KOHTPOJIb U USMEPEHUSA

ABTOMATU3ALIUSA KAJIMBPOBKW NPUBOPOB
AN AMHEUHDBIX U3MEPEHUN

C.C.Cmenatod!, accucmenm-npenodasameas (ORCID: 0000-0001-9310-5615) / stepanov56@mail.ru, A.B.ITempog,
cm. npenodasameas (ORCID: 0000-0002-5328-9499), C.B.Tapacoé?, k.m.H., doueHmn, 2eHepanbHblil dupekmop

000 UML "Muxpo" (ORCID: 0000-0003-4878-9912), C.H.Cmenaroe?, K.m.H., doueHm, mexHudeckuii oupekmop
000 UMLI "Mukpo"(ORCID: 0000-0001-8478-257X)

S.S.Stepanov', Assistant Prof., Lecturer (ORCID: 0000-0001-9310-5615), A.V.Petrov?, S. Lecturer (ORCID: 0000-0002-
5328-9499), S.B.Tarasov?, Cand. Sc. (Eng.), Ass. Prof., Director General (ORCID: 0000-0003-4878-9912), S.N.Stepanov?,
Cand. Sc. (Eng.), Ass. Prof., Technical Director (ORCID: 0000-0001-8478-257X)

DOI: 10.22184/1993-8578.2019.12.2.122.126
MMony4eHo:18.03.2019 .

PaccMoTpeHbl BOMpOCbl, CBSi3aHHble C Ka/JIM6pPOBKOW PY4YHOrO W3MEPUTE/IbHOIO WHCTPYMEHTa
M paspaboTkoM aBTOMATUSUPOBAHHbIX 3TAJIOHHbIX MNPUGOPOB Ana 3TUX Ueneil. [lpepcTaBneHa
NpUHUUNUANbHAA CXemMa CUCTEMbl aBTOMAaTUYECKOro ynpae/ieHMss npubéopamu. PaccMOTpeHbl

BO3MOXXHbIE MOrpeLHoCcTH, Tpebyolmne A0NoHUTE/IbHbIX UCCNIe[0BaHMUA U NPOBEeAEHUS MeponpuUsaTUn
Mo UX YCTPaHEHMI0 WU MUHUMU3ALIUK.

This paper describes the issues related to calibration of a hand-held measuring instruments
and development of the automated reference instruments for these purposes. A schematic
diagram of the automatic instrument control system is presented. Considered are possible

errors that require additional research and measures to eliminate or minimize them.

HCTeMbl aBTOMAaTH4eCKOI0 YIIpaBAeHUS IIPU-
MEHAKITCS B OCHOBHOM B CTAaHKOCTPOEHHUHU
IIPH CO3MaHUU CTaHKOB ¢ YIIY, obpabarsiBato-

IIMX LeHTPOB U aBTOMaTU4YeCKUX JUHUH. B Ipu-

6OpPOCTPOEHUH CUCTEMBI AaBTOMATHY€CKOI0 YIIPaB-

JeHHS HAIX IpUMeHeHHe B KOOPAUHATHO-U3Me-

PUTeNbHBIX MalllMHAX, 37IeKTPOHHBIX BBICOTOMePaXx

Y HeKOTOPBIX APYyrux npubopax, BeIIYyCKaeMBIX

BeJyIMMHU MHUPOBBIMHU IIPOU3BOAUTENSIMH IIPH6O-

POB A5l TUHENHO-YITIOBBIX U3MepPeHHUH.

MaIIHMHOCTPOUTe/bHble INPEAIPUITUS SIBIS-

IOTCSI OCHOBHBIMU ITOTPebUTeIMHU 60/IBIIOTO KOMTH-

YeCTBa PyYHOro HHCTPYMeHTa, TAKOro KaK MTaH-

TeHUHUPKYIH, MUKPOMETPbI, HYyTPOMePbl, CKOOHI,

MHIHUKATOPHl YaCOBOro TUMa. YacTb MHCTPyMeHTa

HAaXOMHUTCS HEIIOCPeICTBEHHO Ha PabodyrX MecTax,

a 4aCTh B U3MePHUTEJIbHEIX 1abopaTOpHIX.

B 3aBHCHMOCTHU OT UHTEHCHBHOCTH 3KCIlJIyaTa-

LMY IIPOBOAUTCS KalKubpoBKa (IoBepKa) py4HOro

MHCTPYMEHTA C Pa3JIMYHBIMU MeXIIOBEPOUHBIMHU
WHTepBaJaMH. [/ Kalu6POBKU PYUHOI0 U3MEpHU-
TeJIbHOI0 MHCTPYMEHTA HCIIONB3YIOT Pa3ikYHbIe
3TaJIOHHBIe IPHUOOPHI U, KaK IIPaBUJIO, 3TO IPHU-
6OPBI C PpyYHBIM IIPUBOJOM U BH3yaIbHBIM OTCUET-
HBIM YCTPOHCTBOM. [IpuMeHeHHe aBTOMATHU3HUPO-
BaHHBIX IIPUOOPOB I103BOJISIET IIOBBICUTH IIPOH3BO-
OUTeNIbHOCTb KAJIUOPOBKH, CHU3UTD yTOMJISIEMOCTH
[IOBepHUTeJIeH, UCKIIOUYUTh YeJI0BeUeCKUH GaKToP.

Bepymire MHUPOBBEIe IIPOM3BOAUTENH 3TAJIOHHON
TeXHHKH, Takue Kak Mahr (Tepmanus), Mitutoyo
(dnouus), Tesa (LlIBerLiapusi) U ApPyrue, BBIIIY-
CKAIOT YyIIOMSHYTble aBTOMAaTH3HMPOBAaHHBIE 3Ta-
JOHHBIe IPUbOPBl. OLHAKO H3-32 BEICOKOHM CTOHU-
MOCTH M HEIIPUCIIOCO0IeHHOCTH KOMIIBIOTePHBIX
IIporpaMM K OTe4eCTBEHHOMY 060PyIOBAHHUIO 3TH
npubopsl B Poccuu He mpomaioTcsi. OTeueCcTBEHHEBIE
3TaJIOHHBIe IPUOOPHI C pyYHBIM IIPUBOJOM 3aBoe-
BaJId BHYTPeHHUH PBIHOK CTPaHBI, a OCBOEHUeE
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CONTROL AND MEASUREMENT

IIPOM3BOJACTBA aBTOMATH3HMPOBAHHLEIX IPU6OPOB
SIBJISIETCS eCTeCTBeHHBIM IIPOLIeCCOM [a/bHeHIIero
Pa3BHUTHS 0TeYeCTBEHHOTO 3TaJOHHOro mpubopo-
cTpoeHUs. [IpUOOPEI T03BOMAT 3aMeHUTh UMIIOPT-
Hble JJOPOTOCTOSIIIMe aHAJIOTU U B CBSI3U C COBpe-
MeHHOM Me>XAyHapOoAHOM MOJHUTHUYEeCKOH U 3KO-
HOMHYeCKOIM 06CTaHOBKOM OyIyT COOTBETCTBOBATH
KYypCy TOCyapCTBa Ha KMIIOPTO3aMellleHHe.

Llesnplo JTAHHOM Hay4YHOU PaboTHI SBISIETCS pas-
paboTka IBYX THIIOB aBTOMaTH3HUPOBAHHBIX 3Ta-
JIOHHBIX IPU6OPOB.

IlepBbist mpubop M-1000 nmpenHa3HadeH s
KaaubpoBKM M HACTPOHKHM Ha pa3Mep IIHPOKO
pacnpoCTpaHeHHBIX ABYXTOUEUHBIX HHCTPYMeH-
TOB, TaKHMX KaK MTAaHTeHIUPKYIHU, MHKPOMe-
TPBl, HYTPOMephl, CKOOBI C JHANa30HOM H3Me-
peHus 0-1000 mM. IIpubop npexncraBiseT coboi
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Fig.1. Automatic control system of the device

he automatic control sys-

tems (ACS) are, basically,

used in the machine tool
industry when developing the
CNC machine tools, machining
centers and automatic lines.
In the instrument engineer-
ing these systems are applied
in the coordinate measuring
machines, electronic altim-
eters and some other devices
manufactured by leading
global manufacturers of instru-
ments for linear and angle
measurements.

Machine-building enter-
prises are the main consum-
ers of a large number of hand
tools such as calipers, microm-
eters, alesometers, snap meters
and dial indicators. Some tools
are kept directly at the worksta-
tions, another - in the measur-
ing laboratories.

Depending on the intensity
of operation, calibration (veri-
fication) of hand-held instru-
ments is carried out at different
calibration intervals. To cali-
brate a hand-held instrumen-
tation, the various reference
instruments are used and, as a
rule, these are hand-operated

devices with an indicating dis-
play. In order to enhance per-
formance of calibration, reduce
fatigue of the verification
inspectors and eliminate the
human factor, it is highly rec-
ommended to implement the
ACS.

The world’s leading man-
ufacturers of the reference
equipment such as Mahr
(Germany), Mitutoyo (Japan),
Tesa (Switzerland) and others
produce the above-mentioned
automated reference devices.
However, due to high cost and
incompatibility of computer
software with the domestic
equipment, these instruments
are not sold in Russia. Now the
domestic hand-held reference
instruments have conquered
the domestic market of the
country, and manufacturing
of the automated instruments
is a natural process for further
development of domestic refer-
ence instrument. These instru-
ments will allow of replacing
the imported expensive ana-
logues and, accounting for the
current international political
and economic situation, will

correspond to the state’s course
to imports phase-out.

The purpose of this research
is to develop two types of the
automated reference devices.

The first M-1000 device
is designed to calibrate and
adjust the common two-point
instruments such as calipers,
micrometers, alesometers and
snap meters with a measure-
ment range of 0-1,000 mm. The
device is designed as an auto-
mated workstation of the verifi-
cation inspector and is intended
to replace a wide range of the
end gauge dimensions, refer-
ence rings, devices and various
accessories.

The second one (API-50) is
designed for automated calibra-
tion of the whole range of dial
gauges from ICH-2 to ICH-50 and
two-point alesometers.

Both devices make use of
the automated drive with pre-
cise positioning of the working
body up to 0.1 pm. The problem
is solved for the first time in
our country for the 1D measur-
ing devices.

To achieve this goal it is nec-
essary to:
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KOHTPOJIb U UBMEPEHMUA

aBTOMAaTH3HUPOBaHHOe pabouee MeCTO ITOBEPUTES

M NPHU3BaH 3aMeHHUTh CO60M IHMPOKUH AHAIA-

30H pa3MepoB KOHIIEBBIX Mep [/IHHBI, 3TAJIOHHBIX

KoJiell, IpUOOPOB M Pa3THMUHBIX IPUCIIOCO6IeHUT.
Btopout mpubop, AIIHU-50, mpegHa3HAYeH A

ABTOMAaTH3HUPOBAHHON KaJTUOGPOBKU BCEH raMMBI

MHAMKATOPOB 4YacoBoro tuma otr M4Y-2 mo HM4Y-50

U IBYXTOYEYHBIX HYTPOMEPOB.

O6a mpubopa obbeHMHSIET IPUMeHEHHe AaBTOMa-
TH3UPOBAHHOIO IPUBOAA C TOYHBIM (0 0,1 MKM)
MO3MLHOHHPOBaAaHHEM pabodero opraHa. 3agada
pelllaeTcsl BIIepBble B Halllell CTpaHe IMPHUMEHU-
TeJIbHO K IpUbopaMm [/t THHEeNHBIX H3MePeHHUH.

[l MOCTHU KeHU sl IOCTAaBIeHHOM Ieu Heobxo-
OHMO PeIlUTh CIeAYIoMue 3aJaum:
 BBIOPATH THII CUCTEMBI yIIPaBIeHUS;
 BBIOpaTh THII IPUBOJA;

* BBIOPATH THII CUCTEMBI OOPATHOM CBSI3H;

+ pa3paboTaTh NPUHIUIIHAIBHYIO CXeMY CHCTEMBI
yIpaB/leHUs IPUBOLOM;

+ pa3paboTaTh MeTOJ KOMIIEHCAI[MU TeMIIepaTyp-
HBIX [IOIPeIIHOCTeH;

+ pa3paboTaTh cucTeMy "TeXHHUYECKOro 3peHHS"
ISl CAUTBIBAHU S I0Ka3aHUM UHIHUKATOPOB;

+ paspaboTaTh MeTOLUKY aBTOMATH3HPOBAHHOM
KanubpoBKU caMUX IIPUOOPOB;

+ pa3paboTaTh 3TAJTOHHBIN MIHPOKOIPeeNlbHBIH
npeobpasoBaTenb /s aBTOMAaTH3UPOBAHHOM
Kaau6poBKU NpUbOPOB;

e IIPOBeCTH IpeJBapHUTeNbHBIe HCCIeJOBAHUS
[0 OoNpefleleHUI0 IOIPEeIIHOCTH HNpubopos

C pac4yeTOM HeoOIpeleleHHOCTeH H3Mepe-

HUH.

B pesynbTaTe MpoBeleHHOI0 aHA/IM3a TeXHHUYe-
CKOM JIUTePaTypPhl U MPeiBAPUTENbHBIX PACUETOB
6bl71a BEIOpaHa CHCTeMa YIpaBleHHUs C 06paTHOM
CBSI3bIO I10 IIOJIOKeHH 0 paboyero opraHa U3MepH-
TenpHOro npubopa. JlaHHAas cuctema Hauboree
IIOJIHO YAOBJIETBOPsieT TPebOBAHUSIM I10 TOUHOCTH
MO3UIJMOHUPOBAHUS U3MEePHUTETbHBIX HAKOHEUHH-
KoB Ipubopa, a TakKe M03BOJISIET KOHTPOIHUPOBATh
II0/I0KeHHe B Pea/ibHOM pekHMMe BpeMeHH.

[lepeMemeHue paboyero opraHa npubopa ocy-
IMeCTBISIeTCS] C IIOMOLIBIO CePBOIPUBOLA, COC-
TOSIIIeTO M3 CEPBOMOTOPA, CEPBOYCHUIHUTENS 1 KOH-
Tpossepa. lllapuKkoBasi BUHTOBAs mapa baaromaps
IpefBapUTEIbHOMY HATATY obecredrnBaeT BBHICO-
KYIO 5KeCTKOCTb Ilepeflaul U Majyio 30HY HeuyB-
CTBUTEJIBHOCTH IIPH PeBepce.

CucTeMa aBTOMAaTHUYeCKOrO yIpaBlIeHHUs IPHU-
bopamu usobpaskeHa Ha puc.l. [l obecreyeHUs
TOYHOCTH IMO3HUIIMOHHUPOBAHUS KapeTKH C H3Me-
PUTeNbHBIMH HaKOHEUYHHKAMH CHCTeMa CHab-
KeHa JTHUHeHHBIM JaTYUKOM OOpaTHOM CBS3H.
[IppMeHeHHe JIMHENHOIO0 JaTYHKa, B OTIHYHE
OT KPyTOBOTO, II03BOJISIET BBIIIOJIHSTh IIPSIMbIe H3Me-
PEeHHU [T0JIOKeHHU I KaPeTKH, YTO IIOBBIIIAET TOYHOCTb
MIO3UIIMOHHPOBAHHUSI.

[Ipy IpUMeHeHUH aBTOMATHYECKOH CHCTEeMBI
yIpaBIeHUS KapeTKa C M3MePHUTeJbHBIM HaKO-
HeYHHKOM C IIOMOILIbIO CHIOBOrO IIPHUBOAA ABTO-
MaTHYeCKH BOCIIPOM3BOJUT ABHKeHHUe, 3aJaHHOe

» choose the control system
type;

« select a drive type;

« select the type of feedback
system,;

 develop a schematic diagram
of the drive control system;

« develop a method for compen-
sating temperature errors;

e develop a system of "tech-
nical vision" for reading
indicators;

» develop a methodology for
automated calibration of the
instruments themselves;

e develop a reference wide-
range converter for auto-
mated calibration of
instruments;

 to conduct preliminary stud-
ies in order to determine
errors of the instruments
based on calculation of mea-
surement uncertainties.

As a result of the analysis of
technical literature and prelim-
inary calculations, a feedback
control system based on the
measuring device working body
position has been selected.
This system most fully meets
the requirements for the accu-
racy of the measuring tips posi-
tioning of the device, and, also,
allows of controlling the posi-
tion in the real time mode.

Movement of the working
body of the device is carried out
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using a servo drive consisting of
a servo motor, servo amplifier
and a controller. The ball screw
pair, due to preloading, ensures
high transmission rigidity and
a small dead space zone during
reverse.

The ACS of the devices is
shown in Fig.1. To ensure accu-
rate positioning of the mea-
suring tips carriage, the sys-
tem is equipped with a linear
feedback sensor. The use of
a linear sensor, as compared
with a circular one, enables
to make direct measurements
of the carriage position which
improves the positioning
accuracy.



KOHTPOJIb U UBMEPEHMUA

yHOPaBAsSIOMUM yCTPOHUCTBOM, B JAHHOM Cilydae
MepCcoHaJbHBIM KOMIbOTepoM. CHUTHAI yIpaB-
NeHHs BbIpabaThIBaeTCs KOHTPOIIEPOM, IONIY-
YalIUM HHPOpPMAIL U0 o TpebyeMoM IOIOXKe-
HHM M3MEePUTEIbHOro HaKOHeYHHKaA oT PC U o ee
OeNCTBUTE/IbHOM IIOJIOKEHUH OT JaTuKKa obpaT-
HOU cBsi3u. CUTHA/ YIpaBJeHUs ABJsIeTCS pas-
HOCTHBIM CHTHAJIOM, XapaKTepHU3YIOIHUM COOTBET-
CTBEHHO 33JJaHHOe U [IeMCTBUTe/IbHOe [lepeMelle-
HHe KapeTKH C K3MePHTeJIbHEIM HaKOHeYHHUKOM.

I[IpuMeHsieMBIH B JAaHHOH CHUCTeMe THHEHNHBIU
OaT4YHUK oO6paTHOM CBA3U obecredyHBaeT HeEIO-
CpeACTBeHHOe M3MepeHHUe IepeMelleHUS H3Me-
PHTeNbHON KapeTKH. ITO IO3BOJsIeT OXBATHUTh
06paTHOI CBSI3BIO BCe IIepefaTOYHble MeXaHHU3MBI
IpHUBOJA, 4TO obecrmeynBaeT BBICOKYIO TOUHOCTh
rnepeMelieHHH.

PaccMaTpuBaeMble IPUOOPHL SIBISIOTCS CIOXK-
HBIMHU TeXHHUYeCKHUMH YCTPOHUCTBAMH, yIpaB-
AseMBIMH C IIOMOIIBIO KOMIIBIOTEpa H COOT-
BeTCTBYIOIIETro MPOTpaMMHOro obecrmedeHHUs.
TouHOCTh NPU6OPOB 3aBUCHUT OT MHOIUX QAKTO-
POB: MOTPENIHOCTH caMoro npubopa, mOTrpemHo-
CTH OT BO3JeHCTBU A OKPY>KaIOLleH Cpefbl (TeMIie-
parypa, Bubpauuu). Ha TouHOCTh pPaboThl THHE-
HOTO AaT4yKKka OOpaTHOM CBSI3U MOTYT BIHSATH
MOrPeIIHOCTH HalpaBiasoIUX npubopa, TeMIe-
paTypHEle fedpopMalMy U yIpyrue fepopMaluu
37IeMeHTOB M3MEPHUTeJIbHOM KapeTKHU IOoJ Aeu-
CTBUEM H3MePHUTeIbHOTO YCHUIUS. ITU MOTpell-
HOCTHU TpebyIOT NOMOTHUTETbHBIX UCCIeN0BAHUM

U IIpoBeAeHU s MePOHPI/IHTI/II;I I10 UX YCTPAHEHHIO
WU/ MUHHUMH3AL KN,

BbIBO/AbI
[IpoBemeHHBle IpeJBapUTEIbHBIE HCCIIEL0BA-
HHUS [OKa3aH, YTO JaHHAas CHCTeMa yIpaBie-
HHUS MOXeT 6BITh HCIIOJIb30BaHA /I aBTOMATH-
3alMM 3TAaJIOHHBIX NPUOOPOB [/ THHEHHBIX
HM3MepeHHH.

CrcTeMa aBTOMaTHUeCKOro yIIPaB/IeH s C JaTYHKOM
06paTHOM CBSA3M MOXKeT obecreyuTs TpebyeMyio ToU-
HOCTB ITPH yIIPaBIeHHUH 3TaJIOHHBIMH IIPHOOPaMH.
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When using an ACS, a car-
riage with a measuring tip is
driven and automatically repro-
duces the movement speci-
fied by the control device (in
this case a personal computer).
A control signal is generated
by the controller that receives
information on the desired
position of the measuring tip
from the PC, and its actual
position from the feedback sen-
sor. The control signal is a dif-
ferential signal characterizing,
respectively, the specified and
actual movements of the mea-
suring tip carriage.

The linear feedback sensor
used in this system provides

direct measurement of the
measuring carriage movement.
This feature enables to include
in feedback all transmis-
sion mechanisms of the drive,
which ensures a high accuracy
of movements.

These devices are computer-
controlled complex technical
devices complete with the cor-
responding software. Accuracy
of the devices depends on many
factors: the error of the device
proper, the error of the envi-
ronment impact (for example,
temperature and vibration).
Accuracy of the linear feedback
sensor may be influenced by
errors of the instrument guides,
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temperature deformations and
elastic deformations of the mea-
suring carriage components
subjected to the measuring
force. These errors require addi-
tional research and certain steps
to eliminate or minimize them.

CONCLUSIONS

Preliminary studies have
shown that this control sys-
tem can be used to automate
reference instruments for 1D
measurements.

Automatic control system
with a feedback sensor can pro-
vide for the required accuracy
when controlling reference
instruments. [ ]





