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The curved surface treatment method of optical elements and functional microprofile creation of differ-
ent geometric shapes using the system of fixed single electronic beams by optimizing the technological pa-
rameters of installation (the number of beams, their currents, accelerating voltages and distances to the
processed surfaces) is developed. This method allows to create various microoptic parts for optoelectrical
devices. The method is based on the practically implemented schemes of location of single electronic beam
system that influence curved surfaces of optical elements. According to the developed method, the imple-
mentation task was solved using discretely located fixed sources of gaussian type thermal influence with
different amplitudes (maximum values of electronic beam heat density) and focus factors influencing the
processed surfaces of optical elements. At the same time, the impact control of such sources is carried out
automatically using microprocessor equipment. It is shown that while increasing the number of electron
rays (up to 50...70), you can get high accuracy of (relative error up to 10-4...10-%) compliance with the
specified complex distributed thermal influences along the processed both flat and curved optical elements
necessary for the creation of functional microprofiles on their surfaces of a given geometric shape. At pre-
sent, due to technical difficulties that are appearing, it is impossible to effectively manage a large number
of beams (more than 10...15) However, reducing their number (for example, up to 5...7), it is possible to im-
plement these distributed heat influences with an acceptable accuracy in practice (relative error does not

exceed 3...5 %).
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1. INTRODUCTION

In the conditions of modern development of optoe-
lectronic and electronic instrumentation, the require-
ments for operational characteristics in optical ele-
ments of devices (surface microhardness, resistance to
external thermal and mechanical shocks, etc.) are con-
stantly increasing [1, 2].

In the result of practical research, it was proved
that the most convenient, environmentally friendly and
manageable way of processing optical elements is the
electronic beam method of processing the surfaces of
elements [3, 4].With the help of a moving electronic
beam in a tape shape,one can get surfaces of high puri-
ty optical glass with minimal roughness (polishing of
flat elements). However, the widespread use of a single
electronic beam for the processing of curved surfaces of
optical elements (concave, convex, cylindrical, spheri-
cal, etc.) is now facing irresistible difficulties [5].

This is due to the fact that for high-quality treat-
ment of curved surfaces it is necessary to know the
optimal laws of electronic beam parameters (density of
heat exposureF,, preservation coefficient k (thermal
impulse sharpness) and the travel speed V), providing
in the process of treatment steady heat influence along
the entire processed surface, otherwise, overheated
areas on the surface will be necessarily formed, leading
to cracks, lulls or zones of intense evaporation. At the
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same time, concave areas (so-called "inflows") and
wavelike surfaces will occur on peripherical areas due
to lower temperatures (intensive heat exchange with
external environment). This, ultimately, will lead to
disruption of the geometric shape inthe optical ele-
ments and their subsequent destruction.

At present, optimal realization task of the specified
thermal effect with the help of a moving heat source
has not been solvedi nfullyet. First of all, it concerns
detecting the optimal law for measuring the movement
speed of anelectronic beam during processing. This is
due to the fact that such a task refers to complex non-
linear problems of optimal regulation of moving influ-
ence, the theoretical solution of which is currently ab-
sent, and there are only a few close enough numerical
assessments of the optimal changing laws in the ther-
mal effect movement speed.

A far more difficult task is to create,both on the flat
and curved surfaces, optical elements of functional
microprofilesin the a complex geometric shape with the
help of a single movable electronicbeam. In this case, it
is necessary to create not a uniform, but a complex
distributed thermal effect along the elemental surface
with the help of a single electronic beam. Reseache sin
this direction are missing now .

The purpose of the work is to develop the processing
method of the curvilineal surfaces in optical elements
and to create for them functional microprofiles of differ-
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ent geometric shapes bynonmovable single electronic-
beam system.

2. INVESTIGATION RESULTS AND THEIR
ANALYSIS

The method is based on the practically realized lo-
cation schemes of a single electron beam system, affect-
ing curvilinear surfaces in optical elements (see Fig. 1
andFig. 2).
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Fig. 1 - Schematic representation of the processing of curved
surfaces of optical elementswith the help of a discreetly locat-
ed non-movable electronicbeam system (1): concave (2) and
convex (3) surfaces,hemispherical(4) and cylindrical (5) surfac-
es; So, S1,... — a system of single electronicbeams, which are
located at different distances [i(j =0, 1, ...) from the treated
surface; w, Vis an angular speed of rotation of ahemispheri-
calelement and the feeding speed of a cylindrical element into
the processed area, that provide specified distributed thermal
effects on their surfaces
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Fig. 2- Schematic representation of the method of creating
functional microprofiles on the optical element surface of a
complex geometric shape using a system of discretely spaced
fixed electronic beams: 1 — a given microprofile on the surface
of an element, which must be obtained by its processing with
the help of a single electronic beam system so, si, ..., Sawith
different parameters; 2 — difficultly distributed thermal effect
along the surface of elementF(x), which must be implemented
by optimizing beam parameters and their number

Realization task of the specified thermal influences
along the processed surface of the optical element with
the help of a system of single fixed electronic beams.
According to the developed method, the implementation
task was solved using discretely located fixed thermal
effect sources of gaussian type (Fig. 3) with different am-
plitudes (maximum values of electronic beam thermal
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effect density Fnj, j=1,N) and focus coefficients ko (

j=1,N), affecting the processed surfaces of optical ele-

ments. At the same time, the control of the influence of
such sources is carried outautomatically by using micro-
processor technology.

Setting the problem. This above mentioned
approach requires a transition in solving realization
problems from continuous to discrete power
distribution with the respect of the processed surface,
i.e. determining number N of discretely distributed
energy sources, as well as the locations of these

sources.
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Fig. 3 — - Schematic representation of approximation to the
given distributed thermal effec F(x) along the surface of the

optical element by a set of discretely spaced fixed sources s; (

j=1,N) of the gaussian type thermal effect D (x)

This implementation task will be solved with the
following assumptions.
1. One-dimensional setting of the problem.
2. Power distribution with respect to the coordinate x
along the processed surface for every discrete source j
of thermal effect (electronic beam) is described by
Gauss law [6, 7]:

(x=s)

1 : 207

p(x)=——7— € 1)

. 1 . .
where o> = — — dispersion.
T2k,

Then the total power density in a fixed point x; of
segment j will stand for a sum of ¢ (x) on all N

sources:

D(x)=24(x)= 5 L ——— @

3. We will consider the normalized values of distributed
power that need to be realized (the total energy contri-
bution that is the same for different types of distributed
power), and the coordinate of the length — in a dimen-
sionless form:

}F(x)dx=1 3)

0
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4. The distribution of discrete sources along the entire
length of the segment is uniform, that is, the distance
from the maximum impulse j to the maximum impulse
j + 1is fixed and equals 1/N.

Thus, the task is to determine the number of dis-
crete sources N and the parameters for each of them

o, ( j :LW), so that the approximation of F(x) by the
function @(x) would be better in some norm
I =|@(x)-F(x)| - min 4)

that is presented in the common formalized pattern [6,
7] towards the considered task:

2

i 5
(2" 5 o - min 5)

The value of N is determined by two factors. First, by a
sufficient accuracy of the function approximation @ (x)

(leads to an increase in N), and secondly, the possibility
of technical implementation of a discrete source. Since
N can be large enough (several dozen), the formulated
task (5) is multi-dimensional. To overcome the compu-
tational difficulties associated with the dimension of
the task, we will use the standard optimization method,
which has proven itself well for large-scale tasks. The
core of the method presupposes that a function is
searched as a solution, which approximates it by the
spatial coordinate. If nothing is known about the out-
age of the functional solution, then its approximation is
searched in the class of polynomials, consistently rais-
ing the degree as long as the sum value S of the square
binding falls. With this approach, variated variables
will stand for the parameters of the function (polynom
coefficients), which are always less in their number
than the number of output independent variables. If
any restrictions (such as equalities) are imposed on the
approximated function, the number of independent
variables can still be reduced by the number of rela-
tionships. In our particular case, we will search not

o, ( j= LTV) , but for the coefficients of the polynom

o, =x(1)+x(2)j+x(3)j" +..+x(n)j"" (6)
which describes the distributiono; by the degrees of the
number of the je-relay (by pulses).

Now the task is not to find a dozen values of gthat
minimize the sum of squares of evasionsin the given
and approximating function for a fixedN, but in deter-
mining 2...5 coefficients of polynomium (6), solving the
same task with good accuracy.

To find the optimal coefficient values of the approx-
imant polynomium (6), you need to use the standard
searching method of nonlineary optimization. This is
due to the fact that the calculation of the minimized
functiongradient, and, moreover,Hesse matrix (the
second derivatives) is quite ambiguous, and, in addi-
tion, the presence of the so-called "cavities" is not ex-
cluded in the used form of approximating function — all
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this requires the choice of the most effective methods of
numerical optimization in the function of some consid-
ered variables.A specialized package of applications [4,
5, 11] was used on purpose, which contains the most
effective methods of numerical optimization in various
functions and which allow varying input, choose the
most appropriate method of optimization in the dialog
mode.

According to this approach, the general algorhythm
pattern of task solving is the following.

The role of the main programis given to the pro-
gram of the numerical optimization method (basically,
it is Rosenbrok method types[6]). In this case, the key-
board sets the value of the number of varied varia-
blesN1, the value of the start point coordi-
natesX(1),X(2), ..., X(N1)in the main program PROGRO
andsubprogram PROGR1, which calculates the target
function, as well as the values are assigned, which are
the number of single sourcesN and the numberdiscreti-
zation nodesMlin the length coordinates. The CALL
operator (line 15) calls thesubprogram PROGR1 to
count the targetfunction®1 at the starting point.After
returning to the main program, the coordinate values of
the next point are formed, and again there is a transi-
tion to the subprogram PROGR1 to count the target
function @at the formed point (line 30). The result of
@1 and @ comparison determines the subsequent
movement to the optimum in accordance with the se-
lected numerical method.

It should be mentioned that the main program
PROGRO is executed as a standard and can be used in
other tasks. Subprogram PROGRI1 is a part of the spec-
ified changing program, thusXis the variation vector,
ETA1is the target function value being calculated.

The analysis of the results shows that for the evenly
distributed power of the thermal effect source on the
processed surface of the product we receive the follow-
ing solutions at two single sources of Gauss type, that

implement a given distributed thermal effect:
X(1)=0.7161, X(2) =—0.04943, X(3)=— 1.8461-10-3,
s =0.0732; at five single sources: X(1)=1.2205,

X(2)=0.39, X(3)=0.362, s =0.0216; at eight single
sources: X(1) =—0.015, X(2)=3.06, X(3)=—1,510-3,
s =0.01137; at ten single sources: X(1)=3.9707,
X(2)=-0.015, X(3)=—1.5-10-3,5s =9.5:10-5. At the
same time, no further increase in the number of single
sources was carried out, because the accuracy of ap-
proachings = 10-4is quite sufficient for practical calcu-
lations (corresponds to the average quadratic error of
approximation= 0.11 %).

The results of calculations for other, more complex
power distributions of thermal effect on the processed
surface of the product show that the specified accuracy
can also be achieved by an acceptable number of steps,
but with many more used single sources: with hyper-
bolically distributed power of 40...50 sources, and with
a wide gaussian power distribution of 50...70 sources.

It is necessary to point out that for anysourcej of the

thermal effect the focus factor %, = QL (impulse effect
j

acuity) and amplitude (density of thermal effect in the
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center of F,=¢, = ) is calculated on the

1

1/2
(272') "0;
basis of simple formulae (5) and (6).

Thus, by increasing the number of electron beams
(up to 50...70), you can get high accuracy (relative error
up to 10-4...10-5) of correspondence in the specified
complex distributed thermal effects along the processed
flat and curvilinear optical elements necessary for the
development of functional microprofiles on their sur-
faces of a given geometric shape.

It should be noted that now due to the technical dif-
ficulties that appear, it is impossible to effectively
manage a large number of beams (more than 10...15)
[11]. However, reducing their number (for example, up
to 5...7), it is possible to implement these distributed
thermal effects with acceptable accuracy in practice
(relative error does not exceed 3...5 %).

For the technical implementation of the developed
method, it is necessary to link the determined optimal

parameters ¢, and k; (j =1,TV) with the controlled

; max
technological parameters of the electronic beam instal-
lation (beam currents I, accelerating voltages V. and

distances to the processed surfaces), which are behind
beam sensing results:

I e Vw

¢jmax=\/;.erf(aij)‘

kj(lﬂi’l/) ’ )

k(1.0 )=ay+a,-l,+a, -1, +a,-I,-1, j=LN, (8

J B}

where o, (i= 0,4) — empirical constants.

After that, by using the obtained dependences (7)
and (8), we can technically implement the developed
method in the form of an automated process control
system (APCS) of electronic beam treatment of surfaces
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3. CONCLUSIONS
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which stands for electronic beam processing of curved
surfaces of optical elements and functional microprofiles
formation of different geometric shapes using the system
of fixed discretely spaced electronic beams by optimizing
the technological parameters of installation (number of
beams, their currents, accelerating voltages and distanc-
es to the processed surfaces), that allows to create vari-
ous microoptic parts for optoelectrical devices.
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Pospobsiero meTox 00po0KY KpUBONHIMHIX HOBEPXOHD ONTHYHUX €JIEMEHTIB Ta CTBOPEHHS Ha HUX (DYHKI[i-
OHAJIPHUX MIKPOIPO(diel pidHol reoMeTpUYHOI OPMH 3a JIOIIOMOTOI0 CUCTEMH HEPYXOMUX OJUHUYHUX eJie-
KTPOHHHUX ITPOMEHIB MUISIXOM OITHUMI3AIlli TeXHOJIOTIYHUX MTapaMeTPiB YCTAHOBKHU (KIJIBKOCTI IIPOMEHIB, iX
CTPYMIB, IPUCKOPIOIOINXHATIPYT Ta BIICTAHEH 10 00pOOII0BAHNX TIOBEPXOHB), IO JO3BOJIsSIE CTBOPIOBATH Pi3-
H1 MIKPOOIITHYHI JIeTAJl JIJIs OITUKO-€JIEKTPOHHUX IIPUJIATIB. B 0CHOBY MeTo/y MOKJIAIeH] peasidoBaHl Ha
TPAKTHIN CXeMHU PO3TAITYBAHHS CHCTEMH OJWHUYHHUX €JIeKTPOHHUX IIPOMEHIB, IO JIIOTh HA KPUBOJIHINHI
TOBEPXHI OITUYHUX €JIEMEHTIB. 3TIHO PO3pO0JIEHOTO METoIa 3aaua peasisallii BUpIllyBaiach 3a JOII0MO-
TOI0 JUCKPETHO PO3TANIOBAHUX HEPYXOMUX JIsKepeJI TeIJIOBOIO BILUIMBY I'ayCiBCHKOTO THUILY 3 PI3HUMM AMILIi-
TynaMu (MaKCHMAaJIbHI 3HAYEeHHs T'YCTHHU TEIJIOBOIO BILJIMBY €JIEKTPOHHUX IIPOMEHIB) Ta KoedilieHTaMu
30CepPeIKeHOCTI , IO OiI0Th Ha 00po0JII0BAHI MOBEPXHI ONTHYHUX eJeMeHTIB. [Ipyu 11boMy KepyBaHHS BILIH-
BOM TaKHX JPKEpeJI 3OINCHIOETHCSI aBTOMATHYHO 3 BHKOPHUCTAHHSAM MIKpOIIporiecopHoi TexHiku. [lokasaHo,
110 301IBIIYIOUHN KiJIBKICTh €JIeKTPOHHUX IIpoMeHiB (1o 50...70) MosKHA OTPUMATHA BUCOKY TOYHICTH (BiIHOCHA
moxubka 10 10-4...10-5) BiAmOBIAHOCTI 3aJaHUM CKJIATHAM PO3MOJIJIEHUM TEILJIOBUM BILIMBAM B3I0BK 00-
POOIIOBAHKX SAK IUIOCKUX, TAK M KPHUBOJIHINHUX ONTHYHAX €JIEMEHTIB, HeOOX1THUX IJIS CTBOPEHHS (DYHKITi-
OHAJIBHUX MiKpompodijel Ha iX MOBEePXHAX 3aJaH0l reoMeTpudHoi popmu. HuHI BHACTIIOK TeXHIYHUAX TPY-
IIHOIIIIB, AKI BHUKAIOTH, HEMOYKJINBO 3OIMCHIOBATH e(PpeKTUBHE KePYBAHHS BEJIMKOIO KLIBKICTIO IpoMeHiB (0i-
seiie 10...15) OnHak, 3MeHIIyouUn X KiIbKICTh (HATIPpUKIIA, 10 5...7), MOSKHA peasi3oByBATH BKA3aHI po3-
TIO/IJIEH] TeIJIOB1 BILIMBY 3 MPUHUHATHO HA IPAKTHUIT TOYHICTIO (BIJHOCHA ITOXUOKA He mepeBuIiye 3...5 %).

Kiouosi cinosa: OnTuko-esiekTpoHHI npuiaand, Eiexrponnnii npomias, Onruunwii eslemenT, OnTuMasibHe
KepyBaHHs.
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