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AKTMBHDIN CMHXPOHHDBIN TEPMOAVUHAMMYECKUIA MeTog,
M3MepeHUs TOMALLMHbI OU3NEKTPUYECKUX MOKPbLITUNA

PACCMOTPEHB OCHOBHBIE (M3MMECKHE NPHHUMNB AKTHBHOrO TEPMOAMHAMHYECKOro
KOHTPONA AM3NEKTPHUECKHX MOKPHITUR, & TAKKE CTPYRTYPa BECKOHTAKTHOA cHcTe-
MBI TOMUMKOMETPHM NOKPHITHI, NPeAHAIHAUEHHOM ANS NPUMEHEHUS B NaBopaTOPHEIX
W UeXOBBIX YCAOBHAX (B TOM YHCAE B COCTABE MOTOMHBIX AMHMI). HIMOKeHb MeTONHKM
TpaAyHpPOBKH, NoBePKH M KannGposky, TIpeacTap/ieHs OCHOBHBIE TEXHHURCKHE XapaK
TEPHCTHKM H NIPUMEpI PUMEHEHHS.

A Bariska'®, N. Reinke'? V. A. Syasko**

Active Lock-in Thermodynamic Method for Thickness
Measurement of Dielectric Coatings

Introduction. The task of dielectric coating thickness measurement is regular for many
industries. The object to be measured represents a two-layer structure with different
static and dynamic parameters of the layers; the upper layer is dielectric. The analysis
of physical processes taking place at active thermal loading of the object has shown that
lockin temperature measurements of the object’s surface make it possible to méasure its
thickness, porosity and interlayer adhesion

Method. The structure of a noncontact active lock-n thermodynamic system for
dielectric coating thickness measurement is offered. The system includes a flashlamp
and a thermodynamic sensor with an optical unit. The technique for coating thickness
measurement is developed on the base of the offered algorithm for analysis of primary
temperature function T(x), which shows the change of the excess coating surface
temperature during heating and cooling.

Results. The main matters of the method metrological provision are justificated including
principles of reference stepped thickness standard development; questions of graduation,
verification and calibration are considered. It is offered to use basic provisions of the
active “National Verification System for Coatings Thickness Measurement Instruments”
as well as the technology for metal thickness standard fabrication as most similar
Discussion. The main technical specifications of the system and examples of its
applications in aerospace industry. mechanical engineering, and other industries show
the correc s of the main theoretical provisions of the method and long-term benefit
of using the system created on its base.
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M NOKPLITHA.
PaccMOTPMM  OCHOBHBIE  MONOMEHUA
METOAE M NPHHLMNBI PAGOTBI CHCTEMBI.
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TePMOAMHAMMHUCCKIT
UyBCTBMTEALHbIiA
aneMenT

Puc. 1. CTDYKTYDHAR CXEMA BKTHBHOA CHIXDONHOR
TEDMORMHAMHYECKOR CHETEMbI HIMEDSHHR
TONUHHB AHINEKTPHYBCKHX MOKDLITHRA:

B 3aBHCHMOCTHA OT 3aa4v KOHTPONA, MO-
ryT pac TeCR KAk
EMblE MK Mewalume napameTps. T. .
paccmaTpuBaemMsii  METOA  noasonser
ONPEAensTL OHY M3 TPEX XapaKTePUCTHK
NOKPLITHR — TONWMHY, NOPHCTOCTL WAH
€10 aAreanio, — NPH H3BECTHBIX ABYX.
Ha puc. 3 npeactasnen npumep u3-
MEHEHHA TEMNEPaTYPb! NOBEPXHOCTY Na-
0 NOKPBITHA, é 0
Ha IMCT HU3KOYrNEePOAHCTOR CTanK nocne
YPHOTO HArpyMEHHR ¢ HCNONb-

Puc. 2. Basopan By
OBLEKTA HOHTRONA NDH HIMEREHHAX: 1 — Harpes;
2 — oCTuiBaHME

NbIWHK. h
NPEABAPHTENLHO HW3MEDEHO MArHWTOMH-

TBNNOBOrD HaRyMEHR; 3 — NOKDLITHE, €™ a = 1/Cp u Ko T HoAyKu
4 5— y WM TennoByio p Npu cHCTeM Ha Gase
€ = 2Cp. Hoadd paTyponp MeTopa M
B MoMenT Havana Audbdy- AONKHO GbiTo Yaene-
NaMna-BenbilWKa  M3NYYAET  KODOTKWA  3MM BHYTDEHHEH JHEpPrMM B MaTepHane; Ho 0GECNeeHHio CTaGHBHOCTI Napamer-
umnynse. W A NOTOK €ro HA CHOPO-  POB MCTOYHHHA TEMNEPATYPHOrO Harpywe-
CBETOBOMO M3NY4EHWS NONAjaer Ha no- CTH paHeHHs . HuAN 0 HyBCTBMTENb-
ik 0 N n Té MHEPUHA XapaK- HOro 3NEMEHTa.
CHHXDOHHO C UCNONL3IOBAHHEM TEPMOAM-  TepH3yeT cor. AByX  NOBEPKa CUCTEM AOMK-

HEMUYECKOTD YYBCTBUTENbHOMO 3neMeH-
Ta A

cpen, (NOKPLITHA 1 OCHOBAHMS) M onpeae-

TEMNEPaTYPbl KOHTPONHPYEMOrO y4acTKa
NOBEPXHOCTH H3LENHA. BHYTDM NOKPLITHA
1 OCHOBAHMA TENNOBAs IHEDIHA Pacnpo-

naer b T OTPAKEHHUA TENNOBOA
BoAHbl I, npu 3tom I = O B OTCYTCTBUE

Hbl NPOM3BOAMTECA € HMCNONLIOBAHHEM
PaGOUHK MED TONWHMHLI AHINEKTPHHECKHX
MOKPBITHA HA METANMYECKHUK OCHOBaHH-

TeNNOBOMO HOHTaKTa MeXAay
MH, I = 1 COOTBETCTBYET CAYHEI0, B HOTO-

CTPAHRETCA BO BCEX HAND; 3a
cyeT npouecca Anddy3un, onpeaensemon
TENNONPOBOAHOCTAMM NOKPBITHA M OCHO-
BaHuA. B 3aBMCHMOCTH OT TONWHHB h NO-
KPLITWA TENNOBLIE NOTOKK BHYTPH 06bEKTA
HOHTPONA NEPepacnpeaensioTea ¢ oTAMYa-

pom a6-
COMOTHLIM NPOBOAHMKOM Tenna, MM = -1,
€CNM MaTepHan OCHOBAHMA RBARETCA a6~
CONIOTHBIM TENAOKHIONATOPOM. MpK aToM
KpoMe npoueccos Auddyadn cnepyer

X, B COOTI C Tex-
HONOTMYECKHMM NPOLLECCOM HEHECEHHR N0~
KPBITHA 3aKa34umKoM. Mosepra Mep momer
BHINONHATLCA NO AHANOTHH C NOBEPONHOR
CXEMOW INA CTYNEHYATBIX MeTaNNH4ECcHHX
mep [3]. 3TH e Mepbl MOryT HCNoNbL3o-
BATeCA ANA KANMGPOBKM CHCTEM nepen

YUMTbIBAT

HaMepeHu#, NGO AOMKHE!

owenca OH, 4TO H pa3-
NHYHOA CHOPOCTH M3MEHEHHA Temnepary-
Pbl HA NOBEPXHOCTH NOKPBLITHA [1].

NPOUECCH KOHBEKUHHA WM H3NY-
4eHuA Tenna [2). KonuyectsenHasn nHgop-
MaUMA O BENUYHHE h ONPEAENAETCA NYTEM

GbiTs M3rOTOBNEHD! U ATTECTOBAHLI paso-
YHME 3TANOHb! NOKPLITHA (KOHTPONbHbIE 06-
Pasupl) B COOTBETCTBMH C H3NOMEHHLIMY

Temnepatypa T noBepXHOCTH (CUrHan) aWanuaa 6asoBoi YPHORA QyHK-  T|
CHHXPOHHO HAGMIOAAGTCR M PErHCTPHpY- uw T(x). DJ'IVIGNBB'DI.II.EM H3MEHEHHE W3- P: MeToa D
erca. Amnnutyga, ¢opma u Mno-  Hen npu cu-
BO BPEMEHM TEMNEPaTyPHOrO CHIHANa  KPLITHA Ha JTanax Harpesa u cTemsl Ton-
ByHKrUMA T(x) or HaK nocnenp WrHbl NOKpbiTHiA KOYT MACTEP (puc. 4).

cnywar
HOTOPBIE NO3BOARKDT NONYYHTL HHGOPMA-
UM, yHKL 0 CBA3b

BATENBHOCTb 3AMNHCAHHBIX TEPMOrpamMM.
Wz TaKKe Cneayer, 4ro

c # h. Npi

Gas30B0A HYHKUMK

MOMET GbiTh »maccuq;uuuposana HaK pa3-
HOBHAHOCTE MMNYNBCHOO TENNOBOMO KOH-
TPONA, KOTOPbLIFA NPEAYCMETPHBAET Harpes
M30ENHA WMNYNbCOM TENNOBOA 3HEPrHM
ANMTEABHOCTH AT M PErUCTPaLUMIO Temne-
patypel T(t) Ha NOBEPXHOGTH NOKPLITMA
KaK BO BPEMA AEACTBUR HMNYNLCA, T. €. Ha
CTaflik HarpeBa, TaK 1 NOCNE €ro OKOHYa-
HHA, T. €. HA CTAAWH OXNAMAEHHSA (PHC. 2).
OCHOBHBIMM  TENNOGUIMIECKMMH  Xa-

GyAeT 3aBMCETL OT NOPHCTOCTH NOKPLITHS
W €ro 3Are3uu ¢ OCHOBAHHMEM, KOTOpbIE,
AT

1.3
paKtepuCcTHKamM matepuanos, onpepe- 02 2
B HUX - 3.4 L
ABNATCR 0 0,05 01 015 02
OAHOCTH . CTb C Pue.3.

H NAOTHOCTL p. OHAKO B AaHHOM Cnyyae
TaKKE CNEAYET y4MTbIBATL AMHaMMUNE-
crue HeCKHE XapaK]

L] TemMr

MIOKPLITHA PASHOM TONMMHbI Ha CTANBHOM
OCHOBAHMH NOCNE OKOHYANMA TENOBOTO
HATYKEHHA € HCNONB3OBAKHEM NaMNb-

BenbiwKA: L — 10MKM; 2 — BOMKM;

3 — 180 Mum; 4 — 380 mKM

@keonve @ MR ...

CucTeMa NO3BONRET HIMEPATL TOMUMHY
[MINEKTPHYECHIX NOKPBLITHA Ha MeTannax
W NNACTMKax B NaGopaTtopHbix U LUEeXoBsIX
YCNOBHAX, B TOM YMCNE 8 COCTaBE NOTOM-
HbIX NHHMI OKpacky. Tarke cucTema mo-
JKET MCMONb30BATLCA ANA KOHTPONA NOPH-

Puc. 4. Cuetema HOYT MACTEP & noToMHOR Rt
OKPACKH
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Kitit MOTORL TONULMHBL

CTOCTH WM BArE3HH NOKPLITHA.

c 6

n| Harp obe-
CNEYHBAET NOMHBIA UMKA HIMEPEHUA OT
20mc (npu h = 10 + 20MKm) go 1 ¢ (npu

TOCTBIO NOBER: L 4TO € K-
NONb30BAHMEM APYTHX METOA0B NpaK-
(4].
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