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Summary: The range of parameters of the electron beam (density of thermal effect F, = 7-10°..8:10° W/m?and travel speeds
V = 5107%..5-10% m/s), within which there is an improvement in the performance characteristics of optical elements: increase of
microhardness of the surface of elements from optical ceramics from 7,21-10°...2,83-10° MPa to 4,84-10°...7,15-10° MPa and increase of the
spectral transmission coefficient of IR-radiation by 4... 6% for elements of optical glass and for 5... 7% — for elements of optical ceramics;
there occurs an increase in the critical values of the external heat flow leading to the destruction of the elements by 7,5...2 times, thus the
increase of external pressure up to 107 Pa decreases the specified critical values by 7,3...1,5 times; critical values of thermoelastic stresses
in optical elements at heating temperatures 300... 1200 K increase by /,5...2,5 times, indicating an increase in resistance to thermal effects
and increased external pressures of optical elements processed by an electronic beam; the values of critical heights of falling of a steel ball
on their surface, leading to destruction of elements, increase from 0,/8...1,1 m to 0,37...1,35 m, so, their resistance to mechanical shocks
increases. It is established, that increase of durability of optical elements, processed by an electron beam, to external thermal and
mechanical effects leads to the increase of probability of non-failure operation of optic-electronic devices under extreme conditions of
operation to 10... 20%.
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1. Introduction

Modern optic-electronic devices with elements from optical
glasses (K8, BK10, TF10, etc.) and ceramics (KO1, KO3, KOS5,
etc.) (laser rangefinders of sighting complexes, input windows of
IR-visibility, optical fairings of IR devices of homing and tracking,
etc.) are subjected to intense external effects under conditions of
operation (elevated heating temperatures, external pressures, shock
effects under the conditions of shot and flight [1 — 4]).

Under the specified conditions the properties of surface layers
of optical elements are changed up to their destruction (appearance
of cracks and chips, change of geometrical form and other defects),
that leads to a significant deterioration of technical and operational
characteristics of the devices and to their failure. That’s why, the
essential importance lies in the prevention of forced destructions of
optical elements of devices under the conditions of their operation,
taking into account the influence of external effects.

As the experimental researches of various authors have shown
[5 — 11], for the prevention of optical elements destructions, of
practical importance are electron-beam methods of finishing of their
working surfaces at the manufacturing stage, that allow to improve
properties of surface layers of elements and, thus, to make them
more resistant to external influences, improving basic technical and
operational characteristics of devices (reliability, service life, etc.).
However, the patterns of electron beam effect onto the change in the
properties of surface layers of elements of optical glass and
ceramics are currently not investigated enough.

Therefore, the purpose of the given work lies in the
prevention of destructions of optical elements of devices by
improvement of properties of surface layers of elements and
increase of their resistance to external effects by means of
preliminary electron-beam processing .

2. Results and discussion

As a result of the conducted experimental researches for the
first time the regularities of influence of electron-beam technology
modes (density of thermal effect of the beam F,, and moving speed

V) on optical elements are established.

It is obtained that after the standard machining the most
characteristic is the presence of microdefects — cracks in depth up to
0,1...0,7 pm, with length up to 2... 5 pm, as well as bubbles with
the size of 10%...102 um. After electron-beam processing the sizes
of bubbles (diameters) on the surface of elements decrease by 2... 4
times, thus other microdefects smaller than 1.. 2 pum are not
observed, so as a result of processing by an electron beam of the
elements surface as though becomes "cleaned"”, small defects are
eliminated. Thus, at an increase of F, from 7-10® W/m? to 7-107
W/m? the area of these defects decreases by 1,8...2,7 times. The
study of the topology of the elements surfaces before and after
electron-beam processing shows that in the first case the value of
microroughness is 30... 40 nm, and in the second case decreases up
to the level of 0,5...1,2 nm.

Detailed studies of the surface structure of elements from
optical glass by AFM methods allowed to determine the following
effects of modes of electron-beam technology on the size of
microroughness: increase of F, from 7-10° W/m? to 7-108 W/m?
and reduction of V from 3-102 m/s to 5-10° m/s leads to a decrease
in the size of microroughness from 5... 6 nm to 0,7...1,2 nm (Fig. 1
-3).

The study of the structure of surface layers of elements from
optical glass before and after electron-beam processing showed that
the maximum depth of major thermal action zone or the thickness
of the melted layer of h,, essentially depends on the F, and V (Fig. 4
—6) and can reach the values of 300... 350 pm, which exceeds the

maximum allowed values h;, = 100...150 um with some critical

values F, and V,; (i =1, 2,...), which leads to the formation of

influxes and wave areas on the surface of the elements, resulting in
violated flatness and, finally, geometric form.

It is established that the layers on the surface of the elements of
optical glass modified by electron beam have to different extent
changed chemical composition. So, the analysis of change of
elemental structure of layers in thickness of 10... 20 pm on the
surface of the elements of the optical glass K8 showed the decrease
in the concentration of Na and O, the increase of concentration of Si
and the inalterability of K concentration. At the same time, through
the example of raw and processed by electron beam elements of
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optical glass BK10, it is shown that there is no noticeable
quantitative change in the chemical composition of the layers on
their surface, but it is possible to conclude that the homogeneity of
the elements distribution improves in the microvolumes of the
surface layer after the electron-beam processing.
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Fig. 1. Dependence of the value of surface microroughness of the
elements from the optical glass BK10 (1), K8 (2) and TF10 (3) on
the density of the thermal effect of the electron beam: —speed

of the electron beam movement V = 3-102 m/s; — — — — speed of
electronic beam movement V = 5-710°m/s; A, o, 0, A, e, m —

experimental data.
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Fig. 2. Dependence of the value of the surface microroughness of
the elements from the optical glass K8 (1), K8 (2) and TF10 (3) on
the speed of the electron beam: — the density of the thermal
effect of the electron beam F, = 5-70° Wim%* — — — — density of
thermal effect of the electron beam F, = 7-10° W/im?; A, o, o, A,
e, m — experimental data.

It is also established that electron-beam processing of
elements from optical glass by flowing leads not only to the
homogenization of layers, but also to the orientation adjustment
near the surface of the silicon-oxygen glass grid, which is
approaching to the structure of quartz glass. This is mainly due to
the removal of K ions, as well as other elements-modifiers at
simultaneous effects of high temperatures on the surface (up to
1200... 1300 K), that leads to increased stability of the optical
elements to the external thermal and mechanical effects.
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Fig. 3. Dependencies h(F, V )for elements of optical glass TF10

(@) and BK10 (b): 1 — elements unprocessed by an electronic beam;
2 — elements processed by an electronic beam.
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Fig. 4. Dependence of thickness of melted layer h,, in elements from
optical glass K8 on density of thermal effect of electron beam for
different V: 1 -V = 5-10 *m/s; 2 -V = 9-10 3 mls; 3-V = 3-10 2
m/s; A, o, o— experimental data.

As a result of the conducted studies, it was shown that
regardless of the nature of ceramics (KO1, KO2, KO5) in the
surface layers of the elements processed by the electron beam, with
an increase of F, up to 1,5-107 W/m? and V to 2-102 m/s noticeable
phase changes are not observed, but there is an increase in mosaic
blocks by 3,1...7,8 times and reduction of microdeformations in
crystal grid by 1,2...6,3 times. The analysis of the received changes
of parameters of crystalline grids of elements after electron-beam
processing showed presence of compressive stresses in hardened
surface layers of elements in the thickness of 90... 210 um for the
considered change ranges in the modes of electron-beam
technology: for elements of optical ceramics KO2-up to 30...40
MPa; for elements of optical ceramics KO1 — up to 60...70 MPa; for
elements of optical ceramics KOS5 — up to 55... 65 MPa.
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Fig. 5. Dependence of thickness of melted layer h;, in elements from
optical glass BK10 (1) and TF10 (2) on moving speed of electronic
stream: —Fp =510 WIim*~ —— — F, = 3-10° W/m*, A, o, o,
A — experimental data.
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Fig. 6. Dependencies h,(F, V) for elements of optical glass BK10

(a) and K8 (b): 1 — maximum permissible values of h*; 2 — values of
hn that are obtained when the elements are processed by an
electronic beam.

The influence of electron-beam technology modes on
microhardness of H, of surfaces of elements from optical ceramics
is defined: increase of to 1,5-10” W/m? and V to 1,5:10% m/s leads
to increase of H, from 121.10°..2,83-10° MPa to
4,84-10°...7,15-10° MPa (Fig. 7).

It is established, that after electron-beam processing of
optical elements as a result of increase of cleanliness and reduction
of microroughness of a surface by its flowing, the change of its
chemical composition and transformation of a crystalline structure,
the formation of hardened layers with compressive tensions, their
resistance to external thermal and mechanical effects increases.
Thus, with the increase of F, xo 8-108 W/m? and V mo 5-107 m/s,
the critical values of external heat flows increase from
0,2-10°...4,8-10° W/m? to 0,4-10°...8,7-10° W/m? for the time of
their effect 3..20 s (elements of optical glass), as well as from
5,1-10°...2,6-10° W/m? to 0,7-10°...5,2-10° W/m? for the time of
their effect 5... 35 s (elements made of optical ceramics).

It is also shown that the critical values of thermoelastic
stresses o at heating temperatures 7 = 300...1200 K for elements
of optical glass increase from 11... 62 MPa to 17... 115 MPA, and
for the elements of optical ceramics — from 75... 115 MPa to 148...
281 MPa.

In addition, the analysis of tests of electronically-beamed
elements from optical ceramics according to the standard method
(finding the limit values of the critical altitude of the H,, with
which the free-falling steel ball (d = 4-10°%...5-10"° m) destroys the
surface of the product (the occurrence of cracks, chips)) showed
that at F, = 10°...5,5-10 W/m? u V = 102...5-10 m/s the critical
height from which the steel ball falls, destroying the surface of the
element, is: for raw elements — H,, = 0,18..1,1 m, and for the
processed- H,, = 0,37...1,35 m, that means that for the elements,
processed by electron beam, the values of H,, exceed their values
for raw elements in 1,2...2,1 times.
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Fig. 7. Dependencies H,(F,V) for elements of optical ceramics

KO1 (a) and KO5 (b): 1 — elements unprocessed by an electronic
beam; 2 — elements processed by an electronic beam.

The influence of modes of electron-beam technology on
the spectral coefficient of transmission of optical elements k(1)

(A —wave length) is established: at anincrease of F, to 8-10% W/m?
and reduction of V to 5-10° m/s there is an increase of k, by 4...

6% for optical glass elements (IR-transparency range from 0,76 um
to 2,75 um) and 5... 7% for elements of optical ceramics (IR-
transparency range from 0,76 pm to 12,5 pm).

The analysis of the conducted experimental researches
has allowed to establish the following modes of electron-beam
technology within which there is an improvement of performance
characteristics of optical elements (microhardness of the surface H,,
spectral coefficient of transmission, resistance to external thermal
and mechanical effects): F, = 7.10°..810% w/m?
V=510%..510% m/s.

It is established (table 1), that after finishing electron-
beam processing of surfaces of optical elements of devices
deviation of their geometrical form from the set ones correspond to
accepted in optic-electronic instrument making. In this case, the
purity of the surface of optical elements in the class P after electron-
beam processing is increased by one class of purity (for example,
for aerophotographical lenses from VI and to V class, for mirrors-
from IV to Ill, etc.).

Reliability coefficient as a criterion of efficiency of light
conductors of laser medical devices at different speeds of external
heating was determined according to standard methods (State
Standarts of Ukraine 3004-95. Reliability of Techniques. Methods
of estimation of reliability indicators by Experimental data). This
allowed to establish that the increase in the heating speed of the end
surfaces of light conductors of medical devices (from 100 K/s to
400 K/s) results, in the case of electron-beam processing of these
surfaces (in the treatment modes F, = 3-10® W/m? and V = 8-107
m/s, that provides quartz treatment of the surfaces of elements from
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optical glass, which increases their resistance to external heat
loads), in increase of the probability of their non-failure work by
10... 15%.

Undertaken researches of hemispherical fairings from
optical ceramics on the standard installation that simulate
supersonic airflow of fairings by air stream with speed up to 2:10°
m/s and their axisymmetrical rotation with angular speed up to
4-10° rad/s, to which they are exposed during operation, have

allowed to establish that in the case of electron-beam processing of
their surfaces (at modes of processing F, = 5-108 W/m? and V =
5-10" m/s that provide an increase of microhardness of a surface of
optical elements to 5...6 GPa and formation of hardened layers with
thickness up to 90... 210 um, that significantly increases the
durability of optical elements to external and mechanical shocks)
there is an increase in the probability of their non-failure work by
15...20%.

Table 1

Tolerance values for the quality of raw and processed by an electronic beam optical elements raw (F, = 5-10" W/im?, V = 7-10° m/s)

Tolerances on the surface of ;
optical elements by Curvatouﬁlr)e No. Form AN, AN Purlt);)c(:)lﬁgss Po,

Elements of opto-
Electronic devices No No% ANy AN Py 7
Object glass | collimators and astronomical 1-3 3 0,2-0,3 0,2 VIII Vil

Air-photographical 1-3 3 0,1-05 0,5 VI \Y

photographical 3-5 5 0,3-05 0,3 VI \Y
Eyelens, enlarging lens 3-5 3 05-0,1 0,5 V v
Prisms reflecting 05-1 0,5 0,1-0,3 0,1 111 11

refractive 2-4 2 05-1 0,5 1A% 111
Ligh filters behind and in front of the eyelens 5-10 5 0,8-2 0,8 111 II
Mirrors 1-2 2 0,2-0,3 0,3 v 111

Note. The following designations are accepted: No, ANg, Py, N°”, AN°” and P°” — values of quality indicators of raw and processed by

electron beam optical elements respectively.

3. Conclusions

1. For the first time the regularities of influence of electron-beam
processing regimes on quantifiable values of quality of elements
surface layers from optical glass and ceramics are established:

— the surface of the elements from the optical glass is completely
cleared of defects, that were obtained at their mechanical polishing
(cracks, scratches, etc.); thus there is an increase of cleanliness
level, reduction of microroughness up to 0,4...1,3 nm;

— in the elements of optical glass there occurs superficial flowing
to the depth of 130... 220 um, not violating flatness, thus there is a
homogenization of chemical composition of hydrolysis products,
and also orientation adjustment near the surface of silicon-oxygen
glass grid that approaches to the structure of quartz glass;

— in the elements of optical ceramics there arises compressive
voltage up to 30... 70 MPa in hardened surface layers with a
thickness of 90... 210 pm.

2. For the first time modes of electron-beam technology are found
(density of thermal impact F, = 7-10°...8:108 W/m? speed of
electron beam movement V = 5.10%...5-10 m/s), within which
there is an improvement in the performance of optical elements:

— increase of surface microhardness of elements from optical
ceramics from 1,21-10%...2,86-10° MPa to 4,84-10°...7,15-10° MPa
and increase of the spectral transmission coefficient of IR-radiation
by 4... 6% for elements of optical glass and for 5... 7% for elements
of optical ceramics;

— there is an increase in the critical values of the external heat
flow leading to the destruction of the elements by 1,5... 2 times,
with the increase of external pressure up to 107 Pa decreases the
specified critical values by 1,3...1,5 times; critical values of
thermoelastic stresses in optical elements at heating temperatures
300... 1200 K increase by 1,5...2,5 times, indicating an increase in
resistance to thermal effects and increased external pressures of
optical elements processed by an electronic beam;

— the values of critical heights of falling of a steel ball on their
surface, leading to destruction of elements, increase from 0,18...1,1
m to 0,37...1,35 m, thus increasing their resistance to mechanical
shocks.

3. New methods of increasing of the operational characteristics of
optical elements of optoelectronic devices with the help of electron-
beam technology have been developed, allowing to increase the
probability of non-failure operation of optical fairings of IR devices
and fiber-optic light conductors of laser medical devices at their
running by 15... 25%.

163

4. References

1. Yatsenko 1. V., Antoniuk V. S., Vashchenko V. A,
Tsybulin V. V. Uprezhdenie vozmozhnych razrushenii opticheskich
obtekatelei IK-priborov v usloviyach vystrela i poleta (Preventing
possible destruction of the optical fairings of infrared devices in the
conditions of a shot and flight) Ezhemesyachnyi nauchno-
technicheskii i proizvodstvennyi zhurnal “Nanoinzheneriya”, 2015,
12(54), P. 26 - 31.

2. Yatsenko 1. V., Antoniuk V. S., Vashchenko V. A.,
Tsybulin V. V. Poperedzhennya mozhlyvych ruinuvan optychnych
elementiv tochnogo pryladobuduvannya v umpovach zovnishnich
termodii (Prevention of possible destruction of optical elements of
precision instrumentation in conditions of external thermo-
influences) Zhurnal nano ta elektronnoi phizyki, 2016, Vol. 8, 1, P.
01027 — 01032.

3. Yatsenko I. V., Antoniuk V. S., Kiritchenko O. V.,
Vashchenko V. A. Vyznachennya krytychnych znachen parametriv
zovnishnich ~ termodii  na  optychni  elementy  tochnogo
pryladobuduvannya (Determination of critical values of the
parameters of external thermo-influences for optical elements of
precision instrumentation) Visnyk Natsionalnogo technichnogo
universytetu Ukrainy “Kyivskyi politechnichnyi instytut”, 2016,
51(1), P. 71 - 75.

4. Yatsenko 1. V., Antoniuk V. S., Vashchenko V. A,
Tsybulin V. V. Vyznachennya krytychnych znachen parametriv
elektronnogo promenu pry poverchnevomu oplavlenni optychnych
elementiv tochnogo pryladobuduvannya (Determination of the
critical values of the parameters of an electron beam at the surface
melting of optical elements of precision instrumentation) Zhurnal
nano ta elektronnoi phizyki, 2017, Vol. 9, 1, P. 01010(5).

5. Vashchenko V. A, Yatsenko I. V. Lega Y. G,
Kirichenko O. V. Osnovy elektronnoi pbrobky vyrobiv z
optychnych materialiv (The basics of electronic processing of
optical materials) Kiev: Naukova Dumka, 2011, 562 p.

6. Yatsenko I. V. Doslidzhennya zalezhnostei energetychnych
charakterystyk SEP vid yogo kerovanych parametriv pry vplyvi na
vyroby mikrooptyky i integralnoi optyky (Investigation of
dependencies of power characteristics of TES on its controlled
parameters under the influence on products of micro-optics and
integral ~ optics)  “Trudy  Odesskogo  politechnicheskogo
universiteta”, 2009, Issue 2(32), P. 143 — 149.

7. Yatsenko I. V. Experimental and statistical models of impact
determination of the electron beam parameters on surface layers
properties of optical elements in precision instruments building

YEAR XII, ISSUE 4, P.P. 160-164 (2018)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS."

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

“Pratsi. Odes’kyi politechnichnyi universytet”, 2016, Issue 1(48),
P. 63 — 69.

8. Yatsenko I., Antoniuk V., Bondarenko M., Vashchenko V.
Influence of parameters by electronic ray on properties of
superficial layers of optical elements of exact instrument-making.
International journal for science and innovations for the industry
“Innovations in discrete productions”, ISSN 114-8907, YEAR I,
ISSUE 1/2015, Sofia, P. 13 — 15.

9. Yatsenko 1., Antoniuk V., Kiritchenko O., Vashchenko V.
Improvement of technical and operational characteristics of devices
with optical elements by preliminary electron beam treatment of
their surface. International journal for science and innovations for
the industry “Machines. Technologies. Materials”, ISSN 1313-
0226, YEAR X, ISSUE 6/2016, Bulgaria, P. 47 — 50.

10. Yatsenko I., Antoniuk V., Kiritchenko O., Vashchenko V.,
Tsybulin V. Increasing the resistance of precision instrument-
making elements from optical glass to external thermo-influences
by preliminary electron-beam processing of surfaces. International
journal for science and innovations for the industry “Innovations in
discrete productions” ISSN 1314-8907, YEAR IX, ISSUE 1/2016,
Bulgaria, P. 9 - 12.

11. Yatsenko I, Antoniuk V., Kiritchenko 0.,
Vashchenko V., Tsybulin V. Improving the reliability instruments
of measuring and thermal control of objects of different physical
nature by the finish of electron beam processing surfaces of optical
elements. International journal for science and innovations for the
industry “Machines. Technologies. Materials” ISSN 1313-0226,
YEAR XI, ISSUE 1/2017, Bulgaria, P. 20 — 23.

164

YEAR XII, ISSUE 4, P.P. 160-164 (2018)





