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The optical monitoring system for finishing processing surfaces is described. The relation of inten-
sity of the beam reflected from a surface, to intensity of a falling beam allows to estimate a reflexion index
in situ. Increase of reflexion index in process of roughness decrease is established.
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Introduction

The polished surface quality is one of the main parameters that characterize effi-
ciency of diamond abrasive finishing of nonmetallic materials (glass, optical and
semiconductor crystals). No improvement in efficiency of these processes is possible
unless reliable methods for machined surface quality are developed and implemented,
including the methods that enable in-process monitoring of surface roughness pa-
rameters, reflectometric, ellipsometric parameters and optical constants, imperfec-
tions and affected layer depth. Surface quality of the processed is the main indicator
which characterise efficiency of finishing precision surfaces from optic materials. No
improvement of efficiency of these processes not probably if reliable methods on
quality of the processed surface which not destroying control of a roughness and re-
flecting ability allow are not developed and carried out. Work represents process of
measurement of factor of reflexion of laser radiation by a processed surface directly
in the course of processing.

Methodology and results

Installation and registration technique of the surface reflection factor of details
from optic materials are developed. The principled opportunity to control a surface
roughness by intensity of light reflected from demonstrated. It is shown, that the
technique of a surface roughness definition by the light reflection factor in a mirror
direction allows to supervise operatively a surface during its machining. It is estab-
lished, that by the most relevant parameter of a roughness which can be defined by
the light reflection factor, is Rz. Dependence of the reflection factor of the optic mate-
rials polished surface on parameter Rz is approximated with an error 5-10 % by the
formula with the averaged parameters. For samples from concrete materials the error
of definition of roughness Rz can make 1 %, that is less on the order than an error of
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the profilemetric measurements. It is shown, that the method of the surface roughness
quality monitoring by factor of the light reflection in a mirror direction is most effec-
tive for surfaces, typical for finish diamond-abrasive machining.

A study of the influence of surface roughness on the angular diagrams of reflec-
tion and scattering has revealed that the reflection diagrams for structure inhomogene-
ity materials consist of a narrow peak, a pedestal and some peaks due to speckle clus-
ters. The scattering indicatrices for these materials depend on the surface roughness
quite differently; this is attributed to the textured surface of structure inhomogeneity
materials, which makes the scattering indicatrix consist of two components: reflection
(scattering) from relatively homogeneous zones of the texture formations and scatter-
ing from the boundaries of these zones. Now at processing of precision optical sur-
faces processes of processing with direct quality assurance are even more often used:
in situ control, in-process monitoring, on-machine testing of grinding and polishing
of nonmetallics and metallics materials [1 — 3].

The roughness of the machined surfaces was defined using profilograph-
profilometer type SJ201 Mitutoyo (Japan). The control of the machined surfaces by
reflectometric method was carried out using the installation scheme which scheme is
shown in fig. 1. The laser monitoring system, the device for periodic giving of the
technological environment in a zone of contact of the tool and a processed detail and
a technique of adjustment of the machine tool for finishing processing of precision
optical surfaces are described.
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Fig. 1. Basic scheme of installation for in situ control the reflection factor

The laser beam on length of a wave of 650 nm in the form of impulses with fre-
quency 1 kHz, modulated by a signal in the form of a meander, was divided into two
beams. The first beam was registered by a photodetector, and the second went on a proc-

Bichux HTYY “KIII”. Cepia IIPH/IA/IOBY/[YBAHHA. — 2010. — Bun. 40 101



Bucokoeghekmueni mexnono2iuni npoyecu 6 npuiadooyoysanni
. _________________________________________________________________________________________________________________________________________________________________]

essed surface (beams 1). After reflexion from a surface the beam 2 by means of system
of mirrors and optical filters was focused on a photodetector window. Photocurrents of
photo diodes after amplification on ADC are recorded on a personal computer [4].

The relation of intensity of the beam reflected from a surface, to intensity of a fal-
ling beam allows to estimate a reflexion index in situ. Surfaces of samples from glass
type K8 prepared on operations of finishing processing — three transitions of grinding by
tools from diamond micropowders ASM 40/28 ... 10/7 and polishing by the tool from
elements EP1-10x5 Aquvapol on a based CeO, (tabl. 1), were established in the optical
grinding-polishing machine and in static conditions were estimated on reflective ability.
Increase of reflexion index in process of roughness decrease is established (fig. 2).

Table 1. Parameters Ra, Rz and Rmax of a surface roughness

Parameter of , , o
surface rough- Processing operation (tool characteristic)
ness K8 optical
glass (um) Grinding Grinding Grinding Polishing
(ASM 40/28) | (ASM 20/14) (ASM 10/7) (CeO»)
Ra 0.07 0.05 0.02 0.01
Rz 0.45 0.18 0.10 0.05
Rmax 0.85 0.46 0.29 0.07
K, % I
o
9.0 - 7
80 u
70 - m
| | | |

0 01 02 03 Rzum

Fig. 2. Dependence of an index of reflexion on a surface roughness

As the standard the polished surface processed on classical technology on polish-
ing tools, consisting of pellet Fujimi Kenmazai (Japan) was used. The index of reflex-
ion of the standard was defined with the spectrometer Specord M80 (Carl Zeiss,
Germany): K= 10.2 %.

In situ the control of a roughness of a flat surface of a detail from glass by reflec-
tometric method was spent by a method directly in the course of polishing. An initial
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roughness of sample Ra = 0.02 um. With increase in time of polishing the index of
reflexion of a processed surface increases (fig. 3), that speaks about roughness reduc-
tion. This time dependence not linear, and is represented periodic function. Similar
dependence at in situ ellipsometry method measurements in the course of glass pol-
ishing is received in work [1, 4]. Periodic changes of an index of reflexion speak oc-
currence and removal from a processed surface of a deposit from slime and wear par-
ticles. On fig. 4 the kind of a surface of a working layer of the tool after polishing of
the sample from glass within 10 minutes is resulted.

K, % T T T T

95 -

9.0

0 2 4 6 8 ¢, min

Fig. 3. Dependence of an index of reflexion on polishing time

Fig. 4. Deposit from slime and wear particles on a surface of the polishing tool
Particles of slime glass and wear of the tool settle down on a surface of a working

layer of a polishing element non-uniformly. They are localised in the form of a depo-
sit in which concentration of particles increases from edge to the centre. In the parti-
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cle centre are localised in the form of a continuous fragment in the sizes 200 — 250
microns round which small groups and separate particles are located. As the result of
researches on index of reflexion of processed material in case of polishing and re-
searches on condition of surface of the tool it is determined that their periodical
changes are connected with process of deposit formation.

Conclusions

We have developed a system and methods for the measurement of reflection coef-
ficients of polished surfaces. This work has demonstrated a theoretical possibility of
and created prerequisites for the development of an express method for tentative as-
sessment of polished surface roughness. A sufficient body of experimental data have
been obtained and a basis has been generated to study the dependence of scattering
and reflection coefficients of polished surfaces on the surface roughness.

As the result of researches on index of reflexion of processed material in case of
polishing and researches on condition of surface of the tool it is determined that their
periodical changes are connected with process of deposit formation. Dependencies of
index of reflexion of the processed material on time of polishing are obtained expe-
rimentally and approximated by periodical functions.

Possibility of active quality assurance of precision surfaces in the course of proc-
essing is shown.

Prospects of the further researches are defined by necessity of active quality as-
surance of processing of precision surfaces of details of optical and optical-electronic
devices, workings out of a technique of its realisation and practical application under
production conditions.
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IN SITU KOHTPOJIb IIEPOXOBATOCTHU I1PU ®MHULITHON OBPABOTKE HEMETAJIJIU-
YECKUX MATEPHAJIOB

OnucaHa cxema yCTaHOBKH Il MOHUTOPUHIA MTOBEPXHOCTU B MPOLECCE TOJUPOBAHUS, OCYIIECTB-
JIEMOT0 TIPU TIOMOITM ONTHYECKUX MeTOAO0B. OTHOIIICHHE WHTEHCUBHOCTH JIy4a, OTPaKEHHOTO OT
MOBEPXHOCTH, K MHTEHCHBHOCTH MAJAOIIEr0 JTyya MO3BOJISIET OLIEHWBATh KOA((UIIMEHT OTpa)KeHUs
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cBeTa in situ. YCTaHOBJICHO, YTO B MPOIIECCE YMEHBIIICHUS IIEPOXOBATOCTH TTOBEPXHOCTH €€ KO3 (-
(UIHMEHT OTpaXXECHUS YBEITMYUBACTCS.
KioueBble ¢ji0Ba: IPEIU3NOHHAS TIOBEPXHOCTb, 7 Sifi KOHTPOJIbh KAYECTBA, IIEPOXOBATOCTD.
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IN SITU KOHTPOJIb IIIOPCTKOCTI IIPM ®IHIIIHIM OBPOBLI HEMETAJIEBUX
MATEPIAJIIB
Omnwucano cxemy 0o0jaJHaHHA Ui MOHITOPUHTY OBEPXHI B MPOIIEC] MOTIPYBAaHHS, 110 3/11HCHIOETh-
Cs1 32 IOTIOMOTOI0 ONTHYHUX METOIB. BiTHOIIEHHS IHTEHCUBHOCTI MPOMEHIO, 1110 BiJOMBAETHCS BiJT
MOBEPXHi, JO IHTEHCUBHOCTI MaJal0yoro MPOMEHIO JT03BOJISE OLIHUTH Koe(ilieHT BiAOWBaHHA in
situ. BcraHoBneHO, 10 B TIpOIIeCi 3MEHIICHHS IOPCTKOCTI MOBEPXHIi 11 KoedimieHT BinOMBaHHS 30i-
JIBIIYETHCS.
Karo4oBi ciioBa: HaaTOUHA TIOBEPXHSL, i Situ KOHTPOIb SKOCT1, IIOPCTKICTh.
Haoitwna 0o peoaxyii
22 bepesns 2010 poxy

VIIK 620.179.14.(088.8)
ITAHIAHHA 30HA PI3AJIBHOI'O IHCTPYMEHTA I JETAJII

(Yactuna 1)

Cruyrox B.1., Hayionanvnuii mexuiunuu ynieepcumem Yxpainu « Kuiscokuti nonimexniunui
incmumymy, m. Kuie, Yxpaina

Ilanoanna 30na pizanvHoeo iHCmpymeHma i 0emali € 30Ho0, y AKIU 8i00Y8ar0OmMbcs npoyecu pyti-
HYBAHHS HAOIUWKOBOI MACU MA Npoyecu MOPKAHHA 0emaii 8UMIPIOGAIbHUMU THCmMpyMeHmamu. Bu-
3HAYEHHS NOHAMMS NAHOAHHOI 30HU THCMPYMEHmMA € CYymMo asmopcbke 00CnioxceHHs. Memoio pobomu
€ 00TPYHMYBAHHSA ABUWYA BUHUKHEHHS NAHOAHHOT 30HU MUNOBUX PI3ATLHUX IHCIMPYMEHMI Y Memanooo-
podyi. OcKinbKu iHCmpyMenm 6UKOHYE HUZKY CNeyu@iunux pyxie y npocmopi, 6iH mMac npocmoposull
00 €M 8i0N0BIOHO MPACKMOpIi pyxy, popma ma napamempu 1K020 NOBUHHI BIONOGIOAMU MEXHON02IY-
HUM 3a0ayam ¢hopmomeopenusi Oemali. Akujo He BUKOHYIOMbCA Yi YMOBU, MO 8epcmam abo He GUKO-
HY€E CBOI MEXHONI02IUHI 3a80aHHs, AO0 ye Npu3eooums 00 AsapitHoi cumyayii. Y niocymxy neobXioHo
3ayeasicumu, wo Hapasi HageoeHUull ONUcC NAHOAHHOT 30HU He 8pax08ye degheKmu uwopcmKocmi, 2eome-
mpii ma excyenmpucumemy iHCMpYMeHma, OCKLIbKU HEMONCIUBO nepeddbayumu yi napamempu 3a30a-
necios. Tomy, y nooansuiomy HeoOXioHo nposecmu OOCTIONCEHHSI NAHOAHHOI 30HU eJleMeHMAPHUX mexX-
HONORTYHUX 00 €KMIB, AKI MAOMb YiMKUL MAMEMAMUYHUL ONUC CBOEL 2eoMempii.

Knrouoei cnoea: Bepcrat, IHCTpyMEHT, NTaHJaHHA 30HA.

Beryn

30Ha, y SKIi MEepIOAUMYHO MPHUCYTHS Maca pi3ajbHOrO0 1HCTPYMEHTa 1 JeTall, €
JIy’K€ BaXKJIMBUM IapaMeTpoM y mpoleci Metanooopobku. Came y 1iil 30H1 BinOyBa-
I0ThCSI MIPOLIECH PYWHAILIT HAJTMIIIKOBOI MAacH Ta MPOLECH TOPKAHHS BUMIPIOBAIbHU-
MU 1HcTpyMeHTaMu. OTxe, popma naHgaHHOI 30HU Oyjie BU3HAYaTH TOYHICTb OTPH-
MaHoro BUpoOy. PizanpHuii 1HCTPYMEHT, SIK 3aci0 OTpHMAaHHS JeTajied HeoOXiaHOT
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