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ABSTRACT

The objectives of the thesis is to create a learning process in the design of the
calibration process for measuring instrument. Which is referenced from international
standard calibration principles by using the dimensional measurement calibration
document from the National Institute of Metrology Thailand (NIMT) to connect with
the international standard to understand the relationship and source of details in the
calibration process and create a standard structure of the instrument calibration
process that can be used as a prototype to create the calibration process for other
types of measuring instrument. In addition, the experiment is designed to link
international standards to experiment writing the testing process to compare different
types of measuring instruments consisting of dimensions and pressure. Understanding
makes it possible to create a process for calibrating different measuring tools. And able
to be applied to real work If having to build a process for the calibration of measuring

equipment in the calibration laboratories of different departments or factories.
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2.3.2 ISO/IEC 17025 (General Requirements for the Competence of testing
and Calibration Laboratories)
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2.3.6 HACCP (Hazard Analysis and Critical Control Point)
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vualfidufiugu Taewhe waledu q Aidsntbseuiusioals anfsainnisimioe
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5) auunil (Temperature) : vihedngumgiilussuuniiein S| fie AaTY
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A1319% 2.1 wanshgfiugIuveIdlesynIeUsema (Sl Unit)

Usunau gL Frydnwal

AUE1I (Length) LWAS (meter) m

178 (Mass) Alansu (kilogram) kg

nan (Time) U (second) s
nszualulilh (Electric Current) wouLUs (ampere) A

gaunnil (Temperature) U (kelvin) K
UsHve9aaIs (Amount of Substance) laa (mole) mol
ANNLUUVDINITEDIAIS (Luminous Intensity) | uauLaaa (candela) | cd

2.5.3 aNAUVUVBINITEAULNBU

2.5.3.1 N1SEaUMIBUTEAUTENINUTLINA
Anudulalupnugndes  sepLReNiuluinIgIuNTInLiaA
vaawsiazUsewme  launannisiSeuiisunansinseninausemeanialuseaunInifuasny
a a a o w Y ) | a A | v
AMAWNUNTEDUUNNSEYINAURuUNRN LU Tusegausemnaans asernaUsenaNu
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Uszalneife  diunususewisaljifinsdinnuiinsgiunaniadgnamnssy  (aue.)
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Alasun1ssusesnnuaninsaluszAugena
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mssoudeuiinsshtuwesnigluningnamnssy Wievhlsiiuladn
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2.5.4 Wisldanunsagaundunavasnisinlugniteingina
Tunsdimdululdlan azaeundunavesnisinlugniieinssuinaussime (S Unit)

'
a

¢ vimauufinisaeuiiieu gnAn wasgieddes e1annassiuiunieliians1adailasunis
Suseaua (Certified Reference Material: CRM) #138n15l435U AN NT0UINTFIUTANAS
TP M NATIGE R RNINE

v
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1) %ﬁqé’wﬁeﬁ‘lﬁ%’umﬁiﬁmLLé’l”) (Certified Reference Material) @® 5%161
Fadeiiflususenuuinge  Jsindnvasameniledudenats 9 o819
gaaiuldsunissusesieinssunils vilfawnsoashennuanansadeundu
Ialgmedniivinlndusisld uazusazarmldsunisiusesadeauuuainig
Liuiueuiisssuaudesiufismunliunde

2) 45981984 (Reference Material) Ao JanyioaasiiAdnuaianznilogg
viavany 4 agnvesiulinmantifmiiouty wsgnadsdunduogaiiiold
dwsunisasuidisuniosileln MsUsnduitnisdn viiedmsunisivunen
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3) UAIFIUNEANTUIINAY (Consensus Standard) Ao wnsgIunlilaemy

ANSaTENINNeIANIAdLT Waliliunsgiunviayd
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wesgunsinildiuilulussuuinasineuasdieny S

1) ansgulgugdl (Primary Standard) wnefls snasgudiletivunly sierdu
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TnglsifeseBatuanssmduiiuuiinududetu

2) wmsgrunegd (Secondary Standard) e wasguTignimuailag
Aveuiy aggnihlussuisuiuawesUsinadudediuluinasguugugd

3) 4ATFIUATINTENINNUTENA (International Measurement Standard)
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At

4) 1M3FIUNTIAUAIUA (National Measurement Standard) 111889 11A5§71U
Algsunseensulnensyswsuydiwian el dlulszne Lﬂumﬁauﬁ’uﬁugm

dmsunIsMvuAAAULIATEINAUYeIUT I AN TBY
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5) 1A3g U884 (Reference Standard) manefis smsgiusialudalsn a1nnnsia
filnadnvasmanasinegeanimldineigeldnuislumionu

6) 1AsgIuENeNen (Transfer Standard)  vanefe wmsgruduniaignldiiu
FonaaieiFoufisuiuuasgdu

7) iasg ity (Working Standard)  wanefls  snasgruiignldiiientsaey
Jeuniensanaeuiniesiaiiduian wiealletn nietagsnedeildauduuszd
delriulaiedosdietviotangradavariaunsatnaldgndes  egslsfin

U9ATsENNInsgIldinnudn “ansgiunsiaasy’ (Check Standard)
2.7 nsusziiuaInu s ureInisIn

2.7.1 Geuvesaraullniuouveinisin

aruldudusuresnnstn  vnele  wasfwesfisuntunavesnsin  fiven
Snvuenisnsrievesdl  dseansedisldessaimgauiadn  (HuveaBmnaiigniady
(Parameter, associated with the result of a measurement, that characterizes the
dispersion of the values that could reasonably be attributed to the measurand : VIM
3.9)

nfenudnediu awnsalirnainevesvesaliiviusuvesnisialain uds
fustisnuliiauysaiesBunfignin  Aenuliulueuasistunnadiunisdensad,
ANNYNABIVRINTTIA Feluusazsiuresnisia dziAnealaiuuouayausn Ty
30w 9 gaznnvietesiuogfunnuansalunisdienensaugniesweansinvous

azvieUuRnTs

2.7.2 wasiinnvespanuRanatawazanuliuiuoy
finanedwvansegsiidwanonufiowan (Error) 183330 so1adunmiiule
wmzmﬁ@hjmmmﬁﬂé’]’mﬂﬁfﬁauﬁamyﬁﬁ TnganuRanatnlaza L liuLuauaNIse
Lﬁﬂlﬁmna%mﬁwialﬂﬁ
1) aunsalin ANuRANIAveIaUnIeline1911aN Bias Error, @18n13k4a1u, 113
F13nEnnTe, muaEnselunsEIAE 9 anas, FYUINTUNIY uagBu 9
Hudu
2) ¥ada/Fesiidndegnin  olifiedosnm Wy msinvuinvestoutiude

Tuvaenoniaseu 1Wudu
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3) nszuunsia e1ansevildendiun inszdsiigniniadeuiinasnina

4) anuldndusuvesnisaeuiisuniseanuliuiuauiiign (Imported
Uncertainty)  lumsaeuiiieugunsalinazldranuliduiueuseinisasuy
Fiou aalliiuiueutasinldinenuianansluniste

a wa

5) vinwzvaujiine  msiauedenatuegiuvinuzuaznisinaulaves

Y

AR JUiReuueauenariimsinegsazidenusadinuinninauduy

Y

g =

visosutoyaldaziBonmnnninaudy msliiedesile Wy windunae
fueg] fumsnovauesmesfufiinuudasay viseudn vewd egdlsh
mmmmﬂmwmmﬁLﬁmmﬂﬁﬂwwméﬂﬁﬂ’amuma"ﬁ: nuameliAnaw
Liwiueuvenisin

6) Yymnisdudating  fhediigueeninanisznns  desiisnsgui
wngadelfiduiumureszng - WU msdufedisluaenisudn
(Production Line) Tagiialuaglaiion 10 Fuusnlunsdifidundeluiuduns
wanzasliiauysainionisusudemenisuandshivnvay | dufiorsiives
Fofetunnludriuduns wiemndosmstagungiflifisyinny sgdedaiin
guvpiisemeslfinosiaduniilndiunsesnvoanissivenme

7) dnMuIndon Wy guval, MINAABIMA, AT wardu q Tina1ilund:

'
o w [ =

91vdwadeauUnsnlinviednindignin oruinkaskavesruinnaIady

Y

Ay 1 A % ) a v @ v .
ngﬂq'WaqmqiﬂﬂqlﬂﬂqﬂlUﬁUi@ﬂﬂqﬁﬁalnwSIJ@QUUﬂqiﬂiULﬁ1«:OWeCUOH)

Da W

aasalANURaYeINsIn.  winduliwuue NI NunA I ILANA9iY
puliiuduewmaivzgnihunsaiunanadunnulisiveunasiy Jsly

aunsausuwdle

2.7.3 viiavasanulintuau
TneviluazuisnuRanann (Erron) Wi 2 v fe
1) Anuiiana1agy (Random Error) Ao ANLANGNSsEMINNansInTiAauuY
aaelilld  Aesuulifsadounuumausivey  dhavieadu “Aesunu
- .

laidszfovuduen” Tunssuiunmsinanuiianainmaiidaggnussdueilag

aq aa
R JMNGRIY
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2) ATIURAWAIAYDITTUY (Systematic) Ao AIMLANANIINAI93S Fatfinann
Analdanysallussuumsin AUARNEIANTFUUWEN T una AT
ol (grumn Ay A waslinanssnuduiusfuAosiinadivh
MyIndedu 9 1wy nsianamaIndnAsgIu sy MsinANURANA NG

Tunanils enadumnuiianataesszuuludnaunilsle

2.7.4 msuszfiuaraulduiueu
msUseiuaandliudueunuseondy  anulduwdueusiin A (Type A
Uncertainty) wag Anulduwiusuaiin B (Type B Uncertainty) Insauliutuousiin A (Ju
Anuldwiueunvaivestoyaarnnnisin dwanuldituouyiin B Duarulaugueud

Ananawenay o uenwieatnddluuueuiin A

2.7.4.1 nmsUseiuaauldnduausia A

Tnemlunismeanuliviueunasgusin A agldiudeyananuna

(%
v o

Togmiserhenlsusonanisintidnnsnszarafiegawuugu (Random) i nduseameaads
v v v A Y A& a v oo i i = v
Yoawan15in alunsiausuam x o o lamndudasesaiudiuu n A1 anads x wlaain

AUNNSN 2.1

s 1
X = —li=1X (2.1)

AMTUNIINTEYMVBHANITIAUUURN  Ieuansdiamuaunsatums

o 3 P 3 XY o | A AN Ay v ad ) o <
YNFIVDINTLUIUNITIN. FIAUDYAUUIILAN ) VU Lﬂﬁ@\?ﬂ@%isﬁjﬂ 9801390 LLagUNATIIN

LY

4

(% [

wegiuginsdin.  n1seiutennvesnsnszatemiilee  Andeauuinnsgiy  (Standard

2D,

Deviation, 0) AILEAIRINENNITA 2.2

o= [F30,(x—%)? (2.2)

oA a = 1 = =
naunsenlosuunnsgi wldlunsalin n dvwalvguingeeaie

L lnaAugna19eIN1INIEAY (Central Limit of Distribution) Wagn1snszatedayaves
aun1s? 2.2 dngnauyAdnduiuy Gaussian w58 Normal Distribution Tunsédlitlaianunsady

o ! Y < (J a wva ! a E4 c{'
meglailudnuiuinnn lumsfdfazmandeavunnnsgiu sx;) wainaunisi 2.3
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1 —
s(Xj) = 1 in:1(Xi —X)? (2.3)

dmiuaade X luaunis sx;) mleanduiusiegsiikuueu n #2 39
lalldpnnfeAwiasendiuiumedrsdeaduetud (nfinity) dsuiuauais X agzilamanul
wiueu  wazaauliuiveuignatiavilouduAndetuuninsgiuvesraientiainnis

N9ad (Experimental Standard Deviation of the Mean) Famlgannaunisi 2.4

s(Xi) = % (2.0)

2.7.4.2 nMsUsziuaInuldnivauvii B

P I P s Vo a A Y Y]
Januduldlninenusenavassrnulaintiusy ANendaeiusEuU
(Systematic Components of Uncertainty) aggnussainainainnuliwiveusiin B Heae
AUANURANA NN NLNAVUAINVULIINITIA ﬁqﬁﬂﬁQMWﬂﬁqmmaaaﬂﬁﬂizﬂaumaammhj

1 d‘ d' 4 'y} 1 Q’ljo U o/ 4 a =} 1
wugUNAYITRINUTEUUWMAI I INTUMININTE U9 (Reference Standards) ABA1AIY
Tawidueutign (Imported  Uncertainty)  ftgadesiusivesdiutos - uona1nildadddn
atvayuladudu q 9dfse Systematic Errors  lunisianintuluresufusinisves

AldiaTesiloas

[
=3

nsUsBkasnsUssluAe o tazdnsald Tusgiuanug
AlAgiunszUINMTianasUsTaumsalvestiniTin madesfunanuiawanmeanil
aansavild fogrsvesmniiananadishnulagialy Wy eafiamanaueinisaennm
(Transcription Error) WagAMAANaIAY8s Software fignesnuuuiiionismunsvieLiionts
FINUNTEUIUNTIN HATBIAURANAInAINa1 Nl smeglunMsUssiiuAA Il
TIRYGLY
TunsusziuesAUsznouvesaulsimivey Sududosfiansanundsiian
voanulaiutiueuiidulul defidedelud
1) anuliniueuveinsaauisureiinInsgiuensds  (Reference
Standards) uwaznsildsuutadla 4 euan (Orif) wieanal
fiatosn1nlun1seuAIreeiinInggILe198e
2) avllaiuiueuiiAnangunsaliedy 1wy anesio 1Judu wagans

wWasukdadla 9 sunavitemulidiafiosnimainniseruaves

gunsallasy
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'
6l 0o @& o

3) auliuiueuvesgunIainmawinisin wazeulufiiadesnnle o

12
=

MAnTusgniinigdn uluihdungimafnssy szezenifinig
13uLAnY (Anticipated Long Term Performance) ¥a3gunsalini
Masgnasuiiey aemluarlignyiudnly Tunisussliudanuly
wUUaUAMSUNTEDULIB UL 9
4) ANUBUUDUNANIINTUADUNITAMIUNIS
5) AnliwuueuiinaIndinn1snaaes (Staff) Auans1eiu Wevins
= a P a )
aauLiguLAspIlarlinwmeiu
6) AMULLLULBUMANINNNSUASULUAIUDIENININEDY LTSV
%3 & a
AMSINNIDEBULEU
Fanudululafiagyitnisusuud (Correction) AuRANAIATNEITDITU
nMsdoulisunIeANURANaINYeIuraIINEY 9 leaealuaianuianain (Error) agli
= < ¥ | Ao Y 1 | | a Y Aa [y v a )
LASBIMUNUTUUINAATIA AR ANNNINANANTALYASS NMSUSURNANLRANAINYIN P LAgN1TaU
ANPNLRANAINDDNNANNTALA
asduszneuilulUldvesmnuliuiveunnerdesiussuy - dnazeguu
Huguvesteyan liaNMIVaewmseang N nge]  Famsdsiiquanuasianiglumey
vosruliiuiueunnsgufioguuiugiuvainsnszaeaiululy (Probability
Distribution) A1snszateanudulUldvasanuliviususiia B Aldainnisuszdiu a1aille
wanegUsuLangensulaelunzimuadudneme sunsesvingin (Geometry Shape) 7

Faiau welanuliwiusuiinsgiutiuiiedanisaiuin

2.7.4.3 N15N52218LUV Uniform %38 Rectangular
dm3umsinla q Miinsaszansuesteya Taeflemgewesnunduly
i q fu msnseaeriindiSondn “n1snsza18uUU Uniform 958 Rectangular” fakans
mugURl 2.1 MInszaeliuy. Uniform Wumsuszanasmisliviueunuueyinyien e
alyiAdesuumsgIunnTign foeg19esn15nILLLUY Uniform vi3e Rectangular 14y

N3ARAaY  (Numeric  Rounding) Uo9aULAAINATILANYINAUAZLDIATDIAIULAAINE

1Y |

a1 Ao o = = )
AeAiinlaazegnla o aeluveulsiiniivun + A3wmdswesnIsUasullamis Step 909

VU
¥ [

friavvananynefazuanaAndu x;

9
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probability p

X; -8 X X;+a
5U 2.1 M3N3ENLUUY Uniform %38 Rectangular (UKAS, 2012)

93U 2.1 asiiuldiiinrandululéivi 4 fu (Equal Probability) fidn
194 x awegiila q nMeluvouiun x-a i x+a wagazfienudululdvniugudislorueguen
yauaves a suasuiululilafeznanindumiaasx 1 q melureuwadismuaiinay
ululfinnniwdetosnivumisdu 4 femginanssreiiululivediignindy
nsazvieuiennuiiasnsamle  luvans q nsddiideyalaifivsediozsindulalaigudl
msnszaglugluuule - dinsvauyididulinsnszaieanudululiuvuu Uniform  vSe

3

Rectangular

2.7.4.4 n19N318LUY Triangular

probability p

X; -2a X X; +2a
3U 2.2 n3nszaeluv Triangular (UKAS, 2012)
NINILINLUVY Triangular AnlgAunszUIUNSES1NLUUTAB
(Modeling Process) lemnuduiusseninsnuusdudsiiam wilideyalsifismemazde
Tdsunuiae wonanimsnsraneanndululiuuy Triangular enaiinainmssanfuvenis
nszaneAudulUlFLUL Rectangular fiflvwin wihiuaesdu Jwdazsufiawn +a avld

mansz1eadululiuuu Triangular nilsduinfiown +2a Fuannnugun 2.2
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2.7.4.5 N19n9818LUU U-shape

X -a X X, +a

5U 2.3 n13A58318UUY U-Shape (UKAS, 2012)

N1INTEBUUY U-shape  AaduLieyNsinfaenuvesnuiing

(Radio Frequency — Power)  avuliuuueusunilsnifintuioainnisidignliauysel
(Mismatching) senitsumiazymenie msngnliauysaliieivesiuyana (Phase
Angle) 71lai5A1 18A1491 Cosine Function kansfspniauiAveInIsnszanerIAuduly
Igupsnuldutiueu Harris Wag Warner Aauandnnuguit 2.3 n1snseateuuy U-shape il
o a & Y Ay e i I a wva & vl ¥
AdEusasiuinduanMainanllanyselll egelsinalumaufdmdululan x ash

Tndvausulasunds Fadurdalianunns

2.7.4.6 N130323718WUY Normal %38 Gaussian
n1sUsgdiuUsngnsaliilianunsavindild (Non-repeatability) insgyin

meIEneann laenaluagliinisnsegangiuy Normal #38 Gaussian AaaAIMINIUN 2.4

5U 2.4 M3n52187IWUU Normal %38 Gaussian (UKAS, 2012)
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donsnszanednnuniaieglusuuuule q gnuansiudu sulduansls
diud (hsalialy) msnsganeanandululdnadnsiuualiifiazegluures Normal s
aenndosiunguiatingudnats (Central Limit Theorem) Asdidnyvaadasiferhlsituduly
Igflazmunsssuaudeiu (Confidence Level) Tuwmauvasnnudululs (Probability)
TAuauldudueuiithinsiufu (Combined Uncertainty) d@aunsdloniiuaziiniuiios
atuayuieruliuiueusunifiednamiontiandliuiueudidu @ lunsdiutinng

v 6

nszarefilunaans (Resulting Distribution) azfianwazimiloudunisnszanevesnamlyl
WUUBUVBIAINLINTNAUINNIT  FregnatudIaullulauupIfINLdnsnauInnIdng
Ns5£A7ELUU Normal wdusuInIsnseatedunadnsgauidu Normal aae

1 [

M15N5E18WUU Normal %138 Gaussian A9 INA155UAUVBINITNTLANY

Aaa s

o =~ aa i < B a va v
Puuniandzuuule q wasidiailulunuleulvvemguldiinaudnats Tumauaans
nsgeausedsunTivuawie  Welunsiuiuargnuszinaiinisnssateiunadns
2 & a « Y "
Jugduuy Normal- auisavesnisnsengiigneduiglalumenves “Andosuuuinsgi
L Ad ¢ = Y o & dgvas
NUNVILILNY 0 mﬂquaﬂmwaﬂmiﬂizmamaamﬂaaqﬂuwuﬂmLm‘w 68%

Wisauliiniweudumm (Input Uncertainties) 113 anuuniagle
N13N3278LUU Normal Msnseagkuuianinsnasuiglalunenued oL unansgy

ieAnuliiiuauBunnuignLanslugUvesrIveun (Limit Values)
U NMINTEINLRUY Rectangular Aasdinszuiunsuseseisasunvauwaveaiulig
N13n328LUL. Normal  FwibinsiuatauliwiueunnsgIu (Standard  Uncertainty)
uwazgnanedunilouiuml ulx)

Wiodululanazdseidiuveuugiuuy 1asATUaNUDIANURANGIATDS
msnsyatgandululinuy Rectangular  Tegluguvesdiaruliuiveuinnsgiui
NendestiuanuRananty fatuili a; [JusSwilewosveuwn (Semirange Limit) A

L o aj
LiuiuauIInTgIUYRINIINTEALLUY Rectangular sy ulx) = —=

V3
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YUNDUNITANTUIU

Research the calibration standards and the calibration process

)

Design standard calibration process

¥

Using standard calibration process to calibrate various
measuring instrument

Link the calibration standards with the calibration process

¥

Results

5UN 3.1 JumounsAuiiuau

= 1'% 14 = =
3.1 ANYIAUAINLBNATTUIATTIUNITEADIULNGULASNITUIUNIAIULNYU
ANWLBNANTUINTTIU  BaENTTUIUNTARUME UL TN uRIRlladnviinmng 9
PMvgUEIvea tHesnnisiazaeuliisuiaTeslainviinnie q misiuinsgiulunig
douisuinsasiodnsyavanaunlelunisdnede  ienaslaalafienssuiunisnisasuiiisu
A4 A o ¢ d A v oa 1% i = =
wiosledn  aunsniuaziATeliadnviiafin 9 animkindeusEnInsaeuiiey Taulud
Uadusng o Ndsmananszuiunisiiounsodnin  BnnsduilanisaeuiisuinIeeleind
AnugnAptarindefienngy  Jalumstuduinesesdietatuldsunisaeuifiouatig
¥ a0 dl

gniesdidnmnuamandeulunsiafensuls  lagenansnisaeuiieuiasgiunladinld

TunsAnwIward1999luNISeaNkUUNTEUIUNISARUL IO UAT D9 TniRALaEAUAULA LA
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3.1.1 1@NE15AN5ERUTIIUVDIAATUUNIATINYTUAIVIA

1) NIMT-CNL-SP No.101 Standard Procedure for Calibration of digital
Multimeter Type/Model : DMM 6 V% digits

2) NIMT-CNL-SP No.301 Standard Procedure for Calibration of Weight class
F1, 1 mg to 20 kg

3) NIMT-CNL-SP No.401 Standard Procedure for Calibration of Industrial
Platinum Resistance Thermometers

4) NIMT-CNL-SP No.501 Standard Procedure for Calibration of External
Micrometer Range : 0-25 mm

5) NIMT-CNL-SP No.601 Standard Procedure for Calibration of Pressure
Measuring Instruments Type/Model : Hydraulic Type

3.1.2 narsnisusziliuanulduiusuvssnisaauiiisy
1) M3003 The Expression of Uncertainty and Confidence in Measurement
(November 2012)
2) EA-4/02-1999 Expression of the Uncertainty of Measurement in

Calibration

3.1.3 landnsn1saeuliisuiaiosiioTnia

1) JIS B 7506-1997 Gauge blocks

2) JIS B 7502-1994 Micrometer callipers

3) AS 2102-1978 EXTERNAL MICROMRTERS

4)1SO 3611-1978 Micrometer callipers for external measurement

5) ISO 3611-2010 Geometrical product specifications (GPS)-Dimensional
measuring equipment : Micrometer for external measurements-Design
and metrological characteristics

6) JIS B 7507-1993 Vernier, dial and digital callipers

7) AS 1984-1977 VERNIER CALLIPERS

8) ISO 3559-1976 Vernier callipers reading to 0.1 and 0.05 mm
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3.1.4 nasmsdoudisursasiioSaaumuy
1) DKD-R 6-1-2014 Calibration of Pressure Gauges
2) EAL-G26-1997 Calibration of Pressure Balances

3.2 2ANKUUNTZUIUNTABULIEU

PMNMIANWUONATUNTIIU  LagnTzuunsdeuiiisuiiiendosiuiniesileinvin
e 9 vilfanuisaeenuuunszuiunsaeuisuiifinnnudunan eI IRELLELRIC!
nszuiunsaeuifieuldedsesudi Tnenssuiunisaeuifieuiannsnthludssndldly
UjtRnsaouiisuiniesiletnvinge o 1 Falgvinnsivunideniienuddase

= = A v a 1 1 Y & v v [ [ PN
ATEUIUNTIADUNYULAIDIUDIATYUAR N € IﬂEJLLUQ’E]’E]ﬂI@L‘U‘U 8 MIVDNAN \'NLLﬁﬂWH@JE‘U‘V] 3.2

1. S198¥RUAYRINTEBUILU

2. insesllasnaTgunazaunsaiinly

3. N1SLA3BNANSNBUABULALU

4. A15ABUMLULATEINDIR

5. ANSANUIUVIATA

6. Msuseiiuaanuliniusuyin A

7. Msuszduaauliviususin B

8. MyUssiuAAuliiniuausIu

sUN 3.2 sUluunsEUIUMSARULTIEY

3.2.1 918A8DUAYINTHIULNIBY © STUNERUTwasBearTenaNURT0dAToIle
U ‘ﬂl

Janazihunaauiou @99sUsenauluaie dnuar REUNTIN ANNasLDYn A1AUYNABA

y3aAmNllLLLeY LazdSn1sdeuTiey

v A

3.2.2 \p3vsleunsgunazaUnsalild :  wiedeingnvduieliasesiioTaniuin
aouleulaldilSeuioy  lawisediaindedeliazaeslanugndesgenitaiasdeniian
douisy Usgnaulumednuaziansiviimsasuiiey Auaudivesgunsalinsgiu uay

yilnvesgunialunnsgiu
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3.2.3 MSWEUMSNBURDULIBY © MswleuAIasliounsgIukasiasosadnnldly

NMSARUIBU Usenaumetunouns o Auanansiumusiauesniosilenltlunisaeuiisu

3.2.4 NM5EULNIEULATRNNIDIN  BdUTTsTURBUNTaRUIBUTRILAT DD TnluLAaY
yip enarliuiladn  aseslieiafuiunldauiuiinnnugndewuiinsgiu 39enaasd
[

gunsaldng 9 Mmhanlddunasuiisuniedde lnansesdleinwdasyiniavitunounisasy

WEULALISTNSALANAN U L UANAINLLANNZEL

3.2.5 NISATUIUNIALD : ANNsAEEIrSUARaNaIn a1 uInuANgluUSuLA

a0 1 [y

28311530 Felunsazeunsinnaziaaiaiy

3.2.6 nsUssdiuAaaliwivauatn A : Anuliuiueunvaiivestayainlannia
Fzen1sguumeg1tlunsguiunsin daulsznousuuguuasauliviveusiavzlifing
romuliiLuuauTINTRITEVURY - BeinAnuliutueuelia A dewiduadesuy

1INTPIUVDIANRALTLAIINAITNAG DS

3.2.7 n1sussiivaandliviususiia B anulindusunlaaindsaunlaleisnig

anm L?]ﬁAﬂﬂiTsé’f%’auuamﬂUizaUﬂwizﬁ NUFUIDINNTABUNOU  9NVININUATILNILUDS

1
I3

159uHEAR INToyangnANLinIeNUMaIToLaBY 9

3.2.8 nsusslivAanulduiuausiy o MITiNesRUseneuresnInuliwiueu
wnsgudineiy Wumerubiviveuresadns lngldnguesnisnszaieainuliviueuy
(law of propagation of uncertainty) %3875 Root mean square HANVIAUIINNEDIVDS

HATINVEIUTHIANN L UNEUINATEIUIAEDY

3.3 ihnszulrunisaaudisulusauiisuiuasesiotaudiaeiig o
PnnsTldvinsfnsiiefunssuiunisnisaeuiieurane 9 Ses aufinnnadila
MIAAU19000NUUUNTTUIUNTADULTBY Faannsathunldiduwumslunsaeudio
gunsaliedosiletnuiiaing 9 Afesmninaeudiou  Taglumsihnszuiunsasuiiieuly
aouiisuiuiaiesileinviiasing 9 anusavildnusuuuuiazdunounmildnalily
nsvvIuMsasUdiey  93insaeuiisuindesiiealuwdareiinfasiinnuuandstuseniy

ANUBLUAVDBATBILDIANUIUIYIINISADUMIBU  LAgAENANNDNNISADUMBULR  hagn15a8au
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WgUANUAY bBANULYETNINTUY F9baYinNsEnale819989n15UNNSTUIUNNSaRUMIBU LU

ADUMIBUNULATD9LDTANR LhaztA3aalninanuey

o/

3.3.1 JuABUNISERULg USRI nliRf 8LnaUADA

3 nsdpuiisulilastineiduinauden

4.3.1 71 Gauge Block 210 2.5 mm sewinslanthduriaves
lulasiinasaou Anvil wag Spindle wavtiubitamihveshilasives
duriany Gauge Block sauraiilulasiivies wavtimnsaasluvaduduiin
waMsERUiBU

432 ¥8% 4.3.1 3n 3 Ade

4.33 wWavuun Gauge Block mumantumpituiinns
douliloy wavyin1saeuiisuRINTe 4.3.1 83 4.3.2 uasu

4.3.4 AmnunAade

4.3.5 AMNUMIAMA

4.3.6 A dsuuunaTgu

4.3.7 AUIUVAANULLLDY

UM 3.5 nsaeuiieululasiwesvininuendieinavien
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gll‘f"i 3.6 Steel Gauge Block Insize Grade 1

3.3.2 JUABUNISABULNEULASDINDINAIIUAY

PYUADUNITADULIBY
1. findagUnanidagy

2. nanUslffanu Reference Pressure Gauge(winmiay 1) ageapuniiedt
Tilumine PS! vidaly

3. Wamdrssuuansiiusnegiay 2) vad High Pressure Calibration
Manifold (HPM) mjumaiusanuaviduaimngiay 3) sansh
Vst 4-5 T uihtandssuiunasny

4. nA Set Zero ¢ Reference Pressure Gauge
5. Wandamuauvidilmuntiay 6)

6. un Hand Pymo(mintiae 5) Suaslildimanuauiilndifosiuei
famsdDUWIBY MAUANAIR AU

7. mpumaauiuannuaidn audaees Pressure Gauge vise UUC
(wnuiay 6) InawAsiusniidasnsasuliisy

8. UuiinArmsdeuiiuy Pressure Gatige fawst 0 £4600 psi Mise iy
uazuas lnsmasises amunusulvlaanuiulngifesoudai
fimansasuiivy aslumasne (i 2 sav)

| High Pressure Pneumatic Test Pump (700HPPK) |
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3.4 WaulyunsgIuMsaRULBuAUNITUIUNSERUEY

msasuiiisulilasiwestaueniagldinavden

External Micrometer calibration using Gauge Blocks

1. S19aLLDYAVDINITADULNYU

aranugnassrathilasivoiinuon 8138370 1ISO 36111978 (win 3)

TABLE | — Permissible flexure of frame subject to a force
of 10 N, and tolerances on the zero setting and on paralislism
of measuring faces

I | Tolerance
& . S iansn e Messuring | o o missible flexure olerance on | O Persiel
dnwy (Description) lulasfiwadviiniauen ® K daiorade e | ...
fide (Range) 0-25mm /0 - 1inches @ y— JJ =nt oW = faces
Auazden (Resolution) 0.001 mm/0.00005 inches @ o il a
|
' w 25w § 7
A1ANYNADI (Accuracy) +0.002 mm (1SO 3611 : 1978) @ 50w 75 3 3
750 100 | 3
100t0 125 | 4 ’ 4 ; 4
1) sxyfisievanaiaslioiianasuiisvindu “llasiiwaduininuen” ke :3:' - ‘ e :
2) syyfisumsinvadlulasiivediiungeuiiouiannsnavuinyes X ’ ' ‘
Yaaldnaus 0 - 25 mm %38 0 - 1-inches b | 5% .
- - . d_ e v O T 3 : 7 7
(3) svyitmnuanduslunssnretiaiesio Tndannsnsuldasisen ¢ ‘ . ;
49gnfie 0.001 mm %3 0.00005 inches oo o i 3
(@) sgyienmmuuiuglunssuatsunisieianamaadsusin 380 10375 | 1" | o
F34leigegndi +0.002 mm (il g, .
) | 400 10 425 12 0 ‘ 19
@h‘lﬁi}miizuﬁ%msaamﬁamxaeLﬂ%’aaﬁa’fﬂxﬁowﬁniﬁms"}’ﬂmﬁuﬁ'ﬁ‘ 428 10 450 | 1 £10 [ 10
- 450 10 479 14 1 n"
LAED %75 xo’iﬂ)l 15 l "
=] = =
E‘U‘VI 3.8 T1YaLLBYAVBINTABUNYU
= = A Y A4 A v oa
ANANTANYUBAFITUIAIZIU - AT NTSUIUNTABULNYUNNYIVBINULATBINDINYUA
i =< Vv¥o = o = Y a o
AN 9 ﬁ]ﬂl@ﬂqﬂ'ﬁmamiﬂﬂﬂﬁluqL@ﬂﬁ'ﬁﬂ'ﬁﬁ@‘UL‘VIUUZLI']ﬁ3§7u3ﬂaqﬂ@QﬂUﬂigUUUﬂqia@U

Wieuiasesiledaielinszuiunsaeuiivuinnugndeninielosnnd@y  dwingun 3.8

Judreginadenlownnsgiuvesinnugniessvedlilasiivesinuen

UMTFIU 1SO 3611-1978 %1t 3

1n891999910
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Ang 9 vilanunsaeenwuunszvIunsaeuiisuffianmdunans Inenszulunisasuliiavil
aunsathluuszgndldlulfimnsasuiisueseednuians 4 1a Felavinisimuaiite
Aa o o 1 al a A v a 1 1 Y & LY % [
enudAgsonsruIunTaULis AT aslianTiingng o Tnsuuseanladu 8 Widondn A

WEAIANUFUT 4.1

1. S198%DYAVDINTADUNEY

2. \w3nailannsguuazgUnNIainly

3. ANSLATYUNISNDUABULNEU

4. NN5AULNYULASDNIDIN

5. ANSANUIUVIATILN

6. MsUsziumANYltwiusuTiin A

7. msussdiuamanylivuuousie B

8. NM3UsELIUAIANILULEUTIU
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4.1.1 S198SLDYAVBINITHDULNYU

seyfeInuIgaziBuavisenuautiveunIesileiniiazdunasuiiisy (UUC) @

agUsgnauluie dnway (Description) fidun13in (Range) mNaziden (Resolution) A1

ANUYNADY

(Accuracy) vsoAANlULLURUY (Uncertainty) uagionisdeuliisu (Test

Method) ﬁauammugﬂﬁ 4.2

1.

2.

5.

1.

$1982198AVINTEDULTYU

TyavidenrINsaauiguILsTUReIfuIgatiBeavionnauTRvanIedieinil

ahinasuigy Fasdsenaulumennaudinwaluil

dnwale (Description): seyfalTenVTEANYULNINMEAMYBILATEMBTISBIN AR ULTEY

s

den1579 (Range) : LanstivAvaulUn/drumsinveunsssisinflddmiunisasuliiay

- - = T Al B p—— 5
Auauden (Resolution) : MswdsulUasiiiuliudesignuenignindeeuisanila
INANAVBLAIBID

ArRIGNARY (Accuracy) / Arnulailiiuey (Uncertainty) : AnAdailiimiueuvesmsin
WudsiivevenalliauysalvesSunaignia

FBnsaaulisy (Test Method) : m3SeuWisunan1sinveunsesiiainAvaunsnungiu
g8

JUN 4.2 918azi88n70IN15A8ULIEY

298195198198V INSHULIBU Micrometer A28 Gauge Blocks

Standard Procedure for Calibration of External Micrometer Range : 0 - 25 mm Page 2

anwalg (Description) : Lilastwesyininuen ®
Wde (Range) : 0-25-mm @
AUaxdER (Resolution) : 0.001 mm @
AANYNABS (Accuracy) : +0.002'mm (ISO 3611: 1987) @

CRORCICRC

szyfedevaundasierinnasuiiouindu “lulastineseiiniauen”
seufdnumsinveshilasinesiiunaeudisuianansoiavunavesTanldneus 0 fa 25 fadwas
szyfannuaziBealumseueunssdieiniannsasildas Bengegatie 0.001 faduins
szyfsianuuwiugilumssudwsuaisdlainitranndsuainaeidageand £0.002 faduwns

oo =

LilafimsszyBmsasuiiisurenaiediodniieannitmsindifiesizidien

€a
(=t
=b.

4.3 {9 19T1UaTBYAYBINITEDULTIEU Micrometer A8 Gauge Blocks




19819518821 IAVDINTTHDUMBUAUA U

Standard Procedure for Calibration of Pressure Measuring Instruments Type/Model : Hydraulic Type Page 2

Parameter Performance Specifications Test Method
Gauge Pressure Range : 0,1 MPa to 120 Mpa ™= Comparison with
Measurement Uncertainty : Lower than 0,18 kPa Standard Hydraulic

(Note 2)

in the range up to 6 MPa Pressure Balance

Lower than 1,18 kPa

@ in the range up to 120 MPa @ @

References : (Page 10)
1. BS EN 837-1 : 1998 British Standard “Pressure Gauge Part 1. Bourdon tube pressure

gauges-dimensions, metrology, requirements and testing”.

2. DKD R 6-1 : 2002 “Calibration of Pressure Gauges” published by the Physikalisch
— Technische Bundesanstalt (PTB) in cooperation with the Technical Committee

“Pressure” of the Deutscher Kalibrierdienst (DKD), Braunschweig 2002.

3. EAL-G26 “calibration of Pressure Balance” European cooperation for Accreditation of
Laboratories; Edition 1, July 1997.

4. Guide to the Expression of Uncertainty in Measurement 1 st edition 1993, I1SO, Geneva,
ISBN 92-67-10188-9.

Note : (Page 10)

1. The pressure range is depended on c ustomer’s standard equipment.

2. The uncertainty values are for example. The laboratories shall evaluate by themself.

3. The model and serial numbers are for example.

4. If available in the laboratory.

5. The standard equipments can be added based on each laboratory.

6. The pressure transmitting fluid property is based on the fluid used in each laboratory.

sryieasiinasmsasudisuindu “myinanuaung’

v

szufeumsinvennisdiainfiviunaeuiisuiainnsaiaadnuduna et
0.1 fis 120 wnzU1aaa

o = W 3

Y W v ' = = 1 { = =
ArAnuaziBun hilaseyliluhetnsihewhulesntuegiudimiuniesdeianhmsdeuiiou

szufsannrliviueurssniaslieihuigeuiouiiiaisenit 0.18 Alaviaaia luyaa
0.1 fit 6 minzU1aauazdaitiosndn 1.18 Alauraadta Tuwe 6 §1.120 winzthania

© P O

spylivismyssuifigulnsmaisuiisuiuinissinmiudulansedninasgiu
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MSABULHIEU Pressure Gauge ¢28 Pneumnatic Pressure Test Pump Page 1

Tooulszasa

VL) dor INITE

.
a1nsaimsnaaeg

1.

5]

4 o y
WiDyM3I AR UEIgY Pressure Gauge 778 Pneumatic Pressure Test Pump

)

Precision Digital Pressure Gage LEYRO IKA 200 range 0 — 60 Bar Accuracy +/- 0.05 % il
Pressure Standards

Pneumatic Pressure Test Pump Leyro LMP 60 14134 Pressure hand pump a5 19AAu
0~60 Bar Tumsdauiiioy

Pressure Gage WEKSLER range 0 — 11 kg/em’ (0-160 PSIG) (i1t UUC flazaouiigua
)

p—

©0e 00 |6

sryfittevounaseieihuasuiisuindu Pressure Gauge WEKSLER”

v

38UTE1UNTIAT88 Pressure Gauge fihuasuisudnaninsainaumildnaun 0 - 11 Alansu
slagnuIANEUALIAS (0-160 PSIG)

lulaginssrumenuasdunvosnindioln
lulgfimsszumaulivivauresaiscdiedn

= A

sxunuamsaavLﬁEJUT.ﬂsﬁ%ms Pneumatic Pressure Test Pump

5U# 4.5 §19E19518aLBYAYBINSHOUTIBUANAY (2)

A7981971882LDEAVDINTH UV UV

Standard Procedure for Calibration of Industrail Platinum Resistance Thermomrters: Type/Model : PT100 Page 2

Type/Model : | PT100 @
Temperature Range 17=40 °C to +-550°C @
Best Measurement Capability : 0.03°Cfrom -40 °C to 00.°C

0.03°Cfrom >0 °C to 250 °C
0.03°Cfrom >250 °C to 420 °C
0.05°C from >420°C to 550 °C

References : EN DIN 60751 : 1995

08 @ a6

seyfisteveunsasiotaindu “RTD PT100”

szyfsisgungivinuvesgunsaiiissthinvhmsaeuiisuihannsaingumgilldlugig
-40 §i3 550°°C

ArnuazBenldldtmun dWewindnvazednnues RTD PT100 azfiuAranudumiuiiugsiu
fugungll  Limunsassyduenanuazdeald

seyfiermmbiniueuiildanmsdaluisias g

lilgfinmsszyisnisaeuiisuveaasedoin

a

5UN 4.6 Meagsuazidenvainsaeuiguaumngil

v Y
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A19819518aLL UAVBINTTHDULNBULINLN
NIMT-CNL-SP No.601 Page 2

Parameter Performance Test Method Reference
Specification Weight
Weights : e Accuracy class F1 @ Double @ Class E2
Conventional mass e Range 1 mg — 20 kg | Substitutions
(ABBA)

References : OIMLR 111-2

=% = v S ST v ¥ oo,
Szumﬁwmmm‘iaaumsmﬂ;ﬂu "HATBINUUINUN
¥ y . ” e g
izuﬂﬁulaﬂaﬂﬁuﬁqmﬂﬂﬁ’]lJ']ﬁE]'UL‘VIFJU FadlA1awe 1 dagniu 81 20 Alaniu

lildfimsszusmeuazidenvenaiallioinnluawndseinuavesduihminddnvasdusu
Falianunsaszuduiuanld lneAmmasBoaazunannasededa

szuernuliviveuvesdiiwinlilmenans8198: OIML R 111-2314u Class F1

Q8 QUi

szyfivitmsasuiisumingas3s Double Substitutions (ABBA)

sUT 4.7 Medgazidgavainsaeuiiguivin

fapgNTUazBeaveInsasuinulnwa
Standard Procedure for Calibration of Digital Multimeter Type/Model : DMM 6 V2 digits Page 2

Parameter toel) 3
bouriEdsurdd Nominal Values @ == @ Method @
DC Voltage Range : 100 mV to 1000 V Using direct
AC Voltage Range : 100 mV to 750 V Measuremgn}
Frequency range : 10Hz to 1MHz
DC Current Range : 10 mAto3A
AC Current Range : 100 mAto 3 A
Frequency : 10 Hz to 5 kHz
Resistance Range : 100 Q to 100 MQ

szyfamsasuiisusussduuas nszudliimisiidunseianseuasnszuaadu saudernmiudmumiu
seyfaghumsinlaguenauendifainsin

ArauazBealilaszunse wisnunsausaduldanasaaveawsiazgninisda wu DC volt i
53yl 100mV wansiendidesfigafianinsnsuineldfe 100mv

luildfimsssuaanulduiusureuasosdion

= aa

szyfeismsfildlumsasuiiiou e nsiaanuduliii nszualvil wazaudunulaense

CRCEECRORS,

U 4.8 fedreswasidunveimsasuiiisulnih
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4.1.2 \p3asdiannsguuazaunsalnldy

o A

iwsesiloTnsnadadieliaiesioinfiimnasuiisulslfivioudiou Tasiaiedile
fndredstlagdasdiamugniosganinaiosdofivunaeudoy  Ussneulufednumsamsd
insaeuiisuauantfveUnsalimsgy  warvlinvesgunialinnsgiy  Aandn
U 4.9

2. AsadliaunsguazaUnsalnly

wiesdlonnsgupamIssliotnanBuiielmasesiiodaninunaeuiisuldldssudiey
lnainsesieindndlavaasdinugniasaaninasesdenmhuasudiov. Usznoulsae

1. dnsazngiitmIsauiigy - FWdemisvsuainmsdeuiisuinsedieialagldgunsal
T g IR EIVE I

2. AuANTATERUNSIIIATIIG ¢ AINAWITOVIETRUURILATINUTBNUNTRINA ST
WU 6IUNTIN AINNAHBER AIAIUGNADS wazAnulaintuau

3. vipvesunsaliinggiu : JuvsedviauatnUnsniinsgIu

5UN 4.9 inSesounnsgiuwavaunsalily
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Standard Procedure for Calibration of External Micrometer Range : 0 - 25 mm Page 3

1) do / dnwazane

@ Teazdun / aulfeme

@ 1A

- AUY12 (Length, Gauge Blocks (Stainless Steel) ?iﬁa : Mitutoyo
Distance) #ds : 2.5 mm, 5.1 mm, 7.7 mm, 10.3 mm, %;'u : 516-996
12.9 mm, 15.0 mm, 17.6 mm, 20.2 mm,
22.8 mm, 25.0 mm
ArAuliuiueu : U = £(0.07 pm+0.8x107 xl)
- ANUBYULAZAIY | Optical Parallels v : Mitutoyo
YU AMUW (Thickness): 12.00 mm, 12.12 mm, | 3U : 157-105 fis

12.25 mm, 12.37 mm
Uncertainty : Flatness : +0.03 um
Thickness : +(0.1pum+0.6x10°x1)
Parallelism : +(0.04um+0.6x10xl)

157-108

@ sryfisdnuasewisvesgunsahimmssuithililumsasuiisuiaiosliodn 1wy Gauge Blocks

whunldlupasasuiisueuenanay Optical Parallels thunldlumsasuisuanusguiay
pnuvuuvadlulasiveialiadauen

@ seUfnuauURveIgunsallns§u iU Gauge Blocks Aifiaaatgnauane1aiu uasdidipnuli
wUuUA £ (0.07 pm+0.8x10°° x AA1UE812U83 Gatige Blocks) waz Optical Parallels #iiaaumun
LANA1eNY WagArAnuliLuLeY 3 AR AALLWILBUANUIEHU AUV LAZAHTUIU

@ ssyfisjuuazivienagUnsalinnsgnu e Gauge Blocks waz Optical Parallels {Huiie Mitutoyo

o

35U 4.10 fhedagunsaluimsgrunldlumsasuiieuinsasilainiii
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Standard Procedure for Calibration of Pressure Measuring Instruments Type/Model : Hydraulic Type 2

@Equipment used @Speciﬂcaﬁons Requirement 3 ) Calibration Equipments
1. Pressure Balance,
Model AAA with Piston
& Cylinder
Model : xxx Range : 0,1 MPa to 6 MPa 1 Piston & Cylinder
S/IN 111 Uncertainty (k=2) : + 8,0¥10°*Pe Model : xxx
Not lower than 0,18 kPa S/N s 111
Model : yyy Range : 2 MPa to 120 MPa 2 Piston & Cylinder
S/N 1 222 Uncertainty (k=2): + 8,0¥10°*pe Model : yyy
Not lower than 1,18 kPa S/IN  : 222
Mass set 3 Mass set
Model : zzz Range : 50 kg Model : zzz
S/N : 333 Uncertainty (k=2) : + 10*10*m S/N : 333
2. Piston & Cylinder
Indicator ¥
Model : uuu Uncertainty (k=2, for temperature 4 Piston & Cylinder Indicator
S/N 1 444 measurement) : + 0,5 °C Mode : uuu
SIN : 444
3. Steel Ruler
S/N 2::555, Uncertainty (k=2) : £ 0,04 mm 5 Steel Ruler
S/N : 555
4. Pressure Transmitting
(Note 6) Density : (914 + 10) kg/m®
Fluid = Hydraulic oil Surface Tension : (0,031 + 0,003) N/m
5. Digital Multimeter
Model : mmm Range : 0~ 100 Vdc
S/N : 666 Uncertainty : 10 ppm
Range : 0 - 100 mAdc
Uncertainty : 50 ppm

@ syyfsgunsalinasguiminnldlumsaeuisuanisiu Ussnausne Pressure Balance,
Piston &Cylinder Indicator, Steel Ruler, Pressure Transmitting &g Digital Multimeter

@ szyfsgauaiifnmzvesgunsainnsguiithunlglumsaauiou wiu ghunisia dranuliviueu
AMUVUILUY UaEAIANUA TR

@ gufissuresgunIaiunTsIu
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C‘I’JE]EJ'NQ‘UﬂiﬂJ&]'Iﬂiﬁ’mm‘lﬂuﬂ’liaaUmEJULﬂSBQ%JE)’JﬂﬁTI&Iﬂ‘H
*N13ADULAEU Pressure Gauge ¢78 Pneumatic Pressure Test Pump Page 1

v <
Yagiszasn
Jagilszasn

WinT M3 aaUTOY Pressure Gauge #6 Pneumatic Pressure Test Pump

@

@ 1. Precision Digital Pressure Gage LEYRO IKA 200 range 0 — 60 Bar Accuracy +/- 0.05 % 1%&‘7]“

d
ailnsaimsnaasd

Pressure Standards
2. Pneumatic Pressure Test Pump Leyro LMP 60 1‘]95111‘11«! Pressure hand pump ﬁ%’wmnm”u
0~60 Bar lumsaauiiigy

3. Pressure Gage WEKSLER range 0 — 11 kg/em’ (0-160 PSIG) 1ilit UUC flazmouiiau«

syufsdnuazuesgUnsalinesguimhuildlumsdeufisuaisaiiein fio Pressure Gauge thunly
Tumsasuiisuaiuiu

©

seyiinuautnemnzvesgunsalinasguihailslumsasuidivu fie g1unmsdafi o - 60 uns uas
ALY + 0.05%

®

ssyfiazunasBvievasqunsalingsgiu fe Precision Digital Pressure Gauge LEYRO IKA 200

©

JUN 4.12 dedagunsalumsgrunldlumsasuiiiguiniasioinaiuu (2)

o [ (3 i ~ = o o a
areggunsalinasgunldluntsdeuiisunsasiiaingamal
Standard Procedure for Calibration of industrail Platinum Resistance - Thermomiters. Type/Model : PT100 Page 4

@ Description @ Specification Model/Type @
1. -Apparatus Usable Range  : — 40°C to 550°C See 6.1 for details
Uniformity : <£0.03°C or depend on capability
Stability : <0.03°C or depend on capability
2. Reference Usable Range  : — 40°C to 660°C See 6.2 for details
R Uncertainty : £0.02°C or depend on capability
3 Measurement | Usable Range : —40°C to 660°C See 6.3 for details
Inshumesin Uncertainty : depend on capability

szyfsgunsaliilslumsasuiisu lawn RTD PT100 weslufiwesuingiu uaziniesdiodn

@D

syyfegauanifvesgunsaiiildlumsasuiiou laun g1umsin Aranuliwiueu anuadesnw
wag Uniformity

@ szyfesuvasgunsaifildlunmsasuiiou

a

UM 4.13 fegngunsalunsgrunldlumsasuiisuinsesileingaumgd
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Standard Procedure for Calibration of Digital Multimeter Type/Model : DMM 6 %2 digits Page 2

@Test Equipment Type @Abbreviated Specifications

Test Equipment
Model Number

Multifunction Calibration | DCV range : 100 mV to 1000 V

ACV range : 10mV to 1000 V
Frequency range : 10Hz to 1MHz
DCIrange: 1 mAto 10 A
ACIrange: 1 mAto 10 A

Frequency range : 10 Hz to 100 kHz
Resistance range : 100 Q to 100 MQ

Any model

The accuracy ratios
should be better than
4:1

syuisgunsalfigninsahaaeudisulwilavaneNengu

3 2

@ szylivnuauiRienzvesgunsalinasgiuithiildlugeuiou Taud gaunsiaussiuiinszuanse
nszuAAdUTgIuAINE 10 Hz 83 1 MHz ghumTianszualwihnszuanssnssuaaduiignuaiud

10 Hz fis 100 kHz Wagg1un TIAANUAIUNTY

= s '

@ szyfissuratgunsalnnnIgiiisun duAAIIgNABNNNAT 4 : 1

UM 4.14 dregaunsalinmsgruntdlunmsaeuiisunsostednlnih

36



37
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Read the entire procedure before beginning a calibration.
Visual check the Unit Under Calibration (UUC) to ensure that :

The line voltage required of the UUC has been set to 220 VAC, 50 Hz. If the UUC line voltage
cannot be selected to be 220 VAC, the proper adapter is required.

IMPORTANT NOTE :

- CLEAN GLOVES WITHOUT TALCUM POWDER MUST BE WORN WHILE
HANDLING PISTON & CYLINDER OF THE STANDARD PRESSURE BALANCE
AND DURING CALIBRATION.

- REFERENCE LEVEL OF THE UUC SHALL BE IDENTIFIED.

Connect equipment as shown in figure 1 or figure 2 by using short, clean and appropriate
pressure tubes. The reference level of UUC should be the same level as the reference of the
standard * 2 centimeters, If not the different level shall be measured and taken into
consideration.

oo M0 Undee Calibration,

Pressure Indicator

é anaw

Hydraulic
«— Pressure
Transducer

I

reference level

Figure 1

JUN 4.17 feg1amsieseunsaeuLiiguaImsiu

38



Unit Under Calibration

weights Bourdon tube
1 Pressure gauge |
piston and cyhnder, A
AhI
reference lavel

screw press

Figure 2

a. If the UUC is needed to measure an electrical output, voltage or current; and the measuring
instrument is not provided. It can be calibrated using the laboratory digital multimeter,
However it shall be stated in the calibration certificate provided to the customer.

5.  Care must be taken to ensure that no leakage of pressure between the standard pressure
balance and the UUC which will cause some confusion or incorrect reading.

Pressure Cycle Exercise:

Unless otherwise specified, the pressure cycles must be applied to exercise (preloading) the UUC
according to the accuracy class stated in the DKD R 6-1 : 2002, pressure calibration guideline. The
pressure cycle must be consisted of starting at zero, going to full scale then back to zero pressure as
described in table 1 below.

Table 1: Calibration sequences

A <0,1 9 3 >30 2 2 2
B 0,1..0,6 9, 2 >30 2 2 1
C > 0,6 - 1 >30 2 1 1

(<] Reference to the span was used to allow the sequence (necessary calibration effort) to be
selected from the table, as the accuracy specifications of the manufacturers are usually
related to the measurement span.

(**) One has in any case to wait until steady-state conditions (sufficiently stable indication of
standard and calibration item are reached.

(***) For Bourdon tube pressure gauges, a waiting time of five minutes is to be observed. For
quasi-static calibrations (piezoelectric sensor principle), the waiting times can be reduced.

IMPORTANT NOTE :

PRESSURE SURGES CAN DAMAGE THE PRESSURE SENSOR, SMOOTH PRESSURE CHANGES
IS REQUIRED THROUGHOUT THE CALIBRATION.

5UT 4.18 f0g19MTLesENNTARULTIEUANGY (2)
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1. Preliminary Operations for:
1.1 Weight (see in appendix A) and OIML R 111-2 requirement checklist (see in form A)
1.2 Mass comparator (see in appendix B)
2. Environment conditions :
2.1  Temperature: The temperature must be controlled and measured during calibration
within % 1.5 °C per hour with a maximum of + 20 °C per 12 hours.
2.2  Relative humidity: The relative humidity must be controlled and measured during
calibration within 40 to 60 % with a maximum of %15 % per 4 hours.
dl U ] a a g C%
E‘LJVI 4.19 $I9Y1NNTAIYUAITADULNYUUINUN
s ] = = \L ﬁ
A29819NTSLATBNNTTE R ULNBULWNWA
1. Review the entire procedure before starting a calibration process.
2. Verify that the UUC line voltage selector switches are set to the correct setting.
3. Connect the UUC to the line voltage and then, turn on the power switch. Allow

warm-up time, following manufacturer’s specification.

JUN 4.20 Megumamssumsasuiieuliih
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1. Apparatus
The necessary but not limited to apparatuses for this calibration method are:

1.1  Ice-Point Bath ;  The simplest fixed point with an error of less than 0.01 °C

1.2  Triple Point of Water ;  To accurately realize the triple point of water, a triple point of
water cell is used.

1.3  Fluid Baths ;  For controlling the temperature of various type of fluid baths by
adjusting the amount of heating or cooling.
Water Baths, Salt Baths or Refrigerated Baths

Table 1. Fluid Bath Media and Typical Operating Temperature Range

Media Estimated Temperature Range (°C)
Silicone Oils —100 to 315
Light Mineral Oils — 75 to 200
Alcohol -100to 5
Water 0.5 to 100
Molten Salts 200 to 620
Dry Fluids(Fluidized Particle) 75 to 850

1.4 Temperature Furnaces ;  For controlling the temperature by adjusting the amount of
heating

1.5 Block Calibrations ;  For controlling the high temperature by adjusting the amount of
heating

2 Reference Thermometers

Standard Thermometer ; SPRT, PRT, T/C etc. to use with Digital Indicators

a

JUN 4.21 fMedramsinseunsasuiigugumail
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3.  Measurement Instruments
There are several types of measurements can be used to monitor the measurands.

- ACorDCBridges ; These instruments typically provide the option of a digital display which
can be set to provide readings in ohms, or temperature.
- Digital Indicators ; Digital Thermometer or Digital Multi-meter

Note : All Fluid Baths, Temperature Furnaces and Block Calibrators must be evaluated to ensure
the qualification of them be stable with time and uniform over the working space at the
measuring temperatures.

4. Facilities or Controlled conditions

Laboratory Temperature Condition (23 + ?) °C,
Relative Humidity ( 50 = ?) % RH
Air ventilation system for harmful at high temperature operation.

5. Measurements to be carried out
5.1  Preliminary operation

- Visual inspection (any damages, clean contacts, etc.)

- Initial check for connection wire configuration (2, 3 or 4 wires)

- Insulation check (resistance between sheath and leads must be higher than 1 G Q)

- Ice-point or triple point check at appropriate current (initial measurement at the ice-point
or water-triple point)

JU# 4.22 fredamsieseunsaeuiguaumgil (2)
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5.2  Preconditioning

The IPRTs which require to calibrate exceed 400°C should be annealing at 450 °C at
lease two hours before proceeding of measurements.

Then measure the IPRT’s resistance value at ice point or WTP, the difference between
before and after annealing should not greater than 6 m Q which corresponding to
temperature about 15 mK.

Prepare calibration system as figure below ; (one or two SPRTs can be selected and
assigned as reference standards)

IPRT/PRT to be calibrated

Reference PRT/SPRT

- Carry out the measurements according to the step 7.3 and complete the result sheets.

3UN 4.23 sRegnsieseunsaeuisugumail (3)
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4.1.4 n1saaUgULA3a9dadn

a =<

25 UNYRTUNDUNTADUIBUYBWAT I DI L ULAAZ IR Winazliwulain
wiaslainmhanldnutuiinugnaewunnsgiu e1avgiigunsainine q Al
ApUWiBULAIRile  lawmsedliotnusasyiinfaviitunaunisasuieukarIsn1snwanaIany

2N lUANAULNZ A ﬁﬂLLﬂﬂQ@WNEUﬁ 4.24

4. NSABUNBULASINBIN

msaeuiisuiniesdiotniurzesuieiiunsumsaeuidisuroaniasiotaluusas
¥in eilasdiulath ndesfletniiwlinuiuidaueamedeulunsaeglunnsgu
floeusuldFenasxiigunsaisinegitiunldihinaeuiiioueiesdle Tneirlesiedausazyiin
fiduneunmsasuiileuuasisnmsiiumndratussnlumuaaimunzan

JUT 4.24 nsapuigUATENlen

fagrensaauriisululasiivnas - wiseendy 3 dunou fe

1. MINTITABUAINIEEY ;279 Optical Parallel asuumninduravaslulasiwesanu Anvil
waz  Spindle warlurinuaaslunesuduinwan) saouwiguineay  Fr-No.Micro25 a1ndu
ANNAIAIMIEEUTR I duRavaslulaslines

2. MINTAADUAIMNUUIU - 2 Optical Parallel szminsdmtndunaveslulasines (v
Anvil haz Spindle) wazUsulanhdudavedlulasiiinosdudaiu Optical Parallel 81unay
Uuiinwan11uunEsine Anvil wag Spindle  asluwasuduiinnamsasuisumneay Fr-
No.Micro25

3. nsdeufisululasinednly Gauge Blocks: 919 Gauge Block s¥mansianthduda  ves
lulasimedaiu Anvil waz Spindle UsulwRmihaudaveslulasiivwesduiiaiu Gauge Block
guAil Micrometer wagduiinuaasluesutuiinuansdouifioumneias  Fr-No.Micro25
(g1 3 A3 Waguuue Gauge Blocks wdaduvimsaeuiiisulnsiiuasy washenitldan
NIMARBINANNAMIANAY- AN DU TE Y AW WazaA e Liutiueuy

JUN 4.25 segemsasuiiisululasilines



ABENNTEIUBULIUALIN
Calibration Process :

Place the reference weight (r) on the pan of the mass comparator, then wait until the
indicated value is stable. Notice the number of seconds it takes. Tare and record the
mass comparator reading as Irli.

Remove the reference weight from the pan of the mass comparator.

Place the test weight (t) on the pan of mass comparator, wait for the same amount of
time as 4.1 and then record the mass comparator reading as 7t1/.

4 Remove the test weight from the pan of the mass comparator.

Place the test weight on the pan of mass comparator, wait for the same amount of
time as 4.1 and then record the mass comparator reading as 7£2i.

Remove the test weight from the pan of the mass comparator.

Place the reference weight on the pan of the mass comparator, wait for the same
amount of time as 4.1 and then record the mass comparator reading as 72/, (the first
weighing cycle is completed.)

8 Repeat the step 4.1 through 4.7 without zero setting, until the results of desired
weighing cycles are obtained. (normally 3 weighing cycles)

JUN 4.26 fhegransaeuiieutmin
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4.1.5 N1SATUIUAIATWA

'
A

ANBALTEAINSUAIRANAIALAeUNLIUINAUAI NS llUSULNYRINTIR Falulsay

a0 1 [y [

grun15ianvzdiasineiu dauanmugui 4.27

5. ANSATUIUNIATLA

Awn ( Collection ) AaAnvawednSumRanaintaeiuiuInduAndsluusunn
Yasmin Fauudazgrunsinfviainiaiu

MsAnAMIAT C, amnsaruialanauntg

C, = Standard value — Measurement value

X

Lﬁﬁ) Standard value

N KR 2 «
Adnlavangunsaiinasgu

Measurement value = aialeainnsesdiein (UUC)

JUN 4.27 msAnumewn
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4.1.6 msUszifivAnaliulususiia A
avalsiutueunsadfvestoyaiildainindi vdonsdufusosndlunssuiuns
fn  dndsznounuuduresauliutueueivarhifivaderuliuiueusuvesissuuias
Femenaliuvuouvin A Tewiiudidesuunesgiuvesdiadeilsannisases &

WARIANUFUTN 4.28

6. n1sUszlivAANllduauviia A

Type A Uncertainty (Auliuriueusiin A) uJummluLLuuaumaaamawauaw
Im1mmmsamsaumumamﬂuﬂsumumsm muﬂsmauLLU‘uammmm'LuLLuuaumww
laifinaremalilniveusavasinszuuiay fsnpantlaiiivewsiia Adawinfurdoawy
mmsgwu‘ummmaaﬂmmnm'swmaaa (Experimental Standard Deviation of the Mean)

6.1 mmaa (Average) 0] ﬂ?ﬂa'N‘VlbLﬂi]’lﬂﬂ’]ii'JJJ?JEJlJaVNﬂQJWUENﬂ’IS’JﬂﬂWﬂLﬂiENlla
ammazfau@ LLa’JLLUﬁ‘iﬂﬂiﬂu’Jum’l‘]ﬂu mnwasamawauamsaﬂmwﬂ ammsﬁ’l%‘lumsm

ﬂWLQaEJ fio
n

L
LIk

i=1

X
Il

A Inlalunsazass

e
®
X
i

FIUIUAIVBINITIN

>
1

6.2 mwaawumm%wuﬂa Amagiivenn TﬂsJLaaamﬂwauaumaummﬂlmmm
WA Ry ummamﬂmmaﬂaamﬂi annsaonlgBnegsdent SD (Standard Deviation)
aunsildluniswian SD fe

1 -
On-1 = [ 2in1 (% —X)?

Wa X =eariinlalunsarase

=i
1l

n = SuATveINTIa

JUT 4.28 MsusziliuAanuldudueuyila A



6.3 Anulaiwiueu Type A anunsasuuldnsaunis

s(x;)

u(ly) = sx;) = i

P oA
e 0p_q = Andoauuninggiu
n = MUNIUASWBINTIA

JUN 4.29 nsUszliuatanuliuiueuyiin A (2)
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4.1.7 n15UsiiuAadldnuauyiin B

aa <

Aaliuiueuilannisaunlilleisnads Junislddeyaninuszaunisalain

=) 6

lufusesmsaeuiiiey  INVeMMUATUNIEYRLTUERGR  INToyangnifiuiviean

Y

Waelayadu q AILanINUIUN 4.30

7. nsusziliuatanuliviuausiln B

Type B Uncertainty (A1 ldudususia B) iWumanuldudusunlaannisounlaly
FBveadid (Jumsliteyaatndszaumsel 9nluiusesnmsaeuiiiou anderimundinzues
Tssnugudn nndeyangnafiurivioninunaieyadus

UM 4.30 nsUszliuAnwlidunuousiia B

faag19anukinduausin B annisaauiisululasiinasviininuen

AultLuouYes Standard Gauge Blocks
A lwiuewiiagan Drift ¥83 Gauge Blocks

a

mulilnieuiiosnmaAsunames gl
auliuiyemilewinandenvatlulasives
aniliniueniewineuliGevvedvihdudaeslilasiwes
arwlidituoudionn Standard Optical Flat

rrnulautiuewiieanin Optical Parallel

JUT 4.31 fegnanubiviueuis B annsaeuiisululasinesviininuen

f29819A210 LU UYEA B 9nAsaauiguAUaU

arulduriuewiieann Standard Hydraulic Pressure Balance
mmlu'LLﬁuauLﬁaamnmSLUé"EJuLL'anaaqzumqﬁ
analaiutuewiisaninuseliiueas
anuliiwiueuiiewinaumunutuesene
analiiuuewiiesnnAnuazBenues UUC

A liidueuiiesann Hysteresis v83 UUC

JUN 4.32 freganuliiviueusin B 91nnnsaeuLiiguninusiu



frag1eanulinduauiia B annisaautiisulnia

Ve ol o v
A lanuuewliesntususeuNsaauLieu
N , L,
Awldutuewiiowin Drift 9nmsdeuiisunisanan
o o o a
AaliuiueueINNsIUas UL awgama
) o o o w
Aaulanuuswliesannswasunlamaaluiii

[ - '
AulduLLeeIn Thermal EMF nswnsavatlany

5UN 4.33 fregeanuliviueusia B :annsaeuliieuliih

N19N52218UUY Uniform %38 Rectangular

probability p T

X -a X Xi+a
Figure 1

The expectation value x; lies in the centre of a distribution of possible values
with a half-width, or semi-range, of a.

m3ialaqninsnszatevesteya tnslidiniuamwssudululdiiviigiu Geni
“M3Ns¥aIBLUY Uniform 138 Rectangular” Wumisydsvanaumaanalduiusuwuvaying
ey lngaglvadeauuninsgiuginian

5U# 4.34 n135n3¥218UUU Uniform %38 Rectangular
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N19N3IAYUUU Triangular

probability p

X; - 2a X; X; + 2a
Figure 2
Combination of two identical rectangular distributions, each

with semi-range limits of t a, yields a triangular distribution
with a semi-range of + 2a.

msnszargAMdulyulaiuy Triangular dnlddunszurumsadisuuudiass
(Modeling Process) dlemnuduiusazminwiuvsiduasiza uisideyaluifiememszdedd
Funuitgs n1anszateasndululdituy Trangular BratAnaInmMsTIdfiuveINsnIzateAw
Dulvlduuy Rectaneular fifluunawiniuassdy

5U#1 4.35 N15n5¥218UUY Triangular

N13N32A8LUY U-shape

Xi -a Xi Xjta
Figure 3
U-shaped distribution, associated with RF mismatch uncertainty. For this

situation, x; is likely to be close to one or other of the edges of the
distribution.

N3N5£A18UUY U-shape findudiavinn1sinmasnuvesninudivng (Radio
Frequency Power) Anulaiutusudunisnifintuiiosainmsidnginlidanysel (Mismatching)
senhwunauazUateny medheiliauysalifeadesiuyama (Phase Angle) #ilisen

5UN 4.36 N13n3¥28UUY U-shape
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N15n052278UU Normal %139 Gaussian

//’ I \\\
/ i\
4 \\
/ \
\'
:/ \\
/ N
\
il -~ 2 i B S
Figure 4

The normal, or Gaussian, probability distribution. This is obtained when a
number of distributions, of any form, are combined and the conditions of
the Central Limit Theorem are met. In practice, if three or more distributions
of similar magnitude are present, they will combine to form a reasonable
approximation to the normal distribution. The size of the distribution is
described in terms of a standard deviation. The shaded area represents + 1
standard deviation from the centre of the distribution. This corresponds to
approximately 68% of the area under the curve.

msU'svmuﬂsmgmscuw"l,ummsnmmlm (Non-repeatability) Pnseaindeiini
ahd Inevihluazlimsnsyatsnuy Normal w3o Gaussian Luamsﬂivmammwumafﬂu
stuuulaqgnunnsaudu uulﬂLnam'lwmmwmsnszmammLflululmNaawwuuﬂuumxaq
Tuguvas Normal dsaenndesiunguiiadngudnans (Central Limit Theorem)

5UN 4.37 n135n3¥3784UY Normal %138 Gaussian
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Assumed Expression used to
probability obtain the standard Comments or examples
distribution uncertainty
Rectangular a; A digital thermometer has a least significant digit of 0.1°C.
u(x i )= 7‘- The numeric rounding caused by finite resolution will have
3 semi-range limits of 0.05°C. Thus the corresponding
a
standard uncertainty will be u(x; )= —= = ——>- _0,029°C
V3 1732
U-shaped a A mismatch uncertainty associated with the calibration of an
”(xi )= —sz RF power sensor has been evaluated as having semi-range
2 limits of 1.3%. Thus the corresponding standard uncertainty
aj 13
will be u(x; ) = == = ——=0.92%
V2 1414
Triangular a. A tensile testing machine is used in a testing laboratory
u(x, ) = T where the air temperature can vary randomly but does not
6 depart from the nominal value by more than 3°C. The
machine has a large thermal mass and is therefore most
likely to be at the mean air temperature, with no probability
of being outside the 3°C limits. It is reasonable to assume a
triangular distribution, therefore the standard uncertainty for
a; 3
its tem ture'is U\x; J===——=12C
WS ox) Jo6 2449
Normal u( % l) - ,(;) A statistical evaluation of repeatability gives the result in
(from terms of one standard deviation; therefore no further
repeatability ocessing is required.
evaluation) & - 4
Normal u(x )‘ U A calibration certificate normally quotes an expanded
(from a oL uncertainty U at a specified, high coverage probability. A
callpmﬂon coverage factor, k, will have been used to obtain this
certificate) expanded uncertainty from the combination of standard
uncertainties. It is therefore necessary to divide the
expanded uncertainty by the same coverage factor to obtain
the standard uncertainty.
Normal )_ Tolerance limit | Some manufacturers’ specifications are quoted at a given
(from a ulx;)= K coverage probability (sometimes referred to as confidence
manufacturer's level), e.g. 95% or 99%. In such cases; a normal distribution
specification) can be assumed and the tolerance limit is divided by the

coverage factor k for the stated coverage probability. For a
coverage probability of 95%, k = 2 and for a coverage
probability of 99%, k = 2.58.

If a coverage probability is not stated then a rectangular
distribution should be assumed.

JUN 4.38 M59n136aNKsAIL il dueuiln B
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4.1.8 MsUszidiuAaulinuuausIy
nsvmesAUsznavvesnliudusunesgudsieiy  umeulduduou
Yoanaans lngldnguasnisnszatsanuliuuueu (law of propagation of uncertainty) 1#3®
3% Root mean square fidwinfunniiaesessaruvesUFmnamiuliviueusasguiids

409 AIUARAIUIUN 4.39

8.1 mMsuUsesliuAAuldinduausIu

ArmabitiuausIn (Combined Uncertainty)iumasisesrusznauvasninulyl
wiupunnsgmdheiu Wuairulduivauremwasns lngldnguasnsnszareanuly
wiuau (law of propagation of uncertainty) #3035 Root mean square SAnwinfusindiaes
YowaTNvRTUINA I IKILRUNNSF AR

Ao lAnNaNnIs

uc(y):\/gc,.zuz(x,.)s '_Néu,z(y)

JUN 4.39 nsUsziliuAtAulikieuTIY

fna9g19a1Au v U

Uc JUL)? + (Ul + (Up)? + (Uhgaanr)? + (uh)? + (Ul )2 + (ulp)? + (uy)?

J(0.0007+ (0.0000457 +{0.0000367 + (0.000029F + (0.00002%" + (0.0001 1} + (0.00014f + (0.000]

0.00032 mm

U 4.40 fivpgdpuliuiueusy

8.2 MsusesiiuAnnulindusuveie

Usinasditmuntasiinavesmsinnszansegnielu Gernmdndansouansdnung
vasdsigniniinnirenduedanmnauna Swnldnnuaguvesiimliviueusnuiud
Usznouasaunau (Coverage factor) %aé\’wszﬂaumaumqu fio fruszneuiiudaiay RGLY
fumnalaiuueusan Welildauliuiusureeiissannmsuanuasnruasduresn i
lduriuousaw

JUN 4.41 nsuszfiuaanuliuiueuveny



Ar9819AA Lalutuauvee

AMsanamdmdstnaun k, nauns Welch-Satterwaite Equation #nvas EA-4/02,

Appendix E, auns E.1 anunsadnnale

4

ug Uc
Vet = R | ry e r ) 3 3 2
Z'LI_, u(l) + u*(ly) G u*sl, " u”(AaAt) P u*(ly,) - u*(ly) " u*(l,) 40 () (22)
=1V n-1 o o o0 » o S ©
0.00032*
0.000*
4-1
= o
sunsadsanaadsznay K, @9 ver = couflaFeudoududl ver u

a1 Effective degree of freedom wuieniawnallaiidiu « ananse E1 dofudidn

Usznau k, = 2.00
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Coverage factors k for difference effective degreed of freedom ves

Veff 1 - 3 4 5 6 7 8 10 20 50 o

ko [13.97 |'4.53 | 3.31 [ 2.87 | 2.65 | 2.52 [ 2.43 | 2.37 | 2.28 | 2.13 | 2.05 | 2.00

wingme ¢ o E1 3wdeann EA-4/02, wiin 26

araubinvueis (Expanded Uncertainty; Ugse,) Waa@oaunTs

kp x uc
= 2 x 0.00032 mm
= 0.00064 mm

- Ureportosas = 0.0006 mm

U(gso)

5UN 4.43 fegaaranuliuiueuvens (2)



56

4.2 ASTUIUNNTEBULNBU Micrometer

Mnmsinszuunsaeuisuiiadistuan  Ildunnsaeudiouniesiieinlin Ao
lulasiwesinuen  (External  Micrometer)  wasudleNa1suInIFIUNTARUEUVDT
lilpsfwmesodatauen navden waznsussfiumanulduiusuvesnisaeuiisuniosie
SouniFosles ielitmugndonidefiouarlimsuiainvesnszuiumsnisasuiiivuus

avdunaU AILAAINNUTUT 4.44

ASTUIUNISADULNEU Micrometer

1. 979agLdunveIN A UL LY

2. \p30sdaN NIy ukavaUnsainly

3. NSLAFBUNTSNOUFDUMIBY

a 4 A o
4. NFADULYIEULATDIUDIN

5. MSAUIUNATWA

6. nMsUseriumaylituauyia A

7. Msysgiiuaanubivduauvie B

8. msUszrdiuaiaulaiiduausi

g‘dﬁ 4.44 ASTUIUNSABUMIBU Micrometer
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4.2.1 IaBYAVINTABUNIIY
sryfefiuneazdeavienuauifvensiesieinflaztihunaouiiioy (ULUC) B
agUsgnauluie dnway (Description) fidun13in (Range) mNaziden (Resolution) A1
ANURNEBY (Accuracy) w3eA1AUliiLLUeY (Uncertainty) uazdSnisaeuliiey (Test

Method) é’faLLammugUﬁ 4.45

= =
v
1. 3789528 VDINTADULNYU
msasuiievlilasimesiauanlegliinaudan Amugnansvatlilasimeiiauen $1983310 ISO 3611-1978 (Wi 3)
External Micrometer calibration using Gauge Blocks - ‘::E‘M:::::.f';:"',‘_“"u‘:‘:Y“:w'ff“""':;::’.':;“
of measuring faces
| Tolerance
& - - N, Measuring | n ilal
dnwg (Description) LilpstwesvliaTauen @ renge of QL RER e Bexure|  Toleranes on et
micrometer | -~ PET SN measuring
fide (Range) 0-25mm /0 - 1inches @ L == faces
mm ; um wrm um
AazLBENn (Resolution) 0.001 mm / 0.00005 inches  (3) | 2 =1
to 25 2 I 2 2
: s 25w S0 2 2 Fd
Anwgniis (Accuracy) £0.002.mm (IS0 3611  1978) (&) — 3 z .
75 10 100 3 \ 3 3
100 © 125 4 : 4 B
(D) syieBeveuniosilofhmdeuiivuindy “lulasiineiviininuen” Yy . g ¢ i
0 i t 5
@mﬁa&i'mmﬁ'mmlmimﬁmai’ﬁt‘hmaautﬁﬂudﬁawmmi’mmmmm 00 r’ i =
£ vy ' - 3 200 w 225 7 t 16 6
Yaqlanaus 0 - 25 mm 38 0 - 1 inches 22510250 | 8 : 8 s
= = 3 alis Mlare ' v = 250 10 275 | 8 : ¥ 7
(®)svufimmuaubesluniseuasiasesilafmiannsasildazsun e b i )
a =3 . {
3gAag 0.001 mm %38 0.00005 inches bodlade ) 8 ' 8 3 .
L . . . TS & . ; ) 325 10 380 10 s 3 8
(@) svyfisimnuuiug lunissdmeneiasdo Trnaaiaiafiauaion atohdazs " B o
F34éigeqa7 £0.002 mm Sir 12 = B ¥
M Ve = s a W ek = L) = 4“”“‘:5[ 12 l * g
®hildinmsseyitnsasuiisuesiaiesdionilasinisnsindiieis 42516450 13 , sio | 10
= 450 10,475 | 14 11 | "
gl 475 to 500 | 15 2 l "

JUN 4.45 918a2188AY8N 1 TARULTIEY Micrometer
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4.2.2 \p30eliannsguuazaunsainldy
wsesllainansduielrintestleinitmnasuiiigulaldilSouiioy  laginIeile
Taeedatiazdeainnugndesgenitaiasdentiunasuiieu  Usznaulumednuaizaniz

msaeuiigunaniivesgunsalinnsgiunwasylinvesgunialinmnsgiy. Aauananusy

1 4.46
a4 o« ¢ ¥
2. \nTasdlauInsguLazaUnsalnly
C 9
(Dequipment @ specifications T ModeVType grunmsimnaspveslilasiinesvliniauen
Gauge Blocks Range : 2.5 mm, 5.1 mm, 7.7 mm, Type : 4100-146 81984970 IS0 3611-1978 (Wil 6)
10.3 mm, 12.99mm, 15.0 mm, Model : INSIZE
17.6 mm, 20.2 mm, 22.8 mm, §2 MICROMETER scrany
250 mm r?:uagfilm“-’.aaﬂuuw?a
nstniuldeu) .
Uncertainty  Grade 2 Standard AL 90 exania, o6 & P ometer Co
(1503650) ;:‘; cdrbuny ) b
Optical Parallels Range(Thickness) :.12.00' mm; Type : 157-105 In e Goe o morometag wiv
£ with patioe biocks us Indiceied sbove by can ] 0
(729179) 12.12 mm, 12.25 mm; 12,37 mm fh 157-108 sy Mol sppropiat gt and with 3 rounded face close 10 the e of the micrometer pindie
Uncertainty . Modet.:
Flatness :+0.03 um Mitutoyo
Thickness = 2(0,1um+0.6x10-6x0)
Parallelism = +(0.04um +0.6x10-6x1)

(1D)seyfaqunsainasgrihiiidlumssoniiouanud Wsenoudhe
Gauge Blocks uay Optical Parallels

seyfliguandimevesgunsaitansg it Mlumsaouiey
uMIIN wasmaLlivieu

(® wyiiefuuaciiovetqUnsanmsgiu

35U 4.46 \nesdlannsgiusazgunsaililunisasuiiey Micrometer
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4.2.3 NSHIBUNITNDUFDULNYU
nswieeiesfleunspunanaiesdieTnildlunisaeuiisuyseneufetuney
g q Auandnstumusiavenasosdioflldlunisaeuiiov 139159988V N1391AY
avornneulazndsldnu  msdenUssanvsevunailddeudiou nsnsiedeudnvasiiall

wazanmnisidanureunsasenldlunsasuiiiou dauansmugun 4.47

3. N5LATYUNISNOUADULNYU

3.1 mawivy Gauge Blocks M3 Gauge Bloacks Nountsaguiisy 81389970 BS 4311 (i 15)
3.1.1 avvauiuvuneny (Due date)wdd Gauge Blocks APPENDIX 8
. NOTES ON THE CARE AND USE OF GAUGE BLOCKS
VEmR < Nsaifinudn Gauge Blocks vunagudviaauidiauniou BitGereriileare. The prestest care should bo exercised in protecting the

) v gaupes and thelr case from dust, dirt and moisture.
g " When rotin actul use, the gauges should always be hept in their case and
the case should e ket Gosed.
- - oA L . upes showld be Bsed as far as possible in an atmosphere free from
3.1.2 1 @9nuuMnY0Y Gauge BlocksmuRdovadhilasiingdi Ikl s, by prbidus el dintoipan sl o
. Wil attr: rous dust
fipansaouiioy

B2 Phegaeation before use. Ifthe pauges™are new of have been covered with &
- proteftive coating after beng l-g‘;:.ao. most of this costing may be rfmc;:d
o 2 A o o with an appropriate solvent®. Gauges should finally be wiped with a clean
3.13 hmwazein Gauge-BIOCks #danuininta 2 e charmois Teatber.ox 5ot lioea cloth ‘1:.\ Wipiog should be ‘,f'ffd out in every
instgnce, before a gauge is used, irespoctive of whether it has been stored,
woaANeERa nsvmwiaswiivnhs Coated Oemerely returmed temporarily 10 the case uacosted
Jt b, Bowewer, undesirable 1o aim at remving all traces of grease since a”
wery dight film of grease is a0 aid to satisfctony wringing

> 172 p

Jaserigih. oo Wlurpuhrsiazem B3 Care I wse. Figeriog of (he Tapped faces thou'd be avoided to prechude
v - o the T4k of taraishing end unnecessary handling of the gauges in use should be
3,1.4 wdwannislsemmionsaouiiiey. wwaesianuateon Voo ekt they 13ke pithe heat of the hand.Jf the gacges have boeo bandled
for some time they should be aliowed (o assume 1he prevailing temperature of

v - CIN Jpe 4R v, the_room before being wsed for test purposes, THis is particularly important

Gauge Blocks feudanasas NsvamsasAtaumaniL wasmsifiuly 1 the case of the la/per 31765
When the Nighest adcuracy i¥ requued, & test 10om thermostatically con
naona woiled At the dandard tecdperatisce of 20°C becomies becessary, bot for ordinary

asufficicnt degree of accuriy &an be obtained if the following pre-
CHitions dre Qken
The work 10 be tefted and the gape blogks which have 10 be used
should both be allowed 1o &ssume the prevalling temperature of the room.
Thin, & plose of work should gt be sested dircatly affer & cuttiog, grinding or
Other operation has just-beca complcied nor should large combinations of
gauipe Blocks hellised fmmediately after they have been wrung together,

BA Wringlog. Gavges should not be held above the open case when being
wrung fopstheriesteae be accideatalfy dropped. The gauges required should be
sclecied and the case thea closed

Before wringing grapes together, their faces showld be wiped free from dast
and examinad for burms.

¥ Soe B30I, * Packapiag code, Sedtata 6, STemporary protection of metal wrfaces
AEAIM garrouon (daring tramport aed storagd) '
15

5UN 4.47 nsiwSeunisnowaeuiey Micrometer



3.2 N5LASEN Optical Parallels
3.2.1 anadeuiuvunegues Optical Parallels

1/:1.1’18{!61 : NIUVINUIN Optical Parallels wummquaﬂwaaumsvnau
WY

3.2.2 A mazenn Optical Parallels lngliuoanagad nzany
uazwlagnas

a_ v

wnewn : gadlananadn, gadlafn WWlunewhmivazen
WG : §) )

3.2.3 wdsnnisiauriensasuifivy avfeshamuazen

Optical Parallels Meusanegaduaznszay udmsifiulundas

3.3 mswiseululasimes

3.3.1 vhawazenlulasdimeimeusanssed nszasuazwile

LT
wnewg : gallewarafin, gadlerh 1Hlunewheniuaven
3.3:2 Wudguslalasiives
3.3.3 nsavaeudnwaisinluvedulasiine
vunew s nnudilalasineslisgluammdianysal Tendnmsasy

Wisu

JUN 4.48 n1swlBunIsneuaauiey Micrometer (2)
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4.2.4 nN15aUEULAT9HBIN

'
a

25 UNYRTUNDUNTADUIBUYBWAT I DI L ULAAZ IR Winazliwulain

o a o

wiaslainmhanldnutuiinugnaewunnsgiu e1avgiigunsalsine q Al
gouisuinieslie  lnansesieTausavyianasiiduneunisaeuiieusazisnisiuandieiu

2N lUANAULNZ A é’f&LLammmgﬂﬁ 4.49

4. N1SEDUMBULASDILBIN

msasudisvlilasiwessdaiauen wiuseandu 3 «ﬁ‘;umgu fAn MNIATIVADUAMLUIZIU 91989270 JIS B 7502-1994 (it 464-465)
- NSASIABUAIUISEY 101, Measuring method of flatness of measuring face  The measuring method
of the flatness of the measuring face shall be in accordance with Table 12. This
N may be exempt from application, provided that the measurement can be made
ATIATINAAUGI I with measuring accuracy equal to or superior to this
y o » W\ : —
- MsapuisuAINgNABIvaNndeIvaslilasdnes — Wt PRgevurios methed of aines of messaring 1
3
4.1 NIATIVHBUANITEY (Flatness) ¥
4.1.1 eunazvha i laaiionsaeu iy unouu A
Yy v - €V - L4 - >,
4.1.2 1724 Optical Parallel asuufinwhdudaveslulastnesiiu MINTIVFVUAIMLIYY 91983910 AS2102-1978 (1 13)
Anvil BrumduunGes tartufinnaadluvesutuinnanisaauiitou A2 "FLATNESS, OF MEASURING | FACES. The flatness of the

measuring faces is tested by use of optical interference methods. An optical
flat is brought into contact with the measuring face by a gentle to-and-fro

4.1.3 774 Optical Parallel asvuiuTauiave Tl lAsimaseu sliding motion, thus reducing the air film between the two surfaces. When the

optical flat and the measuring faceare in close contact a number of coloured

y 3 TP 7 ) e L 25 interference bands will be visible on the measuring face. The departure from
Spindle 8muAmTnuEIALazdufinuaaslura st ufinuanisaauiiou

flatness may then be determined by reducing the number of these coloured
bands to a minimum by further sliding the optical flat. For the measuring face
to comply with the specified tolerance, not more than four bands of the same
colour should be visible.

The bands are rendered much more distinct if the test is carried out using
a monochromatic light source,

5UN 4.49 n1saouiieu Micrometer
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MauNs

W F = mnuseu (Flatness)

TN

n

~ 0.64 pm)

S |

Fringes

4.1.4 fAnunmminSsuresiontinduiaveslulasines

N>

A = anuemaduuadld (wasdunsinvaoniioou

ABAR : T Fringes ATnlsidnu Anvil vide Spindle Limsiiu 4

Ul 4.50 nsaouiisy Micrometer (2)

4.2 M3nsIAEaUANVLIY (Parallelism)

4.2.1 93 Optical Parallel 4u1n'12.00 mm SzwinAImsuNa
vadlulasfiines (Au Anvil wag Spindle) wazUTuldiomngudaveas
lulnsmasdudaiy Optical Parallel 8muAdruauWiIAfY Anvil uag
Spindle waztuiinnaadlunasutiuiinnan saouiiiey

4.2.2 17 Optical Parallel 3u1a 12.12 mm sewinAavtnduda
vealalasiiwas (Fu Anvil waz Spindle) wazusulvavinduiaves
lulpstmes duatiu Optical Parallel grumdwIuNEIARIL Anvil uay
Spindle waztuiinuaadlunasuduiinnamsaauiiiey

4.2.39724 Optical Parallel 9um 12.25 mm SsManAMT

)

H

)

avadlulasiines (F1u Anvil uaz Spindle) wazUSulvfawihduda

voalulnsiwesdudaiu Optical Parallel 81uAdwIUNEIAGIL Anvil

uay Spindle wazdufinnaadlunaiutufinnan saousdioy

NATITEOUANVUI 81989270 JIS B 7502-1994 (%1h1 465-466)

102 Measuring method of parallc!
face #hall bein fccondance with Tabl
wade with mbasbrig stcurhcy equal 10

ringfu® Tho meastiring method of the parallolism of the measuring
s may b exemptfrom application, provided that the measurement can be
for fo this

of measuring face

5Ufl 4.51 nsaeuiiiou Micrometer (3)
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4.2.4 73 Optical Parallel ¥um 12.37 mm s¥wingfianth
Fudavealulasliwes (Fu Anvil uag Spindle) wazuiulviiamihduda
vodlulasiliasdudaiu Optical Parallel 81T LIUWSIARIY Anvil
uay Spindle waztufinaaslunasutufinnanisaeuiisu

4.2.5 Amnunmminsuuvesinnindudavesulasimes

AauNIT
P = (nAvil + rlSpindle) X E
dlo P = ANUYUU (Parallelism)
e Fnuwsedsu Anvil
Nepinae = TMUNEIIFM Spindle
A = AneNARuLETY (Lasdunsanvaeniioay =
0.64 pm)

M8 : $1u0u Fringes IAld Anvil uaz Spindle soutulyiiu

—

\fiu 8 Fringes

MMSATIVABUAINVUIY 1989970 AS2102-1978 (Wl‘Jl’] 13)

A3 PARALLELISM OF MEASURING FACES.

A3.1 Micrometers up to 25 mm Capacity. The parallelism of the
measuring faces of 0-25 mm micrometers may be conventiently tested by
utilizing the same principle of optical interference. For this purpose, use is
made of a number of optical parallels of different thicknesses the opposite
faces of which are accurately parallel as well as flat. These optical parallels are
placed in turn between the measuring faces as though their thicknesses were
being measured, and in each case attention is paid to the number of interfer-
ence bands which are formed simultaneously on the two faces. By carefully
moving the optical parallel between the faces the number of bands visible on
both faces is then counted. For the parallelism to comply with the require-
ments of this standard, no more than eight bands of the same colour should be
visible.

The object of making the test with optical parallels of different thick-
nesses is to check the parallelism of the faces for different angular positions of
the face on the micrometer spindle. To do this effectively, four optical
parallels are generally used the thicknesses of which differ in succession by
approximately 0.125 mm so that the test is carried out at four positions during
a complete rotation of the micrometer spingle.

gih?'i 4.52 ANSaaUisu Micrometer (4)

4.3 msasuiiieululasliiaesfoinauiion
4.3.1 7729 Gauge Block 11191 2.5 mm sgwInaRminauaven

va o 4

lallpsfimasanu Anvil wag Spindle sazvSulvimiveslulasiives
Sy Gauge Block sumitlilasiivies wartufinnaadhunasuduiin
wansapuiisy

432980 4.3.1 8n 3 Ak

4.3.3 Wasurun Gauge Block mumseluvlafutufinns
aoufioy wazvhnsasuiioumude 4.3.1 i 4.3.2 auasy

4.3.4 AMnumeiade

4.3.5 A

4.3.6 Muwmmandeauunnsgiu

4.3.7 MUINIMAIAINWILDY

nsaeufisululasfinasensdeain JIS B 7502-1994 (wih 466-467)

10.3  Measuring. methods of instrumental errors  The mensuring methods of instrumental errors shall be in accordance
with Table 14, Howeyer, these may be exempt from application, provided that it is capable of measuring with the measur-
ingaccuracy equal 0 or superior to theses

Table 14. Measuring methods of mstrumental errors

[ | Type Meastring methx Figure Measuring instruments Remarks

1 Micrometer. s |After the reading of error at
lipérs for . | the Minimur measuring £

ment

5UTl 4.53 msaouiiieu Micrometer (5)




msaeuisululasilinesenedeain AS2102-1978 (niin 14)

A4 CALIBRATION OF MEASURING HEAD.

A4.1 Micrometers up to 50 mm Capacity. The accuracy of the
readings of a 0-25 mm micrometer is usually checked by taking readings on a
series of gauge blocks. The sizes of these gauge blocks should be chosen so as
to test the micrometer not only at a complete turn of its spindle but also at
intermediate positions. This is required as a check on the accuracy of the
graduations around the thimble.

The following sizes of gauges serve for testing a micrometer both for
progressive errors throughout its range and also for periodic errors:

25 5.1 7.7 10.3 12.9 15.0 176 202

228  25.0 mm.

This series gives readings which work around the thimble twice and provide
a double check on any periodic error which may be present.

A series with somewhat fewer gauge blocks could be used, if desired, with
sizes as follows:

31 6.5 9.7 12.5 15.8 19.0 219 250 mm.

This series would not, however, give quite as close a test of progressive and
periodic errors as those first given.

As a check on the vernier graduations of a micrometer, readings should
be taken on the following sizes of gauge blocks:

2.002 2.004 2006 2.008 2,010 mm.

In order to facilitate the accurate reading of the micrometer diring such
a calibration the thimble may be viewed with a low-power magnifying lens,

The above method can be extended to cover micrometers reading up to
50 mm capacity.

5U# 4.54 11935 1UNTTABULTIEU Micrometer
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4.2.5 N1SATUIUAIATWA

ANNBALTEAINSUATRANAIA A8 YNLUINAUA NS lUSURAYRINsIR Falulmay

[ LY v

grun1sinnasilAeiy fAsansnugui 4.55

5. N1SATUIURIALA

A ( Collection ) AeanfivawedmsuaRinnainlag
thanuanduafddduiunivaimsin Sduudastrumsiniaviien
A9

MsAwIMIA C, d@unsaAnlansauns

C, = Standard value - Measurement value
Wia- Standard value = andalaangunsalunsgiu
Measurement value = A1flialavnnwsedialn (UUC)

5U# 4.55 n1sAumeun
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4.2.6 msUszifivAnnaliulususiia A
avalsiutueunsadfvestoyaiildainindi vdonsdufusosndlunssuiuns
fn  dndsznounuuduuesauliuiueusiveylifinaderuliiuiueusuesiasruuias
Femealliuviuouvin A Tewiiudidesuunesgiuvesaiadeildannisases i

WARIAUFUTN 4.56

6. n1sUsetiuA1Auldudususiia A

Type A Uncertainty (A313laiwiueusiin A) liuarnuldusivey mavszdlunbisiueusiin A 81989910 M3003-2012 (Wih 18)
T Y -,

nadfvesfoyaiildanindvianasduifiviregislunssuiunista s e
a’Jin ﬂamwuawmm’mluuuua‘ua’mﬂﬂuuwamamwlmmuaui’m

a1 I an uncertainty is evaluated by statistical analysis of a series of observations, it s known as 3
vaefitszuuas Fadanuliviveusin A umzmnumwmwummmu gy

42 AType A evaluation will normally be used to obtain a value for the repeatabiity or randomness of
voaradeiildainnisnaass (Experimental Standard Deviation of the measurement process. For some measurements. the random component of uncertainty may not be

significant in 10 uncertainty. It is desirable for an)

Mean) oot st 8 st of asteoant roaot, e Ao et O o8 Of P rbits

should be caiculated. If there are n independent repeated values for a quaniity Q then the mean
value g is given by

6.1 mmﬁa (Average) fio Anansfildainnissantayarianunves T LT &

msmmmﬂiamawsma soia weuUsliladuauwingfu annnasiuues PR | Yo b avn —
depends on various factors, including the

Hoyansinanue-aumsililunismdiade de i e emant Ao e 1 63 o & 7 e ot 3o

the n vakues that comprise the sample, which is given by

e, B
o-\n;(a‘ -q) “@
44 This exprassion yiekds the standard deviation o of the particular set of values sampled. H
1 4638 are 0o the only ¥aKes hal could have been Sampled. I the process  repeated, anather set
X of values. with ddferent values of g and o. will be oblained.
1

45 Foclarge Values of . these Mean values 3pprodch the Ganral kit of a distibution of all possivle
values. This have the nommal form.

i
Il
|

45 As itis impractical to capture all values that are available, it is necessary to make an estimate of
the value of G that would be obtained were this possible. Similarly, the mean value obtained is less
fixely o be the same as that which would be obtained if a very large number of measurements
‘coukd be taken, therefore an estimate has t0 be made of the possible error from the “true” mean

X .
. ey . a7 E dev for the sampies rather than of the whole.
do X = mninlalunsiaeads oy e el & ok el phoppobiedbobidegis
‘estmate, $(g). can be made of the standard deviation 0 of the wholle population of possible values of
the rand from the relation

1) v
n = INNUATIIEINITIR
1 & Ty
\n ‘gia ] ®)
48 The mean value § will have a mtmnd and therefore its value
not. [ N infinite number of samples could have
been taken. The mean value itself mmchaswmmr- YMmumlyn referred lau\r\e
the population by the expression

slg)= "‘ ) )
Jn

JUN 4.56 mydsziluaranubiviueuyiia A



6.2 Andeauunmsgiufe Anadeivendt lngiadeantoyaud
agfhislfhanmanede ddwnwinaiaieegiviils awisasenladn
ag14far1 SD (Standard Deviation)aun1siildlunsman SD fie

— 1 n )2
o = — 1 X: — X
- = i=
n-1 \/n 12 1( 1 )

e Xi = mitaldluusazads

X = mwdsvreimsin

n = IMOUATIIEINMTIA

JUN 4.57 n1sUssiliuamnulivineuiin A (2)

6.3 nailsiutiuau Type A amasafuiulassasnns

u(lx) 7 S()_(i) i \/_ﬁ

dle 0 Lq = Andosvmnasgiy

ANNUATITRINTIN

&
]

JUN 4.58 nsUsziliuaranulduiueuyiia A (3)
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4.2.7 n5UsiiuAadldniueuyiin B

anulduiueunlinnisounlileitmeadn WWunislddeyasndszaunisalan

lufusesmsaeuiiiey  INVeMMUATUNIEYRLTUERGR  INToyangnifiuiviean

Y

Wwiaslayadu 9 AaanInugU 4.59

7. nsuszivaranulivdusuyiin B

fhegnamniviliin e liwivewresnsaeuiiouds msuszdiuabiviueusiln 8 §158110 M3003-2012 (wih 45)
)

1. gunsnfnnsgrunaziAiasiiodn APPENDIX H
SOME SOURCES OF ERROR AND UNCERTAINTY IN DIMENSIONAL CALIBRATIONS

auliwiveuiiinanunsgudnduaneiedlefililunista

The more common sources of error and in are
described in this section.

H1 and

= v oa G
2. m'1uLanEﬁmw'uaau1ns§'mmamuazmia an H1.1  The uncertainties assigned to the reference standards and those for the measuring instruments used to

= s il 8t b o L make the measurements.
nstldsuntasiiiiatuiiioviatiiulyagioatuifiansun

YooY a ua = « o o o, w. i
I@UW?IU@?QBQﬂJUiu?ﬂﬂWiﬁ@ULWU‘U'ﬂENQ‘Uﬂim %QNﬂ’J’mﬁ"lﬂmyaEJ’NEN H2.1  The changes that occur over time must be taken into account, usually by reference to the calibration

Lﬁaﬂﬂqﬂauﬂiﬂjﬂqf\]ﬁﬁqigﬁﬂi OV]'Nﬂ']?Jﬂ']W%‘Q L"U\Jd’«]uﬂﬁﬂmaﬂ miv‘iN'\‘u history of the equipment. This is particularly important when the equipment may be exposed to physical
el wear as part of normal operation.

H2 Secular stability of refe and

H3 Temperature effects

ad H3.1 -The i with in between the gauge being calibrated and the

3. HANITNUVDIRMUURNU reference standards and used should be for. These will be most
3 = significant over the longer lengths and in cases involving dissimilar materials. Whilst it may be possible to
0% = 5 oy o . make corrections for temperature effects there will be residual uncertainties resulting from uncertainty in

mnyhiviueuiiasannauuandevegumgiseninauiniini the values used for the coaffcents o and the calbraton of the
gnapuifisy 11ns§Ius198e wazipsesdloTarasgniuiRanTun dell
adrnlussezealunsditianuandasiu anulululaiiasii
msuflunansznuretgauvgiaziiaaaliviveuiiviesy dadlunain
o ' a £

nANaliiysuYeIAIRNYTEANTNSYENYMkaz1saBUTIB YYD

weslufimes

5U# 4.59 MsUseiiuAnliuuueusile B
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4. mstudauuudangu

mm'l.njuﬁuauﬁtﬁwﬁmﬁumm unnsielunistudauuuBangu
st Tanfignasuifivuuasuinsgudnads mummammaﬂnmn"lu
msaeufieufiusiugrdiulunsafiietost Autaniiuandnaiy lagay
Fendestuiduinilivasdnuazmsdudatunmsinuazuinsgiugiad
Tuvaugiimsmauimeadinmaniaunsailidanwliniveumions
FudumannmmubiviueuaahdsiauasamauthvesaniiAnates

5. aAnuRawatnvaslalyl

msfasguivesnasivionmsgusudsignaeuifisuiieatas
funnuvesmsinaztsvenisnufianainlunisin Auiawaindanan
fniSenin muRenaialalel wazanunsaanataslalagnisuiuesainig
Yaveansiamuunuveansin maﬂumqml.ﬂaﬂummm*uaaw”lwwaawa
asamvisashaaimngay

HS5

H5.1

msvUszdiuanuliiueusiia B 81383310 M3003-2012 (mih 45)

Elastic compression

These are with in elastic between the materials from
which the gauge being calibrated and the reference standards were manufactured. They are likely to be
most significant in the more precise calibrations and in cases involving dissimilar materials. They will relate
to the measuring force used and the nature of stylus contact with the gauge and reference standard. Whilst
mathematical corrections can be made there will be residual ies resulting from the of
the measuring force and in the properties of the materials involved.

Cosine errors

Any misalignment of the gauge being calibrated or reference standards used, with respect to the axis of
measurement, will introduce errors into the measurements. Such errors are often referred to as cosine
errors and can be minimised by adjusting the attitude of the gauge with respect to the axis of measurement
to find the relevant tuming points that give the appropriate maximum or minimum result. Small residual
errors can still result where, for instance, incorrect assumptions are made concerning any features used for
alignment of the datums.

5UN 4.60 N1sUsuiumAltuiueuiia B (2)

6. ANURAWAIANILIVIAIA

anyfananaluisiiadiavaainnsafignasuiiisuiuainsgiu
31934la 9 u%a@mauummﬂmmmawawi&ﬁ‘lumﬂﬁmmmumanna
piliiwiueuiisiuld loethluagsnfanuiamanadntioguoinaiy
(oY MUNAN AIASY AMRITLIN WA INANYEAI ST INS
TansensvuanuazanIgIutg mmwﬂwammnanummmﬂm‘wqw
Tunsdififimsmsdulivguiiananannalsiiada uagnisidenisnisini
Lignaas visesasiuleRanaravmasunadinluuiansdl

H6
H6.1

mausgdiuanubiivauyiin B 81383910 M3003-2012 (wih 45)

Geometric errors.

Ermrors in the geometry of the gauge being calibrated, any reference standards used or critical features of
the measuring instruments used to make the measurements can introduce additional uncertainties.
Typically these will include small errors in the flatness or sphericity of stylus tips, the straightness, flatness,
parallelism or squareness of surfaces used as datum fealures, and the roundness or taper in cylindrical
gauges and reference standards. Such errors are often most significant in cases where perfect geometry
has been wrongly assumed and where the measurement methods chosen do not capture, suppress or
otherwise accommodate the geometric errors that prevail in a particular case.

JUN 4.61 nMsUsziliuaranulduiueuyiia B (3)
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4.2.8 nMsUszdiuAnMulinuuausIY
nsTmesdUsznouvesmmlinduounasgudicieiy  umeulduduou
Yoanaans lngldnguasnisnszatsanuliuuueu (law of propagation of uncertainty) 1#3®
3% Root mean square fimwhifunniidosesrarnvesTmunliniueunnsgIufds

409 AIUARIUIUN 4.62

8.1 n1sUszriuAIAu lailiuausY

Anmalaintiueusan (Combined Uncertainty) t8un1ssay aumsAtAuliviuous §1985910 M3003-2012 (W 16)

aarUsznevveImmliniueuuns g o fu Judiaalduiveu

o T i 3.37 The combined standard uncertainty is calculated as follows:
vawadns lnglinguasnisnszateaanulaiuiusu (law of propagation
of uncertainty) %3935 Root mean square fiAn1AusInfiassn 3.38 N N
N v y u,(y)= (e u(x) = [Su(y)
navnvaItiumiviueunnsg g it it

awsamldainauns

u.(y)= %c,zuz(x,)z,[gu,z(y)

5UN 4.62 n1sUsziiuAmanuliiwiveusiy
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8.2 n15UseiuAIAuliuuauvene

Vinuitdmusdisfinavesnisianssangegaielu Faanmand
annsauanidnyazvesdsiigninfimainzius 1sauivnauna Samld
NnuaguroAmliviveuufufiUsznounsaunqy (Coverage
factor) Sefausznaunseunay A Muszneuiiiiudiay Tutuay
hiwueusa Welildmuliniveuvenedemnmsuanuasaiutingg
Wuvesarhiniveusiu

ausamAdhuszneunk) Thanaunis

__u'ly)
of — N

u'ly)
D e

i=1 ’

annsamannliviusuveng Iienaunis

Ugosy) = KX uc

dlak = Adusznay (Coverage factor) = 2.00 (95%)

AumMImAIRaUsENoUIa (k) 819999710 M3003-2012 (Mth 28)

B3 In order to obtain a value for k; it is necessary to obtain an estimate of the effective degrees of
freedom, v, , of the combined standard uncertainty u.(y). The GUM recommends that the Welch-
Satterthwaite equation is used to calculate a value for v, based on the degrees of freedom, v, , of the
individual standard uncertainties u(y); therefore

9)

715191 Coverage Factors (k) §198391n EA-4/02-1999 (Wi 26)

(c) Obtain the coverage factor & from the table of values given as Table E.1
of this annex. This table is based on a ¢-distribution evaluated for a
coverage probability of 95.45%. If n.f; is not an integer, which will
usually be the case, truncate n.f to the next lower integer.

Table E.1: Coverage factors k for different effective degrees of
freedom ncs.

g 1 2 3 4 5 6 7 8 10 20 50 o

k 1397 453 331 287 265 252 243 237 228 213 205 200

JUN 4.63 msuszilivanaliiiueuveny
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4.3 AsTUIUNITERULNIBU Digital Vernier Caliper
Mnmsihnsyuunsaeudioufiaitun  Idtunsaeudiouniodeinia Ae
wellluifanea (Digital Vemier Caliper) waziionansuInsgIUMsaouiisuveioiiys
fimea nauden  waznisUszdiumaindliuivewresnmsdeusiisuinsesloTruidoules
dielvianugnienindeiewaslivmuiefiinvamnssuiunsnmsdeufisuusasiunou &

WARIANATUT 4.64

N32UIUNITEDULNYYU Digital Vernier Caliper

1. S19aLL88ATRINITAOULTIY

2. 1A5esilannsguuazunsalnly

3. MISRENNTNBUADULTIBU

4. MIARUTIHULASIRINDIN

5. MIAITUIUNIALD

6. n1sUsEiiuAaNL N wusuTia A

7. msyssiiuaanuliuyousile B

8. mMsuseiiiuAanulinyuaus Iy

gﬂﬁ 4.64 NT2VIUNTADULALU Digital Vernier Caliper
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seyfeInuIgaziBuavisenuautiveunIesileiniiazdunasuiiisy (UUC) @

agUsgnauluie dnway (Description) fidun13in (Range) mNaziden (Resolution) A1

ANURNEABY (Accuracy) w3eA1AUliiLLUBY (Uncertainty) uazdSnisaeuliiey (Test

Method) é’faLLammugUﬁ 4.65

nsasuiisunesiileddnealneliinauden

Digital Vernier Caliper calibration using Gauge Blocks
Snweuy (Description) neiifluRdnoa MC MW110-15DBL
fidy (Range) 0-150 mm / 0 - 6 inches
AUazidun (Resolution) 0.01 mm / 0.0005 inches

APNQNGBY (Accuracy) +0.03 mm

s an

o o 4 a4 o Y-
i:ﬂ.ﬂlﬂﬂ“HE)‘UENLﬂ'SENlIE]WlJ']M’IﬁE]ULW%JU’J’ILUU 9 lenINEa MC
MW110-15DBL”

vorTanlddaus 0 - 150 mm

(®)svyfemuandenlunsanmeuniosiolaiianinsadiulianson
9t 0.01 mm

(@seyfirmmuiuglumsdudenaiedeinanadenaini
F3léigegait 0.02mm

e

@imyﬁm’mgwﬁmam aiilsRineaiinnasuifisuitannsniavug

O bildinssniimsaouiivuronaodiodndonnmin sidifiesis

O
e
©
@

AmNgNABIYaIeilluRinea

1. 579ALDYAVIINISADUNYU

1989270 JIS B 7507-1993 (Wth 513-514)

6. Performances

61 Instrument

strumental errors of the ve

al errors

11 be i

The permissible values of the in-
in accordance with Table 1.

Pable 1. Permissible values of instrumental errors of vernier callipers
Unit: mm
- | e
0107005 |  0.020r0.01
50 or under £0.08 +0.02
_Ovcr 50 to 100 or under +0.06 +0.03
Over 100 to: 200 or under 10.07
Qver 2006 300 or under 0,08 £0.04
" Over300to 400 or under | 7:0().03 | |
"Over 400 to- 500 or under 010 | £0.05
Over 500 to 600 or under ~*—‘Y;'” %]
Over 600 to- 700-orunder | . %0.12 +0.06
Over 700 to 800 or under 10.13
Over 800 9,900 or under | +0 14_ | BB AOO’A'
Over 800 to 1000 or under | | -%20.15 | |

Remarks 1.

The values of this Table shall be those at 20°C,

2. The permissible values shall include the measuring
errors generated due to the flatness and parallelism of
the measuring face.

5UN 4.65 519avldunveIN1saeuigy Digital Vernier Caliper
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\W3aliaino19duialiasesiiaininunasufieulalnlSouiiou  tngniaaile

v v oa X Yy a v ! A4 & ao = 1 o .:4'
'J@@'N@ng\]gm@\‘ill?’n']llgﬂmaﬂfﬂ\‘iﬂj']Lﬂs@ﬂll@ﬂu’]ll']ﬁa‘ULV]EJ‘U UﬁzﬂaUlﬂﬂ'ﬂUaﬂﬂmgLﬂ‘quW

msaeuliigy auaudRvegUunsaiunsgu wavvlinvesgunsalinnsgu

i a.66

ALLARINFU

@Equipment @Speciﬁcations @Model/Type

Gauge Blocks Range : 10 mm, 20 mm, 30 mm, Type : 4100-146
40 mm, 50 mm, 60 mm, 70 mm, Model : INSIZE
80 mm, 90 mm, 100 mm, 110. mm,
120 mm, 130 mm, 140mm, 150mm,
(?jua;iﬁunwiaaml,uw%amsﬁﬂmﬂﬁ”
")
Uncertainty : Grade 2 Standard
(1503650)

Knife Edge Range : 100-mm / 4.inches Type : 528-102
Uncertainty : Standard DIN 874-2 Model :

Mitutoyo

seyfegunsaiimsgaiiunlelumsasuiisuninudiy Yssnaume
Gauge Blocks Way Knife Edge

(@)seytnmmutfianzvesgunsainmsguinhinlflunsaeudiou. vy
grunsin wazArmnailiviveu

@seysquuazivevasgunsningsgiu

2. 1sesliaunsgIumazaunsalnldy

gunsalinssiililumsasuiieunedidefinea
81484970 IS0 3599-1976 (wih 4)

A2 MEASURING FACES

A2 Flatness

Sl !atness of the facesfor external measurement may be checked by applying a “knife edge” straightedge, or by another
aAgPrizte method

A.2.2 Parallelism

blocks between them at different

ecked by inserting gaug
265 of the gauge bl

The paralielism of the faces for external measurement may be ch
points of the jaws and at ditferent measured lengths by varying tf

The parallelism of the faces for external measurement shall not be affected by clamping the siider. This may be checked by
leaving a nafrow gap between the measuring faces and observing this §ap when clampi slider.

The parallelism
not.too large, the co

e faces for internal measurement may be checked by means of a micrometer. To ensure that the radius is
ed jaws may be checked with 2 plain ring gauge of 5, 10 or 20 mm diameter, as applicable.

A.23 Scale lines

The thickness of the ‘scale lines'may be checked by direct measurement with @ microscope fitted with a micrometric device.

SUN
U

4.66 \p3esilanmsgiuLazaUnsaililunisaeuifigu Digital Vernier Caliper
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Ns3ENAsaIleNInIgIULazIATRllainiildlunsaeuisulssneumeTunouy

A9 9 Auanseiumugiinveasediionldlunsaeuiieu Wy MInsIvdeUey NMvinAY

AYDIANDULALVRITINUY  NISEBNUTLLANISBVUINTN I TEUIEU  NSASIdBUaN YL

wazanmnisidanureunsasenldlunsasuiiou fuansmugun 4.67

3.1 N5LASEY Gauge Blocks
3.1.1 a529@0UTUVLARNY (Due date) 19 Gauge Blocks

e ' v o v - '
8w : N3Elfinuin Gauge Blocks viimargudaliaauiiieunou
thanly

3.1.2 @0nmunTes Gauge Blocks mufidevatiulasiinedii
fipansasudiieu

3.3 A azann Gauge Blocks fidanudannta 2 s
4oANaERA NITAYHALITITIT
e : geflonanadin, gailerh Tilumewhmivazenn

3.1.4 vdnnsldsivEanisasuiiou asdissyhaiuazain
Gauge Blocks fguaanaged nszmuuazindaudaetisiy uimsfuly

nanl

3. NSMIYUNISNIUABULNYU

M3w3U Gauge Blocks foumsaauiiiey 61983910 BS 4311 (i 15)

. APPENDIX B
NOTES ON THE CARE AND USE OF GAUGE BLOCKS

B.1 General care. The greatest care should be exercised in protecting the
gauges and theircase from dust, dirt and mois
When not in actual use, the gauges should always be hept in their case and
the case should be kept.closed.
The gauges should be used as far as possible in an atmosphere free from
dust. Care should be taken that the gauges do not become 1 tized or they
will attiact fesrous dust

re.

B.2 Preparation before use. If the gauges”are new or have been covered with a
protective.coating after being last used, most of this coatiny be removed
with an, appropriate solvent*. Gauges should finally be wiped with a clean
chamois leather or soft linen cloth. This wiping should be carried out in every
instance before a gauge is used, irrespective of whether it has been stored,
coated or merely retumned temporarily (0 the case

It is, however, undesirabie to ain
very slight film of greasc is an aid @

s of grease since a”

B.3 Care in use. Fingeriog of the lapped faces should be avoided to preclude
the risk-of tarnishing and unnecessary handling of the gauges in use should be
avoided 163t they take up the heat of the hand. If the pauges have been handled
for some time they should be aliowed to.assume the prevailing temperature of
the room before:being wsed for test purposes, This is particularly important
in the case of the larger Sizes

When. (e highest accuracy is required, a test room thermostatically con-
trolled at the standard temperature of 20°C becomes necessary, but for ordinary
purposes a sufficient degree of accuracy.can be obtained if the following pre-
Cautions are taken.

The work to be tested and the gauge blocks which have 10 be used
should both be allowed. to assume the prevailing temperature of the room
Thus, a piece of work should not be tested dircctly after a cutting, grinding or
other operation has juet been completed nor should large combinations of
gavge blocks be used.immediately afier they have been wrung together.

B.d Wringing. Gauges should not-be held above the open case when being
wriing fogether jest one be accidentally dropped. The gauges required should be
selected and the case then closed,

Refore wringing gauges togethier, their faces should be wiped free from dust
and examined for burrs.
* See BS W33, * Packaging coe’, Section 6, * Temporary protection of metal surfaces
against corrgsion (during transport and storagd) ",

15
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3.2 MsAsEY Knife Edge Wag Gauge Block Holder

3.2.1 &N Gauge Block Holder aunaiiwnnzaufiuniaiide
fAInea

3.2.2 ¥hAuazen Knife Edge uay Gauge Block Holder Logld
ueanaged nizawuarmiirtimnazan

g A aa

3.3 Manssuesiluhinea

3.3.1 ¥anuavenneiilieiinoamousansged nsyaTeLas
wlswngag

vanew : gellewanadn, gadled Telunewvhmivazen

BRSSP

3.3.2 Yiumauduesiiefdnea

< =

3.3.3 asaeudnuasthluveanefiflefdnea

PR ' 4 o
wew : anudwedieAinealisgluanmitanysel Wenidnms
aauiey

g‘dﬁ 4.68 n1stARLNNISNIUAB UL Digital Vernier Caliper (2)
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4.3.4 n15aaUgULA3a9daIn

a =< {

25 UNYRTUNDUNTADUIBUYBWAT I DI L ULAAZ IR Winazliwulain

o a o

wiaslainmhanldnutuiinugnaewuninsgiu He1aveiigunsalane q Adwnldiun
gouisuiniesle  lnainIasdietaudasyinfasiituneunsaeuiisuuasisnsiuandieiu

29N UANUANULALIZEL é’quammmgﬂﬁ 4.69

4. N15EDUMBULASDILBIN

msseuisunedieAinea witeonidu 3 duneu Ae MIATIVAUMINGEIY 91BN AS 1984-1977 (wh 19)
” Gt A2 FLATNESS OF FACES FOR EXTERNAL MEASUREMENT.
UULEERELURL]Y The flatness of faces for external measurement may be checked by
applying a ‘knife-edge’, straightedge, or, if the finish is sufficiently good,
- NM3ATIADUAIUVUIUY an optical flat.

- MsapUfiuANgNABIvRINAeIYaNIRilsATnaa

AMSATIVADUAINGEIU 81999370 1SO 3599-1976 (%ith 4)

4.1 NMSATIVFIUAUISYU (Flatness)
A.2.1 Flatness

4.1.1 anaasumiussuiniauen Tngmsi@eufinnthtnin
uenvaIeiillsiinealivsznuiudesy. uidinnuasaensn (Unin
uanyenefifleiinea Megluanmunfdeslifitasaamiiu mawuind
uataensuliAgeuRIE s MsTNzauiemmmaBey) wasims
Yuiinuaasiuuuunesunisaauiiou

Al atness of the faces for external measurement may be checked by

applying a "‘knife edge”’ straightedge, or by another a Joriate method.

ANSASIRAOUANSBUMIBLES

3‘1]17'; 4.69 n13d0ULI8U Digital Vernier Caliper
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4.1.2 asapunuiauUindaly 1nga1a Knife Edge Tidudaiu
fawhvesninluvesnedillsfineadsy uddunauasasasn (tn
oluves UUC fiogluanmunidedluifiuasasnsinu wnwuiniuasaon
inilipaeuieisnsnyaiionmautow) lasnmaaoui
aasmuvashinialunazvinistuiinuaadlunvure sunsaeudioy

Jaws fox intensal measanaen

N13NTINABUAILSEUME Knife Edge

U

sUfi 4.70 nsaeuLiey Digital Vernier Caliper (2)

4.2 N15A2980UAIUVUIU (Parallelism)

4.2.1 msnsvdaumATnuYaIlIniauan

Lo 2749 Gauge Block vunAYsEanaueaIiu 923nang wagdasanguas
fdesgninsianihdudauiniauenvasnes eadnea o dauns
ABuaz € AazU wasuSulowihdudauesnesiluainealddudaiu
Gauge Block 81uAnnnesiiloiinea wasiuiinnamsdoutiiou

aslumsnatufinnamsasufioulutuunedu

2. amnamarnuuu luusias e tuiinaianuuiualy
uvuweiu lasthwualidrrnunnu = Arfisnildgean - A
ﬁﬂu1ﬁﬁ1?jﬂ (Maximum-Minimum)

mInsIvaumANTLILinTauen

MINTITFDUAIINVUILAGUDN D19DIAN AS 1984-1977 (wih 19)

A3 PARALLELISM OF FACES FOR EXTERNAL MEASURE-
MENT. The parallclism of the faces for external measurement may be
checked by inserting the corner of @ gauge block combination between
the faces at various positions over their area. By varying the size of the
gauge block combination this test may be made at various positions of
separation of the faces. For larger distances of separation, an internal
micrometer may be used.

NNINFIVEBUAIMVUIUMBUBN. 51989910 ISO 3599-1976 (Wil 4)
A.2.2 Parallelism

The-paralletismof ‘the faces for external measurement may be checked by
inserting gauge blocks between them at different points of the jaws and
at different measured lengths by varying the sizes of the gauge blocks.

The parallelism of the faces for external measurement shall not be affected by
clamping the slider. This may be checked by leaving a narrow gap between
the measuring faces and observing this gap when clamping the slider.

;nlﬁ 4.71 n1s@eULigy Digital Vernier Caliper (3)
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4.2.2 mnadeumANIIuTaIhnialy

1. 58U Gauge Block Tu1AUsEunamadu 423nans uagealany
T0aiidues Caliper #1vi1n1530 wazUsenuNIEeinuYe Gauge
Block Ane Knife Edge

2. avndsuanusuniuvesninlu lagiaanuniwesesingiig
MnManTeunuder 1 a dwnis A, B was C Aaguuasduiinea
aslusuuslesumsasuiiiou

3. Annawaaunu luwiassuastuiinaiaiuuiuasiu
wuumein lasthmualidremiuunu = Ariisnildgege - Ard
a’ﬁuiﬁof’lijﬂ (Maximum-Minimum)

mMsnsRauAAIYwIunTalu

MsnnvdeummIuIUMEly 81999310 AS 1984-1977 (Wth 19-20)

A6 PARALLELISM OF FACES FOR INTERNAL MEASURE-
MENT. The parallelism of the faces for internal measurement may be
checked by using an_external micrometer and taking readings over the
length of the measuring face. It should be noted that this test will not
be effective if the distance at the free ends is greater than at their roots.

In such a contingency the whole of the calliper faces may be covered
with the micrometer faces and the lack of parallelism may be esti d

by viewing the gap against a well illuminated background.

MInTaauANTuILMely 81993910 1SO 3599-1976 (Wi 4)
A.2.2 Parallelism

The parallelism of the faces for internal measurement may be checked by
means of a micrometer. To ensure that the radius is not too large,

the combined jaws may be checked with a plain ring gauge of

5, 10 or 20 mm diameter, as applicable.

gﬂﬁ 4.72 m3a@eUiBy Digital Vernier Caliper (4)

4.3 msdauiiisuesilisidneadaeinauden

S aa

431 msdeuiieuresidlofinoanuy External Measurement

1. fvungaseuioulitieenin’s 9a TnoAseungutasidbmTIAYe
Anavdnuaranagay A 10 mm, 20 mm, 30 mm, 40 mm, 50
mm, 60.mm, 70-mm, 80 mm, 90'mm, 100 mm, 110 mm, 120
mm, 130 mm, 140 mm, 150 mm

2. 274 Gauge Block sguinsfhdudaniauenvasnasiiedines
Fouldiowthaudauaninuenvesnediisnanes duda Gauge
Block 8nuAnnnesilivAineadsgy uaviuiinraadhuuuned
unMsasuLAsy
e, L

3. M ININAALSNIUATY 3 A3

4. wasuwna Gauge Block mugnaauifisuiidvunniuds 1 uay
¥ = . b,
yhdada 2.8 3 JunsuyniumisTeINsERUWiBY

) e

msasufisunesiilofinoauuy External Measurement

msdeuLisuneiilufinearmeonauden

$1984910 JIS B 7507-1993 (M1 521)

12.. Measuring methodsof performances  An example of the measuring methods
of the performances of the vernier callipersishall be given in Table 9.

Table 9. Measuring methods of performances of
vernier callipers (example)

No.| Item Measuring method Diagram Measuring
instruments
1_{Instru- Tnsert the block gauge or Grade 2 block
mental gauges equal to or superior gauge specified in
error of toit between the facas for JIS B 7506 or the
external | external measurement, gauge equal to or
measure- | measure at the root and tip superior to this

ment of the measuring faces, and
obtain by subtracting the
dimension of'the gauge from
the reading of the vernier

and limit gauge

ik gavge

callipers.
2 | Instru- | Usingihe block gauge and Grade 2 block
| mental | itsaccosorics or the equip Habder gauge specified in
error of ment equal to or superior to JIS B 7506 and the
nternal. | them, measure the internal re=——3 holder and flat
|‘measure- | dimension by the faces for C =2 8 | j4ys typo A which

ment internal mensurement, and {.__Wiock gauge
obtain by subtracting the
dimension of the gauge or

| | the numerical value given by
the equipment from the

| reading of the vernier calli-
pors

are the accessories
of the block gaugo
speeified in Annex
of the Standard, or
the gauge equal to
\ or superior to this.

;nlﬁ 4.73 n15@oULIgU Digital Vernier Caliper (5)




4.3.2 nsasufisunesiflefinoauuy Internal Measurement
1. fvusgeaeuiivusdieios 1 9a

2. 71 Gauge Block mnamugnasuiuiitvunlu Gauge Block
P
Holder Usgnun3deasiues Gauge Block A28 Knife Edge ¥
msden Gauge Block Holder
3. d@ouldudauinialulidudany Knife Edge udidaumaniian
¥ € o aa LY

Fuendgn lnweurniinesiendneoadegu wasuiinuaadly
wuunesuNMIERULIEY

4. yheeude 3 9uATU 3 ASY

Holdet~

C Y F—=a

- ‘Block gauge

~r

Flat jaws

msaaufiguneiilefinoauuy Internal Measurement

g‘l.l‘ﬁ 4.74 n1sdeuLisu Digital Vernier Caliper (6)
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4.3.5 N1SATUIUAIATWA

ANNBALTEAINSUATRANAIA A8 YNLUINAUA NS lUSURAYRINsIR Falulmay

[ LY v

grun1sinnaedlAeiy Asansnugui 4.75

5. N1SATUIURIALA

A ( Collection ) AeanfivawedmsuaRinnainlag
thanuanduafddduiunivaimsin Sduudastrumsiniaviien
A9

MsAwIMIA C, d@unsaAnlansauns

C, = Standard value - Measurement value
Wia- Standard value = andalaangunsalunsgiu
Measurement value = A1flialavnnwsedialn (UUC)

U 4.75 n1sAuwmeun
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4.3.6 msUszifivAnnaliuueausiia A
avalsiutiueunsadfvestoyaiildanindntenisduifudegidlu nssuauns
fn  dndsznounuuduuesauliuiueusiveylifinaderuliiuiueusuesiasruuias
Femealliuvuouviin A Tewiiudidesuunesgiuvesaiedeiilinnnsmaass &

WARIANUFUTN 4.76

6. n1sUsiuAIANlnUuUTEn A

o T 9
Type A Uncertainty (m1xlaiwtiusuwila A) Huaiiuladutueu miUszdiuanubiviveusiia A §1985910 M3003-2012 (Wi 18)
P I R SO e S <
‘VVNﬁﬂﬂ‘YJi‘N‘U'EJNa‘Vllﬂﬂ’1ﬂ'JW?J’Wﬁaﬂ'lialltﬂUm’JEJEJ'Nl‘HﬂiJU?Uﬂ’ﬁ'Jﬂ - RRE A EVALUATION OF STANDARD UNCERTAINTY.
E‘i'J'LJ‘US' na'uwu'uamaammiuuuuaumamlmwamammiuuuuauim
41 [ evaluated by statistical analysis of a series of , tis known as a
T}E)»WN? ‘U‘ULﬁEJ mmmmluuuuawum A Nﬂ’]m'\ﬂUﬁ']LUENI.UUN’]Wiﬁ’W Tree RO
AVL a2 Al’ypeAtvalmwul;nnnmbevsedwmnavamebrmelepeammlyouamunmldl
vesradsiliannnismnass (Experimental Standard Deviation of the masaieesi M W ecrucisk e o soecndrtf Uecerlaby e it o
Mean) ioeoiupuslebtogatin: o< b hapupeeig i

should be calculated. If there are.n independent repeated values for a quanity Q then the mean
value  is given by

6.1 Funde (Average) fio Anansiilgannnissindeyariavaaves 415 daae
ms¥aniniatossiotnusaziin ududelilddnouhg i annasasives s . 0 i W

depends on various factors, ncludng the tus used, the method, person
Foyams¥afavun aunsililunmandeds. fio Il e, A desroion o e o 6 S Gt

the nvalues that comprise the sample, which is given by

()

=% ¥
o= (a2l @) @

a4 This expression yields the standard deviation ¢ of the particular set of values.

n sampled. He
1 these are not the only values that could have been sampled. If the process is repeated, ancther bt
n &

of values, with different vaiues of g and 0. will be obtained.

45 rmarpevmanmu-mvumwm:mmshmansmmmawm
values This the normal form.

46 As itis impractical to capture ail values that are available, it is necessary to make an estimate of
the value of 0 that would be obtained were this possible. Similarly, the mean value obtained is less
ey e rbsaine S¥0ial R tacPioined f o By e rumber of messuremenis

taken, therefore an estimate has to be made of the possible error from the “true” mean

de xi = Aiselaluusasate 47 - ausion iovs davation o e samples s s i e

population of possible samples. However, from the resuits of a single sample of measurements, an
estmate, s(c umummumm&maummwmmmmsmwd
measurand from the

n. = AWIUATIVAINMTIA

1 < o,
slg, )= \a 1250i=3) ®
48 The mean value g will mmdurmm-hwwnﬁundwnmwmamuvzu
will not be the exact mean that would have been obtaned if an infinte number of samples could have
been taken uncertainty, referred to as the
f the mean. It is deviation of
the population by the expression: )
slg
sig)=— G}

n

Uﬁ 4.76 mMsUsziiiueaulivduausiln A



6.2 Andeauuinigufe Anadefivendt lngadeaintoyaus
azfhiislihanmanede ddwhainataiesgiviils awisasenldsn
at19far1 SD (Standard Deviation)asn1siildlunisman SD fie

— 1 n )2
o = Sl 0 X: — X
i - i=
n-1 \/n 12 1( i )

e xi = mitaldluusazads

X = awadsveimsia

n = IMOIUATIIEINMTIA

JUN 4.77 n1sUssiliuamnulivineuiia A (2)

6.3 muliutiuau Type A awsamuauldnsauns

u(ly) = s = %)

- A
W Op—q = ANUBUUUNIRTEIY

n = | PnuasveinEin

3
U

U

Py
7

4.78 nsUsziliuAanuldiduausia A (3)
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4.3.7 n15UsiiuAadldniueuyiin B

anulduiveuiliannisounlileitmeadn Wunislddeyasndszaunisalan

lufusesmsaeuiiiey  INVeMMUATUNIEYRLTUERGR  INToyangnifiuiviean

Y

Wwidelayadu 9 AaanInNugU 4.79

7. n1suseliuatanulinuuausiia B

shegnawvgiviliinAmanyliviueuveimsaou e uld msUszdueaibiviuoneiin B §118491n EA-4/02-1999 (wih 61)

1. wnsgrumsldau Working standards (/s, Ls)
The lengths of the reference gauge blocks used as working standards, together with
AUYNIVRLNAVEeATIET UL IRSS U9 B NS auTua their associated expanded uncertainty of measurement, are given in the calibration
i o o ol =, 7= certificate. This certificate confirms that the gauge blocks comply with the

wiveuvenevasmsiaiiisrtesgladuluivsedunisasuiiioy requirements for grade I gauge blocks according to ISO 3650, i.c. that the central
’Luﬁ”maaﬁﬁuﬁudwmwﬁamﬂﬂumu*ﬁ'arhwuﬂé’m'?umwﬁaﬂ n3n 1 length of the gauge blocks coincides within £0,8 pm with the nominal length. For the

& . R 1Y actual lengths of the gauge blocks their nominal lengths are used without correction,
AUUINTFIU 1ISO3650 AMMTUMNNETIVIRNTIIVBINAVA BAE taking the tolerance limits as the upper and lower limits of the interval of variability.

Aarmpdoudniiaemnum AN AL nstafnmAILAAAAE DLETES =
ek Temperature (A ,a )

Ltazﬁwa‘m‘ummm wisUsau After an adequate stabilisation time, the temperatures of the calliper and the gauge
block are equal within +2 °C. The average thermal expansion coefficient is 11,5:10°
°C™'. (The uncertainty in the average thermal expansion coefficient and in the
difference of the thermal expansion coefficients has not been taken into account; its

5 dinds influence is considered negligible for the present case. Cf. EAL-R2-S1, example S4.)
o

u

ndsnnliafvanweungiegiivnzay guvgliveas’
e wazinavdenazwintuil £2 °C sduystAnsmsuenefreamngd
Toeadoadit 11.5 X 107° °C™" (manibimiveuvosindinszans
mveneriogunpilnemdsuazAnuuANAIYeIA IR USEEVEMS
venefregunglidilildfunisinisudvina lavasiiodnildvina
dnifpedmiunsiiagdu)

UM 4.79 msUsziiuAanuliuiueusila B
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3. AMAuaziBuavadiasiile

a

TLEvNTEINaInaTeaeiiilefe 0.05 mm fatunis
i o =

Wasuwdasiiosnnmanuazdeafiidninezidnuae rectangular
limits # + 25 pm

4, HANITNUNNG

ansznumaivsznaulfe wseilldlumsin Abbe error a7n
msluas uas Mmadouvaniintn Tnenansevudinifisorainanay
LiGsuiemmilivuvesiuinildlumsiaveninda wavnslidiann
vpauas tiafinzannansemuliifosiian FrevesmnuuysUsIusING
gaudulaviiu +50 um

msuszdfiuanubiviveusiia B §198591n EA-4/02-1999 (mih 61)

Resolution of the calliper(d/,)

The scale interval of the vernier scale is 0,05 mm. Thus variations due to the finite
resolution are esti d to have gular limits of + 25 pm.

Mechanical effects (d/,,)

These effects include the applied measurement force, the Abbe error and the play
between the beam and the sliding jaw. Additional effects may be caused by the fact
that the measuring faces of the jaws are not exactly flat, not parallel to each other and
not perpendicular to the beam. To minimise effort, only the range of the total
variation, equal to £50 pm is considered.

5UN 4.80 n1sUsuiiuAAaliuiveuyiia B (2)

5. @wAuNuS (Correlation)

Lififeysuwnignfimnsainindinnudiusivlusedutoddalag

6. N30

msagvaegasilagusirannasdananIsnszae Matuau
Ldwiuouazhimsatuayisiiesninnising idnia wadwsnileainnis
o W2 B
Taunavdoavina 150 mm A 150.10 mm

msvszdivanbilaiuausiln B 61955370 EA-4/02-1999 (i 61-62)

Correlation
None of the input quantities are considered to be correlated to any significant extent.

Measurements (/)
The measurement is repeated several times without detecting any scatter in the

observations. Thus uncertainty due to limited repeatability does not give a
contribution. The result of measurement for the 150 mm gauge block is 150,10 mm.

JUT 4.81 nsUsziliuaranulduiueuyiia B (3)
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4.3.8 nMsUszidiuAnMulinuuausIy
nsTmesUsznovvesmmlinduounasgudisieiy  umeulduduou
Yoanaans lngldnguasnisnszatsanuliuuueu (law of propagation of uncertainty) 1#3®
3% Root mean square fimwhifunniidosesrarnvesTmunliniueunnsgIufds

409 AIUARIMIUIUN 4.82

8.1 n15UseriuAIA1u bl kluaUs Y

; w " - aumsA1aliviuausn 619993910 M3003-2012 (i 16
Arna13laiutuausIa (Combined Uncertainty) +8unassas ? . ¢ )

asAusznauvasnuliiiveuasgudnfofu iuimliuiueu | 557 The combined standard uncertainty is calculated as follows:
vawadns lnglinguasnisnszareainulaiuiusu (lawiof propagation

of uncertainty) %3835 Root mean square A1 UIINTdDIVES 2:98 u.(y)= (5 c(x,) = i“ 2(y)
‘!-‘1 : 2 i= =

naTInvaItiumwliviuaunssuiiaiaag

ansamnlaannaunis

JUN 4.82 nsUselivAtmkiniuousIy
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8.2 n15uUseiuAaulinuuauvene

Vnaiidmundisiinaveanisianszaneeganely emnmani
ansouansdnyaiyesdigninfimeinazdustaumnanua Samld
NnuanYeIAIAN likiuauTINTufIUsENEUATEUARY (Coverage
factor) Bsfiusznaunsaunqy Ae Fiusznauiiiiudian Tigufuaiu
Liwiueusi Welildmulimiveuvenademnmsuanuasniningg
Wuvesmulaiuiveusiu

anunsamanUsznauInk) Taanauns

__u'ly)

N

u'(y)
2

i=1 '

anunsavmAmalaiwiueuveae Teaanaunis

Ugosy) = KX uc

dlok = Awhuseney (Coverage factor) = 2.00 (95%)

aumsuIAIAIUsENaUs L (k) §1989910 M3003-2012 (Wi 28)

B3 In order to obtain a value for k; it is necessary to obtain an estimate of the effective degrees of

freedom, v.«r, of the combined standard uncertainty u.(y). The GUM recommends that the Welch-
Satterthwaite equation is used to calculate a value for v, based on the degrees of freedom, v, , of the
individual standard uncertainties u(y); therefore

©)

71371971 Coverage Factors (k) 81989910 EA-4/02-1999 (Wi 26)

(c) Obtain the coverage factor & from the table of values given as Table E.1
of this annex. This table is based on a -distribution evaluated for a
coverage probability of 95.45%. If n.f is not an integer, which will
usually be the case, truncate n. to the next lower integer.

Table E.1: Coverage factors k for different effective degrees of
freedom nes.

ng | 2 3 4 5 6 7 8 10 20 50 o

k 1397 453 331 2,877,265, 252 243 237 228 213 205 200

31Jﬁ 4.83 msUsziliuAanulivdusuvee
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4.4 ASTUIUNITEDULNIBY Pressure Gauge
Mnmsinszrunsaeudisufiaddun  Wldtunsaeudisuiedosdiotnnnudy

Ao 1NAIMANLGY (Pressure Gauge) WAzU1LENANTNINTIIUNNTABUTIEUIDUNTIAAIUGY

wazmsUszidiudaalliuiusuveimsasuiiivuieioslotaundenles  ielitianugniios

WdediowaslinsuiaNuIveINTEUINNTNTAD U URAIRETURDU AIMARIINIUN 4.84

NSZUIUNTITHDULNYU Pressure Gauge

1. S79aLDUAYDINTTABULIIU

2. 4n30sdeNnsg usazaUnsalnly

3. MIHBUNITHOURD U

4. MSERULIgULASILaIN

5. NISANUIUVINATLA

6. nM5UsEiuAmMulikUuautin A

7. msussiiuaiaubiviueusiin B

8. MsUsziuaANu LYY

5UT 4.84 n3zUUNISABULTIEY Pressure Gauge
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seyfeInuIgasiRuavisenuaudiveunIesleiniazdnasuliisy (UUC) @

agUsgnauluie dnway (Description) fidun13in (Range) mNaziden (Resolution) A1

ANURNEBY  (Accuracy) wieA1AYliiLLUeY (Uncertainty) uaziSnisaeuliieu (Test

Method) ﬁ’aLLammugiJﬁ 4.85

1. 519a198AVDINISEDUIEU

':1) Parameter @ Specifications

@Test Method

Reference

Pressure Gauge

Range : 0-900 psi
/'0-60 kef/cm?

Comparison with
Reference

Pressure Gauge

JISB 7505

@ szyfldeiivesmsaeuiievindu. “inainnnud”

o Y Y I~y E Lo
@ FEUDIGIUNTINYBAUNAIAMUAU  FIUATAILA 0 - 900 psi %78

0-60 kef/cm?

@) bildimsszymm wondeameniaissetantuadnidean
wisaelefdnvamiuduin Alianunsassyduihaniiuidald

@ Lildfinrsssyimnabiviueu

©) wyiaiinsasuiiaviaem sinuseuliisutuna famiiy

AN

3
]

U

=)
7

4.85 51azL0YAURIN1TABULIEY Pressure Gauge



4.4.2 \p309ilannsguuazaun sy

wsesllainansduielrintestleinitmnasuiiigulaldilSouiioy  laginIeile
Taenedatiazdeinnugndesgenitasasientmnasuiieu  Ussneulumednuazamnesd

imsaeuliigy Auaudivesgunsalingsgu wavvilavesgunsalinnsgu

i 4.86

o A

2. 1TRellauInIgIuLazaUnsalnlYy

@Equipment

@Speciﬂcations

@Model/Type

Reference

Pressure Gauge

Range : 0 to 3000 psi / 0 to 20 MPa
Resolution : 0.1 psi/ 0.01 bar
Uncertainty :

Positive pressure +.0.02 %.FS

Vacuum + 0.05 % FS

Type.: 27006 -
G20M

Model : Fluke

High Pressure
Pneumatic Test

Pump

Range : 0 to 3000.psi/ 0 to 21 Mpa

Resolution :10.05.% of reading

Type : 7T00HPP
Model :-Fluke

High Pressure
Calibration
Manifold

Range : 0 to 3000 psi / 0-to-21 Mpa

Resolution : 0.05 % of reading

Type : TO0HPM
Model : Fluke

@) seyfejuuazBiiouasgunsnixnsgiu

@) swyilqunsalanpsgwihanldlum sseuidisuamsy Ussneuse
Reference Pressure Gauge, High Pressure Pneumatic Test Pump
1az High Pressure Calibration Manifold

b " 2 i g -
@ szyfinuantRenizvesguniaiinasgiuimhunldlumsaeuiiou
WU grumsin amnuasden wavmnnaliuiusu

5UN 4.86 in30silonnsgnunazaunsalldlunsasuiiieu Pressure Gauge

AGLLEAR AU
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4.4.3 NSHIBUNITNDUFDULNYU
nswieeiesfleunspunanaiesdieTnildlunisaeuiisuyseneufetuney
g q Auandnstumusiavenasosdioflldlunisaeuiiov 139159988V N1391AY
avornnaunazndsldnu msdenUssavvsevuailddeudiou nsnsrvdeudnuaziily

wazganmnisidanureunsasenldlunsasuiieu duansmugun 4.87

3. NSIATYUNSNDUFDULNYU

mMIwssugUNsRinsaR uig Y

1. thilueanainndes

2. thrfanseaniionanniune
3 *Aﬁm’;ﬁrzﬁuqdnszﬁﬁ‘!:q

4. sevaemunivanedifoneisigiurast (vinaat 14) 1agly
Hotuwiniy
5. myuindeviolusaugasvate il auasuuuvme BN i funaing

muanvesiaiole (vuieiav.12) Teelsletuyimiu

6/ Amunadamamidu (UUT) viduvio (muntiay.11) fegunsal
wwmsgusavanBunludmein UUT fuiesosita (ludlatuwiniy)

7. Andauna Tammdudsiudmeindedivesiniasie. (Mungiay 9)
msiousafuinsonidautiumsitondio 1/4 NPT fineuulose 1
Fuusosldim PTFE

5U# 4.87 n15wIBuNIsAeUaABULIEY Pressure Gauge



92

4.4.4 n15aUEULATa9dBIn

a =<

25 UNYRTUNDUNTADUIBUYBWAT I DI L ULAAZ IR Winazliwudlain
wiaslainmhanldnutuiinugnaewunnsgiu e1avgiigunsalsine q Al
ApuisuLAIaile  laawnsesdlotnusazvinAvsidunaunisas Ui ukasIsN1SNLANAN9iY

29N UANUANULALIZEL é’fmmmmmgﬂﬁ 4.88

4. N15EUMBULASD9LDIN

Tumpumsaouiiiey
1. fndfsgunsnidagy

2. naullaldanu Reference Pressure Gauge(ysneLad. 1) ATIaaoUMingi
T wdumie psI visel

3. Wandaszuigmuiu(vianesay. 2) 983 High Pressure Calibration
Manifold (HPM) viyundiviummiuazden(uigiay 3) eenu
Uszalnn -5 T wihUmidssuieanudii

4. nA Set Zero M Reference Pressure Gauge
5 LTJmwéamwﬁums%(mmm 4)

& P PO N P R
6. 0 Hand Pump(visnewae 5) Tuaslilaninuduiilngidesiuaii
Foamsaauiiey antullaamuduyita

7. mpiiumanaanton auduues Pressure Gauge Win UUC
(vaeav 6) lndtfeafunisiosnsasu ey

8. UuiinAnTsdouLiisu Pressure Gauge fdus 0 i3 600 psi Tiaw1Uu
wagwad Inevaslinesgaanemnudulilaanumilndifeaiuai
faanisaeuiiey adlumsng (vhah 2 sev)

| High Pressure Pneumatic Test Pump (700HPPK) |

3UT 4.88 N15e@ULigU Pressure Gauge



AUNBUNSFBULTIBUAUAY 81983910 DKD-R 6-1 -2014 (Wi 11)

DKD-R 6-1

D K D Calibration of Pressure Gauges Varsion: 032014
Revision: 2

Page: 110f 51

7. Calibration method
- The pressure gauge is to be calibrated as a whole (measuring chain), if possible.

- The required mounting position is to be considered.

- The calibration is to be carried out at equally distributed measurement points across the
calibration range.

- Depending on the desired measurement uncertainty, one or more measurement series
are necessary (see Table 1 or Figure 2, respectively).

- If the calibration item’s behaviour regarding the influence of the torque is not sufficiently
known during mounting, the reproducibility must be determined by an additional
clamping. In this case, the value of the torque is to be documented.

- The difference in altitude between the reference altitudes of the standard and the
calibration item is to be minimized or the correction is to be calculated.

Upon request,. further influence  quantities (e.g. temperature influence from further
measurement series at different temperatures) can be determined.

The comparison of the measured value between calibration item and reference or working
standard is feasible in two ways:

- adjustment of the pressure according to the indication of the calibration item
- adjustment of the pressure according to the indication of the standard

The preloading time at the highest value and the time between two preloadings should at
least be 30 seconds. After preloading and after steady conditions have been reached, the
indication of the calibration item is set to zero - provided that this is supported by the
calibration item. The zero reading is carried out immediately afterwards. As to the pressure
step variation of a measurement series, the time between two successive load steps should
be the same and not shorter than 30 seconds, and the reading should be performed no
earlier than 30 seconds after the start of the pressure change. Especially Bourdon tube
pressure gauges have to be slightly tapped to minimize any frictional effect of the pointer
system. The measured value for the upper limit of the calibration range is to be registered
before and after the waiting time. The zero reading at the end of a measurement series is
carried out at the earliest 30 seconds after the complete relief.

The calibration effort in dependence on the desired measurement uncertainty (cf. Note 2,
Section 3) is illustrated in Figure 2 which shows the sequence of the calibration:

JUN 4.89 1ATTIUNIABULTBUATILGY
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4.4.5 N1SATUIUAIATWN

gIUNITIN

[

N3

a 1
UMMM

[y [

iU Falanemugun 4.90

5. AMSATUILKRIATUND

AN ( Collection ) AeAfivalsedmsuaARanaInlng
thanuinfuandaliduiunivesnsia Fddunravarunisinfasiian
AU

Ml C, @wsarualdisEunis

C, = Standard value - Measurement value

ilo Standard value = afinldanngunsalnnsgu

Measurement value = AriiialsanninSesilatn (UUC)

3U#1 4.90 MsAumAIL
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4.4.6 msUszifivAnnaliulueusiia A
avalsiutueunsadfvestoyaiildainindi vdonsdufusosndlunssuiuns
fn  dndsznounuuduuesauliuiueusiveylifinaderuliiuiueusuesiasruuias
Femenaliutuouvin A Tewidudidesvunesgiuvesaiadeilsannisases i

WaARINNAgUT 4.91

6. n1sUseiuataullindususin A

Type A Uncertalnty mwlwuuouwm A) LUuﬂ’mJMLmua'u msUszdiuanubiviueusiia A $1583910 M3003-2012 (ih 18)

maanmawauaﬁlmmmmvﬁanﬁa:u v egslunszuaunisin P e TG e e
aauUsunamwuamaammlu uuuaumm"‘l,wwamam liiuiuausIu

41 Wiy sty s sy ot s of st koo 25
T A evalui
vasfessuuay mmmmluuuuauwm A damwifurndeuunnasgiu =
2 oA avaioforthe
vaaradefilfinnnsvnass (Experimental Standard, Deviation of the 0 Ghac cont s beirlytnidrieipboeiha ey
Mean) significant spread in a sample of measLrement result, the anthmetc mean or average of the resuls
should be calculated. If there are nindependent repeated values for @ quantity Q then the mean
Vave ¢ & pvendy
: { . oy v b ) 1 909,49, 4.
6.1 mmﬁa (Average) fio AnansfilgaannsTINdeyaviavuaves b Ny @
m'nmmnmiaaummmawum ududellgimuying M anuasInYes 43 ~Thwsesnsin hereets v n ictin of B lpesbaty of e messsTan psces wich
making the measurement. A good description of this spread of values is the standard deviation o of
wauamsmwwm aumsilélunsmeaniade fe e nvakes ot Gomprse 1 sampe, whch 4 Gven By
\|ﬂ21q qi @
44 This expression yields the standard deviation o of the particular set of values sampled. However.,
1 n mavex&mm;m::hmr;«;&;&:« Ifthe process is repeated, another set
ones s ga.
= — Xi 45 ru-anpvaluuan_mmmmwymmmmmwmsmmummm
n Z
i=1 46 x’llsmpﬁmbmﬂlw-mmlawavﬁﬂaﬂa !snﬁeess-ylome:neshmaleo!
Iiely 1o be the same as that which wouid be obtaned if avery large number dmeaswemems
& s s
: v population of possible mmkmmmdasmum&dw
da  Xio= enideldlunsazaie A T Rt gote o % PR O] s
& 3 = sla)= -1 e, -a) 5
n = funuasweInsin ¥ L !
48 g finite nple: .\Gllr!‘luetsvalue

been taken, The mean ulmmulh«cknmmmly i unonainy 8 oH 100 0 .
tis Geviation o
the popufation by the expression

) 22 ) ®
n

3UN 4.91 msUsziivAanuliviuauyiia A

6.2 migavunsgIuie. auadefivendt Taewdsantoyaun

v =i v o : = Sy ' = 3 5 = ey

avihfslathumatade ddwianaiadoeguils aunsndenldsn
ag9fiefn SD (Standard Deviation)aunsiililunismean D e

1 .’
On-1 = JEZ?:l(Xi—X)Z

de Xi = malaldlunsazass

X = Auadeveinisin

o & Y
n = PUIUANYINITIN

JUN 4.92 nsusziliuatmnuliuiueuyiin A (2)
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6.3 mulaiutiuau Type A anunsarunuldfeauns

s(x;)
vn

u(ly) = s(x) =

dlo 0,_q = Audeauunmsgiu

n MIUATIVRINMTIA

X

W, v.'
) GAQAQ

dy 1 dl Y o U ¥ dl = } gj 1 Y o ¥ 6 v ¥
nanstluenasianulidmsunisidnuienisfinewiniu leugrslihlulgusslevimunisn

lidnsdllag visdu Snnvvnuillvisaudadiien wagdesdneddiadnveaenarsynasaninisinluly
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4.4.7 n15UsEiuAadldnueuYiin B
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anulduiueunlinnisounlileitmeadn WWunislddeyasndszaunisalan

Wwidelayadu o AaanInugui 4.94

NTOMNUAT NI VBILTINULNER

v PN Aaa ¢ A
QWﬂ‘U@HﬁWﬂﬂmWNWVﬁ@Q"Iﬂ

Y

7. nsuszivaanulisdusuyiin B

shagnawmivihliinAaubiviueuvenmsaouiteuld
& o
1. HaNTENUAINALR

mliwiueuvasmstmuanansziuaniiui UA) 16ty
Tufuseamsaouiisuveaniosinm iy dnadwignuanalegly k =2

2. fduuszavdmsondounnudu

Tumsrhvusst A laguszanaved pansinsalidmdumsmuin
pwsTald anavariliniouvey Lwihiuiiiteddnluns
Uszanasmallaiuiueusiy analliiviusurosnstvunandud seavs
msadouanudy U aldsululuiusesnsdeuiisuronaiosin

ey Smadwignuantlagly k = 2

3. 478

v,

Tdrnnavesiwminfifuueluluusesmsaouiiioy e
wanuiliiunszuenanay awliuitouvenshnuaIa Ulm) 32
Iagululutusesmsaeuiisvresna dnadwignuanilaely k=2

myUsediuanuliviueusiia B 81385910 EAL-G26 (Wi 25)

B2 - Effective area

The uncertainty of the determination of the effective area U(A) is given in the
calibration certificate of the pressure balance. If the result is expressed using a
coverage factor k = 2:

B3 - Pressure distortion coefficient

In the determination of 4, = A, a- 1pl, as Ip << 1, an approximate value of
P, can be used for computing the measured pressure (for example the nominal
value of p, or p = (Sm;g)/Ay). Only the uncertainty of / is significant in the
estimation of the combined uncertainty.

The uncertainty of the determination of the pressure distortion coefficient U(/)
is given in the calibration certificate of the pressure balance. If the result is
expressed using a coverage factor k = 2:

B4 - Mass

The mass value of the weights determined in the calibration certificate is used
to calculate the total mass applied to the piston. The uncertainty of the
determination of the masses U(m) is given in the calibration certificate of the
masses. If the result is expressed using a coverage factor k = 2:

sUN 4.94 nnsUssiiuAanuldiueuyia B

u
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4. 9unnTIVBINTTUBNANGU
Lt Uy

gampiivesyausznaunszuananguanannsingumgiilagsey

s o =& 2 PN as
msapuiiguazAniunsluesuf IRnsmunuguuglifl (20 = 1) °C
wazifiumaliuiueudn 1 °C ilasnnmsimaduiumsluvipimunu
gampiifunannuisznuvesgumaddulumunisuanuasuuled

5. mduuszAnsnsvensfmeanuiouvesnszuangngu

AnduUszavsnsveneMmamiueureyagnauRsTUBNgU
aaéﬂsxﬂau?iuﬁmmnnﬁuﬂiﬂiamaaqmuqﬁ Wumszarulivivey
voamduUsEAvEMsTeMmImuFeuTaIgnguLaLn sEUBNGY
definsumingumgilndfugamafiaeuiioy winlildmmliviueuas
ani

6. usaltiueag

usaltiudsgnimunlagnsmuanenaaednn axign uaysudu

2 i M il
AMugavasiiuiitg mmnaliviveuvar ¢ Iifumsusaduannaing
Tiwdusurasisfiwesvesiiuiidug laowansdi k = 3

msUszdiuanuliviveusila B 61989970 EAL-G26 (W 25-26)

B5 - Temperature of the piston-cylinder assembly

The temperature of the piston-cylinder assembly is derived from the
measurement of the ambient temperature. The calibration is performed in a
controlled-temperature laboratory at (20 + 1) °C. A 1 °C-uncertainty is added
to take into account the gradient of temperature within the balance:

As the measurements are carried out in a controlled-temperature room over a
long time regarding the time period of the temperature regulation, the
temperature of the assembly is estimated to follow a sinusoidal distribution:

B6 - Thermal expansion coefficient of the piston-cylinder assembly

Another component comes from the temperature variation. It is due to the
uncertainty of the thermal expansion coefficient of piston and cylinder. For our
purpose, we consider that we are at a temperature near to the calibration
temperature. If this is not the case, this uncertainty is higher.

B7 - Local gravity

The local gravity has been determined by calculation from the local longitude,
latitude and altitude. The uncertainty of g has been estimated from the
uncertainty of the local parameters expressed at k = 3:

5U# 4.95 m3usziduranuliuyueuyila B (2)

7. us9ARYAIEINA

mafmnumsuiluvemsasesieniaieitestumsiaisan
AMuviLYeINA Avhluvesiafildinluusesnsaeuiiiuday
*‘f?uasgﬁumﬁﬁuﬁtﬁﬁumummwmuu‘waaﬁwﬁnﬁ i amyuhuingiva
wnwdnlunatamius anykivdvowiowinanumnuivees
Hwhendfimasandniios Feugnmianden (prusuusIeanaa
MU wazgaumgiilansey) Sshigniwnfiansonmiswasuuda

ANUmARILYRIMIARIaRtuiBsUfIAMIM saganeTy + 5%

8. Al

AufgnAtnuININIines 3 vlia r,, g uas Ah laglawz
aaliutiuouvas Ah fiansnsaiansanldogtedfuddylunisuszan
pallaiuiueuilasanaufi Tasmsusuduanalinivouvesnisia h
# + 2 mm § k = 2 TegauufinsuenuasBadndudosnd

mvszdiuamuliuiueusiia B 91395910 EAL-G26 (wih 27)

B8 - Air buoyancy

The calculation of the air buoyancy correction involves the determination of the
air density. As the conventional value of the mass obtained from a calibration
certificate, and based upon the conventionally assumed value of the weight's
density is used for weights made of steel in gauge pressure mode, the uncertainty
due to the weight's density may be considered negligible. We suppose in this
example that the conventional value of the air density r, = 1,2 kg m™ is taken
for calculating the correction. So the environmental conditions (atmospheric
pressure, relative humidity and ambient temperature) are not taken into
account: the maximum air density variations in the laboratory have been
demonstrated to be within £ 5%:

B9 - Head correction

The head correction is calculated from three parameters r(, g and Ah. Only the
uncertainty of Ah can be considered significant in the estimation of the
uncertainty due to this correction. By estimating the uncertainty of the A
measurement at £ 2 mm at k = 2 level, and by assuming the statistical
distribution as being normal, the equivalent uncertainty of p is:

JUN 4.96 n3UsziliuaAuliuiueuylia B (3)
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B11 - Discrimination threshold (cross-floating sensitivity)

The discrimination is the pressure corresponding to the largest mass that
produces no detectable change in the generated pressure. It may be taken into
account when there is no reliable estimation of the repeatability of the pressure
balance.

B12 - Long term stability

The value of this component is obtained from the history of the instrument. It
applies to the values of both the masses and the effective area of the piston-
cylinder assembly. The analysis is based on successive calibrations.

A lower value of this component may be obtained from more frequent
calibrations. A long history may allow determination of a law of variation with
time, making it possible to anticipate the actual value by extrapolation.

5U# 4.97 msusziduanuliuuuewyia B (4)
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4.4.8 nMsUszdiuAnMNlinuuauIIY
nsTmesUsznovvesmmlinduounasgudisieiy  umeulduduou
Yoanaans lngldnguasnisnszatsanuliuuueu (law of propagation of uncertainty) 1#3®
38 Root mean square fiAhfusniidesomasavesTumnuiliutuousnnsgIuids

409 AIUARAIMUIUN 4.98

8.1 n15UseriuAIAu laluaus Y

‘ . g g aumsArAuliviueus 81983910 M3003-2012 (Wi 16
A laiutususIn (Combined Uncertainty) +8unassasl ’ ’ ! ¢ )

afUsznevveam I liwiueunmsgudasae fu (Wudiaalduwiveu 337
vawaans lnglinguasnisnszareninulaiuiuau (law of propagation

of uncertainty) #3838 Root mean square A1 UIINA@DIVD1 38 u )= e (x)= {i“ y)
T_‘ ! ! i=1 !

R PRI R p R E T T b Ty AL N

The combined standard uncertainty is calculated as follows:

amsomlsannauns

u,y)= ch,2u2(x,-) = gu,z(y)

JUN 4.98 n13UseliuAImkiniouTIY
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8.2 n1susziliuatauldnuuauvene

Vit mundasiinavesnisianszangegaiely Gadmani aumswiFriaUszneusam (k) §198991n M3003-2012 (vih 28)
)
aunsauanidnNrrasdignTafimaiasluss eannauna Famle ) . ,
: 1 . 5 U ¥ B3 I'negrddoe':‘mobtal'n;av;l::;ocelépnlari:e%essarylq;b(aw(sn%ugzt;oﬂneeﬂeg‘;\sceﬂ:leig{heesvolm
x i , Verr , Of ! si jard uncertail ly uly). recommet al e Welch-
RIWHNanJ“z{ENﬂ"Iﬂ’J']N !JLlqu]:ﬁ’leﬂUﬂ’J iﬂ,ﬂfuﬁsaUﬂaﬂ’j (C?Iverage _Sal_(ermwax’eequalionlsusaqlocalcmaleavaluelof V.s based on the degrees of freedom, v, , of the
factor) Fahusznaunseuaqu As Musznauiiludiay Toguiuaiiu v standard hoarialnties (), herefore

Taiwsueusiu Wisldldmuliuduswrsnadesanmsuanuasaiuuneg

& Lo 9
Wuvesmulsudususiu

ausamAdhusznauink) leanaunis

4
u'(y)

of — 3 v a )

i u'(y) A13139A1 Coverage Factors (k) §198391n EA-4/02-1999 (th 26)

Vi (c) Obtain the coverage factor & from the table of values given as Table E.1

of this annex. This table is based on a ¢-distribution evaluated for a
coverage probability of 95.45%. If n.f is not an integer, which will
usually be the case. truncate n.f to the next lower integer.

ausamanliviuewveny Inaunis
Table E.1: Coverage factors k for different effective degrees of

freedom scs.
Ugosy) = KX uc

" 2 3 4 5 6 7 8 10 20 50 e

k 13997 453 331 287,265 252 243 237 228 213 205 200

dlok = Awhusenou (Coverage factor) = 2.00 (95%)

JUT 4.99 msuszitivanaliiiueuveny
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