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Awowkaoio Atokpifpmonc kor MeTpntiki)
Apeparotnra Yo ta MikpopeTpo,

K. N. AGANAXIAAHX
Ap Teyvikov Emotnpov

Hepitnyn

H ertitevén eviaiov tpomov vmoloyiouod twv ustpntikay ofefoioty-
TV o€ eBViKO Kot 010V emtinedo ka.O1oTOVY TIG UETPHOELS OLIOTIOTES
dievkoAdvoviog mopdiinlo. ) oadikacio. 0ALNLOGOYKPIGHS TV
OTOTEAETUATOV TV UETPHOEWY UETALD EPYOTTHPI®Y OLOKPISWOHS.
H ypnon tov paxpouétpawv oty Prounyovio koi ota pyoctipia oi-
oKpIfmoemV gival ovVEXHS KaBIoTMVTOS TO. OTT0 To. TAEOV alloTioTO.
Opyavo. UETPNONG. ZTNV EPYOTIO QDT TEPLYPAPETOL OL0OIKOTIO. D10
KPIPwoNS LKPOUETP@Y Y10 ECMTEPIKES UETPHOEIS KO YIVETAL OVAAVGH
TV TNYOV, 01 OTOIES CVUPAAAOVY ot ueTpnTIKn afefoudTnto. €VOS
HIKPOUETPOD, OTS N EALEIYN EMTEIOTNTOS KO TOPOAANAOTHTOS TV
EMPAVEIDV UETPNONGS Y10, TH dtaxpifwaon. Lleprypdpetar pabnuotixo
HoVTEAD ot fdon Tov omoiov KaTHYoplOTOI00VTaL 01 OfEfoIOTHTES
wrov A ko1 B. Méow vmobeons epyoaciog didetor ovykevipwtikog
Tivakog mTywv ofefaiottwy koi vroloyiletor n oUVOliKN Kol N
drevpouévy petpntiy afeforotnra.

1. EIXATQT'H

Ta pikpopetpa eivar epyodeio axpipeiog mov ypnotpo-
TOLOVVTOL Y10, TN UETPNON MKPOV 0moctdoemv amd 0 péypt
25 cm kot yuo. peyoddtepeg anoctdoelg puéypt kot 5 m. To
€0pOG HETPNOTNG EMTVYYAVETOL [E TN XPNOT EVAALUCGOLLE-
vov (interchangeable) akpovov 1 ahidg Tpoektdcemv. Ka-
TackeLalovtat dVo £idn PIKPOUETP®V, 0 £vag Yio eEMTEPLKEG
LLETPTGELS KOL O GALOG Y10 ECMTEPUKEG.

H amlomto ypnong kot n peydin axpifeia pérpnong
€YOVV KOTOOTNOEL TO UKPOUETPO ®G £va amd Ta Pooikd
OpYaVO LETPNONG OTO EPYUGTNPLO KO GTNV TOPOYDYIKN O10-
dwkacio. To omovdatdtepo eEAPTNILO TOV LUKPOUETPOL gival
0 KoyAiog Tov [1]. Avtdg viomotei T didoTacT Kot peyedovet
v évoeién. H hertovpyio tov pukpopétpov Poociletal ot
oyetikn kivnon koyiia-mepicoyiiov. To mhéov cuvnbicpévo
prpa Tov kKoyAia eivor 0.5 mm kot avtdg €ivor 0 Adyog mov
TO TEPIOTPEPOUEVO TOUTAVO TOL OPYEVOV PEPEL TEPLETPIKA
50 vrodwupéoels. Me avtdv Tov TPOTO OV TO TOUTAVO TTEPL-
oTpagel katd pio vrodaipeon, tote petatomileTor a&ovikd
0 KoyAlag katd 0.5 : 50 =0.01 mm [2].

Yty gpyacio ovt YiveTol Tpoomdfeio TEPLYPAPNG TOV
Pnudtov mov wpémel va akoAovdnbovv yuo Tov EAeyyo Kot
Skpifwon TOV KPOUETPOV Yo EEMTEPIKEG LETPNOELS, T
YropinOnxe: 21.11.2005 Eyve dexrij: 3.7.2006

omoio amotehovvTol Ao £vay 6Tofepd (non-removable) dk-

povo (anvil) kot oo enimedeg eMPAvVELES LETPNOTG.

Otav mpayllatomolovvol HETPNCELS e UIKPOUETPO, Ol
afefotdtnTeg mOV PIopPovV Vo VIEWGEABOVY KATA TN S10dL-
kaoio Tng péTpnong Bo propovcav va givon e&aitiog:

1. tov perpnrikov otehéyovg (spindle error),

2. MG EAAEWYNG EMMESOTNTOS UETPNTIKAV ETIPAVEIDV
LUKPOUETPOV,

3. g EMAeynG TOPOAANAOTNTOG HETPNTIKOV ETLPAVEIDV
LUKPOUETPOV,

4. g avoyvoolpudttog (avOpdmivog Topdyovtag),

5. g S0QOpETIKNG ePapuolopevng pomng HECH TG KO-
oTAVIOG Yo TN pétpnon,

6. NG O10POPETIKNG OEPUOKPAGIOG PKPOUETPOL AVTIKEILE-
vou~ (EEmMTEPIKOG TOPAYOVTOS KOt OYL TOV LUKPOUETPOL 1)
omoio Opw¢ ennpedletl ™ pétpnon),

7. ™G OLPOPETIKNG EAACTIKOTNTAG VAMK®V (HETpnon pe
otobepn pomr] odnyel o€ SLOPOPETIKA OMOTELECLOTO
AVOAOY®OG TOV VAIKDV).

TNveton xatavontd 411 avTol o1 TAPAYOVTEG TOV ENNPE-
alovv TN PETPMON HE HUKPOUETPO deV EIVaL KOT® ovOyKT) KoL
ot yég apefardmrog katd ™ dradikacio dtakpifmong Tov
opyavov. O Adyog givar 0Tt 6€ €va, epyacTnplo dlakpifwong
ot mpoavaeepheioeg TNyEg afefordmrog peidvovtor e&oti-
0G TOVL YEYOVOTOG OTL:

o kataypdeovtal ot TepIPurloviikéc cuvOnKeg OTmg Bep-
LoKpaGio Kot GYETIKT vYpocia,

e 1 dwkvpaven Beppokpaciog dev eivar peydin Kotd ™
duapketa drakpifwong tov opydvov,

®  VTAPYOVV SLOKPIBMOUEVEG GUOKEVEG OTMG OVVALOKAELDO,
Kot POTOKAELSQ Y10 TNV EPOAPLOYT YVOOTHG SOVOUNG KO
pomng,

®  VTAPYEL EKTOOEVUEVO TPOCOTIKS Y10, TNV TPOYHATOTOL-
non mg Stakpifwong,

O opleg myéc petpnrtikng afefordmrag, ol omoieg
anyalovv and ™ dwdikacio dtukpifmong HES® TPOTLIWY
mAaKdiov kot GUUBAALOVY o1 pHeTpNTIKN ofefatdTnTa EVOG
HiKpopéTpov, etvat ot:

o &lAeyn emmESOTNTOG KO TOPOAANAOTNTOS TOV EMLPOL-
VEUDV HETPNONG,
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o ofefardTnTO GTO KOG TOV TPOTVTOV TANKISIWOV,
o Jlpopikn| Beppokpocia,
*  avOyvVOoLOTNTO.

Me Bdon avtég Tic myég peTpnTikng afefotdtnrog
meplypdpetar pabnuatikd poviédo ot Pfdon tov omoiov
Kot yoptomotovvtot ot afefatdtnteg Tomov A kot B. Méow
Tapadelylatog Si0eTol 0 GLYKEVIPOTIKOG TIVOKAS TOV 1GO-
Cuylov mnydv afefotdtrag kot vroioyiletar 1 GuVoAKn
Kot 1 Stevpopévn peTpnTIKn afePotdTnra.

2. TPOXQIIIKO KAI EEOIIAIXMOX

Olog o géomhopog (Opyava dwkpifoong kot 1o vwod
Sakpifmon HKPOUETPO LE TO GUVOSEVTIKO TOVG EEOTMGHO)
TPEMEL VO PUAAGOETOL GE YDPO EVTOG TOL EPYOOTNPIOL, GTO
onoio Ba mpaypotomomBel 1 dwkpifmon kol 6To omoio M
Beppokpacia kot 1 vypacia Kataypdpovtot kot EAEyyovtat. O
YPOVOG oL TPEmeL va TapéADeL Yo va Eekiviaet 1) Stokpifoon
TOL LUKPOUETPOL TTOLKIAEL avaAOYaL [ TO PEYEBOG KO TOV OYKO
TOL 0pydvov (Kot kKupaivetar and 6 £mg 24 dpeg). Me Bdon
10 potumo DIN 863 [3], OAec Ol LETPTOELS GE GLOKEVEG Yo
LETPNOELS OL0CTACLOKMV HEYEDDV OTMG TOL PIKPOUETPA, TTPE-
TEL Vo, VAOTTO100VTOL og Ogppokpacio yopov: 20 °C = 2 °C.
‘Oco o piKpod 1o £0pog SradpaVeng TG BepLOKPUGing TOGO
ppotepn givon  afePardtro mov egartiog g dtakduaveng
OVTNG VIEGEPYETAL 6TO 160L0Y10 HETPNTIKNG afefatdtTnTog.

To Tpoomwmiko, Tov pnopei va emiteAécel T dakpifwon
TOV LIKPOUETP®V, TPETEL VO €ivaL EKTOOEVUEVO Y10 LLETPT]-
oe1g axpiPeiag, ypnon TPOTHTOV OTTIKGV TAOKLOimV (optical
flats), yprion kvping £omAcoD TOV gpyactnpiov yia T ot-
aKpifmon Tov KPOUETPOL Kot TOL BondnTikod e£omAMGoD
. Eniong, Oa mpénet to Tpocomikd va, £xEl EKTadELTEL OTIG
TPOPLAGEELG TTOL gival amapaitnTeg 0Tav Yepilovton emime-
deg empaveleg Peyding akpipetog.

To ™ dakpifwon evOg LWKPOUETPOV YPTCULOTOLEITOL
Kupimg o e&ng eEomhopdg:
® mpoOTLTA TAOKIOLO,

TPOTLTTOL PAPOOL LEYGAOV UNKOVG,

e omtikd mAokido Yo pétpnon mapaAinidtnrag (Optical

Parallels),

e omtikd mAokido Yoo pétpnon emmeddtrog (Optical

Flats),

o JUVOUOUETPO Yiot HETPNOT) TG KAGTAVING TOV OPYAVOV.

H emnedomto TV emipaveldv pétpnong vroAoyileton
pe ontikd mAokiowa emmedotntog (Optical Flats).

H mapaAAnAdmra Tov emeavelidv pétpnong vroroyile-
Tot pe TpoTvmo omtikd mAakiowa (Optical Parallels). o pe-
YOAOL €0POVG IKPOUETPO UTOPEL VO ¥pNGLLOTOIBo0V Kot
GAleg ovokevég 6mwg Universal Measurement Machine.

H pétpnon g KAHOKOG TOL PKPOUETPOL, TPOYLLOTO-
TOLEITAL GE GUYKPIOT e CLUVIVAGUO TPOTOTOV TAUKISI®V
(Gauge Blocks).

H petpntkr afefardotnto tov pikpopétpov npocsdiopi-

Ceton og cOyKploN pe cLVOLACUO TPOTHTMOV TAAUKISI®V KoL
opiletor mg 1 daeopd TG EVOEIENG TOV LUKPOUETPOV KOL TG
OVOUOGTIKNG TG TOV TPOTOTMV TAUKII®V.

TNa v etvan Suvotn 1 Sokpifoon TV PIKPOUETP®V TOL To-
POTAV® OPYAVO. KoL GUCKEVES, TPEMEL VAL Eivor StakpiPopéval,
®ote vo eE0oPaAilovV 1YVNAUGILOTNTO LETPNCE®Y GE eBVIKA
1N 01ebv TpdTuma. povg [4]. Ot gpodvol emavadiakpifmong
OA®V TOV TPOTOHTMV TOL YPCGYLOTOLOVVTUL Yi0. TIG SkpB®-
OEIG, TTPEMEL VO EIVOL KOTOYPAUUEVOL GE EIOIKO PAKEAO KOl VO,
opilovtat oTo £yyEPidlo TOOTNTOG TOV EPYASTNPIOV 1| GE Lua
oo TIG TEXVIKEG O10OIKAGIEG TOL gpyactnpiov [5].

pw v évopén tov petpioewv, emPaiietor  61e&odi-
K1 pHeAéTn Tov Vo drakpifwon pKpopETpov. e TEPITTMOO
aviyvevong mpofAnpatog 1 vrapéng apepodv, ®g TPog
OWMOTN AELTOVPYIO TOV OPYAVOV, TPETEL VO, VIEAPEEL GUVEVVO-
NoM HE TOV TEAGTN Yo T cuvEyon N un g dakpifoong,
TNV AVAYKN EMCKELNG TOV OPYAVODL 1] OYL K.AT.

Ta opyava wpémet va kaBapilovtot pe ™ BorBeta kabo-

PLOTIKOV OV TEPLEYEL TOAOVOVN N TPLYA®poaiBuAEVio
KOl TO 07010 €V OPNVEL LETTO GTPDOLLO TAV® OTIC EMPAVELEG
7oV £Y0VV KoBoPIoTEL e TO VAKO.

X kéBe dpyovo, e TV TapaAafn) TOL GTO EPYUGTNPLO,
npénel va tonobeteital  kapTédo, OmOL KATAYPAPOVTOL TO
otoryeia, ta onoio TEPLYpAPOLY TO Opyovo Ommc[S]: xaTo-
OKELOOTNG KOl TOTTOG TOL VIO SLoKpifmon opydvov, aptBpog
oelpdg Tov opydvov, Muepounvio Toporofng Tov opydvov.
Edv to 6pyavo cuvodevetar amd edeyktipa, tomobeteitan
puepn kaptéda e Tov aplpd Gepag Tov HIKPOUETPOV, GTO
0moi0 AVNKEL O EAEYKTNPOG. X& TEPImT®ON VIaping dvo 1N
TEPIGCOTEPMV EAEYKTIPOV TOV 1310V LUKPOUETPOV, TOTODE-
teiton o€ KGOe EAEYKTPA Y10 TO SOYDPLIGHO TOVG £V YOPOL-
KTNPLOTIKO (OT®G T.). YPOAUUO TNG AATVIKAG aApafiTov A,
B, C x.1.A).

To epyaotiplo eivor duvatd va déxetan emokéyelg. Ot
EMOKENTEG Pe Pdomn To €yyePidlo TOOTNTAG TOV EPYAOTI-
piov dev mpémel va yvopilovv cg mowovV TEAATN AVIKOLV
TO GLYKEKPIUEVA Opyave PETPNOTG, DOTE va. unv e&dyouvv
BeProcpéve cuumEPAOUATO GE TEPINTMOT OV TO. Opyava
elvar Tohd 1 Aepopéva. Avtog eivatl o KOpLog AOYog Yo Tov
0TOo10 GTIV TPOOVAPEPOLEVT] KAPTEAQL TOTODETEITAL KOIIKOG
meAAT Kot Oyl To 6Gvopa ovtov[S].

3. ATAAIKAXIA ATAKPIBQXHX
MIKPOMETPQN

H dwkpifmon evog LukpopéTpov Umopel v mpoypoto-
momBel pécm dudikacidv, ot onoieg Pacilovral o didpopa
debvn mpotuma. Ta mo yvootd and ta diebvn TpdTuTa givort
ta DIN 863 [3] ko ISO 3611 [6]. H cvykexpévn teyvikn
dwadikacio dakpifwong Paciletor oto ISO 3611: 1978 [6].

Katd ) didpkela g Stokpifoong o omotelécpoto Tou
EAEYYOV KOl TOV AAA®V PETPoE®V Kataypdpovial og [Ipm-
TO6K0ALO Srokpifmong.
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3.1 "Ekeyyog pikpopétpov

3.1.1’EAeyyog opryktiipo:

[leptoTpoen TOL GPLYKTNPA HEXPL VO PTAGEL 6TN BEom
oboeEng Tov afova. Me ) Pofbea TG KaoTAvVING 1 av I
KOOTAVIO, 0mOVGLALEL, LE TO XEPL HOG, EAEYXETOL OV COTYYEL
OMOTH TO PETPNTIKO GTEAEYOG, O GOLYKTNPOG.

3.1.2 'Ekeyyoc kaoTavViag:

Métpnon, pe 1 Pondeia dtokpiPopévon duvapdpetpov,
™G SVVOUNG TOVL EQPPUOLETOL OTIG EMPAVEIEG LETPT|ONG TOVL
0pYAavov, LLE TNV TEPIGTPOPN TNG KAGTAVIONG (EQOGOV VITAP-
xer). H ddvaun avtr mpénet va keitetan oto €0pog (5—15) N
[3.6].

Edv amovoidlel N eivan KotesTpappévn 1 KAGTAVIK, TOTE
pe ) Pondeia draxpPopévov duvapdkieldov, epoppofovpe
OTIG EMUPAVELEG PHETPNOTNG TOL 0pYavov dvvaun ion pe 10 N.
Me 1t dvvaun avtn yivovtor ot petprioels. H amovoio 1 1
BAGPT TNG KAGTAVING KOTOYPAPETAL.

3.1.3 'Ekeyyos g 0<omg 0’ (apyn TS KApaKag) Tov opydvoy

To opyavo eréyyetat, pe TomoBETnon TPOTHT®V TAAKISI-
@V OVALESH OTIG EMPAVEIEG LETPTONG, MG TTPOG TNV £vOelEn
oV 6N Béom ‘0°. Epdcov vrdpyet amodKAIon, KoTaypapeTot
Kot yiveTon 1 Emavapopd, oV oTd TO EMTPENEL TO OPYAVO.

3T0 LUKPOUETPO LLE TPOEKTACELS, 0 EAeyy0G TG Béong ‘0°,
TpoypotoToleital pe Kabe pio amd Tig TpoeKTaoels. Avapesa
OTIG EMPAVELEG LETPTONG TOTOBETEITAL CLUVIVAGUOG TPOTV-
OV TAOKIOI®OV [LE OVOUAGTIKO HKOG - TO HKOG TOV oVOpE-
petot otny €voelgn ‘0’ tov pikpopétpov. Iivetan koTaypoen
tov evdeitemv. Epdcov vapyel andxiion omd v Béon ‘0’
yivetal emavagopd (epoOcov avtd givar SuvoTov) aALGLoVTOG
TO WNKOG TNG TPOEKTACT|G.

E@oc0v 01 mpoekTdoelg Tov PIKPOUETPOL deV EMOEXOVTOL
aAloyég, 1 emavaopd ot BEom undév yivetan pe tn Pfordeta
TOV LETPTIKOD OTEAEYOVG, L€ TETOLOV TPOTO, OVTMG MGTE M
amorkhon and tn 0on ‘0’ yio OAES TIG TPOEKTAGELG VO Eivart
1N piKpoTEPN duvoTn.

3.2 Awukpipoon pikpopéTpov

3.2.1 Empepaimon g khipokag Tov opydvov

H pétpnon g khipokag Tov opyavov TpoyatomoteiTol
pe  Ponbela oeT TPOTHNOV TAUKIOI®V.

E@ocov to €bpog KAIPaKOG TOV PKPOUETPOL Eivar Gved
TV 25 mm, ¥PNGYLOTOLOVVTOL TPOTLTA TANKION Omd GALD
OET TPOTOT®V TAAKISI®V, Y10 VO KOADWYOLV TO €0POG HETPT-
ONG TOV OPYAVOV.

To 6pyavo eréyyetar [3,6] o 11 onueia g KAipoKdg
tov (0.0, 2.5, 5.1, 7.7, 10.3, 12.9, 15.0, 17.6, 20.2, 22.8, ka1
25.0 mm), ta omoio ovTIGTOLYOUV OE SLOPOPETIKES YOVIOKEG
Béoeic Tov a&ova mepiotpoon|g (spindle). Ta kdbe TpdTLTTO
UAKOG OMUELDOVETAL 1] £VOEIEN TOV OPYAVOL GTPOYYLAOTOLN-
HEVN OTNV TANGLEGTEPT VTTOSIALIPEST TOL OPYAVOV.

3.2.2 Metpiiogig emmedotnTog

O petpnioelg emmedotntag, yivoviol pe t Pondeia tomv
TPOTONOV OTTIKMV TAOKLSiV (optical flats).

To omtikd mAokidio ToroBetovvtar o Kabe pio amd T1g
eminedeg empaveleg Tov pKpopéTpov. To oyfua Kot o aptd-
OGS TV KPOosodV mov oynpatilovton pog deiyvooy 1o fabud
emmedotnTag TG EMeavelns. O aplBpoc TV KpOGSHY GULL-
BoAng mov oynuatileTol TUvo TV EMPAVEL eV TPETEL VO,
Eemepva TOVG TEGGEPIS 1 AAMAOG M EAAEWYT] EMTESOTNTOG
dev mpémel va gival aveo Tov 1 um [3,6].

3.2.3 Metpiogig TapaiinrhotnTog

O1 peTpfoelg TopoAANAOTNTOG, YivovTaL:

1. pe 710 oet ontkdv TAakdiov (optical flats) yuo pukpo-
petpa 0 - 25 mm. To oet, HES® TEGCAP®Y KPLOTAAL®V
SLPOPETIKOD TTAYOVG, KOADTTEL [0, TANPT TEPIGTPOPT
oV GEova Tov piKpopétpov (spindle).

2. pe to oet omtkdV mhakdimv (optical flats), tn Pondewa
TPOTOOV TAOKIII®V KOl TPOTVT®V pAPd®V, Yo HIKPO-
petpa dveo Tov 25 mm,

3. pe 1 Ponbeia Universal Measurement Machine, yio pu-
KPOUETPA AV TV 25 mm.

To ) pétpnon toporindiétntog oto pikpopetpa 0 — 25
mm, tonobeteital Kabe KpOOTAALOG, OO TO TPOAVUPEPHEY
OET, AVALESO, OTIG EMPAVELEG ETOPNG Kot pe T Ponbeta trng
KOUOTAVIOG £PYETOL GE EMAPY| LE TIG EMPAVELIEC TOV UIKPOWE-
tpov. Ilpocmabovpe amd v o TAEVPE TOL KPVOTAALOL
Vo TEPLOPICOVLLE, OGO UTOPOVLE, TOV OPOLO TOV KPOGCHV
oLpPoANG. Xty amévavTt TAEVPE, HeTpape Tov apliud tov
KPOGG®V, 0 0T010G KOt pag dgiyvel TNV EAAeyT TapOAANLO-
™mToC.

H pétpnon mapaAniotntag yio pikpopetpo peyordre-
pov gbpovg, péxpt kar S00 mm, yiveror 6mOG avapépOnke
TAPATAvVO, e TN dtapopd OTL mapepPdiretal Eva TpodTLTO
mhoxidto (gauge block) avdpeso 6Tovg KPLGTAAAOVG, TOL
éxel evobel pe avtovg, péom g dudikaciog wringing, om-
LLOVPYADVTOG LE AVTOV TOV TPOTO TPOTLTO TUPOAANAOTNTOG.
To pnkog Tov TPoTLTOL TANKLS{0V, TO 0010 TaPEUPAAAETL
OVAESO GTOVG KPLOTAAAOLG, EMALYETAL, £TOL, OVTMG MOTE
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Ol LETPNOELS VAL YIVOVTOL GE OMNLELD, TO 0TTOi0 KAADTTOVY TNV
QTO{TN O Y10 TAPT TEPLOTPOPT] TOV AEOVA TOV LIKPOUETPOL
(spindle).

H pétpnon mopoAAnAomntog o HIKPOUETPO. €DPOVG,
péxpt ko 500 mm, pmopei va yiver pe tn yprion Universal
Measurement Machine 1 kot GAANG GLOKEVLNG HETPNONG
ECMTEPIKMV O100TACEWDY. L€ KAOe mepintmon Ppickovpe ™
peyaAhtepn Suvat OmOCTACT GTO KEVIPO TMV EMLPAVEIDV
pétpnong tov pikpopétpov. Mndevifoope v évdsiEn tov
opyavov. Metakivavtag Toug AEOVEG TNG CLCKELNG G€ OY1|-
Lo GTOLPOV, TOPATNPOVUE TNV ATOKAIOT OO TN HEYIOTN
amoctacn, oty 086vn. H peyaidtepn tun, mov Oo mapao-
TNPTCOVLE, OVAPEPETAL OTNY EALELYT TOPAAANAOTNTOS TOV
LUKPOUETPOV.

4. YHHOAOI'TEMOX METPHTIKHX
ABEBAIOTHTAX

To vrd draxpifwon PKpOpUETpO Bempovpe OTL ExEL €DPOG
pétpnong 0 - 25 mm kot dtakprrdémra 0.001 mm.

To cedApa tov pkpopétpov Tpocsdiopiletal e cHyKpl-
o1 LE GLVOLOCUO TPOTHTTOV TAUKLIOIWOV, Y10 T1 LETPT|OT TOL
OOUALLATOG TOV LETPNTIKOD GTEAEXOVG KOl GEIPAS TPOTLIDV
ontik®v mAakiov (optical flats), yia ™ pérpnon g ma-
POAANAOTNTOG KOl EMTESOTNTOG TOV EMPAVEIDY HETPNONG.
Ta tpdTLTO TAOKISW £YOVV OVOpHOOTIKO pUfKoG: 2.5, 5.1, 7.7,
10.3, 12.9, 15.0, 17.6, 20.2, 22.8 ko1 25.0 mm. Emopévmg n
oLVOAIKY peTpnTikn ofefatdotnta Bo givar cuVOVAGHOG TG
amoKAMoNG NG EVOEIENG TOV HETPNTIKOV GTEAEYOVG OO TO
OVOLOGOTIKO UNKOG TOV TPOTOHNTOV TAUKISI®V Kol TOL GOAA-
LLOTOG, TOV TTPOCTifETAL, AOY® NG EAAEWYNG EMMESOTNTAG )
KOl TOPUAANAOTITOG TOV EMPAVEIDV HETPTIONG TOV UKPO-
péTpov.

4.1 MaOnpotuco povréio

Yir = Xgpp + Error 4.1)

omov:
e Y, . —TNOvayvwon Tov HKPOUETPOL,
e X — TO OVOUAGTIKO UYKOG TOV TPOTLIOL TThAakidiov,
e Error —n dta@opd peta&d g EvOEENS Tov HIKPOUETPOL

KOl TOV HIKOVG TOV TPOTVLITOV TAOKIHI0V.

I"o tov vroroyopd ¢ petpnTikng afefatdtntag Error,
Bo pémer va AdPovpe vadyn TG empEépovs afefardtneg,
OV VAELGEPYOVTOL AOY® EAAEWYNG TOPOAANAOTNTOS TOL
a&ova meplotponig (spindle) pe 1o otabepd dxpova (anvil)
KaBmg eniong Kot TG EAAEYNG EMTESOTNTOG TOV EMUPOVEL-
@V PETPNOMG TOL UIKPOUETPOV.

H ovvdvoaopévn tomkn afefaidmra, didetor and tov
Tomo (4.2)[4]:

2 2
Uc(YuR)=‘/H;(YUR j(U(XSTD)):| +K Nig j(U(Error))} (4.2)

STD cError

4.2 AToTELEGNOTO. PETPNGEMV

‘Eywav tpeig HeTpfoelg Yo KOs OVOUAOTIKO UNKOG TOV
npotomov TAakidiov. H amdkiion €vdeiéng amnd v ovopo-
OTIKT TN divetan otov Tivaka 1 mTov akoAovdet:

Mivakag 1: Axoxlion évdeilng puxpouétpov omo v ovouaotikiy
) tov Ilpotdmov Ihaxidiov.
Table 1: Difference between the observation value and the refer-
ence standard.

SO s Observation Value, mm St.a n'dard
length, mm Deviation, um
25 0 0 0 0
5.1 0 0.001 0.001 0.577
7.7 0.001 0 0.001 0.577
10.3 0.001 0.001 0 0.577
12.9 0 0 0 0
15 -0.001 0 -0.001 0.547
17.6 -0.001 0 0 0.548
20.2 0 0.001 0 0.548
22.8 0.001 0.001 0.001 0
25 0.001 0 0.001 0.577

4.3 Extipnon apefarotitov tomov A

H opefardomta tomov A e€dyeton omd TOvV TOPATAVED
wivako e Paon T HEYIOTN TUTIKT OTOKALoN.

H tomucn afePordtnra (Standard uncertainty) U, 8ideton
and ) oxéon:

U = Standard Deviation
v =
N

=U,, =% = Uy = 0.333 um.

(4.3)

(6mov n=3)

4.4 Extipnon apeforomitov tomov B

Ov afefordmrec ®g mPOG TO UAKOG TOV TPOTOTMV
mhakiov U, og mpog v EAAEyn emmedoOTNTOG KO
napariniomrog U . tov {610V ToV OTTIKOV TPOTHT®V OV
AVOPEPOVTOL OTO TIGTOTOMTIKO SaKPIPOCNG TOV TPOTLIWY
mhokdiov, kabdg eniong kot 610 TOTOTOMTIKA StoKpifm-
oG TOV TPOTOTMOV OMTIKAOV TAAKLSIV, gival afefatdtnteg
TOmov B ¢ xavovikng Katavounc.
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INo Sopa evog 6 (1), OTOL 6 - 1 TVTKY] ATOKALCT
éxovue:
» Tw ta Tpdtuma TAokida, katnyopiog 00 xar pnkovg
< 100mm, n extipnon g apefardtnrog 6ideTon amod
oyéon:

Ugs =0.15/2 = 0.075 um.

» H oPePordmto yio mpdtume ontikd mhloxidie, g mpog
LETPNGELG EMTESOTNTOG 1] TAPUAANAOTITAG:

4.4)

Uor =0.05/2=0.025 pm. 4.5)
» 'Evag GMhog tomog afePardtnrog tomov B éxel oyéon
pe TNV SoKPLTOTNTA TOV HIKPOUETPOV, 1) OO0 OTNV
nepintmon pog givar 0.001 mm kot kaToTdoseETON GTNV

1 1

Uggs 5 Tn 0.289 pum.

AOY® TOV OTL TO0 TPOTLTTO TAAKISIO KOL TO UIKPOUETPO
glval Kotookevoopéve amd ydAvPa, vrobétovpe 6TL ) S0~
@opd Beppokpociog petald TOL TPOTOLMOV TAAKIGIOV KoL
TOL LuKpopETpov Ba eivar undév pe o afePordtnra £0.5
°C. Avt N TR LPNCLOTOWONKE Y10, TOV VITOAOYIOUO TNG
afefoarotnrag AOYm Beppikng S106TOA|G/CLGTOANG, Ao T
oyxéon: 0.02 um/°C. H Beppoxpacio eAéyydnke peto&d tov
opiov ka1 Bswpeitar 6Tt £xel opHoy@VIKN KoTovour.

(4.6)

4.5 ToykevtpoTikog Tivakas MeTpnTIKAOV

opBoymvikf katovour: ABeparomiTev
Mivakag 2. Ioolvyio Metpnuikadv APeforotitawv
Table 2. Measurement Uncertainty budget
IInyn Tomo U Twn MBavn Evepyoi
Apepardétnrag S ! ABeparétnrag (um) Katavoun BaOpoi EAevOepiog
Eravoinypotnta A Um 0.333 t-Kotovoun 2
IIpdtumo mhakidio B Ugs 0.075 Kavovim o
[apaiiniotnta TpoTOTOV :
OTLTIK®V TAUKIOI®V B Uor 0.025 GG S
ZVGTOAN / H10.6TOAN B Urn 0.02 OpBoyovikn o0
Awkprrotta B Ukggs 0.289 OpBoymvicn 0
4.6 Zovovacpévny apspoardtyra .
Uc
Veff =3 2 2 2 2 (4.8)
Uy + Ugs + Uor + U + Ukres
H cvvdvaopévn afefordtra o sivar: n-1 o 0 0 0
0.45*
2 2 2 2 2 -0 -
UC(YUR):\/UM +UGe + Uor + Uy + Uggs 4.7) T 0333
2

= 403332 +0.075> +0.025% +0.022 +0.289>
=0.45 pm.

4.7. Evepyol paBpoi ehevbepiog

Ot evepyol Pobpoi ghevbepiag vroroyilovior ®¢ oko-
Aovbog:

Amd Tov ivaka THAV Yo TNV t — Katavoun, 1o k= 2.45
v Babpd ehevbepiog v = 6 Kot Yo SIACTNHO EUTIGTOGVVNG
95%.

H devpopévn afepardotta Ha toovtal:
U = kUc(Yur)

=2.45X0.45

=1.10 pm.

(4.9)
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5. ATIOTEAEXEMATA

To teMko6 anotédeopa g dakpifmong divetar g €ENG:

H apeporotnran oyxetilopevn pe ) dwwkpifoon sivan
+0.0011 mm yw drdeTnpe EpmIGTOSOVNG TEPiTOL 95%.

H afefordmra mov avapépetar gival To yvOpeEVO TG
cvvovacpévng afefordtnrag (U pe 10 cvvieheot Ka-
awyng k = 2.45 (dievpopévn apefordmra) kot mTpocdio-
piotnke ovppava pe to évivno «Guide to the Expression
of Uncertainty in Measurements» (ISO 1995). I'evikmg, n
TN TNG HETPOVUEVIC TOGOTNTAG TEPIEXETOL OTO TPOGOIOPL-
Couevo evupog pe mbovotnta 95% mepimov. H extipnon g
avopepopevng afefardnTog dev EUTEPLEXEL EVOEXOLEVES
pokpompdbecpeg petoforés. Ot cvppetafAntotnteg yevi-
KOG dev Aapavovtat voym.

6. XYMIIEPAXMATA

Yy epyocia vt mepypdonke Swdikacio Stokpi-
Boong LKpoUETpmV e eMIMEDEG EMPAVELES PETPNOTG YLl
eEmtepikég peTpnoelg. Metd and aviivon Tov Tyov pe-
TPNTIKNG afePatdTNTOG KOTA T (P1OT EVOG IKPOUETPOL VLo
N UETPNOT OMOCTACE®V OmodElyTNKE OTL AVTEG dev €lvan

KOT’ avAyKN Kol Ot TnyéG HETPNTIKNG ofefotdtnTog Hiog
dwdkaociag Sakpifoong evog kpopétpov. ‘Etot, pe m
YPNON HAOTLOTIKOD LOVTEALOD KOl LETG TOV DTTOAOYICUO TV
petpntik®v afefatomntov mov ennpedlovv pio dadikacio
Stokpifmong, oYNUATIOTNKE GLYKEVIPOTIKOG TIVOKOG TOL
wwoluyiov TV petpnTikdv afefatottov. Me Bdon oavtd
TO POOMUOTIKO HOVTELO VTOAOYIGTNKE 1] GUVOAIKY| Kot O1Ev-
popévn petpntikn afePoardotnta, 1 onoia Ppébnke eviog Tav
opiv mov didovv Ta. JATIGTEVUEVE EPYOSTPLO dtoKPifm-
oMG Y10, SLKPPADCELS MKPOUETPOV.
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Extended summary

Calibration Procedure and Measurement Uncertainty
for External Micrometers

K. N. ATHANASSIADIS
PhD in Technical Sciences

Abstract

Finding a single way of calculating measurement uncertainties at
a national and international level, while at the same time render-
ing the measurements reliable, facilitates the process of comparing
measurement results between calibration laboratories. Microm-
eters are widely used in industry and in calibration laboratories
and are among the most reliable measurement instruments. This
paper describes the process of micrometer calibration for external
measurements and analyses the elements that contribute to the
uncertainty of those measurements, such as the flatness and paral-
lelism of measurement surfaces. A mathematical model is described
for categorising uncertainties of type A and B and the expanded
and extended measurement uncertainty is calculated.

1. INTRODUCTION

This work refers to the control and calibration of mi-
crometer callipers for external measurements up to 5 m. Mi-
crometer callipers have a non-removable or an interchange-
able anvil and flat measuring surfaces.

During the process of measurement with a micrometer the
total measurement uncertainty is a combination of the read-
ing of the scale related to the nominal gauge block length,
and the uncertainty added due to the lack of flatness and/or
parallelism of the measuring surfaces of the micrometer, the
force applied on the measuring surfaces of the instrument
during the rotation of the ratchet, plus the temperature differ-
ence between the micrometer and the gauge block.

It easy to appreciate that those factors that influence mi-
crometer measurements are not necessarily the same sources
of uncertainty that are involved in the instrument’s calibra-
tion. The reason is that in a calibration laboratory the above
sources of uncertainty are decreased because the tempera-
ture and humidity of the air are controlled and recorded, the
fluctuation of temperature is not large during the calibration
process, all the equipment is calibrated and only those staff
who have training in precision measurements may undertake
the calibration of the instrument.

Submitted: Nov. 21. 2005 Accepted: July 3. 2006

The main sources that contribute to measurement un-
certainty during micrometer calibration are: I) the lack of
flatness and/or parallelism of the measuring surfaces of the
micrometer; II) the gauge block size; III) uncertainty due
to the difference between the micrometer reading and the
gauge block nominal length; IV) the temperature difference
between the micrometer and the gauge block; and V) uncer-
tainty due to the instrument’s resolution.

Given these sources of measurement uncertainty, a
mathematical model is described for categorising the uncer-
tainties of type A and B. The uncertainty budget of measure-
ment is given and the expanded and extended measurement
uncertainty are calculated for the micrometer under calibra-
tion, which is considered to be an instrument with 0-25 mm
range and 0.001 mm resolution.

2. STAFF AND EQUIPMENT

Only staff who have training in precision measurements,
the use of reference optical flats, the use of the universal
measurement machine and its ancillary equipment, may
undertake the calibration of the micrometers. They must
also have been trained in the precautions necessary when
handling precision surfaces.

All equipment must be located in a place where the
temperature (20 °C £ 2 °C [3]) and humidity of the air are
controlled and recorded.

The listed instruments and equipment are used for mi-
crometer calibration and must themselves be calibrated [4]:
e Gauge Blocks
Gauge Bars
Optical Parallels
Optical Flats
Dynamometer
Every instrument, after its arrival at the laboratory, must
be labelled with information that describes the instrument
and also the customers’ code name [5].
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3. CALIBRATION PROCEDURE OF
MICROMETERS

A calibration procedure relies on local and international
standards such as DIN 863 [3] and ISO 3611 [6]. During the
calibration the results must be written on the protocol sheet.

Clamp ring test. Using the ratchet stop, or a hand in
case the ratchet stop is absent, the clamp ring is checked for
clamping.

Ratchet stop check. Measurement using a calibrated dy-
namometer, of the force applied to the measuring surfaces of
the instrument during the rotation of the ratchet. This force
should lie between 5-15N [3, 6].

‘Zero’ position checks. The instrument is checked, us-
ing reference gauge blocks between the measuring surfaces,
for the indication in the ‘0’ position. If there is a deviation,
it is recorded on the protocol sheet and a correction is made,
if possible. The correction to ‘0’ point is made using the
thimble, so that the deviation from ‘0’ point remains as small
as possible.

The measurement uncertainty of the micrometer is de-
termined by the comparison with a combination of gauge
blocks in order to measure the error of the scale and optical
flats for the parallelism and flatness measurements.

The instrument is examined at 11 points (0.0, 2.5, 5.1,
7.7, 10.3, 12.9, 15.0, 17.6, 20.2, 22.8, and 25.0 mm) of its
scale, which correspond to different points of the rotation of
the spindle [3, 6].

If the measuring width of the micrometer is more than 25
mm, then another set of gauge blocks or bars is used to cover
the measuring width of the instrument.

Flatness measurements are made using optical flats.
The optical flats are placed on each flat measuring surface
of the micrometer. The number and shape of the generated
fringes gives an assessment of the flatness of the surface. The
number of fringes should not be more than 4, or the lack of
flatness should not be more than 1 um [3, 6].

Parallelism measurements are made:

1. using the optical flats for micrometers 0-25 mm. This set,
via 4 crystals of different widths, covers a whole rotation
of the spindle of the micrometer.

2. using the optical flats, the standard gauge blocks and
reference standard bars, for micrometers more than 25
mm and

3. using universal (length) measuring machine, for microm-
eters more than 100 mm.

4. UNCERTAINTY OF MEASUREMENTS

The micrometer under calibration is considered to have
0-25 mm range and 0.001 mm resolution.
Eq. (4.1) gives the mathematical model for calculation

of measurement uncertainty. The uncertainty of the microm-
eter is determined by comparison with a combination of
gauge blocks, in order to measure the error of the scale and
optical flats for the parallelism and flatness measurements.
Therefore, the total measurement uncertainty should be a
combination of the reading of the scale related to the nomi-
nal gauge block length, and the error added due to the lack
of flatness and/or parallelism of the measuring surfaces of
the micrometer, plus the temperature difference between the
micrometer and the gauge block.

The combined standard uncertainty is given by eq. 4.2.

Three readings were taken at each nominal size. The dif-
ference between the observation value and the nominal size
of reference standard is given in table 1.

Type A uncertainty is derived from the table 1 with the
highest standard deviation. The Standard uncertainty U,, is
equal to: U,, = 0.333 um.

The uncertainties quoted in the calibration certificate of the
gauge blocks and the optical flats calibration certificates are
considered to be type B uncertainties of normal distribution.

For space g, where ¢ is the standard deviation, we have:

For the gauge blocks, grade 00 and length < 100 mm, the
uncertainty is given by U_, = 0.075 pm.

For the optical flats and for flatness/parallelism measure-
ments, the uncertainty is U . = 0.025 pm.

Another type B uncertainty to be considered is the reso-
lution of the micrometer, which is 0.001 mm and is consid-
ered to be full-width with rectangular distribution U, =
0.289 pm.

Since the gauge block and the micrometer are both made
of steel, we consider the temperature difference between the

gauge block and the micrometer to be zero, with an un-
certainty of + 0.5 °C. This value was used for the uncertainty
evaluation due to thermal expansion from the relationship:
0.02 um / °C. The temperature was examined between the
limits and is considered to have rectangular distribution.

The Measurement Uncertainty budget is given in table 2.

The combined uncertainty will be: U, = 0.45 pm

The effective degrees of freedom are computed as in
paragraph 4.7 and are: V= 0.

From the t-distribution table, the coverage factor is k =
2.45 for degrees of freedom v=6 for confidence level 95%.
So, the expanded uncertainty is equal to

U =KU_(Y,,) =245 x 0.45 = 1.10 pm.

5. RESULTS

The final results of the calibration may be stated as fol-
lows:

The uncertainty associated with the calibration is
+0.0011 mm at a level of confidence of approximately
95%
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6. CONCLUSIONS

This paper described the calibration process of mi-
crometers for external measurements with flat surfaces.
An analysis of sources of measurement uncertainty during
micrometer use proved that these are not necessarily also the

sources of measurement uncertainty during the micrometer’s
calibration process.

Calculation of measurement uncertainties that influence
a calibration process was made on the basis of a mathemati-
cal model. This model was used to calculate the extended
and expanded uncertainties.
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