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Abstract

The use of glued lens components in optical devices improves the image quality of telescopic and pho-
tographic lenses or inverting systems by eliminating a number of aberrations, and also reduces light losses
in the optical system of the device. The traditional production process of lenses gluing involves the se-
quential execution of a set of technological operations and takes a significant period of time. The purpose
of the research was to improve the accuracy and productivity of the technological process of lenses
gluing by improving the optical system of the control and measuring device and automating the opera-
tion of lenses optical axes combining by introducing an electronic reference system and mechanisms
for micro-movements of optical parts.

A technique is proposed for centering of two and three-component optical blocks by an autocollimation
flare which provides a matching accuracy of less than 0.5 um. The possibility of constructive modernization
of the classic ST-41 autocollimation microscope with parallel separation of the displayed output informa-
tion in the visual and television channels is shown. An automated system for controlling of the process
of convergence of autocollimation points in the device is proposed. Using software methods an electronic
grid template is formed on the monitor screen, onto which images of autocollimation points are projected.
The decentering value 2Ae is determined and a corrective control voltage is applied to three stepper motors
and pushers for transverse movement of the glued optical part.

Specialized software has been developed for automatically bringing the position of the autocolli-
mating crosshair to the center of the measuring scale of the grid based on a combination of two methods
of “least squares” and “successive approximation”. Compliance with a number of technological transitions
and the accompanying control of geometric parameters make it possible to achieve greater accuracy in deter-
mining the eccentricity of the crosshairs of the aligned optical axes of the glued lenses.
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Metoa noBbIIeHUA IPPEKTUBHOCTH TEXHOJIOTHYECKOI0
IPoLecca CKJICHKH JIMH3 U J0CTOBEPHAs OLIEHKA BBIXOIHbIX
KOHTPOJIMPYEMbIX IAPaAMETPOB
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[Ipumenenne B ONTHYECKHX NPUOOPAX CKIEEHHBIX JIMH30BBIX KOMIIOHEHTOB TIO3BOJISIET IMOBBICHUTH
Ka4eCTBO M300paKEHUSI TEIECKOMMYECKUX U (oTorpaduuecKux 0ObEeKTHBOB WM 000pauMBAIOIINX CUCTEM
3a c4€T yCTpaHeHUs psiia abeppaliuii, a Takke 00eCreYnBaeT YMEHBIIICHUE CBETOBBIX MTOTEPh B ONTHUYECKOM
cucteme npubopa. TpaauIMOHHBIA MPOU3BOJACTBEHHBIN IPOLECC CKIEHUBAHUS JHMH3 IPEIyCMATPUBACT
MOCIIEIOBATENIFHOE BBITTOJIHEHHE KOMIUIEKCa TEXHOJOTHMYECKHUX OIepanyii M 3aHWMaeT CYIIECTBEHHBIH
MIPOMEXXYTOK BpeMeHH. Llenb nccienoBanuii 3aKiIr0ovanach B MOBBIIIEHUN TOYHOCTH U TPOU3BOAUTEIHHOCTH
TEXHOJIOTMYECKOTO TPOIIecca CKIEHKH JIMH3 3a CYET COBEPIICHCTBOBAHUS ONITHYECKON CHCTEMBI KOHTPOIIb-
HO-U3MEPUTEIHHOT0 MPHOOpa W aBTOMATH3AIMK OTepPallii COBMEIICHHSI ONTHYECKUX OCeH JMH3 IyTEM
BBEJICHHUS SJIEKTPOHHON CUCTEMBI OTCUETA U MEXAHU3MOB JIJI MUKPOTIEPEMEIICHUN ONTUYECKUX JIeTaleH.

IIpennoxkena MeTonWKa WEHTPUPOBAHHUS [IBYX- M TPEXKOMIIOHEHTHBIX ONTHYECKHUX OJIOKOB
M0 aBTOKOJUTMMALIMOHHOMY OJIMKy, oOecrieunBaromias ToYHOCTh coBMemienns meHee 0,5 mxm. Iloxazana
BO3MOKHOCTh KOHCTPYKTHBHOW MOJIEPHHM3AINN KIACCHYECKOTO aBTOKOJUIMMAIIMOHHOTO MHKPOCKOTIA
CT-41 ¢ mapauleNbHBIM pa3jeliecHneM oOToOpa)kaeMol BBIXOJHOW HH(POPMAIMM B BH3YAILHOM H
TEJeBU3UOHHOM KaHanax. [Ipemioxena aBToMaTn3npoBaHHAs CHCTEMa YIPABIEHHS MPOIIECCOM CBEIEHUS
aBTOKOJUITMMAIIMOHHBIX TOYeK B mpudope. [IporpaMMHBIME METOaMHU Ha dKpaHe MOHUTOpPa (GOpPMUPYETCS
m1a0JI0H AIEKTPOHHOHN CETKH, Ha KOTOPYIO MPOCHUPYIOTCS M300paXKeHHs aBTOKOJUITMMAIMOHHBIX TOYEK,
OTIpeIeTISIeTCS BETMYNHA IEHEHTPUIHOCTH 2Ae U MOAaETCss KOPPEKTHPYIOIee YIpaBIsAioliee HaIpsKeHIe
Ha TPH IIATOBBIX JIBUTATENS M TOJKATENN AJIS TIOTIEPEYHON TOABMKKH MMPUKIEUBAEMOM ONTHYECKON AEeTaH.

Pa3zpaborano crenuanin3upoBaHHOE MPOTPAMMHOE OOecreueHHe il aBTOMATUYECKOTO CBEIEHUS
MTOJIO’KEHUST aBTOKOJTMMAIIMOHHOTO TIEPEKPEeCTHs B IIEHTP M3MEPUTENBHOW MIKAIbl CETKH, OCHOBAHHOE
Ha COYETAHWUHM JBYX METOJOB — «HAUMCHBIINX KBAJPAaTOB» U «IOCIEIOBATEIHLHOTO MPHOIMKCHUSY.
CobmoieHne psia TEXHOJIOTHYECKUX TePEX0J0B M COIyTCTBYIOMIMHA KOHTPOJh T'€OMETPHUYECKHX Iapa-
METpPOB TIO3BOJISIIOT JOOWTHCS OOJNBIIEH TOYHOCTH TPH OMPENCIICHUH BEIWYMHBI JKCLIEHTPHUCUTETA Tie-
PEKpecTHsi COBMEIIAeMbIX ONITHYECKUX OCEH CKIEHBAEMBbIX JIMH3.
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Introduction

The use of glued lens components in optical
devices can significantly improve the image qual-
ity of telescopic and photographic lenses or envelo-
ping systems by eliminating chromatic and spherical
aberrations, coma, and also reduces light losses
in the optical system of the device by up to 10 %
compared to by an independent mechanical method
of each part fixing [1, 2].

The traditional production process of lenses
from optical glass gluing provides for the sequen-
tial execution of a number of technological opera-
tions: the assembly of optical parts according to
the shape accuracy of mating spherical surfaces
within a given tolerance; cleaning the working
surfaces of parts from various kinds of contami-
nants; applying a layer of glue on a concave sur-
face, pressing and maintaining a uniform thickness
within 0.005-0.02 mm; mutual centering of glued
optical parts (combination of optical and geomet-
ric axes) by means of autocollimation instrumen-
tation; if necessary, heating the parts in a ther-
mal chamber to a temperature (70—130 °C) when
gluing with a polymerizing optical adhesive; hol-
ding the set position and cooling the glued compo-
nent to room temperature 20—45 °C (polymeriza-
tion) for 1-4 days, depending on the brand of glue
used (GOST 14887).

Thus the technological process of optical
parts gluing is determined by a set of parame-
ters: the brand and properties of the adhesive used
(GOST 14887-80), the dimensions and material of
the original elements, the error of the mating surfaces
(no more than N = 3-5 interference Newton’s rings
of a common “pit”), surface cleanliness P, as well as
technical requirements for the connection (thermal,
mechanical and chemical resistance).

One of the options for reducing the time of
this technological operation is the use of two-
component adhesives with high adhesion based
on epoxy resin or acrylate with fast polymeriza-
tion under the influence of ultraviolet radiation (for
example, FEKI1-15, Vitralit 1505 and 1527 Pa-
nacol) for 0.2-1 minutes [3, 4]. The third alterna-
tive and effective way to connect optical parts is to
use the optical contact method (Solaris Optics) or
diffuse connection [5]. However there are physi-
cal limitations of application, in particular, the dif-
ference in the thermal expansion coefficients of
the mating optical materials which reduces the

resistance of the connection with significant tempe-
rature drops, etc.

The purpose of the research was to increase the
accuracy and productivity of the technological pro-
cess of lenses gluing by improving the optical sys-
tem of the control and measuring device and auto-
mating the operation of combining of lenses optical
axes by introducing an electronic reference system
and mechanisms for micro-movements of optical
parts.

Geometric parameters that determine the
centering accuracy

In the design drawings of an optical part or a
glued block, the centering error is specified (Fi-
gures 1 and 2):

— positional tolerance of the center of curvature
(Cg, Cyr»> Cy)s

— the difference in thickness over the diameter
of the lens (A) or a flat surface;

— face runout of a flat surface.

The method of lens centering by autocollimation
flare is applicable for optical parts with a diameter
of 3 to 150 mm.

According to the design requirements and func-
tional purpose of the optical part, the total outer
diameter of the base lens is assigned a tolerance in
the range f6—€9, for the glued one — d10—c11. It is
allowed to make a glued lens with a reduced nominal
diameter compared to the base lens by 0.2—0.4 mm
per diameter. The tolerance for decentering of the
base lens is assigned more stringent than the tole-
rance for the glued lens. This moment is significant
when the refractive index of the material of the glued
lens actually coincides with the refractive index of
the adhesive. As a result, the thickness of the glue
can have a certain effect on the construction of the
path of rays and introduce aberrations into the opti-
cal system.

The amount of decentering, determined based
on the error of alignment of auto-collimation points
(04, O,, etc.) (Figure 3) and is calculated by the for-
mula:

Aej = Cpeyi - R 11(n; =1)- fi' ],

where C,,; is the displacement of the nodal point
from the optical axis, determined by the flare;
R; is the radius of the controlled surface; n; is the
refractive index of the material of the optical part;
S is the focal length of the controlled lens.
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12*

Figure 1 — Glued block of two lenses: 1 — positive menis-
cus; 2 — negative meniscus; A — basic supporting surface;
B, M — working spherical surfaces; E — landing cylindri-
cal surface; Cg, Cy, — centers of curvature

Figure 2 — Glued block of three lenses: 1 — convex-con-
cave lens; 2 — positive meniscus; 3 — negative meniscus;
A —basic supporting surface; M, B, H — working spheri-
cal surfaces; E — landing cylindrical surface; K — annular
support end; Cy,, Cy, Cy; — centers of curvature

In accordance with ISO 10110-1, there is also
a second method for estimating the amount of de-
centering through the angle of inclination of a sepa-
rate spherical surface () formed between the normal
(O4'0,") with the center of curvature O, and the re-
ference axis (0;0,) [6, 7].

The criterion for assessing the complexity
of the mechanical method of lens centering is
the ratio of the clamping angle ¢ and decentering
tolerance Ae (Table 1) [8, 9].

Figure 4 shows the sequence of transitions du-
ring centering: scheme on the left (a) installation of
lens 3 along the main base spherical surface A on

the support ring 1 and fixation along the auxiliary
base cylindrical surface D in the angle 2 at an angle
¢ — control of decentering parameter Ae; scheme on
the right (b) installation of lens unit 3 on a flat sup-
port surface G with control of the difference in incli-
nation angles Ay.

S

Figure 3 — The main parameters for determining the de-
centering

Table 1

Permissible decentering values for lenses of
various optical instruments

Centering  Numerical Clam- Scope in
accuracy tolerance  ping optical
(complexity value Ae  angle devices
category) ¢, deg.
microscopes,
. 0.002... photographic
<
High (1) 0.005 mm 12 and projection,
interferometers
telescopic
Medium (IT) 0.005... 1218 systems. and
0.01 mm wrapping
systems
geodetic and
Reduced 001 15 93 (gﬁﬁigﬁiﬁé
(111 0.02 mm & :
levels,
theodolites)
spectral,
Low (IV) 0.02 and >23 polarization,
more, mm .
refractometric
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CCD

a

Figure 4 — Schemes for decentering control on an optical device: a single lens in a square (a) and a glued block of two
lenses (b): 1 — support ring; 2 — square; 3 — lens or lens gluing; 4 — autocollimation microscope; Ae — decentering on the
optical part; Ae’ — the amount of decentering on the CCD site; Ay — the difference in inclination angles; ¢ — clamping
angle; A, D, G — basic surfaces; B, L — working spherical surfaces

Method and technological features of gluing
lens blocks

Under production conditions, a control series
of experiments was carried out to connect and con-
trol the decentering of glued components from two
and three lenses (Figures 1 and 2, respectively) with
the technical parameters indicated in Table 2.

Table 2

Structural and optical parameters of lenses (mm)
for a glued block

Detail 1 n R, R, D, D,
Bonded block of two lenses

lens 1 3886 1.65844 4325 -57.81 38 38

lens2 655 1.80518 -57.81 682.3 38 40
Bonded block of three lenses

lens 1 —118.2 1.75513 42.27 27.88 32 302

lens2 246 1.53996 27.88 -21.58 30 30

lens3 —17.1 1.78472 -21.58 36.39 32 29

The technological operation of gluing the lenses
is performed in a horizontal position for the conve-
nience of fixing and centering the assembly in the
ring fixture. As a base part, as a rule, a negative
lens 2 (Figure 1) or 1 (Figure 2) is chosen, since its
concave surface M is better suited for the subsequent
application of a drop of glue. In addition, for ease
of fastening, the base part must have a large thick-
ness along the edge (surface E). A drop of glue, such
as Norland 61, is applied to the center of the spheri-
cal surface. Next, an attachable positive lens is in-
stalled on top, the glue is evenly squeezed out from
the center to the edge and preliminarily illuminated
with a UV lamp for 1-2 minutes. There is a partial
harde-ning of the glue, but with the possibility of a
slight transverse movement of the lenses between
themselves. Next, the autocollimation points O, and
O,' (Ae; — 0) are aligned (Figure 3) by visual con-
trol on the ST-41 device. The beating diameter of the
autocollimation point is equal to the fourfold decen-
tering D, =4 C,,,;. The division value of the rectan-
gular scale of the grid is 3 um, so the measurement
accuracy of the device is 1.5 um. Figure 5 shows two
positions of the light-emitting diode (LED) mark
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relative to the crosshair of the autocollimator, the ini-
tial one — before the alignment process (a) decente-
ring Ae=2 pum, and the final one — after align-
ment () the alignment accuracy Ae = 0.5 pm.

b

a

Figure 5 — The position of the laser mark relative to the
crosshairs of the autocollimator: initial () and final (b)

When gluing a block of three components (Fi-
gure 2), at the second stage, a change in technologi-
cal bases occurs. The surface H of the negative me-
niscus 3 is used as the base support surface. Glue
is applied to the inner spherical surface B, and the
ready-made gluing of lenses 1 and 2 is installed on
top. Next, the value of the angle y for the base sur-
face A is recalculated depending on R relative to the
support surface H and auxiliary base surface E.

In both cases, after alignment, the final fixation
of the lens block is carried out in 34 iterations with
a UV lamp for 10 min with an interval of 10 min.

After hardening of the glued joint, the total error
N of Newton's interference rings on the outer wor-
king spherical surfaces of the parts (A and B for two-
component gluing or A and H for three-component
gluing) may increase due to the drying of the glue
and deformation of the edge zones.

Control and measuring equipment

The classic autocollimation microscope
ST-41 was built according to the optical scheme of
A.A. Zabelin (Figure 6) and allows you to combine
the point image of your source with the autocol-
limation point of a spherical surface, which gives an
image of the source placed in it reflected from the
surface in the same plane where it is located [10].
The degree of non-coincidence is equal to twice the
amount of decentering, and the rotation of the lens
allows you to double its value. If a concave surface is

controlled, then the autocollimation point coincides
with the center of its curvature, for a convex one, it is
necessary to calculate its distance from the surface.

The basic optical system of the ST-41 device
uses two interchangeable lenses 1 and 2 with focal
length /"= 201.76 mm and f/'=400.1 mm. The illu-
mination source is a low-power incandescent lamp
RNS8-20. The autocollimating crosshair is formed on
an inclined grid 3, which introduces astigmatism.
As a result, in the field of view of the symmetrical
eyepiece 7 and 8, the image of the crosshair at the
edges looks fuzzy.

In order to improve the image quality of the
reference elements and the accuracy of decen-
tering measurement, the optical system of the
ST-41-01 device was improved (Figure 7). To en-
sure the versatility of measurements of glued lenses
with different focal lengths, a movable 4-component
short-focus lens 1 (f'=40.56 mm) is installed with
the possibility of linear movement along the optical
Z axis and fixation in specified positions graduated
scale (£ = 8.42-53.08 mm). Grid 7 with a crosshair
is installed perpendicular to the optical axis, which
ensures its uniform illumination over the entire field
of view from a three-component 4-lens condenser 8
and a high-power white light LED (type XREWHT-
L1-0000-00001) or LUXEON (LXML-PMO01-0100).
The convergence of the visual and lighting channels
is carried out by means of a cube-prism 2.

In order to reduce the decentering measurement
error, the new version of the optical system of the
device also provides for the separation of the output
observation channel into a visual channel through
a symmetrical eyepiece 6 and a television chan-
nel (image plane on the CCD array area) using a
beam-splitting cube prism 4.

An improved version of the design of the
ST-41-01 control and measuring device is shown in
Figure 8.

A vertical stand 2 and an object table 5 are ri-
gidly fixed on the adjusted horizontal base 1. An
angle 6 is installed on the round table 5, which holds
the frame with the base optical part or the optical part
itself separately. In the process of alignment of auto-
collimation points, the table has the possibility of cir-
cular movement due to the support screws 7, which
provide the possibility of exposing the base surface
to a horizontal position. Focusing of the autocolli-
mating microscope 4 is carried out due to the smooth
vertical and rectilinear movement of the arm 3 along
the trapezoidal thread of the stand 2. The arm has a
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unit with screws for micro-movements 8, which al-
lows the optical axis of the microscope to be aligned
with the axis of rotation of the stage with the support
ring. As a source for illumination of the crosshairs
in an autocollimation microscope, an emitter 9 is
used — an LED with the possibility of longitudinal

Lamp PHB8-20

and transverse movement within 0.5 mm. Observa-
tion of the autocol-limation image of the crosshairs
on the microscope grid can be carried out by the ope-
rator’s eye through the eyepiece 10 or broadcast by
a high-resolution black-and-white television camera
11 (VBC-751) to a personal computer monitor.

Engraving plane
9 ] | ) 340 S 42) 5(2) 8l 82l 72)
SKEEE
_ K7 77 29 |
= |
N 0 A [T
i  NAEA” R N ” N __
I N z N
A4y g el
81 122.7*1 1:0,1
76
i 05:0,1 T4
|
/iuiocoiiirnuiing crosshair
[
!
g |
.
g |
!
|
i
i
i
!
202) ! f=400.1 mm F=20176 mm
|
12) '
é L&&&&&&&&&&
i [
3 1/ ﬁ !
|

Figure 6 — Schematic optical diagram of the classic device ST-41: 1 and 2 — double lens block of the teleobjective;
3 — grid with crosshairs; 4 and 5 — double lens block of the microobjective; 6 — measuring grid; 7 and 8 — lens blocks of

a symmetrical eyepiece; 9 and 10 — condenser lenses

The image receiver in the television camera is a
CCD matrix model SONY ICX-409AL, Super-Had,
1/3 inch format with the number of active elements
752 (horizontal) x 582 (vertical). The high resolution
of the optical system is ensured by the small pixel
size of the CCD 6.5x6.25 um.

The next step in improving the accuracy of connec-
ting optical components and eliminating the influence of
the subjective human factor when measuring decente-
ring was the creation of an automated control system
for the process of bringing together autocollimation
points in the ST-41-M2 device and the gluing process.
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aperture diaphragm @4.2 mm

image plane (CCD)

drawing plane  exit pupil 0.7 mm

0.5£0,05
| 9040.2

1222

Light-emitting diode LUXEON

LXML-PM01-0100%5

lower end of _~

the lens barrel

lens seat

DN

Light-emitting diode
C513A-MSS-CV0Y0131

Figure 7 — Schematic optical diagram of a new version of the ST-41-01 device: 1 — 4-component telephoto lens; 2 and
4 — cube-prism beam splitters; 3 — double lens block of the microobjective; 5 — measuring grid; 6 — lens blocks of a sym-
metrical eyepiece; 7 — grid with a crosshair; 8 — condenser lenses; 9 and 10 — mirrors

Using software methods, an electronic grid tem-
plate is created, which is also displayed on the moni-
tor screen (Figure 8). The image of autocollimation
points is projected onto the area of the CCD matrix.
Both images are combined. Next, the coordinates
of the points of the circle of maximum rotation of
the crosshair along the X and Y axes are determined.
Taking into account the decentering value 2Ae,
a corrective control voltage is applied to motorized
linear translators (for example, 8MT167-25 Standa),
which move the pushers holding the positive lens to
be glued until the autocollimation image of the cross-
hair completely coincides with the center O on the
electronic grid (Figure 9).

The mathematical apparatus for
this problem is based on a combination of two
methods of “least squares” and “successive ap-
proximation”.

To achieve a given calculated decentering value,
it is necessary to ensure the following ratio:

solving

2Ae

C=—m—,
4Bm.0b.3 'Bob.l

where C is the decentering value for the controlled
spherical surface, specified in the working dra-
wing, mm (Figure 1); B, ;3 8% — magnification of
the microlens 3 (Figure 7); B,,, is variable magnifi-
cation of lens 1 (Table 3).
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Figure 8 — Device for controlling the gluing of lenses
model ST-41-01: 1 —base; 2 —rack; 3 — bracket; 4 — mi-
croscope; 5 —table; 6 —square; 7 —support screws;
8 —screws for micro-movements; 9 — light-emitting
diode; 10 — eyepiece; 11 — television camera

[
! 4 :

b

_____________

Figure 9 — Drawing of an electronic measuring grid

Specialized software has been developed for
automatically bringing the position of the autocol-li-
mation crosshair to the center of the measuring scale
of the grid.

During the gluing process, the beating value
of the autocollimating crosshair (2Ae) is prelimina-
rily recorded in a video fragment with the FSP

option to be adjusted. A previously generated video
file can also be uploaded through the “Video op-
tions” menu (Figure 10). To determine the extreme
points of the circle, the “screenshot” button SCR is
provided. The color, as well as the number of ver-
tical (V1, V2) and horizontal (H1, H2) strokes of
the electronic grid is configured through the “Lines
Operation” menu (Figure 11).

Table 3

Correspondence of the division value of the
electronic grid and the scale of the lens 1 at
various magnifications f§

Division E+0.05 L,cm Bop.s
value, um mm multiple
3.5 53.08 5.30 —0.893
5 42.22 6.16 —0.625
6 37.99 7.04 -0.521
8 32.71 9.11 -0.391
10 29.54 11.38 -0.313
12 27.43 13.77 —0.260
15 25.32 17.45 —0.208
20 23.20 23.73 —0.156
50 19.40 62.28 —0.063
15.4" 16.87 - -
40 13.70 -55.09 0.078
30 12.64 —42.22 0.104
23 11.36 -33.26 0.136
15 8.42 -23.17 0.208
a2 video options — b4

control

Record

Download | |

Frame:

width:
height:
frame frequency:
codec:

Figure 10 — The working window of the software “Video
options”
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gl Lines Operation - =
apply clear
lines
detta V:  x3
W2 detta H: =3
H1 | kHorMin: 1 kHorMax: 1
kWertMin: 1 kVertMax: 1

Figure 11 — The working window of the software “Lines
Operation”

Conclusion

It has been established that, subject to a num-
ber of technological transitions and the accompa-
nying control of geometric parameters, it is possible
to achieve the eccentricity of the crosshairs of the
combined optical axes of the glued lenses at the level
of 5 um (complexity category /).

The use of a movable lens with variable mag-
nification expands the functionality of the ST-41-01
device when monitoring the decentering of parts with
spherical surfaces in the range of diameters from 3 to
100 mm and curvature radii from 3 to 200 mm.

The introduction of an automated control sys-
tem for the process of convergence of autocollima-
tion points in the device model ST-41-M2 makes it
possible to exclude the subjective influence of the
operator when assessing the accuracy of measuring
the decentering of glued optical parts and provides
a shift value of 0.1 pm.
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