a resolution behind the eyepiece of
1 shtr/mrad should be at least 0.4, at 1.5 shtr/mrad —
at least 0.25, at 2 shtr/mrad — 0.15.

3. Contrast value of the transmitted image at the
angle of the field of view of 6° should not differ from
the contrast of the transmitted image by more than
50 %.

4. Transmission of the optical system must be at
least 90 %.

5. Change in the position of the reticle after ex-
posure to shock and vibration loads, as well as when
working with movable elements of the sight should
not exceed 0.05-0.1 mrad.

6. Thermal stabilization of the optical system at
operating temperatures =50 °C.

7. Rotation torque of the magnification change
drive, parallax should not exceed 70 H-m.

Equipment and measurement methods

Control of basic optical and mechanical para-
meters guarantees high-quality production of a sight.
To carry out such control special equipment is re-
quired that allows measuring parameters with high
accuracy. The following equipment is used during
operation:

1. Universal stand for optical parameters’ measurind

The stand (Figure 1) allows measuring charac-
teristics: resolution, optical magnification, diopritic
detuning, contrast transfer function (CTF), trans-
mission of the optical system, vignetting, distortion,
size and removal of the exit pupil, angle of field of
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view, stability of the position of the sighting ele-
ment (when using a special seat). Use of high-reso-
lution video cameras and special software minimizes
operator errors that will subsequently affect the final
measurement result and also significantly reduces
time of changes and the complexity of the process
itself which is especially important in mass produc-
tion.

Computer Video camera

Collimator

Target

Illuminator

Riflesight

Mounting

Rotary
place

platform

Figure 1 — Universal optical parameter control stand

One of the most important optical parameters
that determine the image quality is the CTF. This
parameter is more general characterizing the quality
of the optical image because it shows a change in
the resolution of the image transmitted by the sight
depending on the decrease in contrast of the object
under consideration at different angles of passage of
optical rays [5].

Of course it should be taken into account that
quality of the optical image directly depends on the
accuracy of the manufacture of optical parts (the de-
centricity of the manufacture of optical elements,
N — permissible sphericity and AN —the tolerance
field of the surface shape — an interference ring or
strip), as well as the accuracy of the installation of
optical elements (the decentricity and inclination of
the optical axis of the part relative to the axis of the
optical system) [5]. Moreover depending on the fea-
tures of the optical system, the values of these para-
meters can have a different effect on the image qua-
lity. At the same time in order to obtain a high-qua-
lity optical system and, accordingly, a device with
high output characteristics, such methods should be
selected that would contribute to the manufacturabi-
lity of the device [6, 7].

Figure 2 shows the obtained graphs of the CTF
for an optical sight of variable multiplicity with dif-
ferent sphericity and the tolerance field of the surface
shape.

—— N=0.5, AN=0.1
—— N=1, AN=03
0.8 N=3, AN=03
N=3, AN=0.7
206+
E
=
S04+
02 -
or ; ; , ; : ; :
0 05 1 LS 2 25 3 35

Resolution, line/mm

Figure 2 — Graphs of frequency-contrast characteristics
with different surface manufacturing quality using the
example of the GS5-25x56M1 sight

As can be seen from the graphs, the greatest
contribution to improving the image quality is made
by the parameter of the tolerance field of the surface
shape — AN. In this regard, in the manufacture of op-
tical elements, it is important that this parameter has
a minimum deviation from the nominal value. There-
fore the control of the tolerance field of the surface
shape of optical elements is a particularly important
part of the control of the parameters of parts and
components of the sight.

2. Climate test chamber

Conducting climatic tests in the chamber (Fi-
gure 3a) implies that in addition to the already stan-
dard control of the mechanical parts of the device,
such as the maximum resolution, the parallax of the
sighting grid, the operation of the backlight, the re-
moval of the aiming line, the quality and purity of
coatings, it is necessary to check the sight for the
thermal stability of the optical system. Stability of
the parameters of the optical system in the operating
temperature range is carried out at the stage of opti-
cal calculation of the sight by selecting glass grades
that allow to exclude or compensate for image defo-
cusing.

Optical sights with a thermocompensated opti-
cal system will provide a high-quality optical image
and allow you to work with the sight in a larger range
of temperature differences.

3. Stands for mechanical tests

Stands for mechanical tests include two types of
stands — a stand of vibration loads (Figure 3b) and a
stand of horizontal shock loads (Figure 3¢).

On these stands preservation of mechani-
cal and optical parameters is checked, such as
the removal of the aiming line, the functioning
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of electronic components, the rotation of the device
elements after exposure to mechanical loads simula-
ting a shot impact and vibration during operation or
transportation of the sight.

Vibration load stand allows you to simulate the
conditions that arise when the sight is exposed to
various kinds of vibrations that will appear during
operation, and check the stability of parts, assem-
blies and their connections for resistance to this kind
of loads. The presence of a special device for fixing
the device allows moving vibrate along the axes for
the most accurate simulation of the processes that
occur during operation.

Shock loading stand allows creating conditions
that arise when firing weapons of various capacities,
and check the sight for strength to shock loads. To
accurately recreate the conditions that occur when a
shot is fired the stand must strike in a horizontal di-
rection, simultaneously along the optical axis of the
device.

4. Leakproofness control chamber

Control chamber which provides an adjus-table
level of additional pressure, allows simulating the
immersion of the sight in water to a depth of up to
30 m, which allows you to guarantee the tightness
of the tested devices under hydrostatic pressure

conditions. After this test the sight is subjected to
dust protection and sprinkling tests.

This test confirms the full functioning and
operability of the sight after exposure to high exter-
nal pressure which corresponds to the IPX8.

5. Moisture protection class. Dust chamber

Dust protection test chamber of the devices is
used to simulate natural weather conditions that occur
during a dust storm in which the dust concentration
in the chamber is 2 g/m’, but not less than 0.1 % of
the useful volume, with an ambient temperature of
50 °C, or to simulate rain conditions.

These tests make it possible to guarantee the
operation of the sight after exposure to dust and the
compliance of the sight with the IP6X dust protec-
tion class.

6. Torsiometer

One of the most important parameters of the
sight, like any other equipment affecting the subjec-
tive assessment of the quality of the device is the
softness and smoothness of the rotation of the sight
elements, the absence of slippage during rotation.
This parameter can be checked on a special torsio-
meter (Figure 3/') with attachments adapted for each
model of the sight.

f

Figure 3 — Bench equipment used for the study of optical sights: a — climate test chamber; b — vibration test stand;
¢ — horizontal shock load stand; d — immersion test chamber; e — dust chamber; f— torsiometer
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The leash of the magnification change, parallac-
tic detuning should not rotate spontaneously while
working with the sight, however, for comfortable
operation of the operator, the rotation moment of
these elements for their diameter should not exceed
70 H'm.

The main parameters of sights

The main parameters of the sights created and
serially mastered at the STC “LEMT”, which are
successfully exported including highly developed
countries are shown in Table vignetting and CHKX
graphs for maximum and minimum magnifications
are shown in Figures 4, 5 and 6, respectively.

Table

Test parameters

Type of control and testing

GS3-12x50  GS5-25x56M1

GS3-24x56  GS1-8x24  GS1-8x24FFP

Magnification 3-12 5-25 3-24 1-8 1-8
Control of critical lens N=3 N=2 N=3 N=5 N=5
surfaces AN=0.3 AN=10.3 AN=10.3 AN=10.5 AN=0.5
450 g 600 g 450 g 450 g 450 g
Shock loads 1-2 ms 1-2 ms 1-2 ms 1-2 ms 1-2 ms
L 4¢ 20-80 Hz
Vibration loads 4g 25Hz
Withdrawal of the aiming line 0.1 mrad 0.05 mrad 0.1 mrad 0.1 mrad 0.1 mrad
Transmition Not less 85-90 %
. . 6.3° 3.1° 6.6° 20° 20°
Field of view 1.95° 0.85° 0.85° 2.7° 2.7°
Exit 1 di ¢ 10 mm 10 mm 9 mm 9.5 mm 9.5 mm
Xit puptl diameter 3 mm 2.1 mm 2.3 mm 3 mm 3 mm
Thermal loads -40 °C —+50 °C
Dust and moisture protection P68 P68 P67 P67 P68
Rotation force of the elements 70 N'm
Alignment flywheel pitch 0.1 mrad
100 17 e GS5-25%56
90 L 09+ —o— (3S3-24%56
- - —o- (S3-12%50
0.7 )
270 |
= 60 | 5 06
07 § 0.4 s
S 03
s —o— (85-25%56
E30 1 o Gs3-24x56 02
20 L GS3-12x50 0.1t
. . . . . . . ; ! . . . 0 L . L . . i i
01 2 3 4 5 6 7 8 9 10 11 12 0 0.5 1 15 2 25 3 35
Angle, deg Resolution, line/mm
Figure 4 — Vignetting graph of GS3-24x56, GS5-25x56,  Figure 5—Plot of the GS3-12x50, GS3-24x%56,

GS3-12%50 sights at maximum magnification

GS5-25%56 scopes at maximum magnification
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Figure 6 — Plot of the GS3-12x50, GS3-24x56,

GS5-25%56 scopes at minimum magnification

Technological aspects of creating modern-level
sights are due to the optimization of the manufac-
ture of optical and mechanical parts, the assembly
and alignment process, as well as quality control.
At the same time the manufacturability and design
of the sight is carried out taking into account the
available equipment for processing and monitoring
parts assemblies and the entire sight as a whole [8].
A special role is given to the choice of the method
of fastening parts, optimizing the mechanical pro-
cesses of applying both optical and mechanical coa-
tings as well as ensuring the purity of the field of
view and the absence of scree on all optical elements
of the device. However the issue of high image qua-
lity of optical sights is solved not only by correc-
ting the decentering and inclination of the optical
elements relative to the common optical axis, but
also by using high-quality glass, high precision pro-
cessing of optical elements, matching the position
of the optical elements of the pancratic system with
the calculated magnification changes and the quality
of the antireflection coatings of the optical surfaces
of the sight [9].

Conclusion

High optical quality (an optical system can be
considered of higher quality if the contrast at the sa-
me magnification of the optical system at the same
resolution value is higher than the one being com-
pared however for simple distinction the od should
not be less than 0.2) can be manufactured only if
the manufacturing processes are followed by care-
ful element-by-element and operational control their
parameters. Mechanical quality of the device (the
absence of jamming during the rotation of the sight
elements, as well as sufficient force for rotation —

70 H-m) important also. It is necessary to guarantee
the preservation of these parameters at large tempe-
rature differences of the external environment — from
minus 40 °C to plus 60 °C, high mechanical loads —
impacts with acceleration 350-500 g which corre-
sponds to acceleration 3432.3-4905.3 m/s*.
Compliance with these requirements allows us
to withstand all the tests imposed by the modern level
of development of small arms and in some cases ex-
ceed the requirements for some fundamental parame-
ters for small arms — accuracy of firing (0.2 angular
minutes), immutability of the position of the aiming
element — grid, stability in a wide range of tempera-
tures which allows us to compete with the world’s
leading models produced by famous manufacturers.
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